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ABSTRACT

The work presented includes over thirty peer reviewed published manuscripts 

based on studies undertaken during my surgical career. As Principal Investigator, 

I led the study conception/design/data acquisition/analysis/interpretation and 

was involved with writing the final drafts of all manuscripts prior to their formal 

submission to high impact factor peer-reviewed specialist journals. The thesis is 

divided into subsections reflecting my development and different interests within 

surgery.

The subsections start with my learning basic research principles, moving onto 

clinical problem solving in general surgical dilemmas, followed by a collection of 

papers in my subspecialty of vascular surgery. The work culminates with a group 

of papers focused on aneurysmal disease, specifically, abdominal aortic 

aneurysms (AAA), the clinical impact of which has had a bearing on the 

introduction of a National AAA Screening Program in Wales in 2013.

I conclude these sections with a collection of papers that reflect my long term 

commitment to surgical training both at regional level (as Secretary and Deputy 

Chairman to the Higher Surgical Training Committee and Chairman of the Basic 

Surgical Training Committee) and national level including my involvement with 

the Four Royal Colleges of Surgeons for the Intercollegiate Examinations in 

General Surgery. This examination is undertaken at completion of junior surgical 

training and used to confirm a doctor's competence for safe independent 

practice as a consultant.

In conclusion, over forty years of academic research during my career as a 

vascular surgeon has provided unique insight into the pathophysiology, 

treatment and ultimately prevention of artherosclerotic disease. These findings 

have improved health policies in Wales and significantly reduced patient 

morbidity and mortality.
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PERIPHERAL ARTERIAL DISEASE FROM AETIOLOGY TO SURGICAL 

MANAGEMENT AND TRAINING

OVERVIEW

This thesis is submitted for a "PhD by Publication" to the University of South 

Wales (formerly Glamorgan). It includes over 30 peer reviewed full manuscripts 

(Appendix 1) selected from a potential of well over 120 articles published during 

my academic career to date. I have been senior author to each of these papers, 

contributing substantially to each study in respect to conception, design, data 

collection, analysis and the writing of the manuscripts. These publications are 

intended to highlight my novel contributions, to the literature. It is also my 

intention to demonstrate that I have had, and continue to have and impact on 

the field of vascular disease and the clinical practice of vascular surgery.

The figure below is intended to illustrate a working schema for this thesis, 

demonstrating my research development from medical student to a senior 

vascular and general surgical consultant.

ATHEROGENESIS........PHYSIOLOGY

[11
Basic

Mechanistic

[2] 
Clinical Non

Vascular

[3] 
Clinical
Vascular

[41 
Aneurysmal
Disease and 

Policy
Impact

[51 
Surgical
Training

MECHANISIMS

FIGURE 1. Working Schema of Thesis

PRACTICE
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The schema commences with:

Basic Mechanistic Papers represents my early attempts at developing basic 
scientific skills using animal models. This approach was further developed during 
my time as a full time academic surgeon based at the University Of Chicago 
Illinois, USA. Again I used animal models to investigate basic hepatobiliary 
physiology and on my return from the United States, the haemodynamics of the 
liver. During this research it became apparent to me the importance of 
collaborative work with non-surgical experts. Since that time I have 
attempted to further develop this collaborative approach.

Clinical 'Non-Vascular' represents the development of my scientific approach to 
clinical problems in patients during a variety of hospital based surgical 
attachments. I include this section to demonstrate an inquiring approach to my 
entire surgical practise over many years, and to show I have not confined myself 
specifically to my sub-specialty namely vascular surgery.

Clinical Vascular is concerned with 7 manuscripts focused on my specialty of 
vascular surgery. Specifically I have studied peripheral vascular disease, which 
includes articles on both the stenotic and ectatic disease processes. During this 
time I have strategically sought collaboration with several groups of scientific 
experts investigating the atheromatous process with the aim of understanding its 

pathophysiology and treatment.

Aneurvsmal Disease and its Clinical Impact is concerned with aneurysmal disease 
and the impact my research has had and indeed continues to have on clinical 
practice. It includes the publication of a previously undescribed mortality rate for 

ruptured AAA's admitted to hospitals in Wales. The paper represented the 
pinnacle of my research work and the findings from this paper I have 
used to influence some political polices and screening for this disease.
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Suraical Training describes a number of publications associated with surgical 

training and my attempts at highlighting problems and potential improvements in 

the training of junior surgeons. It also illustrates an ability to translate and apply 

research to clinical practise and training.

To date my career has involved three decades of clinical research and surgical 

practice. As mentioned above, one of my most major and lasting interests has 

been in identifying the incidence of abdominal aortic aneurysms (AAA), their 

rupture and associated patient mortality.

With this in mind one of the most important studies included in this 

thesis with arguably the highest clinical impact involved my setting up 

of a unique prospective collection of data over a 12-month period for 

patients admitted to Welsh Hospitals with ruptured AAA's. I 

demonstrated that the mortality from AAA rupture was in excess of 

80% (Basnyat et al., 1999) for those patients actually reaching 

hospital, not the previously accepted reported rates of 15-20%. As a 

result of this research I set up/ and have developed over the last 20 

years, a screening process for the identification of asymptomatic 

individuals with AAA disease. Initially this screening service was within 

our own hospital's Radiology Department using ultrasound. After 

reviewing our results I transferred the screening service from the 

hospital to the local general practice surgeries to increase patient 

attendance rates.

In recognition of this work and associated publications I was asked to represent 

Wales on the UK National Screening Committee investigating the value of AAA 

screening. This committee demonstrated to scientists and politicians that the 

AAA screening process fulfilled all the criteria for a population - based screening 

programme (UK National Screening Committee, 2004) and was eventually 

funded centrally by the UK Government. Over the last three years I have been a
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major contributor to the Welsh Government Screening Committee providing local 

data and advice on expanding my screening programme to cover the whole of 

Wales.

Based on my experience and publications, and that of other surgeons, including 

media presentations (2011) we have now received full commitment from the 

Welsh Assembly Government to complete the Welsh AAA screening programme 

by April 2013. This national programme should result in a similar reduction of 

AAA rupture mortalities to that achieved within several similar studies including 

my own, where in the Royal Glamorgan Hospital the rupture rate has fallen from 

40-50 ruptures to 1-2 per year. A major reduction in the rate of AAA ruptures 

should be seen throughout Wales within 5 years associated with a fall in the 

operative mortality rate for patients with AAA requiring surgery.

Over the last 10-15 years, it has become increasingly apparent to me that as a 

clinician I have major limitations in my understanding of the molecular 

pathogenesis of the atheromatous disease process. As mentioned above, the 

collaborative work I undertook at the University of Chicago, encouraged me to 

attempt to develop such collaboration within South Wales. For this reason I have 

approached the University of South Wales (Glamorgan) and been extremely 

fortunate to work on several collaborative studies with scientists from the 

University. This symbiosis of surgeons and scientists has enabled us to develop 

unique opportunities resulting in highly sophisticated studies, for example 

furthering our knowledge on brain ischemia and its link with oxidative 

inflammatory molecules during carotid clamping and cerebral ischemia. Several 

of these publications are included in this PhD submission and remain the subject 

of on-going interest. Specifically with the help of the University, scientists and 

analytical resources we are now investigating the composition of atheroma and 

attempting to modify its composition and thus clinical outcome. Some of our 

initial studies have included the treatment of patients with novel targeted
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antioxidants in order to regress the atheroma in AAA's and hopefully prevent or 

indeed delay rupture.

Lastly, in the schema above I include a section on training and supervision of 

junior doctors, a subject I feel to be almost as important as the treatment of 

patients. Because of this belief, I have encouraged junior doctors to conduct 

research and publish papers under my supervision over the last 28 years. In 

addition, over the last 10-15 years some of my publications have been 

concerned solely with the educational process, examination and selection of 

junior doctors for a career in surgery. The close collaboration that now exists 

between myself and the University of South Wales (Glamorgan) has also allowed 

me to co-supervise several MPhil theses and one PhD for junior surgeons some 

of whom are now consultants and/or destined to be consultant surgeons in the 

near future within the UK.

In conclusion, this thesis has provided me with a unique opportunity to describe 

my academic-clinical developments to-date. I hope to demonstrate that the 

depth and breadth of my work has had a major impact on clinical practice with 

still more to offer in the future. The thesis is organised with a review of the 

disease process of atherosclerosis and its clinical implications. This is followed by 

the published abstracts for each subsection of the thesis culminating with my 

personal overview of these publications along with their clinical implications. I 

conclude the thesis with my aims for the future namely a tighter collaboration 

between the University and myself for future scientific research.
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ATHEROSCLEROSIS AND ITS CLINICAL IMPLICATIONS

The subject of atherosclerosis is complex and therefore this Chapter is organised 

as illustrated in the schema below.

Prevalence

Stenotic Disease

Atherosclerosis

Risk Factors

Pathogenesis

Clinical Presentation

Pathology

Aneurysmal Disease

Prevalence of AAA History of AAA

Treatment Screening

FIGURE 2. Overview of Atherosclerosis

(AAA - Abdominal Aortic Aneurysm)
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ATHEROSCLEROSIS

This review focuses on the human atheromatous process and its clinical 

implications. Although this chapter does not intend to represent a Cochrane 

review of the subject, it does represent a thorough literature search including 

Pub Med, which in addition to Medline provided indirect access to Index Medicus 

dating back to 1951, along with very recent papers prior to their index, Medical 

Subject Headings (Mesh). The review is therefore comprehensive and in 

keeping with recent STARLITE and PICO principles (BOOTH 2006) for a literature 

search. Lastly since a significant part of this thesis includes my papers involved 

with the clinical presentation and treatment of atheromatous disease, these 

papers and contents are included within this review chapter.

A. Definition

Atherosclerosis is a systemic disease affecting the intima of large and medium- 

sized arteries including the aorta, carotid, coronary, and peripheral arteries 

(Rauch et al., 2001). The atherosclerotic lesion is characterised by vascular 

oxidation inflammation and the build-up of lipids, cholesterol, calcium, and 

cellular debris within the intima leading to thickening and loss of elasticity within 

the vessel wall (Stary, 1992).

B. Prevalence

The true frequency of atherosclerosis is difficult to accurately determine because 

it is a predominantly asymptomatic condition, at least in its early stages. The 

process of atherosclerosis begins in childhood with the development of fatty 

streaks which are almost without exception asymptomatic for many years (Stary 

et al., 1994) (Figure 3). These lesions can be found in the aorta shortly after 

birth and appear in increasing numbers in humans aged 8-18 years with more 

advanced lesions beginning to develop when individuals are aged approximately 

25 years increasing through the fifth and sixth decades of life (Stary et al., 1995) 

(Figure 4). Atherosclerosis is a leading cause of morbidity and mortality in 

most developed countries. In 1999, there were 7,700 deaths from ischaemic
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heart disease in Wales (Health Statistics Wales, 2003) and the age-adjusted 

mortality rates per 100,000 population in 1998 was 230 in Wales compared to 

218 in England and 266 in Scotland (Comparative indicators 2000, 2001). 

Furthermore, it has been estimated that by 2020, atherosclerosis and 

cardiovascular disease will surpass infectious causes as the commonest cause of 

morbidity and mortality Worldwide (Murray & Lopez, 1997).
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Fatty Streak

o 
3

FIGURE 3. A macroscopic section of aorta demonstrating the 

presence of a fatty streak in an asymptomatic patient

Courtesy of Department of Pathology, University of Kansas Medical 

Centre
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FIGURE 4. A macroscopic section of aorta demonstrating advanced 

atherosclerotic disease

MH Lewis Personal Collection
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C. Risk Factors

There are numerous recognised risk factors for atherosclerosis summarised 

below in Table 1 that are often subdivided into conventional, predisposing and 

conditional (Kullo & Ballantyne, 2005). The three most important factors are 

smoking, hypertension and hyperlipidaemia, with the British Regional Heart 

Study suggesting that these 3 factors account for 90% of an individual's 

atherosclerotic risk (Emberson etal., 2004).

The association between smoking and atherosclerosis is well-accepted due in 

part to the results of the Framingham study in which cigarette smokers were 

demonstrated to be associated with a 2-3 fold increase in atherosclerosis risk 

compared to the non-smokers (Dawber, 1980). In addition to active smoking, 

individuals exposed to cigarette smoke on a regular basis, so-called passive 

smoking, is also associated with a relative risk of 1.23 (Law etal., 1997). There 

is also epidemiological evidence that smoking cessation reduces the risk of 

atherosclerosis. Doll and colleagues note that cessation at 60, 50, 40 and 30 

years of age gained an additional 3, 6, 9 or 10 years of life respectively (Doll et 

al., 2004).

Hypertension is a major risk factor for all forms of atherosclerotic disease 

(Dawber, 1980). It has been demonstrated in several studies that even in the 

presence of additional risk factors, the identification of diastolic hypertension in 

the highest quintile is associated with a significant risk of atherosclerosis 

(Stamler et al., 1989; Kannel et al., 1986). As with smoking cessation, there is 

overwhelming evidence that pharmacological modification of blood pressure 

levels in hypertensive patients dramatically improves outcome (Blood Pressure 

Lowering Treatment Trialists' Collaborators, 2003). This meta-analysis 

demonstrated that reducing an individual's blood pressure significantly reduces 

the risk of major cardiovascular events.
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The relationship between cholesterol levels and atherosclerosis is a continuous 

and curvilinear one (Law et al., 1994; Navas-Nacher et al, 2001). The 

importance of treating a high total cholesterol level is indicated by the fact that a 

10% reduction in serum cholesterol has been shown to lead to a significant 

reduction in the incidence of atherosclerosis which is greatest at age 40 years 

(54%), through 27% at 60 years to a 19% reduction at 80 years of age (Navas- 

Nacher et al., 2001). Likewise, a meta-analysis of more than 90,000 

hypercholesterolaemic patients treated with statins demonstrated a 20% 

reduction of major cardiovascular events per 1 mmol/L reduction in low density 

lipoproteins (LDL) (Baigent et al., 2005). Whilst there is a clear relationship 

between total cholesterol/LDL and the progression of atherosclerosis, the 

evidence for triglycerides is less clear. A recent study by Bansal et al. of 26,509 

women demonstrated non-fasting triglyceride levels were associated with 

incident cardiovascular events, independent of traditional cardiac risk factors, 

levels of other lipids, and markers of insulin resistance (Bansal et al., 2007). 

However, by contrast, fasting triglyceride levels failed to show an independent 

relationship. On the contrary, there is a negative relationship between high 

density lipoproteins (HDL) cholesterol and atherosclerosis although no evidence 

is currently available that intervention in terms of elevating HDL levels improves 

outcome (Assmann & Goto, 2004).
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Diabetes and insulin resistance are also significant risk factors for atherosclerosis 

(Lee et al., 2000; Smiley & Shame, 2001). Lee and colleagues demonstrated in a 

meta-analysis that after adjusting for other risk factors, the relative risk of death 

from coronary artery atherosclerosis in patients with diabetes was 2.80 for 

women and 1.85 for men. Insulin resistance is increasingly being recognised as a 

part of the metabolic syndrome together with abdominal obesity, dyslipidaemia, 

hypertension, elevated fibrinogen and elevated C-reactive protein (Albert! et al., 

2005). It has been proposed that patients with this syndrome require intensive 

multi-drug therapy to reduce their atherosclerotic risk and studies are currently 

being designed to evaluate such strategies (Grundy, 2007).

In addition to these well-recognised factors, a number of other risk factors have 

been identified recently. An elevation of homocysteine may be due to a 

deficiency of vitamins B6/B12/folate or occur as a result of a patient's genetic 

metabolic defect (Ubbink et al., 1993; Jacques et al., 1996). Hyper- 

homocysteinaemia increases the risk of atherosclerosis, although not as 

significantly as the above-mentioned factors (Homocysteine studies 

collaboration, 2002; Wald et al., 2002). McCully was the first to propose a 

pathogenic role for homocysteine in vascular disease (McCully, 1969) and a 

number of potential pathways have now been implicated which include: 

suppression of nitric oxide (McCully and Ragsdale, 1970); promotion of platelet 

aggregation and activation (Harker et al., 1976); alteration of the natural pro- 

coagulant to anticoagulant balance (Ratnoff, 1968); impaired methylation 

(Upchurch et al., 1996); and vascular smooth muscle proliferation (Tsai et al., 

1994). A number of clinical studies are currently underway to assess .the role of 

active treatment for hyperhomocysteinaemia. One of my investigations, 

subsequently published and included in this thesis, identified 

significantly elevated plasma concentration of homocysteine in AAA 

patients (Wars! eta/., 2004).
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Lastly, fibrinogen is an important component of the coagulation process. Its 

levels are in part genetically determined (Ernst & Resch, 1993) and also 

influenced by age, obesity, smoking and diabetes (Ernst & Matrai, 1987). 

Fibrinogen levels are consistently associated with cardiovascular events, and 

despite being associated with a number of other risk factors, fibrinogen levels 

are independently associated with both myocardial infarct and stroke. There is 

currently no evidence that active reduction of fibrinogen levels reduces the 

atherosclerotic risk.

D. Pathophysiology

Atherosclerotic plaques are areas of focal thickening within the intimal layer of 

arteries and consist of a number of cell types including: leucocytes 

(macrophages, mast cells and T lymphocytes); smooth muscle cells; and 

vascular endothelial cells together with connective tissue and lipids (Stary et al., 

1995). There is an evolution of plaques through a 6-stage process from the 

initial vascular injury through to a mature plaque with secondary thrombosis. A 

schematic representation of the events leading to the formation of a typical 

atherosclerotic plaque is shown in Figure 5. At the centre of the atheromatous 

plaque is a lipid core containing numerous foam cells, surrounded by a cap of 

smooth muscle cells and collagen-rich matrix. The immune cells are found mainly 

at the neck of the plaques, where growth occurs, and these cells have been 

shown to actively produce inflammatory cytokines including several interleukins 

and TNF-oc (Hansson et al., 1989; Kovanen et al., 1995). The microscopic 

appearance of a mature plaque is illustrated in Figure 6.
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Upstream 
Signal

 brief

Appro* imatc I
AHA lesion
stage

Oxidation Inflammation Thrombosis

FIGURE 5. Schematic representation of the pathogenesis and 

progression of a typical atherosclerotic plaque

Adapted from: Sanz & Fayed, 2008
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Media of Artery

Fatty Plaque

«!

Fatty Plaque

Fibrin Thrombus

Lumen

FIGURE 6. Typical microscopic histological appearance of an 

atherosclerotic plaque from a carotid artery demonstrating a fatty 

plaque, with a narrowed lumen containing thrombus

MH Lewis Personal Collection
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E. Pathogenesis

Although the precise pathogenesis of atherosclerosis remains uncertain, it is well 

accepted that inflammation plays a key role. The inflammatory theory of 

atherosclerosis was first proposed by Ross in 1976 and is still recognised as the 

most likely pathogenic basis for the disease process today (Ross & Glomset, 

1976i; Ross & Glomset 1976N; Hansson, 2005). Ross recognised the interaction 

between the endothelium, inflammation and platelets in the pathogenesis and 

progression of atherosclerosis hypothesising that the disease process was a 

response to endothelial injury. Atherosclerosis is now regarded as a low grade 

chronic inflammatory process with disease progression inversely linked to the 

health and integrity of the endothelial cells (Mullenix et al., 2005; Stokes & 

Granger, 2005).

Endothelial cells are central to the development and progression of 

atherosclerosis (Verma & Anderson, 2002). During their normal physiologic 

activity, endothelial cells produce a wide variety of molecules, the most 

important of which is nitric oxide (NO), as well as a range of prostaglandins 

(PGI2, PGI3 and PGEi) which together act to prevent aggregation of platelets on 

their surface and oppose the actions of vasoconstricting agents such as 

endothelin-1 and angiotensin II (Moncada & Higgs, 1993; Yanagisawa et al., 

1988). These molecules also serve to reduce expression of adhesion molecules 

and production of pro-inflammatory cytokines such as IL-1, IL-2, and TNF-cx 

(FrostegaVd et al., 1999). This state is known as endothelial dysfunction and in 

addition to reduced vasodilatation due to a diminished production or 

bioavailability of NO, there is also a pro-inflammatory and pro-thrombotic state 

associated with dysfunction of the endothelium (Panza et al., 1990).

Thus when endothelial cells are damaged and protective mechanisms are 

impaired, the balance is tipped in favour of disease progression. It is now well- 

accepted that endothelial dysfunction occurs in response to cardiovascular risk 

factors and precedes the development of atherosclerosis (Ross, 1999).
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One of the most commonly implicated group of molecules in relation to 

endothelial dysfunction and hence progression of atherosclerosis are lipoproteins 

and in particular LDL (Wieland et al., 1993). Oxidised LDL enters the arterial wall 

and is retained within the extracellular matrix (Kaplan & Aviram, 2001) where it 

enhances endothelial cell expression of a number of adhesion molecules 

including: vascular cell adhesion molecule-1 (VCAM-1); intracellular adhesion 

mo!ecule-l (ICAM-1); and endothelial leucocyte adhesion molecules-1 (ELAM-1). 

These molecules facilitate binding between endothelial cells and monocytes 

allowing their entry into vessels in which they first differentiate into 

macrophages and then are converted into foam cells (Steinberg et al., 1989; 

Berliner & Heinecke, 1996).

It has also been demonstrated that oxidised LDL (LDL-ox) may also stimulate an 

autoimmune response (Ylaherttuala et al., 1989). Following internalisation by 

macrophages, LDL-ox is expressed on the cell surface in association with major 

histocompatability complex (MHC) class II complexes allowing interaction with 

CD4+ helper T-cells (Stemme & Hansson, 1994). The consequent stimulation of 

T-cells culminates in the production of a number of cytokines including, IL-1, IL-

2 and interferon-y (IFN-y), which together enhance the CD4+ T-cell mediated 

immune response within the arterial wall (Stemme & Hansson, 1994). The 

immune response leads to activation of macrophages and secretion of numerous 

cytokines and growth factors including: IL- 1; TNFa; transforming growth factor-

3 (TGF-P), macrophage colony stimulating factor (M-CSF), granulocyte colony- 

stimulating factor (G-CSF), and platelet-derived growth factor (PDGF). In 

addition to their direct roles in the inflammatory process, these cytokines may 

also influence the process by up-regulating expression of mediators for 

endothelial activation such as NO and components of the coagulation system 

including fibrinogen leading to further negative stimuli to the arterial wall 

(Cartwright et al., 1997; Nakamura et al., 2000; Levi et al., 2002). All of the 

above have the potential to augment atherogenic or inflammatory responses 

(Stemme & Hansson, 1994).
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The endothelium may also be damaged by other causes including free radicals 

and associated reactive oxygen species (ROS) (Stacker & Keaney, 2004). Pro- 

inflammatory cytokines such as IL-1, IL-2, and TNF-a induce oxidative stress by 

enhancing free radical formation by monocytes, macrophages, and leucocytes 

(Tedgui & Mallat, 2006). Increased production of such molecules has been 

identified in relation to: shear stress, hyperglycaemia, type 2 diabetes mellitus, 

hypertension, hyperlipidaemia and metabolic syndrome (Das, 2006). Thus all the 

recognised risk factors for atherosclerosis may therefore share a common 

aetiology as well as a common effect.

F. Clinical Presentation of Atheromatous Disease

Symptoms related to atherosclerosis are highly variable (Davies, 2001). Patients 

may present with a sudden catastrophic event such as a cardiac arrest due to 

coronary artery occlusion or bleeding from a disrupted abdominal aortic 

aneurysm. On the contrary, many patients with pathologically advanced disease 

have no symptoms and experience no functional impairment.

(a) Stenotic Disease

Initially thought to be a chronic, slowly progressive, degenerative disease, it is 

now apparent that atherosclerosis is a disease with periods of activity and 

quiescence (Deanfield et al., 2007). Progressive luminal narrowing of an artery 

due to plaque expansion can result in impairment of blood flow. As the luminal 

diameter narrows, flow characteristics within the vessel change and when the 

vessel is narrowed to 50-70%, symptoms may be observed particularly in 

association with increased metabolic activity as oxygen demand by the tissue is 

increased under these conditions (Rauch et al., 2001). Stable angina, 

intermittent claudication, and mesenteric angina are examples of clinical 

consequences of this mismatch between oxygen demand and delivery (Rauch et 

al., 2001). The typical appearance of a stenosis within a carotid artery, and the 

consequential turbulent flow can be demonstrated in Figure 7 using a Duplex 

ultrasound scan.
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FIGURE 7. Ultrasound scans of a carotid artery demonstrating a 

narrowing of approximately 70% with associated turbulent flow. 

A: Duplex scan showing significant stenosis and calcification of the 

internal carotid artery (ICA)

B: Doppler demonstrating high velocity flow as a result of the stenosis

MH Lewis Personal Collection
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As the atherosclerotic process progresses, plaque rupture or ulceration may 

occur allowing exposure of the highly thrombogenic lipid core to components in 

the blood resulting in thrombus formation or occlusion (Figure 8), further 

impairing blood flow or in causing embolisation into the vessels distally (Rauch et 

al., 2001). Unstable angina pectoris, myocardial infarction, transient ischaemic 

attack, and stroke are examples of the clinical sequelae of acute occlusion of an 

artery (Rauch et al., 2001). In such cases there is a dramatic and abrupt 

reduction in oxygen delivery to the tissues. If patients have had preceding 

symptoms, the new symptoms related to occlusion of a previously narrowed 

artery are more severe and patients recognise this difference at the time of 

presentation (Rauch eta/., 2001).

(b) Aneurysmal Disease

Although narrowing of arterial vessels often occur with progressive 

atheromatous disease, dilatation and aneurysmal formation is not an infrequent 

result of the atheromatous disease processes. The word aneurysm is derived 

from the Greek word "aneurysmal" (a widening) and has been defined as an 

increase in the vessel diameter by 50% or more, compared to that of the non- 

dilated adjacent vessel (Johnson et al., 1991). In the case of the infra-renal 

abdominal aorta, the commonest site of aneurysm, it is defined as an external 

aortic diameter in excess of 3 cm (Scott eta/. 1991).

The pathogenesis of aortic aneurysms is thought to be the result of defective 

metabolic regulation of collagen proteins in the aortic wall that are regulated by 

several enzymes (Lindeman et al., 2010). The most important groups belong to 

the zinc and calcium-requiring matrix degrading metalloproteinases (MMPs) and 

there is compelling evidence that abnormal local MMP production and regulation 

is associated with the pathogenesis of AAAs (Pearce & Shiveley, 2006). It has 

been suggested that the elastolitic types MMP-9 and MMP-2 appear to be the 

most influential in AAA pathogenesis (Saito eta/., 2001; Alawardi eta/., 2003). A 

chronic inflammatory infiltrate composed of T cells macrophages, B lymphocytes 

and plasma cells are the typical histological features of AAA (Eagleton, 2012).
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FIGURE 8. Duplex ultrasound scan of a carotid artery demonstrating 

no flow within the lumen due to thrombotic occlusion of an 

atherosclerotically stenosed vessel. 

A: Duplex indicating complete occlusion of the ICA 

B: Doppler image confirming no flow in ICA

MH Lewis Personal Collection
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Other aneurysm predeliction sites of aneurysm include iliac, common 

femoral and popliteal arteries. It is said that the ratio of popliteal aneurysms to 

AAA's is approximately 1:1.5. However, included in this thesis is a 

prospective study of patients undergoing screening for popliteal 

aneurysms in which we demonstrated a markedly lower incidence of 

popliteal aneurysms than traditionally cited and concluded there was 

no clinical benefit in screening for the condition (Morris-Stiff et al., 

2005).
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ABDOMINAL AORTIC ANEURYSMS 

G. Definition

An abdominal aortic aneurysm (AM) is defined as an aorta in which the external 

diameter exceeds 3cm (Scott et al., 1991), with the infra-renal aorta being the 

most common site of aneurysm formation.

H. Prevalence

The prevalence of AAA in men aged greater than 65 years has been estimated at 

between 5 - 10% for small aneurysms (up to 4 cm), and 1.5 - 3% for larger 

aneurysms (4 - 6 cm) thus giving an overall prevalence of around 7.5% in a 

United Kingdom population (Lucarotti et al., 1992; Vardulakai et al., 1999). The 

age-specific prevalence is six times greater in men than women (Vardulaki et al., 

2000) and in a comparable female population, the prevalence of AAA is 

approximately 1.3%. Whilst the prevalence of AAA in men is significant at its 

current level, there is good evidence that the annual incidence has continued to 

increase over the last two decades (Best eta/., 2003). One of the major reasons 

for this observation is the increased use of radiological imaging techniques such 

as ultrasound and computed tomography (CT) to investigate other abdominal 

conditions (Wilmink & Quick, 1998).

Recognised rupture of AAA's accounts for 1-2% of all deaths in men aged >60 

years in the United Kingdom (Office of Population Censuses and Survey - OPCS, 

1991), and there are at least 6,000 confirmed deaths per year (OPCS, 1995). 

The true figure however maybe significantly greater than this as many patients 

who die in the community are not subject to post mortem. When such 

examinations are performed in 'sudden deaths' AAA's are found to be the cause 

of death in around 5% of cases (O'Sullivan, 1996). Thus the true death rate 

from rupture may be in excess of 10,000 per year in the United Kingdom.

There are several modes of presentation for AAA, these include: symptomatic - a 

pulsatile swelling, pain, or rupture; incidental finding at clinical examination or an
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ultrasound scan performed for another indication; and screen-detected AAA's. 

Rupture may occur into the retroperitoneal space or freely into the abdominal 

cavity. In the former presentation the patient usually survives because the 

rupture is contained within the retroperitoneum (Assar & Zarins, 2009), whilst a 

free rupture almost always results in the immediate death of the patient.

The typical appearances of an AAA on ultrasound and computed tomography 

(CT) are shown in Figures 9 and 10.
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B

FIGURE 9. Appearance of an AAA on ultrasound in: A - transverse 

plane allowing measurement of antero-posterior (A) and 

transverse (B) diameters; B - longitudinal planes providing 

information on morphology

MH Lewis Personal Collection
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FIGURE 10. Appearance of AAAs on computed tomography showing 

(A) - a large AAA with evidence of calcification within the 

wall and thrombus in the lumen of the aneurysm and (B) 

a ruptured aneurysm with free intra-peritoneal blood

MH Lewis Personal Collection
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I. Natural History

The natural history of AAA's is now becoming more clearly defined and often 

does not follow a benign course with only 10% of patients alive eight years after 

diagnosis, compared with 65% in the normal population (Wilmink, 2004).

Wilmink and his colleagues reported that 30-50% of patients with AM present 

with, and die of rupture and this cohort has a life expectancy nine years less 

than the general population. Furthermore, Law and his co-workers (Law et al., 

1994H) performed a meta-analysis of 13 studies and estimated the risk of 

rupture in relation to AM size as shown in Table 2. Vardulakai and colleagues 

reported similar findings although their rupture rates were higher (Vardulakai et 

al., 1998). They noted over a 5-year period following diagnosis that the risk of 

rupture for a 3cm AM was 1-2%; for a 4cm AM was 5-13% and for a 5cm MA 

was 25-38%.

In a further report by Powell and Greenhalgh (2003) the authors concluded in 

men "surgery can be safety delayed until the aneurysm exceeds 5.5cm in 

diameter", but in women, the rupture risk was quoted as four times as high 

compared to men. They concluded therefore, that elective repair in women 

should probably proceed in aneurysms less than 5.5cm in diameter.
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Size Risk of r

(cm) (o/o

<3

3-

4-

5-

6-

7-

.0

3.9

4.9

5.9

6.9

7.9

0

0.4

1.1

3.3

9.4

24

TABLE 2. Risk of rupture of AAA according to aneurysm diameter

Adapted from: Law eta/., 1994
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3. Treatment

There is no clear evidence that modifying risk factors other than stopping 

smoking influences the rate of growth of AAA. However controlling hypertension, 

hyperlipidaemia and hyperglycaemia are recommended as they improve 

cardiovascular status and may result in lower operative mortality, and longer 

survival (Yusuf, 2002; Lloyd etal., 2004).

Until recently, open operation has been the main treatment for AAA (Figure 

11). Whilst some groups claim very low peri-operative mortality following 

elective AAA repair, in reality 6-10% of patients do not survive the first 30 days 

(Scott et al., 1991; Norman et at., 1998; The UK Small Aneurysm Trial 

Participants, 1998; Michaels, 2003). For patients with ruptured AAA's reaching 

hospital and undergoing emergency repair in specialised units, the generally 

reported mortality is in the order of 20-50% (Bown et al., 2004). However, 

one of my own publications has shown the true figure for mortality in 

the overall population with ruptured AAAs to be in excess of 80% 

(Basnyat et al., 1999). Furthermore, the mortality rate in specialist vascular 

units is significantly lower than for non-specialist vascular surgeons at 46% 

versus 69% (Bown et al., 2004). Factors that adversely affect the results of AAA 

repair include: female gender, co-existent renal, cardiac or respiratory 

pathology; and low numbers of AAA repairs performed by the operating centre 

(Bown etal., 2004).

The advent of endovascular repair (EVAR) of AAA has led some to suggest that 

this is a better option as very low mortality rates, at around 1%, have been 

reported (Anderson et al., 2004). However, there is at present no good evidence 

- based literature comparing open surgery with EVAR, and some have expressed 

concerns regarding the long-term results of the endovascular approach 

including, issues of surveillance, the development of complications such as 

endoleaks, and the need for subsequent operative intervention (Norwood et al., 

2007). The appearances of the aorta following EVAR are shown in Figure 12.
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FIGURE 11. Operative appearance demonstrating (A) - AAA 

opened up and containing thrombus, and (B) 

following insertion of the graft
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FIGURE 12. Computed tomography scan demonstrating a AAA 

repaired by stenting
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K. Screening

In an attempt to improve the outcome of AAAs, the concept of screening to 

improve detection of small asymptomatic aneurysms was originally proposed by 

Collin and colleagues (Collin et al., 1988). They calculated that a screening 

program introduced nationally could prevent 6,000 unnecessary deaths from 

AAA rupture each year. Further screening programmes were developed 

throughout the United Kingdom including: Chichester in 1984 (Scott et aL, 

1998), Gloucester in 1990 (Heather et al., 2000), Huntington in 1991 (Quick et 

al., 1994) and my own based in Llantrisant in 1994 (Williams et al., 1996). 

Subsequently, centres in Denmark, Sweden, Australia and the United States 

have reported the results of their screening programs and developed their own 

guidelines (Lindholt JS, et al.; 1997; Jamrozik et al., 2000; Bengtsson H et al., 

1991; Kent et al., 2004). In the United Kingdom, screening is performed in the 

community by specialist nurses and technologists that have undergone training 

by vascular radiologists using portable ultrasound machines (Figure 13).
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B

FIGURE 13. Ultrasound screening for AAA in the community

(A) portable ultrasound scanner

(B) scanning procedure taking place

MH Lewis Personal Collection
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As a consequence of the findings of these individual centres, and in particular 

the Chichester studies, the Multicentre Aneurysm Screening Study (MASS) was 

developed (MASS, 2002i; MASS 2002 ii). MASS was a randomised controlled trial 

carried out in four participating centres (Chichester, Oxford, Portsmouth and 

Southampton) covering a population of 1.4 million. The aim of the study was to 

assess the benefit of screening men for AAA both in terms of clinical outcome 

and cost-effectiveness. The population basis of MASS was a sample of 67,800 

men aged 65-74 years each of whom was individually randomised to receive an 

invitation for a scan (n= 33,839) or not (n=33,961). Men in whom AAA's were 

detected were followed up for a mean of 4.1 years with repair being considered 

if: the diameter of the AAA exceeded 5.5 cm, the growth rate exceeded 1 

cm/year, or the patient developed AAA-related symptoms. Mortality data was 

obtained from the Office of National Statistics and the analysis was performed on 

an intention to treat basis.

The uptake was 27,147 (80%) and 1,333 AAA were detected giving a prevalence 

of 4.9%. In the screened arm there were 222 elective and 27 emergency AAA's 

compared with 92 elective and 54 emergencies in the control group. There were 

65 AAA-related deaths (absolute risk 0.19%) in the screened group and 113 

(absolute risk - 0.33%) in the control group. The risk reduction was 42% (95% 

CI 22-58; p =0.0002), with a 53% reduction (CI 30-64) in those who actually 

attended for screening. The authors noted that screened patients also had better 

opportunities for secondary prevention including optimisation of cardiovascular 

risk factors and cessation of smoking. They also noted that emergency workload 

fell by 70%, leading to less disruption in the operating theatres and better 

planning of HDU/ICU facilities.

The MASS study included cost-effectiveness as part of its design and analysed 

results at 4 years based on observed data and at 10 years based on conservative 

modelling. Over the 4-year period, 47 fewer deaths were observed in the 

screened group. The cost of screening was calculated at £2.2 million, with the 

mean additional cost of screening calculated to be £63.39 per patient. The mean
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cost effectiveness ratio was £28,389 per life-year gained which was calculated to 

be equivalent to £36,000 per quality-adjusted life year (QALY). It was estimated 

that after 10 years this would fall to £10,000 per QALY that would then be well 

within the desired range for a screening program (UK National Screening 

Committee, 2004).

A large and important part of this thesis relates to my "academic 

journey" describing the identification of a previously unreported 

mortality rate in excess of 80% for those patients with ruptured AAA's 

attending Welsh Hospitals over a one year period. It further describes 

my experience of setting up a Screening Programme in South Wales 

initially in hospital, then within the community. In 2013 its was rolled 

out across Wales where all males now undergo elective ultrasound 

scanning of their aorta's in their 65th year.
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SELECTED RESEARCH PUBLICATIONS
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INTRODUCTION TO BODY OF RESEARCH

This chapter includes abstracts of manuscripts I have selected for this thesis all 

of which have been written throughout my career. During this time, ethical 

approval and certainly the documentation of such has changed significantly. 

Although some of my publications (particularly audit studies) have required no 

ethical approval, over the last few years and obviously where patients are 

involved ethical approval has rigorously been sought and obtained to comply 

with ever increasing stringent regulations. Furthermore since all of these studies 

have been peer reviewed and published in well established journals. Ethical 

approvals are included within the papers as appropriate and comply with each 

individual journal requirement.

The abstracts are formatted as per the schema illustrated in Figure 1 on page 9 

and repeated below. The manuscripts in their entirety as published are included 

in the Appendix to this thesis. It is important to emphasise that the group of 

abstracts represent only a small selection of publications which I have 

undertaken during my junior and senior surgical career.

11]
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The schema commences with a mechanistic collection of publications. It should 

be apparent that my early publications were involved in basic science focused on 

developing a scientific approach to academic research. Later the research has 

become increasingly clinical until ultimately the papers represent research 

undertaken with the help of scientists from several Institutions, with an 

increasing focus concerned primarily with aneurysmal disease. These scientists 

include a variety of specialists but most important of all from the University of 

South Wales (formerly Glamorgan) particularly Professor Damian Bailey and his 

Research Team. Also included is a section "Impact of my Research on Health 

Policies", highlighting my research, its transitional nature and correspondence.

There follows a section of publications entitled "Surgical Training" which reflects 

my long time involvement with surgical teaching. Some of these papers were 

published during my 15 year Chairmanship of the Basic Surgical Training 

Committee and my role as Secretary, and Vice Chairman of the Higher Surgical 

Training Committee in General Surgery for Wales. In addition one or two of the 

most recently published articles reflect my major commitment to the Royal 

Colleges for General Surgery in regard to the Intercollegiate Examination for 

Fitness to Practice for Consultants in the UK. These papers document my 

experience and development as an Examiner and also latterly as an Examiner of 

the Examiners.

As mentioned in "Overview" above (Page 9) for all articles included in this thesis 

I have been senior author with a substantial contribution to the paper in respect 

to study conception, design, data collection, analysis and the writing of the 

paper. Also as senior author I have without exception taken responsibility for 

the integrity of the work as a whole from inception to published article. It is for 

this reason that latterly my name has appeared as final author (traditionally the 

most senior and consultant surgeon responsible for any patient management or 

intervention) but in my early career my name has usually been first author 

representing junior surgeon and more direct hands on in the research. Again 

first author reflects that I was physically carrying out the research with less
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responsibility for patient care and supervision. This authorship is therefore in 

accordance with the requirement of the International Committee of Medical 

Journal Editors (ICMJE.ORG 2013)

Lastly, Figure 14 below documents the h-index of some of my published work 

along with my personal overall citation indices. Briefly the h-index attempts to 

measure the productivity and impact of an article or author and is based on the 

most cited papers and number of citations received (Hirsch 2005). The h-index 

serves therefore as an alternative to the more traditional journal impact factor.

Citation indices Citations to my articles

All Since 2008 '* 
Citations 592 326 
h-index 12 9 

ilO-indcx 14 5 „!__ -
——————— 1968 2001 ZOOS ——

FIGURE 14. Citation Index for MH Lewis Articles

Citations to my articles

..l.lllllllll

To expand on this, for example, my article Mortality From Ruptured Aortic 

Abdominal Aneurysm in Wales (Basnyat 1999) has been cited in 80 related 

articles and the Doctors knowledge of radiation exposure: questionnaire study 

(Snow 2003) has been cited 220 times in related articles. Furthermore my 

personal citation index overall shows citations of 592 and 326 since 2008 with an 

h-index of 12 and an ilO-index of 14.

There are five subsections in the selected research publications and 

each subsection is introduced by a paragraph explaining their content.
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Basic Mechanistic Papers

Five papers are included in this subsection. They represent basic animal research 
using rodent and canine models. My first study investigated the anatomy of the 

rat with regard to a hormone carrier mechanism from the epididymis to the 
prostate. This work I instigated following my reading of a paper suggesting such 
a mechanism by a group of scientists from the Tenovus Institute, Cardiff.

The remaining papers are in part a result of the research that I undertook at the 
University of Chicago, Illionois, USA. These abstracts describe the development 
of a dog model investigating basic hepatobiliary physiology. On my return from 
the United States, I undertook further research examining the haemodynamics 
of the dog liver following bile duct ligation. This was performed under licence at 

the Hammersmith Hospital, London.
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BASIC MECHANISTIC PAPERS

The venous drainage of the accessory reproductive organs of the rat with 

special reference to prostatic metabolism. 

3 Reprod Fertil 1975; 42: 497-502.

Secretin enhances (14C) erythirtol clearance in unanesthetiszed dogs. 

Dig Dis Sci 1982; 27: 57-64.

  Effect of somatostatin on determinants of bile flow in unanaesthetized 

dogs. 

Ann Surg 1982; 195: 97-103.

Hepatic metabolism of glucagon in the dog: contribution of the liver to 

overall metabolic disposal of glucagon. 

AmJPhysio! 1981; 240: E233-44.

Hepatic haemodyamics after chronic obstruction of the biliary tract in the

dog.

Surg Gynaecol Obstet 1988; 166: 125-130.
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THE VENOUS DRAINAGE OF THE ACCESSORY REPRODUCTIVE ORGANS 

OF THE RAT WITH SPECIAL REFERENCE TO PROSTATIC METABOLISM.

Lewis MH. Moffat DB.

J Reprod Fertil 1975; 42: 497-502.

The venous drainage of the testis, epididymis, prostate and bladder was studied 

in live and recently dead rats. New evidence for a previously suggested direct 

venous connection between the epididymis and the prostate is presented, and a 

mechanism for blood flow from the deferential vein into the prostatic venous 

plexus under conditions of raised central venous pressure is described. The 

studies have also revealed discrepancies among previous reports which might be 

resolved by a simplified nomenclature.
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SECRETIN ENHANCES [14C]ERYTHRITOL CLEARANCE IN 

UNANESTHETIZED DOGS.

Lewis MH. Baker AL, Dhorajiwala J, Moossa AR. 

Dig Dis Sci 1982; 27: 57-64.

To determine the effect of secretin infusion on clearance of inert markers into 

bile, unanesthetized dogs fitted with Thomas cannulas received continuous 

infusions of [14C]erythritol and [3H]inulin throughout study. Taurocholic acid 

administered sequentially at 9.0, 20.0, and 40.0 mumol/min enhanced 

[14C]erythritol clearance, and GIH secretin (3 units/min) administered along 

with TCA (40.0 mumol/min) increased [14C]erythritol clearance from 4.9 +/- 1.2 

ml/10 min to 6.8 +/- 1.3 ml/10 min (P less than 0.001), but simultaneously 

measured [3H]inulin clearance was unaltered. Secretin alone also increased 

[14C]erythritol clearance but did not alter [3H]inulin clearance. The increase in 

[14C]erythritol clearance per unit increase in bile flow was less during secretin 

infusion than TCA. Thus, secretin increases [14C]erythritol transport through 

restricted channels, probably distal to the canaliculi. [14C]Erythritol may not be 

an accurate marker for canalicular bile flow in dogs during secretin infusion.
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EFFECT OF SOMATOSTATIN ON DETERMINANTS OF BILE FLOW IN 

UNANESTHETIZED DOGS.

Lewis MH. Baker AL, Ipp E, Moossa AR. 

Ann Surg 1982; 195: 97-103.

Seven dogs each underwent cholecystectomy, ligation of the accessory 

pancreatic duct, and insertion of a Thomas duodenal cannula opposite the 

ampulla of Vater. After full recovery, bile secretions were studied in the 

unanesthetized dogs by opening the cannula and placing a ureteric catheter 

through the papilla into the common bile duct. All animals received, throughout 

study, constant infusions of taurocholic acid to replace losses caused by 

interruption of the enterohepatic circulation and 14 C-erythritol for measurement 

of erythritol clearance. After bile flow stabilized somatostatin 800 ng/kg/minute 

was infused for 100 minutes and bile flow declined from 3.0 +/- 0.7 ml/10 

minutes (SD) to 1.19 +/- 0.47 ml/10 minutes (p less than 0.001) and 14C- 

erythritol clearance fell from 3.6 +/- 1.14 to 1.77 +/- 0.43 ml/10 minutes (p less 

than 0.001). Bile salt output was unchanged, indicating that somatostatin 

inhibited bile salt-independent canalicular flow (BSICF). In other experiments 

animals underwent intraduodenal acidification which resulted in a marked 

increase in bile flow. Somatostatin infusion again causes a sharp fall in bile flow 

(p less than 0.05) suggesting that somatostatin also inhibited ductular flow. 

Infusion of somatostatin did not inhibit choleresis produced by exogenous 

secretin administration. Thus, somatostatin inhibits 1) ductular flow by inhibiting 

secretin release and 2) BSICF by a direct effect or by decreasing the release of 

hormones which induce canalicular flow.
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HEPATIC METABOLISM OF GLUCAGON IN THE DOG: CONTRIBUTION 

OF THE LIVER TO OVERALL METABOLIC DISPOSAL OF GLUCAGON.

Jaspan JB, Polonsky KS, Lewis M. Pensler J, Pugh W, Moossa AR, Rubenstein 

AH.

Am J Physiol 1981; 240: E233-44.

The hepatic extraction (HE) of glucagon (G) and insulin (I) was measured in 27 

dogs, using peripheral infusion of the hormones following elimination of 

endogenous secretion by pancreatectomy (Px) or somatostatin (S) infusion. 

HE(G) was 22.5 +/- 1.7%, and HE(I) was 45.1 +/- 3%. HE(G) in seven Px dogs 

was 27.9 +/- 4.2%, not significantly different from the value of 20.6 +/-1.6% in 

20 S-infused dogs, with corresponding values for HE(I) being 44.9 +/- 6 and 

46.0 +/- 3.6%, respectively, suggesting that S does not affect HE of either 

hormone. HE of endogenous G (22.1 +/- 2.8%) was similar to that of 

exogenously infused G (19.1 +/-1.9). HE(G) was nonsaturable in the physiologic 

and pathophysiologic range of plasma G levels, but there was evidence of 

saturability in the pharmacologic range. Comparison of simultaneously measured 

parameters of I and G metabolism indicated independence of the metabolic 

processes of these two islet hormones, despite distinct similarities in their overall 

patterns of metabolic disposal. Metabolic clearance rates (NCR) for G and I were 

12.6 +/- 0.8 and 19.5 +/- 1.0 ml . kg-1 . min-1, while simultaneously measured 

hepatic HE rates were 4.2 +/- 0.3 and 8.1 +/- 0.6 ml . kg-1. min-1, respectively. 

MCR(G) was independent of arterial G levels. Half-life of infused G and I was 5.5 

+/- 0.5 and 4.1 +/- 0.3 min, respectively. The liver accounted for 34.7 +/- 2.4% 

of the MCR(G) and 42.0 +/- 2.9% of MCR(I). The liver is thus an important site 

for G removal. However, HE(G) varies widely in different animals, and it is 

therefore not possible to predict portal vein G concentrations or G secretion rates 

from G levels in peripheral vessels.
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HEPATIC HEMODYNAMICS AFTER CHRONIC OBSTRUCTION OF THE 

BILIARY TRACT IN THE DOG.

Mathie RT, Nagorney DM, Lewis MH. Blumgart LH. 

Surg Gynecol Obstet 1988; 166: 125-30.

Hepatic blood flow was measured in 12 dogs before and two weeks after 

obstruction of the bile duct (BD) or sham operation, using the electromagnetic 

flowmeter technique. Eight dogs with obstructed BD revealed an 41 per cent 

decrease in total hepatic blood flow caused by an approximately equal 

percentage decrease in both hepatic arterial (HA) and portal venous (PV) flow, a 

decrease in arterial blood pressure, an increase in PV vascular resistance and 

little change in hepatic oxygen consumption. Four sham operated dogs showed 

minimal hemodynamic response. A dual mechanism for the hepatic 

hemodynamic consequences of chronic biliary obstruction is suggested: 

Decreased HA blood flow associated with diminished blood pressure and reduced 

PV blood flow resulting from raised intrahepatic PV vascular resistance.
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CLINICAL (NON-VASCULAR)

This section includes six papers focused on clinical research. These publications 

reflect my interest in a wide variety of clinical conditions that vary from reporting 

my development of a hospital-based smoking cessation clinic, the use of various 

radiological investigations used in clinical practice and one paper that described 

a new treatment option for massive bowel resection due to ischaemia.
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CLINICAL (NON-VASCULAR)

Non-operative differentiation between pancreatic cancer and chronic

pancreatitis.

Ann Surg 1979; 189: 480-487.

Comparison of venous and capillary blood sampling for the clinical 

determination of tobramycin serum concentrations. 

BrJCIinPharmacoll985; 20: 597-601.

Delayed presentation of an extradural abscess complicating thoracic 

extradural analgesia. 

BrJAnaesth 1992; 68: 103-105.

Erect chest radiography in the setting of the acute abdomen: essential 

tool or an unnecessary waste of resources? 

Ann R Coll Surg 5/70/2010; 92: 697-699.

Do Smoking Cessation Clinics Work in a District General Hospitals. 

J Smoking-Related Dis 1994; 5 (Suppl 1): 247-251.

Gastro-colonic anastomosis - a viable option in extensive small bowel

infarction.

Ann R Coll Surg Engl2QQ6; 88: 1-3.
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NON-OPERATIVE DIFFERENTIATION BETWEEN PANCREATIC CANCER 

AND CHRONIC PANCREATITIS

Mackie CR, Cooper MJ, Lewis MH. Moossa AR 

Ann Surg 1979; 189: 480-487.

Eighty-five of 186 patients investigated for suspected pancreatic cancer had an 

unequivocal final diagnosis of either pancreatic cancer (58 patients) or chronic 

pancreatitis (27 patients). They had been studied prospectively using 

ultrasonography, computerized tomography, radionuclide scanning, endoscopic 

retrograde cholangiopancreatography (ERCP), selective celiac and superior 

mesenteric angiography, duodenal drainage studies, cytologic studies, serum 

carcinoembryonic antigen assay, and pancreatic oncofetal antigen assay, The 

results were compared to determine which test would most frequently and 

reliably differentiate between pancreatic cancer and pancreatitis in a patient 

believed to have one or other disease. Criteria for interpreting results, first for 

highest rate of correct diagnoses, and second for highest accuracy were derived. 

Applying these criteria, ultrasonography achieved the highest rate of correct 

diagnoses (97% of patients diagnosed with 84% accuracy). ERCP, duodenal 

drainage studies, and cytology were the most accurate tests (86% accuracy 

each test) but, with this accuracy, ERCP most frequently gave a diagnosis 

(diagnosis rate: ERCP~70%, duodenal drainage~32%, cytology~35%). The 

results suggest that ultrasonography is the best noninvasive test, and that a 

combination of ERCP, pancreatic juice assay and cytology in a single procedure 

may prove to be the best discriminating investigation.
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COMPARISON OF VENOUS AND CAPILLARY BLOOD SAMPLING FOR 

THE CLINICAL DETERMINATION OF TOBRAMYCIN SERUM 

CONCENTRATIONS.

Lewis AS, Taylor G, Williams HO. Lewis MH 

BrJ Clin Pharmacol 1985; 20: 597-601.

Tobramycin concentrations have been determined in serum from capillary, 

venous and arterial blood samples taken from 16 patients during and after 

surgery. In 73 paired samples the concentrations in capillary samples were not 

significantly different from those measured in venous samples. The small 

concentration differences were neither dependent upon sampling time nor core- 

peripheral temperature differences. In 26 paired samples, concentrations in 

capillary samples were not significantly different from those determined in 

arterial samples. We conclude that concentrations in capillary samples are 

precise and unbiased estimators of venous concentrations and may be used in 

the adjustment of tobramycin dosage regimens.
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DELAYED PRESENTATION OF AN EXTRADURAL ABSCESS 

COMPLICATING THORACIC EXTRADURAL ANALGESIA.

Sowter MC, Burgess NA, Woodsford PV, Lewis MH. 

BrJAnaesth 1992; 68: 103-105.

Extradural abscess is a rare but recognized complication of extradural 

anaesthesia. Previous reports have been associated with a short time interval 

between extradural catheterization and presentation. We report a patient with 

rheumatoid arthritis, receiving steroid therapy, in whom an extradural abscess 

did not present until 23 days after the insertion of a thoracic extradural catheter 

to provide postoperative analgesia.
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ERECT CHEST RADIOGRAPHY IN THE SETTING OF THE ACUTE 

ABDOMEN: ESSENTIAL TOOL OR AN UNNECESSARY WASTE OF 

RESOURCES?

Alazzawi S, Sprenger De Rover W, Morris-Stiff G, Lewis MH. 

Ann R Coll Surg Engl2010; 92: 697-699.

INTRODUCTION

It has been suggested that changes to the training schemes of junior doctors 

and the increased pressure on emergency departments to manage their patients 

within a limited time might increase the number of unnecessary investigations 

performed on emergency admission patients. This, in turn, may lead to an 

increased number of investigations with normal results. In this study we try to 

analyse the role of the chest X-ray (CXR) as a diagnostic tool in patients 

presenting with acute abdominal pain.

PATIENTS AND METHODS

A retrospective study was performed of the request forms and results of all chest 

radiography performed on patients admitted on the emergency surgical intake 

with acute abdominal pain through utilisation of the prospectively maintained 

electronic radiology database. The indications were compared to the guidelines 

published by the Royal College of Radiologists (RCR) which have been adopted 

as the standard of care.

RESULTS

A total of 334 chest X-rays were identified of which only 23 (7%) had new 

findings. Four (1%) patients had free gas under the diaphragm. Of the CXRs, 

258 (77%) were reported normal whilst 53 (16%) had old changes which were 

described in their hospital records and previous radiographs. Of the CXRs with
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new findings, only 20 were clinically significant and, of these, four (1%) were 

surgically significant.

CONCLUSIONS

The majority of OCRs performed on emergency surgical admissions with 

abdominal pain are unnecessary. By obtaining a clear history, performing a 

thorough clinical examination and following the RCR guidelines most of the CXRs 
could be avoided. This would lead to less radiation exposure, reduce delays to 

diagnosis, and provide significant financial savings.
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DO SMOKING CESSATION CLINICS WORK IN DISTRICT GENERAL 

HOSPITALS?

Morgan-Jones RL, Mattu GS, Hughes 0, Fryer R, Lewis MH. 

3 Smoking-Related Dis 1994; 5(Suppl 1): 247-251.

INTRODUCTION

As general surgeons with heavy vascular commitments, it is discouraging to see 

initially successful arterial reconstructive operations fail due to graft occlusion 

caused by continued smoking. We therefore established a weekly smoking 

cessation clinic with the objective of verifying the efficacy of counselling with or 

without nicotine replacement therapy (NRT) in the clinical setting away from the 

"trial" environment.

PATIETS AND METHODS

Three cessation methods are used in the clinic. The majority 76% chose group 

counselling plus nicotine patches, 17% chose group counselling alone and only 

7% chose nicotine gum plus group counselling. All cessation methods were 

advocated for a 12-weekly programme. The majority of attenders, 71%, self- 

referred, 25% were referred from within the hospital and the remaining 4% 

referred from general practice. Of those referred from within the hospital, 86% 

came from surgical specialties. Seventy-nine percent of those attending had 

previously tried to quit smoking and over half of these had used NRT to help 

them.

RESULTS

Two thirds of attenders were female and with an average age of 48 years. The 

admitted number of cigarettes smoked was 35 per day for 31 years on average 

and 78% of those questioned had smoking-related disease in total, 110 patients 

could have completed the 12-week cessation programme and 93 could have
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abstained for six months. At three months, the combined cessation rate of all 

groups was 25% and at six months this had reduced to 18.5%. Our largest 

subgroup, those undergoing counselling plus NRT patches showed similar 

cessation rates with 23% quitting at three moths and 18% at six months.

CONCLUSIONS

We concluded that trial results could be duplicated away from research protocols 

in an outpatient cessation clinic and believe that all surgeons and physicians in 

acute specialties should be encouraged to establish a smoking cessation clinic 

within their own hospital.
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GASTRO-COLONIC ANASTOMOSIS--A VIABLE OPTION IN EXTENSIVE 

SMALL BOWEL INFARCTION.

Thomas AD, Rocker MD, Morris-Stiff G, Lewis MH. 

Ann R Coll Surg Engl2Q06; 88: 26.

INTRODUCTION

We have previously presented a patient with massive small and large bowel 

infarction and demonstrated that even with only a few inches of remaining small 

bowel an almost normal life-style and diet is possible.

PATIENT

Recently, we have looked after a young and otherwise fit female patient who 

suffered mesenteric venous gangrene of the whole small bowel from the 

Ligament of Treitz to the caecum. In order to achieve gastro-intestinal continuity 

and to avoid the torrential fluid loss associated with a high fistula, an 

anastomosis between the stomach and the transverse colon was formed.

RESULTS

We are surprised to find that despite the extensive resection our patient 

maintains a good quality of life and is able to look after her young family.
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CLINICAL (VASCULAR)

This section includes eight manuscripts focusing on clinical vascular research. 

They include a paper clarifying the anatomical differences in peripheral vascular 

disease according to gender, the results of surgical intervention in patients 

suffering with embolic disease over two ten-year periods, and one paper 

describing a collaborative study with Professor Damian Bailey. This latter paper 

examines the implications of Vitamin C prophylaxis used against oxidative lipid 

damage during surgical ischaemia and reperfusion. The final paper published in 

2013 describes a prospective study of infection rates of grafts inserted in laminar 

and non-laminar operative theatres.



-69-

CLINICAL (VASCULAR)

An 11-year experience of arterial embolectomy in a district general

hospital.

J R Coll Surg Edinb 1994; 39: 93-96.

Update experience of surgery for acute limb ischemia in a district general 

hospital - are we getting any better? 

Ann R Coll Surg fir?g/2009; 91: 637-640.

Vitamin C prophylaxis promotes oxidative lipid damage during surgical

ischemia-reperfusion.

Free Radio Biol Med 2006; 40: 591-600.

Can carotid ultrasound predict plaque pathology. 

Cardiovasc Surg. 2007; 48: 299-303.

Extra anatomical bypass grafting - a single surgeon's experience. 

Ann R Coll Surg Engl201Q; 92: 499-502.

Long-term clinical outcome following lower limb arterial angioplasty. 

Ann R Coll Surg Engl2011; 93: 250-4.

Variations in the anatomical distribution of peripheral vascular disease

according to gender.

Ann R Coll Surg Engl2Qll; 93: 306-309.

Laminar flow reduces cases of surgical site infections in vascular patients 

Ann R Coll Surg Eng 2013; 95: 15-19.
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AN 11-YEAR EXPERIENCE OF ARTERIAL EMBOLECTOMY IN A DISTRICT 

GENERAL HOSPITAL.

Burgess NA, Scriven MW, Lewis MH. 

J R Coll Surg Edinb 1994 39: 93-96.

We present a retrospective audit of all arterial embolectomies performed at the 

East Glamorgan General Hospital over an 11-year period (1980-1990). Eighty- 

seven patients (47M:40F), mean age 67 years (50-90 years) underwent 95 

embolectomies, an incidence consistent with previous studies. There were 17 

upper and 71 lower limb emboli with a mean delay before diagnosis of 29 h 

(range 1-264 h). In 66% of cases the cause was atrial fibrillation; 33% received 

immediate heparinization and 14% prophylactic antibiotics. Surgery was 

performed by a consultant in 12 and registrars in 75 cases, and under local 

anaesthesia in 80% and general anaesthesia in 20%. There was no anaesthetist 

present in 54% of cases. Few pre- or peroperative arteriograms were performed. 

The 30-day mortality was 45%, with an amputation rate of 15% and an overall 

postoperative complication rate of 62% with little improvement in these figures 

over the last 10 years. Factors increasing mortality were: delay before diagnosis, 

grade of surgeon performing the operation, and inadequate inflow or outflow at 

operation. Factors found to affect limb salvage rate adversely were a history of 

intermittent claudication, although such a history was not recorded in many 

cases, and lack of immediate preoperative heparinization. Although embolectomy 

is considered a 'registrar operation', reviewing our results it can be seen that it is 

an uncommon operation, in our series eight or nine being performed annually. 

Sometimes inappropriate surgery is performed upon patients in whom severe 

systemic illness may contraindicate any form of surgical intervention.
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UPDATE EXPERIENCE OF SURGERY FOR ACUTE LIMB ISCHAEMIA IN A 

DISTRICT GENERAL HOSPITAL - ARE WE GETTING ANY BETTER?

Morris-Stiff G, D'Souza J, Raman S, Paulvannan S, Lewis MH. 

Ann R Coll Surg Engl 2009; 91: 637-640.

AIMS

The aims of this study were to audit results of a 10-year experience of surgery 

for acute limb ischaemia (All) in terms of limb salvage and mortality rates, and 

to compare results with a historical published series from our unit.

PATIENTS AND METHODS

All emergency operations performed during the period 1993-2003 were 

identified from theatre registers and patient notes reviewed to determine 

indications for, and outcome of, surgery. Data were compared to a similar cohort 

who underwent surgery from 1980 to 1990.

RESULTS

There was a 33% increase in workload from 87 to 116 patients between the two 

time periods. The number of patients with idiopathic ALI reduced (24% versus 

4%; P < 0.05), and there were fewer smokers (71% versus 39%; P < 0.05) and 

a greater number of claudicants (17% versus 35%; P < 0.05) in those treated 

from 1993-2003. Latterly, more patients underwent pre-operative heparinisation 

(33% versus 80%; P < 0.05), received prophylactic antibiotics (14% versus 

63%; P < 0.05), and had anaesthetic presence in theatre (46% versus 88%; P < 

0.05). There was also a reduction in local anaesthetic procedures (80% versus 

41%; P < 0.05). Despite increased pre-operative (15% versus 47%; P < 0.05) 

and on-table imaging (0% versus 16%; P < 0.05) technical success did not 

improve. Whilst complication rates were identical at 62%, there were fewer
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cardiovascular complications in the recent cohort. The 30-day mortality rate for 

embolectomy fell from 45% to 33%. Multivariate analysis revealed age > 70 

years, prolonged symptom duration, ASA score > III, lack of prophylactic 

antibiotics, absence of an anaesthetist, and operations performed under local 

anaesthetic to be associated with increased risk of mortality. Factors adversely 

affecting limb salvage included prolonged duration from symptom onset to 

operation.

CONCLUSIONS

Despite improvements in pre- and peri-operative management, arterial 

embolectomy/thrombectomy remains a procedure with a high morbidity and 

mortality. Further attempts to improve outcome must be directed at early 

diagnosis and referral as delay from symptom onset to surgery is a major 

determinant of outcome.
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VITAMIN C PROPHYLAXIS PROMOTES OXIDATIVE LIPID DAMAGE 

DURING SURGICAL ISCHEMIA-REPERFUSION.

Bailey DM, Raman S, McEneny J, Young IS, Parham KL, Hullin DA, Davies B, 

McKeeman G, McCord JM, Lewis MH.

Free Radic Biol Med 2006; 40: 591-600.

Reactive oxygen species (ROS) have been implicated in the cellular membrane 

damage and postoperative morbidity associated with obligatory ischemia- 

reperfusion (I-R) during vascular surgery. Thus, a clinical study was undertaken 

to evaluate the effects of ascorbate prophylaxis on ROS exchange kinetics in 22 

patients scheduled for elective abdominal aortic aneurysm (AAA) or infra-inguinal 

bypass (IIB) repair. Patients were assigned double-blind to receive intravenous 

sodium ascorbate (2 g vitamin C, n=10) or placebo (0.9% saline, n=12) 

administered 2 h prior to surgery. Blood samples were obtained from the arterial 

and venous circulation proximal to the respective sites of surgical repair (local) 

and from an antecubital vein (peripheral) during cross-clamping (ischemia) and 

within 60 s of clamp release (reperfusion). Ascorbate supplementation increased 

the venoarterial concentration difference (v"adiff) of lipid hydroperoxides (LH), 

interleukin (IL)-6 and vascular endothelial growth factor (VEGF) protein during 

ischemia. This increased the peripheral concentration of LH, total creatine 

phosphokinase (CPK), and VEGF protein during reperfusion (P<0.05 vs placebo). 

Electron paramagnetic resonance (EPR) spectroscopy confirmed that free iron 

was available for oxidative catalysis in the local ischemic venous blood of 

supplemented patients. An increased concentration of the ascorbate radical (A") 

and alpha-phenyl-tert-butylnitrone (PBN) adducts assigned as lipid-derived 

alkoxyl (LO~) and alkyl (LC) species were also detected in the peripheral blood of 

supplemented patients during reperfusion (P<0.05 vs ischemia). In conclusion, 

these findings suggest that ascorbate prophylaxis may have promoted iron-
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induced oxidative lipid damage via a Fenton-type reaction initiated during the 

ischemic phase of surgery. The subsequent release of LH into the systemic 

circulation may have catalyzed formation of second-generation radicals 

implicated in the regulation of vascular permeability and angiogenesis.
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CAN CAROTID ULTRASOUND PREDICT PLAQUE HISTOPATHOLOGY?

Snow M, Ben-Sassi A, Winter RK, Verghese A, Hibberd R, Saad RA, Morris Stiff 

G, Lewis MH.

Cardiovasc Surg 2007; 48: 299-303.

AIMS

European and North American studies have confirmed the benefits of carotid 

endarterectomy for patients with symptomatic carotid artery stenoses >70%. 

However, the management of asymptomatic patients and those with lesser 

degrees of stenosis is less certain. Several studies have suggested that, for these 

subgroups, the targeting of potentially unstable plaques, may help to identify 

those most at risk of cerebrovascular accidents and thus most likely to benefit 

from surgery. The aim of this study was to correlate the ultrasound features of 

carotid artery stenosis with the histopathological findings of the carotid 

endarterectomy specimens in order to identify features which will allow 

preoperative identification of clinically unstable plaques.

METHODS

Sixty consecutive patients with symptomatic, critical carotid stenosis were 

prospectively studied. Plaques were classified preoperatively into one of five 

types based on their echogenicity and were also assessed for irregularity and 

ulceration. These findings were then compared with the histopathological 

findings of the endarterectomy specimen.

RESULTS

Of 33 plaques considered on ultrasound to be uniformly or predominantly 

echolucent (unstable), 27 were found to be largely fatty or haemorrhagic (PPV 

=82%). Of 17 plaques considered to be predominantly echogenic (stable) on
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ultrasound, 11 were found to be predominantly fibrotic (PPV = 65%). Correlation 

between ultrasound irregularity or ulceration and histopathology was poor.

CONCLUSION

In routine clinical practice, ultrasound can identify with reasonable accuracy, 

plaques that are predominantly haemorrhagic or fatty, and therefore potentially 

unstable. This may have future implications in selection of patients for surgery.
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EXTRA-ANATOMICAL BYPASS GRAFTING-A SINGLE SURGEON'S 

EXPERIENCE.

Appleton ND, Bosanquet D, Morris-Stiff G, Ahmed H, Sanjay P, Lewis MH. 

Ann R Coll Surg Engl 2010; 92: 499-502.

INTRODUCTION

Extra-anatomical bypass grafting is a recognised method of lower limb re- 

vascularisation in high-risk patients who cannot tolerate aortic cross clamping, or 

in those with a hostile abdomen. We present a single surgeon series of such 

procedures and determine relevant outcomes.

PATIENTS AND METHODS

A retrospective review was performed on a prospectively maintained database of 

patients undergoing femoro-femoral or axillo-femoral bypass surgery between 

1986 and 2004.

RESULTS

Patency rates for femoral (n = 28; 32%) versus axillary (n = 59; 68%) bypass 

procedures at 1 month, 1, 3 and 5 years were (92% vs 93%), (69% vs 85%), 

(60% vs 72%) and (55% vs 67%), respectively. Patient survival rates for the 

corresponding procedures and time intervals were (96% vs 90%), (96% vs 

67%), (85% vs 45%) and (73% vs 38%) and revealed a significantly lower 

survival rate in those undergoing axillary procedures (P = 0.002). Limb salvage 

rates were calculated at (100% vs 91%), (96% vs 84%), (96% vs 81%) and 

(92% vs 81%) with no statistically significant difference found between the two 

groups (P = 0.124). Two-thirds of the patients who required major amputation 

died within 12 months of surgery.



-78-

CONCLUSIONS

Acceptable 30-day morbidity, long-term primary patency and survival rates are 

obtainable in patients suitable for extra-anatomical bypass surgery despite 

having significant co-morbidities. We have shown 5-year patency rates in those 

that survive axillary procedures to be as good as those undergoing femoral 

procedures. Furthermore, surviving patients who evade amputation within a year 

have an excellent chance of long-term limb salvage.
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LONG-TERM CLINICAL OUTCOME FOLLOWING LOWER LIMB ARTERIAL 

ANGIOPLASTY.

Morris-Stiff G, Moawad M, Appleton N, Davies G, Hicks E, Davies C, Lewis MH. 

Ann R Coll Surg Engl2011; 93: 250-254.

INTRODUCTION

The aim of this study was to determine the clinical outcome of lower limb arterial 

angioplasty in a busy district general hospital practice.

PATIENTS AND METHODS

All angioplasties performed from January 1999 to December 2004 were identified 

and data collected included cardiovascular risk factors, indications for and 

complications of angioplasty, limb salvage and patient survival rates, and 

clinically significant re-stenoses.

RESULTS

471 interventions were performed in 385 patients (231 men, 154 women). The 

median age was 67.9 years (range: 39-93 years). Indications for angioplasty 

were critical ischaemia (n=247, 52%) and lifestyle-limiting intermittent 

claudication (n=224, 48%). Stenotic lesions accounted for 378 (80%) cases and 

occlusion for 93 (20%). Radiological success was obtained in 417 (88.5%), 

improving to 93.6% if only those in whom access was achieved were included. 

Post-angioplasty complications were observed in 42/471 (9.1%) of interventions. 

The actual patient survival at 1, 2, and 3 years was 87.4%, 85.1% and 83.2% 

respectively. Indication for angioplasty and the number of lesions present were 

identified as risk factors for outcome on multivariate analysis. The cumulative 

post-angioplasty patency rates at 1, 2 and 3 years were 86.0%, 83.1% and
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81.6% respectively. The only factor associated with patency was the mode of 

presentation.

CONCLUSIONS

Angioplasty for lower limb peripheral vascular disease can be performed safely 

and efficaciously with a high technical success rate and a low complication rate. 

The patient survival and post-angioplasty patency data reflect the progressive 

and multi-site nature of the underlying disease process.
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VARIATIONS IN THE ANATOMICAL DISTRIBUTION OF PERIPHERAL 

VASCULAR DISEASE ACCORDING TO GENDER.

Morris-Stiff G, Ogunbiyi S, Rees J, Davies a, Hicks E. Lewis MH. 

Ann R Coll Surg Ehgl2011; 93: 306-309.

BACKGROUND

While large epidemiological studies have suggested that the male gender is more 

frequently afflicted with intermittent claudication, there is little data whether 

there are gender differences in the distribution of peripheral vascular disease 

(PVD). The aim of this study was to clarify this issue on the basis of angiographic 

findings in patients presenting with claudication.

PATIENTS AND METHODS

The radiology department computerised database was used to identify all lower 

limb angiograms performed for investigation of PVD. Patients undergoing 

incomplete assessment and those with normal angiograms were excluded. 

Demographic details for each patient were collected together with details of uni- 

or bilaterality of disease, the number of lesions present and their anatomical 

distribution according to the major named vessels. Only lesions reported as 

radiologically significant were included in the analysis.

RESULTS

Five hundred consecutive angiograms fitting the defined study criteria were 

assessed. There were 310 males and 190 females giving a male to female ratio 

of 1.6:1. The most common distribution for both genders was multiple bilateral 

lesions. There were no significant differences in the number of stenoses in terms 

of ratio of bilateral to unilateral (2.39 vs 2.77) or ratio of multiple to single 

lesions (1.5 vs 1.7) between the female and male groups. Disease was more
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common in males at all anatomical locations, the most significant differences 

being for lesions of the common femoral and profunda femoris arteries.

CONCLUSIONS

PVD is more commonly diagnosed in males than females. The disease process is 

more commonly bilateral in both genders and PVD affects more numerous sites 

in the male claudicant than in the female claudicant. Nevertheless, there does 

not appear to be any difference in the anatomical distribution of disease 

between genders.
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LAMINAR FLOW REDUCES CASES OF SURGICAL SITE INFECTIONS IN 

VASCULAR PATIENTS.

Bosanquet DC, Jones CN, Gill N, Jarvis P, Lewis MH. 

Ann R Coll Surg Engl2Q13; 95: 15-19.

INTRODUCTION

Numerous strategies are employed routinely in an effort to lower rates of 

surgical site infections (SSIs). A laminar flow theatre environment is generally 

used during orthopaedic surgery to reduce rates of SSIs. Its role in vascular 

surgery, especially when arterial bypass grafts are used, is unknown.

METHODS

A retrospective review of a prospectively maintained database was undertaken 

for all vascular procedures performed by a single consultant over a one-year 

period. Cases were performed, via random allocation, in either a laminar or non- 

laminar flow theatre environment. Demographic data, operative data and 

evidence of postoperative SSIs were noted. A separate subgroup analysis was 

undertaken for patients requiring an arterial bypass graft. Univariate and 

multivariate logistical regression was undertaken to identify significant factors 

associated with SSIs.

RESULTS

Overall, 170 procedures were analysed. Presence of a groin incision, insertion of 

an arterial graft and a non-laminar flow theatre were shown to be predictive of 

SSIs in this cohort. In the subgroup receiving arterial grafts, only a non-laminar 

flow theatre environment was shown to be predictive of an SSL
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CONCLUSIONS

This study suggests that laminar flow may reduce incidences of SSI, especially in 

the subgroup of patients receiving arterial grafts.
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ANEURYSMAL DISEASE / IMPACT ON CLINICAL PRACTICE

This section contains five abstracts concerned purely with aneurysmal disease 

together with several others aneurysm related papers. The sometimes surprising 

and previously undocumented results contained within these papers have 

arguably demanded a radical change in patient management.

Lastly, included in this section are some national media presentations that were 

necessary to "kick-start" some of these changes particularly the introduction of 

AM screening in England and Wales.
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ANEURYSMAL DISEASE/IMPACT ON CLINCIAL PRACTICE

  Prevalence of abdominal aortic aneurysm in a hypertensive population. 

Ann R Coll Surg Engl 1996; 78: 501-504.

Natural history of the ectatic aorta. 

Cardiovasc Surg 2003; 11: 273-276.

  Abdominal aortic aneurysm and its correlation to plasma homocysteine, and 

vitamins. 

EurJ Vase Endovasc Surg 2004; 27: 75-79.

  Mortality from ruptured abdominal aortic aneurysms in Wales. 

BrJSurg 1999; 86: 765-770.

  Vascular Surgery, ICU and HDU: A 14-Year Observational Study 

Ann R Coll Surg Engl2QQ8; 90: 291-296.

Is the assessment of popliteal artery diameter in patients undergoing 

screening for abdominal aortic aneurysms a worthwhile procedure. 

EurJ Vase Endovasc Surg 2005; 30: 71-74.

The evolution of a vascular surgeon at a district general hospital sub- 

specialisation inevitable? 

Ann R Coll Surg Engl 2000; 82: 272-274.

  Delay in starting aneurysm screening 'costing lives'. 

http://news.bbc.co.Uk/l/hi/wales/8676071.stm

Planning of abdominal aortic aneurysm screening to start 

Monday, 7 June 201
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PREVALENCE OF ABDOMINAL AORTIC ANEURYSM IN A HYPERTENSIVE 

POPULATION.

Williams IM, Hughes OD, Townsend E, Winter RK, Lewis MH. 

Ann R CollSurg Engl 1996; 78: 501-504.

Two studies were undertaken to estimate the prevalence of abdominal aortic 

aneurysm in a hypertensive population. The initial study screened hypertensive 

people from three local general practices. In this study 918 patients underwent 

ultrasound scanning of the abdominal aorta (498 men and 420 women). A total 

of 24 abdominal aortic aneurysms were identified; 20 in men (4%) and four in 

women (0.9%). Of these, 11 were > 4 cm in transverse diameter. Following this 

study, only hypertensive men over the age of 60 years and women over the age 

of 65 years were screened from a total of 29 general practices. Regular scanning 

sessions were held at each practice and 1328 patients attended (744 men and 

584 women). A total of 43 abdominal aortic aneurysms were detected; 39 in 

men (5.2%) and four in women (0.7%). Hypertensive men are at increased risk 

of developing abdominal aortic aneurysms and should be offered an initial 

ultrasound scan at 60 years of age. Female hypertensives yield a much lower 

detection rate and screening hypertensive females would probably be an 

inappropriate use of available resources.



NATURAL HISTORY OF THE ECTATIC AORTA.

Basnyat PS, Aiono S, Warsi AA, Magee TR, Galland RB. Lewis MH. 

Cardiovasc Surg 2003; 11: 273-276.

OBJECTIVES

To define the natural history of ectatic abdominal aortas and to assess the 

clinical need for follow-up.

DESIGN

Abdominal aortas were considered ectatic if they were diffusely and irregularly 

dilated with a diameter less than 3 cm. Ectatic aortas were identified either by 

AAA screening or as incidental findings. Patients who had only one scan were 

excluded from the study. Clinical data were analysed.

SETTING

Two district general hospitals in Wales and England.

SUBJECTS

116 patients (90 men).

RESULTS

The median age of patients was 71 years (range 48-90). Co-existing risk factors 

included hypertension (75), IHD (22), PVD (8), diabetes (3), COAD (14), stroke 

(5), popliteal aneurysm (1), malignant disease (3) and 4 had a family history of 

AAA. The median follow-up was 24 months (range 5-72). The median and 

maximum growth rate of the ectatic aortas were 0.65 and 14.4 mm/year 

respectively. In three patients the expansion rate was more than 5 mm/year. In 

22 patients the ectatic aorta became aneurysmal, reaching a diameter greater
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than 3 cm. There were no ruptures and no elective repairs. Two deaths occurred 

due to IHD.

CONCLUSIONS

This study demonstrates that if ectatic aortas do expand they do so very slowly. 

However, 22 of the 116 (19%) became aneurysmal in a follow-up of two years. 

Once identified ectatic aortas should be scanned at intervals of three years.
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ABDOMINAL AORTIC ANEURYSM AND ITS CORRELATION TO PLASMA 

HOMOCYSTEINE, AND VITAMINS.

Warsi AA, Davies B, Morris-Stiff G, Hullin D, Lewis MH. 

EurJ Vase Endovasc Surg 2QQ4; 27: 75-79.

BACKGROUND

Hyperhomocysteinemia is a recognised independent risk factor in the genesis of 

atherosclerotic diseases. However, very little is known about the relationship 

between homocysteine and abdominal aortic aneurysm (AM). Vitamins, namely 

B12 and folic acid have been implicated in the regulation of plasma 

homocysteine levels. However, there has been no prospective study that has 

analysed the relationship of AAA and plasma homocysteine in light of serum 

vitamin levels.

AIMS

To study the relationship between plasma homocysteine, serum B12 and folic 

acid levels, and AAA.

METHOD

Case control study including 38 AAA patients and 36 controls. Fasting 

homocysteine, B12 and folic acid were determined in serum separated within 1 h 

of blood collection using a fluorescence polarisation immunoassay technique 

(FPIA).

RESULTS

Twenty-six (68%) of the AAA patients had elevated levels of homocysteine 

compared to 2 (6%) in the case control group. The mean homocysteine level in 

the AAA group was 19.4 micromol/L (SE +/- 1.1) (95% CI 17.17-21.65) and in
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the control group was 10.9 micromol/L (SE +/- 1) (95% CI 9.95-11.88) 

(p<0.001). Mean vitamin B12 levels in the AAA and the controls was 332.11 pg/L 

(SE +/- 16.44) and 414.33 pg/L (SE +/- 19.72), respectively (p<0.004). Mean 

folic acid in the AAA was 8.02 (SE +/- 0.71) and the control was 9.8 etagm/L (SE 

+/- 0.69), (ns).

CONCLUSION

This study confirms significantly higher levels of plasma homocysteine in AAA 

patients but lower levels of B12. Use of supplemental vitamins that should lower 
plasma homocysteine may modify vascular disease progression. Clinical trials in 

this direction are warranted.
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MORTALITY FROM RUPTURED ABDOMINAL AORTIC ANEURYSM IN 

WALES.

Basnyat PS, Biffin AH, Moseley LG, Hedges AR, Lewis MH. 

BrJSurg 1999; 86: 765-770.

BACKGROUND

The aim of this study was to identify the incidence of, and mortality in, patients 

with a ruptured abdominal aortic aneurysm (AAA) reaching hospital alive in 

Wales.

METHODS

Patients who presented with a ruptured AAA between September 1996 and 

August 1997 were analysed. Data were collected prospectively by an 

independent body, observing strict confidentiality.

RESULTS

Some 233 patients with a confirmed ruptured AAA were identified, giving an 

incidence of eight per 100 000 total population. Some 133 patients (57 per cent) 

underwent attempted operative repair; 85 (64 per cent) of these died within 30 

days. Of the 233 patients, 92 were admitted under the care of a vascular 

surgeon and 141 under a non-vascular surgeon. Vascular surgeons operated on 

82 patients (89 per cent), of whom 50 (61 per cent) died, whereas non-vascular 

surgeons operated on 51 patients (36 per cent), of whom 35 (69 per cent) died.

DISCUSSION
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This study is unique as it is an independent prospective study of mortality in 

patients with a ruptured AAA who reached hospital alive. Mortality was 

independent of the operating surgeon, but vascular surgeons turned down 

significantly fewer patients than non-vascular surgeons (11 versus 64 per cent, P 

< 0.001).
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VASCULAR SURGERY, ICU AND HDU: A 14-YEAR OBSERVATIONAL 

STUDY.

Teli M, Morris-Stiff G, Rees JR, Woodsford PV, Lewis MH. 

Ann R CollSurg Engl2008; 90: 291-296.

INTRODUCTION

Over the course of the past decade, numerous changes have occurred in the 

management of patients undergoing vascular surgical operations. The 

introduction of high dependency units (HDUs) has meant that many patients 

previously requiring observation in intensive care units (ICUs) are now managed 

in this new environment. In addition, many vascular patients may now be 

suitable for management on a vascular ward immediately following their surgery. 

This study reports the chronological changes in resource utilisation of patients 

undergoing major vascular surgery in a district general hospital over a 14-year 

period.

PATIENTS AND METHODS

Details of all patients admitted to either the ICU or HDU under the care of a 

single vascular surgeon during the period 1991-2004 were extracted from a 

prospectively maintained anaesthetic department database. Details of the age 

and gender of the patients were obtained together with source of admission, 

place of discharge and need for re-admission. Operative details for each patient 

were extracted from a prospectively maintained vascular surgery database 

including type of procedure undertaken and degree of urgency.

RESULTS

During the 14-year period under study, there was a dramatic decrease in the use 

of ICU facilities for the management of vascular patients from 100% in 1991 to 

36% in 2004. There was a corresponding increase in the use of HDU for major



-95-

vascular cases during the same period from 0% to 66%. However, despite a 

significant increase in the total number of major vascular operations performed, 

from 67 in 1991 to 185 in 2004 as a result of sub-specialisation, overall use of all 

high-care facilities fell as the number of patients returned directly to the vascular 

ward increased from 34% in 1991 to 64% in 2004. The efficacy of the choice of 

management venue was confirmed by the observation that only 7.7% of those 

managed on ICU had been initially managed at a lower level of care. In addition, 

only 1.8% of patients managed on HDU had been admitted after initially being 

managed on the vascular ward.

CONCLUSIONS

Sub-specialisation over the past decade has meant a significantly increased 

major vascular work-load. Since the introduction of the HDU, there has been a 

significant fall in the use of ICU facilities for routine cases. These changes in 

resource utilisation have significant implications in terms of budget allocation. It 

would appear that finances, in relation to vascular surgery, should be 

concentrated on expanding HDU facilities and ensuring vascular surgery 

expertise amongst ward nursing staff.
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IS ASSESSMENT OF POPLITEAL ARTERY DIAMETER IN PATIENTS 

UNDERGOING SCREENING FOR ABDOMINAL AORTIC ANEURYSMS A 

WORTHWHILE PROCEDURE.

Morris-Stiff G, Haynes M, Ogunbiyi S, Townsend E, Shetty S, Winter RK, Lewis 

MH.

EurJ Vase Endovasc Surg 2005; 30: 71-74.

PURPOSE

The aim of this study was to assess whether screening of popliteal arteries in 

patients undergoing ultrasound screening of their abdominal aortas was 

worthwhile.

METHODS

All male patients undergoing ultrasound screening for abdominal aortic 

aneurysm (AAA) during the period February 2000 to June 2002 were offered 

scanning of their popliteal arteries. All scans were performed by a single, trained 

operator using a Sonosite 180.

RESULTS

Four hundred and forty-nine patients underwent screening and thus 898 

popliteal arteries were assessed. The mean aortic diameter was 2.1 standard 

deviations (SD) 0.5 cm and the upper limit of normal (2 SD) was 2.7 cm. The 

mean diameter of the popliteal arteries was 0.74 SD 0.11 and the upper limit of 

normal was 0.96 cm. Thirty patients had aortic diameters greater than 2.5 cm 

(ectatic or aneurysmal aortas) but based on a popliteal diameter of 2 cm, no 

popliteal aneurysms were detected. However, 39 (4.3%) popliteal arteries 

measured > or = 1 cm (> mean+2 SD); 3/60 (5%) in the ectatic/AAA subgroup 

and 36/838 (4.3%) in the non-AAA subgroup.
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CONCLUSIONS

This study has shown that, using conventional definitions, the imaging of 

popliteal arteries during screening for AAAs does not detect any popliteal 

aneurysms and is thus of limited value. However, if a definition of popliteal 

aneurysm of > or = 1 cm (based on mean+2 SD) is used then 39/898 (4.3%) of 

arteries would be regarded as having abnormal diameters and may require 

surveillance.
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THE EVOLUTION OF A VASCULAR SURGEON AT A DISTRICT GENERAL 

HOSPITAL: IS SUB-SPECIALISATION INEVITABLE?

Sutton CD, Gilmour JP, Berry DP, Lewis MH. 

Ann R CollSurg Engl20QQ; 82: 272-274.

We report a 15-year retrospective audit to evaluate the change in arterial 

surgical commitment on general surgical case mix of a single surgeon with a 

vascular interest at a district general hospital. There was a 409% increase in the 

number of arterial procedures performed combined with a fall of 52% in the 

total number of operations over the study period. We conclude that, with such a 

rapidly growing arterial caseload, sub-specialisation to vascular surgery is 

inevitable.



-99-

DELAY IN STARTING ANEURYSM SCREENING 'COSTING LIVES'
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Delay in starting aneurysm screening 'costing lives'

Kenneth Gravell from Gelli, Rhondda Cynon Taff, spoke of his shock after an 

aneurysm was picked up

Doctors are warning any delay in rolling out a screening 

programme for swollen arteries may be costing lives.

Surgeons with The Vascular Society say the abdominal aortic 

aneurysm screening for 65-year-old men across Wales needs to begin 

as soon as possible.

A national screening programme started in England in April 2009.

The assembly government said it had provided £600,000 and agreed 

the plan in December 2009, but that screening was not due to start 

for another year.

Abdominal aortic aneurysm (AAA) is the swelling or ballooning of the 

abdominal aorta blood vessel, often causing the aorta to grow to 

several times its normal size.

If untreated, the condition can 
cause the aorta to rupture, and the 

risk rises with the size of the 

aneurysm.

'Emotionally'

Local screening programmes have 
shown around 5% of 65 year old 

men are at risk, but if the 
aneurysm is detected early, it can 

be operated on safely.

Ruptures are responsible for 2.1% 
of all deaths in men over 65 years 
of age, who are six times more 
likely to suffer from the condition 

than women of a similar age.
Wales you may have an abdominal 
aneurysm and it is not beingMike Lewis has been a consultant

surgeon for 26 years and is one of looked
a handful of people In Wales Mike Lewis, surgeon

running a screening programme at
the Royal Glamorgan Hospital In Llantrisant.

He said: "We've had meetings over the past few years to look at 

whether screening is valuable, and whichever way you look at it, 

either financially, emotionally or health units, it is invaluable. 

"In England we have five units running and one coming online. [In

South East Wales
Find out more about what is 
going on across the region
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Wales) we are continuing with one or two units like my own.

"If you live In the majority of Wales you may have an abdominal 
aneurysm and It is not being looked at.

been told that

David Kennedy, patie

"I'm not sure how much longer we 
have to wait and watch 
unnecessary morbidity, I.e. illness, 
and death, unnecessarily."

He said the majority of people 
would die in their home if they had 
a ruptured aneurysm, and 80% of 
those who made it to hospital 
would also not survive.

David Kennedy, from Tonteg, 
Rhondda Cynon Taf, needed 
emergency surgery when his 
undetected aneurysm started to 
cause problems.

"I felt some pain which I thought was a pulled muscle. It persisted the 
following day and my wife insisted I go to the doctor," he said.

'Strongly recommend'

"When I got home I started to feel faint and the pain got more severe 

and I was feeling sick. My wife insisted I go back to the doctor and 
asked if they suspected an aneurysm. It was, and they called the 
paramedics.

"An ambulance came and brought me here and fortunately Mr Lewis 
was here. Once they scanned me my feet didn't touch the floor. I 
didn't have time to think about it or worry about it.

"I'd have been dead, I've been told that [if it hadn't been caught].

"In view of what happened to me, I would strongly recommend 
screening. It's so much better to have a planned operation than the 

way I had it,"

The Welsh Assembly Government said in a statement: "The minister 
has provided £0.6m from 2010-11 to help health boards plan and roll 

out a national co-ordinated AAA screening programme in Wales for 

men aged 65.

"The minister expects the programme to begin its roll out during 

2011-12."
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PLANNING OF ABDOMINAL AORTIC ANEURYSM SCREENING 

TO START

Monday, 7 June 2010

Public Health Wales has been asked to plan a national screening programme for 

abdominal aortic aneurysm (AAA). The Welsh Health Specialised Services 

Committee (WHSSC), the body which has taken on many of Health Commission 

Wales' responsibilities, made the request following the recommendation of a 

Welsh Assembly Government task and finish group set up to advise the Minister 

on options for screening.

The group recommended that "a nationally organised screening programme, 

managed by Screening Services Wales alongside other national screening 

programmes, should be implemented".

AAA is the swelling of the main blood vessel carrying blood from the heart to the 

body. The cause is unknown and there is no effective primary prevention. AAA is 

six times more common in men than women, and becomes increasingly common 

with age. In most cases the aneurysm remains symptomless until sudden 

catastrophic rupture, requiring emergency surgical repair.

In men over 65, ruptured AAA is responsible for 2.1 per cent of all deaths. In 

Wales in 2008, there were 282 deaths from AAA in men, 95 per cent of which 

were in men aged over 65. Around half the deaths attributed to ruptured 

aneurysms take place before the patient reaches hospital. Overall mortality from 

ruptured aortic aneurysm is around 85 per cent.

Dr Rosemary Fox, Deputy Director of the Screening Division of Public Health 

Wales, said: "I am delighted that Wales will be able to offer men the opportunity 

to be screened for this condition which cuts short so many lives. The evidence
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base for the effectiveness and cost-effectiveness of the programme is strong. 

Experience in other parts of the UK shows that uptake of screening among 

invited men is high."

Screening for AAA has been shown in randomised controlled trials to reduce 

mortality from ruptured AAA by 48 per cent. Economic analysis has shown a 

cost-effectiveness after ten years of around £8,000 per life year saved.

In February 2007, the National Screening Committee approved the introduction 

of screening men aged 65 for AAA using abdominal ultrasound scanning. Men 

with no aortic dilation on their initial scan (around 96 per cent of men screened) 

are discharged from the programme. Men with small to moderate sized 

aneurysms are placed onto a surveillance programme and men with large 

aneurysms are referred to a vascular surgeon for consideration of repair.

About one in twenty men diagnosed with asymptomatic AAA as a result of 

screening will die as a result of the surgical intervention. Other men may suffer 

anxiety and problems obtaining health, travel or other insurance as a result of 

being told they have an aneurysm requiring surveillance rather than immediate 

treatment. For these reasons, the National Screening Committee has advised 

that men should be provided with clear information about the risks when invited 

for screening.



-103-

SURGICAL TRAINING

This section includes a variety of publications associated with my involvement in 

surgical training. The topic of each paper is varied and includes the actual 

process of short-listing career surgeons, surgical experience of both senior house 

officers and registrars along with two papers with regard to doctors 

understanding of the physics and radiation exposure involved in CT scanning. 

This section finishes with an article entitled "Training and Selection of Surgeons". 

This paper describes my experience of the "Exit Examination" for general 

surgery, an examination endorsed by the four Royal Colleges, of Surgeons at the 

end of training, to determine if they are suitable for certification and to practice 

independently. The second article is entitled "Vascular Anastomotic Workshop" 

published in the BMJ. It describes my long term running of a "hands on" 

practical two day training forum of discussion and technical training for Junior 

Doctors involving the sewing together of various arteries and prosthetic 

materials. I was delighted that this BMJ article (written by two trainees who have 

completed the workshop) describes the course, its objectives and its strengths.
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SURGICAL TRAINING

The senior SHO rotation in Wales - a basis for BST training. 

Ann R Coll Surg Engl 1996; 78(4 Suppl): 174-176.

Visiting registrar in surgery: the trainees' viewpoint. 

Ann R Coll Surg Engl 1997; 79(6 Suppl): 244-248.

Short-Listing for SPR: consultants versus medical personnel. 

Ann R Coll Surg Eng 1999; 81 (Suppl 6): 296-297.

Doctors knowledge of radiation exposures is deficient. 

BMJ 2003; 327:371-2.

Doctors knowledge of radiation - a two-centre study and historical

comparison.

din Radial 2011; 66: 748-751.

Assessment of basic surgical trainees: can we do more? 

Postgrad Med J 2003; 79: 289-291.

Registrar operating experience over a 15-year period: more, less or more

or less the same?

The Surgeon 2004; 2: 161-164.
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The European Working Time Directive: One for all and all for one? 

Surgery7005; 137: 293-297.

Vascular surgical emergencies: how will future surgeons be trained? 

Ann R Coll Surg Engl2Q06; 88: 646-649.

Training and Selection of Surgeons 2008: a personal view. 

Ann R Coll Surg Engl2008; 90 (Suppl 7): 238-239.

Vascular anastomotic workshop. 

BMJ Careers 2010; 340: 100.
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THE SENIOR SHO ROTATION IN WALES - A BASIS FOR BST TRAINING.

Lloyd-Davies E, Mansel RE, Williams I,M, Lewis MH. Rackham A. 

Ann R Coll Surg Engl 1996; 78(4 Suppl): 174-176.

Between 1969-1992 there was a successful surgical registrar rotation in South 

Wales (1). This was a three-year rotation comprising two years general surgery, 

six months trauma and orthopaedics and six months surgical specialty. The 

rotation was aimed at those doctors who had completed senior house officer 

(SHO) posts in accident and emergency, 6-12 months general surgery and had 

already obtained the primary FRCS. However, with the recent recommendations 

of the Caiman Report concerning general surgical training (2) changes to this 

rotation have become necessary, namely to reduce the number of surgical 

registrars in order to achieve a balance in numbers entering higher surgical 

training and to shorten the period of training to seven years with two years Basic 

Surgical Training (BST) and five years Higher Surgical Training (HST). A modified 

rotation was therefore designed and implemented in South Wales since July 

1992. The previous registrar rotation was shortened to two years instead of 

three ensuring the pre-requirements for entry into HST and eligibility to sit the 

second part FRCS. The aim of this study was to assess whether the new senior 

SHO/BST rotation in South Wales is providing adequate training for our surgical 

trainees to enter into HST. We present our data as a potential basis for setting 

up a formal BST rotation.
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VISITING REGISTRARS IN SURGERY: THE TRAINEES' VIEWPOINT.

Dawson R, Shukla HS, Mansel RE, Lewis MH. 

Ann R Coll Surg Engl 1997; 79(Suppl 6): 244-248.

Overseas Doctors have been coming for higher surgical training to the UK for 

many years. Little is known about the reasons they choose to come here, what 

their expectations are and if the training they receive fulfils these expectations 

and prepares them for a career back home. The aim of this study was to address 

these questions and to see what changes could be suggested to make training 

more meaningful to visiting registrars. Questionnaires were sent to 26 trainees 

who were part of the 3 year surgical registrar rotation in Wales from 1992. 23 

completed questionnaires were available for analysis as the others were not 

traceable. 83% came to the UK to obtain the FRCS and train in a specific aspect 

of general surgery (74%). The period of training was felt to be inadequate by 

79% of trainees. 65% felt that of the total period of training, less than 75% was 

useful. On return to their own countries 96% were to be either solely or largely 

responsible for patients in their care. In conclusion, if surgical training is to 

remain meaningful to visiting trainees, changes would have to be made to the 

Caiman system to enable them to continue to do the FRCS and avenues made 

available for them to train in their stated areas of interest with adequate 

supervision, regular assessment and certification.
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SHORT-LISTING FOR SPECIALIST REGISTRARS: CONSULTANTS 

VERSUS MEDICAL PERSONNEL.

Mele JM, Lewis MH.

Ann R Coll Surg Eng 1999; 81 (Suppi 6): 296-297. 

No Abstract Available. See full paper in Appendix.
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DOCTORS' KNOWLEDGE OF RADIATION EXPOSURES IS DEFICIENT.

Gower-Thomas K, Lewis MH. Shiralkar S, Snow M, Galland RB, Rennie A. 

BMJ 2002; 324: 919.

We read with interest Adams's personal view and share her concerns. 1 At one of 

our hospitals a young boy with splenic trauma received serial computed 

tomography scanning of his upper abdomen to assess the degree of splenic 

laceration. The scans were discussed at a multiple disciplinary meeting, and a 

query was raised regarding the radiation dose received by that patient. It 

became clear that the requesting doctors were unaware of the dose. 

We compiled a simple questionnaire and interviewed 130 doctors of all grades, 

including consultant radiologists. They were asked for an approximate dose of 

radiation to the average patient having chest radiography. This was then used as 

a unit of 1 to calculate how many units a patient would receive for a wide variety 

of investigations carried out in a busy radiology department of a district general 

hospital (17 examinations in total).

The results were appalling. With a pass mark of 50% only three doctors (2%) 

passed, and that was with a generous marking scheme - 20% error allowed and 

no negative marking. Many doctors were able to score at all only because they 

realised that ultrasound examinations do not use ionising radiation. The degree 

of knowledge was inversely proportional to seniority, with consultants scoring 

less than junior colleagues. It was clear and worrying that doctors have no real 

knowledge of radiation doses that their patients receive.

The fact that computed tomograms of the entire body can be performed on a 

single breath hold over a matter of seconds does not mean the patient is getting 

a lower radiation dose than they would have received 10 years ago. Although 

the Ionising Radiation (Medical Exposure) Regulations 2000 are in place, which
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means that it is a legal requirement to keep radiation exposures as low as 
possible and that they should be justifiable, it seems that knowledge is still 
seriously lacking.
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DOCTORS' KNOWLEDGE OF RADIATION - A TWO-CENTRE STUDY AND 

HISTORICAL COMPARISON.

Bosanquet DC, Green G, Bosanquet AJ, Galland RB, Gower-Thomas K, Lewis 

MH.

Clin Radio! 2011; 66: 748-751.

AIM

To investigate knowledge of the use of ionizing radiation in 2010 and whether 

there has been any change in this knowledge since the study was first 

undertaken over 7 years ago.

MATERIALS AND METHODS

In both studies a single chest x-ray was classed as one unit of radiation. Doctors 

from all grades were asked to evaluate the average radiation dose incurred with 

13 commonly undertaken radiological procedures, including magnetic resonance 

imaging (MRI), computed tomography (CT), etc. Answers within 20% of the 

actual dose were marked as correct.

RESULTS

Two hundred and forty-two questionnaires were completed (130 in 2003; 112 in 

2010). Equal numbers of juniors, middle grades, and consultants were 

questioned, and scores were comparable (23.3% in 2003; 29.4% in 2010). The 

majority of doctors (92% in 2003; 86% in 2010) correctly noted that ultrasound 

and MRI involve no radiation. Doctors underestimated the radiation doses of all 

investigations by a smaller margin in 2010 compared to 2003 (i.e., more 

accurately), with only one exception: CT of the abdomen.
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CONCLUSION

Despite evidence of some improvement, doctors of all grades still have a very 

poor knowledge of radiation exposure even with the most common 

investigations. The worsening appreciation of the radiation involved in CT 

scanning is especially worrying considering its increasing use in practice today.
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ASSESSMENT OF BASIC SURGICAL TRAINEES: CAN WE DO MORE?

Somaseker K, Shankar J, Conway KP, Foster ME. Lewis MH. 

Postgrad MedJ2QQ3; 79: 289-291.

INTRODUCTION

Changes to surgical training and reduction of junior doctors' working hours has 

resulted in trainees spending less time in surgical specialties before becoming 

eligible to apply for specialist registrar posts. A high quality basic surgical 

training programme is needed to improve the competence of trainees during 

their shortened period, an essential part of which is to conduct a formal 

assessment at the end of each training post and regular appraisals during their 

period of training.

AIMS

To analyse the existing practice with regard to conducting assessment and 

appraisals for basic surgical trainees in the South East Wales region.

METHODS

A questionnaire was sent to all the basic surgical trainees in the South East 

Wales region.

RESULTS

A total of 52 questionnaires were sent out and 44 (84%) were returned. Four 

candidates were in the first post of their rotation, and were therefore excluded 

from the study. Nine of the 40 trainees (23%) did not have an assessment in 

one or more of their posts. There are 17 senior house officer posts available in 

general surgery in the rotation. Of the 31 "six month" episodes spent in these 17 

posts, 27 (87%) underwent an assessment, 12 of the 17 (70%) episodes in
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trauma and orthopaedics (12 available posts) were assessed, and 31 of the 35 

(88%) episodes in accident and emergency (eight available posts) underwent an 

assessment. Twenty eight of the 40 trainees (70%) did not undergo regular 

appraisals during the majority of their posts. Only 30%-50% of episodes spent in 

general surgery, orthopaedics, and accident and emergency underwent 

appraisals. The majority of the episodes spent in the other surgical specialties 

(12 posts available in total) had formal assessment and regular appraisals except 

for urology in which two of seven episodes underwent assessment and one 

underwent an appraisal. Twelve candidates (30%) expressed the view that 

operative experience and technical skills must form part of their assessment. 

Eight trainees (20%) felt that they needed more help from tutors with regard to 

career advice, preparation of curriculum vitae, and interview techniques for 

specialist registrar posts. Eight trainees mentioned that they had discussed 

unsatisfactory posts with their tutors but were not aware of any changes made 

to these posts.

CONCLUSIONS

This study has shown that the formal assessment of basic surgical trainees at 

the end of each training post has to improve further. The existing practice of 

conducting regular appraisals for the trainees is grossly inadequate. There 

appears to be a need for formulating guidelines for conducting such appraisals, 

which would help to improve practice in the future.
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REGISTRAR OPERATING EXPERIENCE OVER A 15-YEAR PERIOD: 

MORE, LESS OR MORE OR LESS THE SAME?

Morris-Stiff G, Ball E, Torkington J, Foster ME, Lewis MH. Havard TJ. 

The Surgeon 2004; 2: 161-164.

Background

Concerns have been raised on the effects that recent changes in junior doctor 

work patterns may have on the breadth and depth of operative exposure 

achieved during specialist registrar training. This study aimed to determine 

whether there was any justification for these concerns by assessing whether 

there have been significant changes in either the number of cases or the case 

mix operated upon by registrars over the course of the past fifteen years.

Methods

A retrospective review of theatre records was undertaken, looking at the 

caseload of the registrars working for the same two consultant surgeons at one 

district general hospital in four one-year periods (1986-7; 1991-2; 1998-9; 

2001-2). The number, subspecialty, and time of each operation were recorded.

Results

Whilst operating experience for the first three periods of the study was static, 

the most recent assessment point has demonstrated a significant reduction in 

trainee routine operative experience and also a small reduction in the emergency 

workload performed by both firms. There was also a significant change in the 

elective case mixes corresponding to consultant sub-specialisation during this 

period. In addition, there were notable changes in the nature of the emergency 

workload and a reduction in the number of cases performed after midnight.
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Conclusion

SpRs trained during the Caiman era appear to be gaining less operative 

experience than their predecessors in both the elective and emergency settings. 

With further changes in working patterns currently being implemented, major 

changes to SpR programmes are required if surgeons are to be adequately 

trained.
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THE EUROPEAN WORKING TIME DIRECTIVE: ONE FOR ALL AND ALL 

FOR ONE?

Morris-Stiff GJ, Sarasin S, Edwards P, Lewis WG, Lewis MH. 

Surgery7005; 137: 293-297.

BACKGROUND

The European Working Time Directive (EWTD) became law in Britain on October 

1, 1998. As a result, the maximum period that may be spent as a resident in 

hospitals is 56 hours per week and after August 2009, 48 hours per week. The 

aim of this study was to determine the views of senior house officers (SHOs), 

specialist registrars (SpRs), and general consultant surgeons (CONs) in Wales on 

the influence of the EWTD on surgical training and clinical experience.

METHODS

In this cohort study, a postal questionnaire was sent to 150 SHOs in surgical 

specialties, 50 general surgical SpRs, and all 84 CONs in the Welsh Deanery.

RESULTS

The response rates were 81%, 78%, and 71% for SHOs, SpRs, and CONs, 

respectively. The vast majorities at all grades (88% SHOs, 100% SpRs, and 96% 

CONs) were unhappy with the introduction of EWTD legislation to clinical 

medicine. Most felt that EWTD legislation will have a negative effect on clinical 

experience (96% SHOs, 97% SpRs, 96% CONs); patient care (83% SHOs, 85% 

SpRs, 96% CONs); and training (94% SHOs, 100% SpRs, 93% CONs). 

Furthermore, a large proportion felt surgical training should be exempt from 

EWTD regulations (76% SHOs, 87% SpRs, 89% CONs). A significant proportion 

at each grade was opposed to the introduction of shifts in order to comply with 

regulations (78% SHOs, 87% SpRs, 89% CONs), and an alarming number have
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considered leaving the National Health Service when the regulations are 
enforced (29% SHOs, 41% SpRs, 33% CONs).

CONCLUSION

This study shows that, in Wales at least, a vast majority of surgical trainees and 
consultants alike are opposed to the introduction of the EWTD and believe it will 
have a detrimental effect on training, patient care, and doctors' lives outside of 
medicine.
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VASCULAR SURGICAL EMERGENCIES: HOW WILL FUTURE SURGEONS 

BE TRAINED?

Richards T, Pittathankal AA, Kahn PY, Magee TR, Lewis MH. Galland RB. 

Ann R Coll Surg Engl2006; 88: 646-649.

INTRODUCTION

We wished to assess whether pattern and impact of emergency vascular surgical 

referrals has altered since a previous study in 1990. Following introduction of 

shift working patterns, we wished to assess how these changes may affect 

vascular training and vascular on-call cover.

PATIENTS AND METHODS

Prospective survey of emergency vascular referrals at two district general 

hospitals (DGH-R and DGH-L) in 2003. DGH-R received only regional referrals 

whereas DGH-L also received 'next day' referrals from a smaller hospital. Results 

were compared between centres and with a previous study undertaken at DGH- 

R in 1990.

RESULTS

From 1990 to 2003 emergency vascular referrals at DGH-R increased by 51% 

(53 to 80). The number seen at DGH-R and DGH-L were similar in 2003. There 

were significantly more out-of-hours referrals in DGH-R than DGH-L (59% versus 

35%; P = 0.0123). Referrals were more likely to be seen initially by the vascular 

team at DGH-L than DGH-R (80% versus 47%, P < 0.0001).

CONCLUSIONS

Vascular emergency referrals have increased. A trainee was likely to see more 

emergency referrals at DGH-L than DGH-R. This may impact on future training.
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TRAINING AND SELECTION OF SURGEONS 2008: A PERSONAL VIEW.

Lewis MH.

Ann R CollSurg Eng/2008; 90 (Suppl 7): 238-239.

No Abstract Available. See full paper in Appendix.
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VASCULAR ANASTOMOTIC WORKSHOP.

Bosanquet D.

BMJ Careers 2010; 340: 100.

No abstract available. See full paper in Appendix.
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GENERAL DISCUSSION
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OVERVIEW OF SELECTED ABSTRACTS

Basic Mechanistic Papers

Referring back to the schema for this thesis, my initial set of papers is grouped 

as "Basic Mechanistic". They include five articles involved in animal research and 

my early attempts at developing basic research skills. The first of these papers 

resulted from my reading an article published by scientists from "Tenovus" 

showing that a vasectomy in a rat caused prostatic atrophy on the vasectomised 

side (Pierrepoint and Davies, 1973). They proposed a hormone carrier 

mechanism from the epididymis to the prostate. However, such detailed 

anatomical data was not available for this animal. Having read this paper, I 

undertook studies to document specifically the anatomy of male rats accessory 

reproductive organs with the help of Professor David Moffat, the Professor of 

Anatomy in Cardiff where I was working as an Anatomy demonstrator. This work 

produced two publications, one of which is included for this thesis, showing that 

anatomically the "Tenovus" premise and findings could be explained by my 

dissections (Lewis & Moffat, 1975).

Three other papers in this mechanistic section, were undertaken whilst I was a 

full-time Research Associate on the Academic Staff of the University of Chicago, 

Illinos USA. Several of these papers were the basis of my MD Thesis which was 

successfully completed in 1983. The research attachment in Chicago further 

developed my basic research skills and also taught me the importance of 

collaboration with specialist research scientists with the integrated ability to 

provide unique insight into the fundamental mechanisms underlying the disease.

During my time as a research associate in Chicago, I developed a dog model 

where I inserted a cannular opposite the duodenal papilla and brought this out 

onto the animal's abdominal wall. This model allowed me to examine bile duct 

physiology and the affects hormones had on bile flow and its contents. For these 

studies, I collaborated initially by accident but later, by a very strong desire for
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collaboration with scientists and experts outside my field of surgery. Using this 

combined approach we published multiple papers concerned with the 

metabolism of hormones across the liver in the dog model that I had developed.

On my return from the United States, I continued studies in the dog model 

investigating hepatic haemodynamics following bile duct ligation. I undertook 

this research whilst also undertaking my clinical duties as a Senior Registrar in 

Surgery in Reading, but collaborating with Physiologists attached to the 

Hammersmith Hospital, London. At this stage in my career I appreciated more 

and more the importance of collaborative work and realised that my ultimate aim 

was to undertake research, throughout my future surgical career, with experts in 

allied fields.

Clinical Non-Vascular

The next subsection in the schema for this thesis is entitled Clinical (Non- 

Vascular) Papers. It includes six papers published during my career to-date 

outside my vascular specialty but relevant to general surgery. They vary from a 

simple case report, my experience running a smoking cessation clinic, to the use 

of a "routine" chest x-ray for patients admitted during emergency on-calls.

One early paper in this section was an analysis of 186 patients with suspected 

pancreatic cancer, 58 of whom proved to have this malignant condition. We 

prospectively studied these patients to determine the best non-operative test to 

make a definitive diagnosis. Also in this subsection is a collaborative study with 

pharmacists and the hospital laboratory looking to see if we could simplify the 

safe use of an antibiotic Tobramycin. We concluded that in 26 paired blood 

samples, capillary concentrations were not different from the more invasive 

arterial samples. These findings allowed us to significantly simplify patient 

management. In conclusion, this section of "general surgical research" 

demonstrates an enquiring mind and a scientific approach for solving 

general clinical problems influenced by my experience undertaking the 

mechanistic papers.
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Clinical Vascular

"Clinical Vascular" includes seven papers that I have published within my 

specialty of vascular surgery. Some of the papers date back to my early days as 

a consultant but latterly the publications reflect collaboration with senior 

members of the University of South Wales.

Specifically the first two papers are linked and related to patients admitted with 

acute arterial obstruction second to emboli. The first published in 1994 reflected 

an 11-year experience (1980-1990) of limb emboli treated surgically 

predominantly under my care (Burgess et al., 1994). We reported a 30-day 

mortality of 45% and an amputation rate of 15%. The second comparative 

paper was published in 2009 (Morris-Stiff et al., 2009) and examined a 

subsequent 10-year period (1993-2003) for the same condition. This reported a 

33% increase in workload, fewer smokers and a greater number of patients 

presenting with a history of claudication. We also reported a more frequent use 

of pre-operative and on table arterial imaging, a fall in post operative mortality 

from 45 to 43%, but disappointingly the post-operative complication rate was 

unchanged.

An important paper in this subsection reflects my successful desire for 

collaborative studies. This manuscript resulted from work with Professor Damian 

Bailey and his colleagues entitled "Vitamin C prophylaxis promotes oxidative lipid 

damage during surgical ischaemic reperfusion" (Bailey et al., 2006). It compares 

the effect of ascorbate prophylaxis in terms of production of reactive oxygen 

species in patients undergoing elective abdominal aortic aneurysm repair and 

infra-inguinal bypass surgery for ischemia. I found and still find the complicated 

biochemistry involved in this study difficult to understand but most important 

was the fact that it reflects successful collaboration and returned me to my 

"Chicago collaborative studies", working with true scientists as I did for my MD 

Thesis. Furthermore, it reflects work otherwise difficult if not impossible to 

undertake on my own (because of my lack of knowledge of molecular biology) 

and for Professor Damian Bailey and his colleagues to have access to patients
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actually undergoing re-vascularisation with ischaemic reperfusion injury taking 

place.

Other papers reported in this section include a manuscript predicting carotid 

plaque morphology where a combined team of radiologists, histopathologists and 

myself as surgeon confirming that ultrasound can predict particularly dangerous 

atheroma in the carotid bulb and thus allows prioritisation of such patients to 

undergo carotid endarterectomy.

Two papers that I have published recently have documented long-term 

outcomes for patients undergoing extra-anatomic arterial bypass surgery and 

lower limb angioplasty (Appleton etal., 2010; Morris-Stiff eta/., 2011). The first, 

surprisingly showed that my series of axillo-bifemoral grafting was accompanied 

by long-term graft patency and limb salvage equal to femoro-femoral crossover 

grafts. This is at variance with most vascular surgeons' experience, as most 

report poor long-term results for axillo-bifemoral grafting. With regards to the 

other paper, it documents the long-term results of angioplasty and is again in 

collaboration with radiologists at the Royal Glamorgan Hospital. It reports our 

joint experience of patients undergoing angioplasty over a five-year period 

(1999-2004) with exceptionally good patency, limb salvage and low complication 

rates.

The final paper in this group of vascular papers reviews the variation in the 

anatomic distribution of vascular disease according to gender, addressing the 

question as to whether angiographically there is a difference in the arterial 

lesions causing claudication between the two sexes. We studied 500 consecutive 

arteriograms and showed that peripheral vascular disease was more common in 

males but the anatomical distribution was the same between the two sexes.
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Aneurysmal Disease and Clinical Impact

The next section for the thesis schema includes articles I have published on 

aneurysmal disease and also the impact these articles have had on vascular 

patient policies and their management. The first article published in 1996 

(Williams et ai, 1996) describes the incidence of AM in hypertensive men and 

women identified within my own screening programme and screened in their 

general practitioner surgeries. Following this study, only men aged over 60 and 

women over 65 were included in my subsequent screening program. In the 

second part of this study we concluded that only hypertensive men aged 60 and 

over should be offered screening as we identified an incidence of AM of 5.2% in 

men and only 0.7% in women.

By 1999 my screening programme was well established but several of my formal 

conference presentations were criticised as wasting money, and furthermore 

some critics suggested that a "wait till they rupture policy" was not 

unreasonable. Having carefully audited my personal results for MA rupture 

repair I decided to set-up, obtain funding and consent for a prospective study 

looking at the incidence and mortality from ruptured abdominal aortic aneurysm 

in Wales. Data were collected by a group of independent scientists throughout 

all Welsh hospitals between September 1996 and August 1997. Any patient 

admitted with a ruptured AM (defined as blood in the retro peritoneal space or 

free in the peritoneal cavity) was included. Two hundred and thirty three 

patients were identified 57% underwent attempted repair and 64% of these died 

within 30 days (Basnyat etal., 1999).

This paper represents the most important impact paper I have had the 

privilege of publishing. It demonstrates in excess of 80% mortality for 

patients admitted to hospitals with this condition. Furthermore, this 

data has been invaluable in my quest for a National Screening 

Programme for Wales.
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Other papers in this section describe the natural history of the ectatic aorta (an 

aorta less than 3cms in diameter) followed up over several years (Basnyat et al., 

2003). Bob Galland, a vascular surgeon from Reading and I combined data from 

our two centres and concluded that 19% of such aortas became aneurysmal 

(greater than 3 cm) over a two year follow-up period and therefore warrant 

rescanning at intervals of three years. This is at variance with the Gloucester 

data (Emerton et al., 1994) suggesting that such patients should be discharged 

from follow-up and not re-scanned.

A further paper of interest in this subsection studied the incidence of popliteal 

aneurysms in patients undergoing AM screening (Morris-Stiff et al., 2005). In 

this research we firstly documented the size of a normal popliteal artery to be 

0.74 cm with a standard deviation of 0.11 cm. We also concluded that on the 

basis that a popliteal aneurysm of 2cm or above was clinically significant and 

since no such popliteal aneurysm had been identified, there was no value in 

screening for this condition during routine AAA screening.

A scientific article included in this section describes a study looking at abdominal 

aortic aneurysms and their correlation with plasma homocysteine and vitamin B 

concentrations (Warsi et al., 2004). Again, this was a collaborative study with 

Professor B. Davies (University of South Wales), and D Hullin (Department of 

Biochemistry, Royal Glamorgan Hospital). It included patients with AAAs under 

my care together with a control population, and showed 68% of our AAA 

patients had elevated homocysteine levels compared to only 6% of the control 

group. Furthermore, this study confirmed significantly lower B12 levels in the 

AAA group. We therefore posed the question whether vitamin B supplementation 

could lower homocysteine levels and thus potentially modify AAA progression.

I conclude this subsection with an article not exclusively related to aneurysmal 

disease but which was involved with AAA treatment. It generated a lot of 

interest with regard to an impact on vascular policy. The paper is entitled "The 

Evolution of a Vascular Surgeon at a District General Hospital: is
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subspecialisation inevitable"? (Sutton et al., 2000). It represents a 15-year audit 

of my workload and demonstrated a greater than 400% increase in the arterial 

cases combined with a fall of 52% of total operations during the study period. 

Although this was my personal series with only my results, I was surprised to be 

invited to several National vascular meetings to report these findings and the 

implications these had for providing a service for vascular patients.

Impact on Health Policies

"Delay in starting aneurysm screening costing lives". This is a direct 

download from the BBC News Site on the 12th May, 2010 describing a 

news item presented on the National television news and reflects my 

frustrations trying to introduce AAA screening. I should stress this 

presentation and action was supported by the Vascular Society of 

Great Britain and Ireland in an attempt to expedite the introduction of 

AAA screening in Wales.

To explain, from my early consultant experience, my results of treating ruptured 

AAA's were extremely poor due to an unacceptably high operative mortality. I 

presented my results to the Welsh Surgical Society and as a result I set up a 

prospective study to investigate the true mortality for ruptured AAA's treated in 

Wales. These data, as previously outlined, were collected independently by a 

group of scientists and later presented to the Vascular Society and then 

published in the British Journal of Surgery (Basnyat et al., 1999). In summary 

the study showed that such patients, providing they survive transport to a Welsh 

hospital, had in excess of 80% mortality and not the frequently reported rate of 

20-50% (Bown et al., 2002). Furthermore, the mortality was independent of the 

geographic site or size of the hospital involved.

Because of these findings I set up my own AAA screening programme in an 

attempt to identify AAA patients prior to rupture and thus reduce this 

unacceptable mortality rate.
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Initially I undertook this screening within the hospitals' Radiological Departments 

but later transferred it to General Practitioners' Surgeries. Initially the screening 

was confined to the General Practitioners close to our Hospital but later all 

General Practitioners for the surrounding area and a large part of South East 

Wales were included.

Simultaneously during the development of the screening program I repeatedly 

visited the Welsh Office and the Screening Division of Public Health Wales based 

at Cathedral Road, Cardiff trying to convince them to set up a National Screening 

Programme for Wales. Although this resulted in my being selected as the 

Representative for Wales on the National AAA Screening Programme Committee 

for the UK, it had little effect on introducing a Welsh National Screening 

Programme.

Despite a UK-wide agreement for an AM Screening Programme for 65-year old 

males, unfortunately in Wales it was decided to undertake a separate 

investigation to see if such a programme was to be introduced. I was again 

involved in all the Welsh meetings and eventually it was agreed that Wales 

should follow England in setting up such a screening programme. Despite this 

positive agreement, unfortunately at no point could I, nor the Vascular Society 

have a date for inception of AM screening in Wales. Eventually it was agreed 

that I should make these details public on a BBC television programme, the 

download of which is included.

Immediately following the BBC news item I received a significant number of irate 

telephone calls, including some from representatives for the Minister of Health 

for Wales, criticising the programme as "scare mongering" and maintaining that 

this approach was very damaging and detrimental to the Introduction of MA 

Screening. However, the decision to raise public awareness thankfully had the 

desired effect and as a consequence within two weeks, I was asked by the 

Welsh Office to be involved in the launch of an AM screening programme for
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Wales. It was felt that it was appropriate for this to be launched from the Royal 

Glamorgan Hospital where the original documentary had been filmed only two 

weeks earlier.

I would argue that this decision was made not simply because of the 

political embarrassment but also in recognition of the value of the 

scientific data that we had obtained by our land mark publications 

(Basnyat 1999). Such work provided clear objective evidence to 

support an aneurysm programme and the scientific data ultimately 

prevailed despite the severe financial restrictions within the National 

Health Service at this time.

Needless to say I was delighted to be involved with this launch and I include the 

second BBC News Documentary, confirming the immediate commitment to 

aneurysm screening for men aged 65 years in Wales.

Two final pieces of literature are included in this "Impact on Health Policy" 

Section. The first is entitled "Training and Selection of Surgeons 2008: a 

personal view" (Lewis, 2008). It includes the publication of my views with regard 

to surgical recruitment and training of junior surgeons in general surgery. 

Furthermore it is the culmination of my examining in the Intercollegiate "Exit" 

Examination on behalf of the four Royal Colleges of Surgeons the United 

Kingdom. The second is entitled "Vascular Anastomotic Workshop" which relates 

to my development of an annual training course for junior vascular surgeons 

developed over many years (Bosanquet, 2010). I was delighted that this article 

was published in praise of the workshop's quality and training value in the British 

Medical Journal.
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Surgical Training

The final section for the schema of this thesis includes papers I have published 

involved with surgical training. For 15 years I was solely in charge of the basic 

surgical training (BST) programme for South East Wales. During this time the 

BST required rotation modification particularly following the Callman report 

(Department of Health, 1993). Suffice to say these data were also valuable for 

the Higher Surgical Training Committee of which I was Vice Chairman for the 

same period. The papers describe the changes in the delivery of training for both 

basic and higher surgical trainees, and an article on our ability to short list 

candidates for higher surgical training.

In conclusion I feel my research has had a clear impact on Health 

Policies in Wales. In particular, the accumulation of research skills has 

allowed me to emphasise poor patient outcomes and the need for AAA 

screening in AAA. I would argue that good basic science has prevailed 

despite financial restrictions and political bias.
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CONCLUSIONS

This thesis is presented to the University of South Wales in application for the 

degree of Doctor of Philosophy by publication. In summary, it includes several 

groups of peer-reviewed papers published by myself as a junior and senior 

surgeon. It reflects investigations and research over many years of professional 

activity and is presented in sections delineating my research development to 

date.

The use of sections is intended to sub-divide my research into well-defined 

developmental stages. It commences with learning scientific method then a 

group of publications in both surgery and then my sub-specialty of vascular 

surgery culminating in practical research that has had an impact on the 

management of patients particularly those with aneurysmal disease.

Latterly it demonstrates my attempts at collaboration with scientists at 

understanding and modifying arterial disease in patients under my care and 

customers (so called) who have pre-clinical disease by investigating the 

screening process.

I conclude that over many years I have demonstrated a scientific approach to 

clinical problems, an enthusiastic approach to collaboration and am now 

attempting to slow-up or reverse the atheromatous process in those patients 

under my care with a condition likely to otherwise progress to cause them 

debilitating problems in the future.

Lastly, I would conclude that despite a great deal of political adversity, 

sound mechanistic science has prevailed and resulted in the abdominal 

aortic aneurysm screening programme being funded in Wales along 

with the rest of the UK.
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THE FUTURE

I am now in the enviable position of having access to a large number of patients 

with vascular disease, along with pre-symptomatic people (not patients) with 

asymptomatic disease. Furthermore, I have friends and colleagues in a large 

variety of specialties who have my enthusiasm to investigate the atheromatous 

process and modify its progression. Together we are already looking to modify 

progress of the atheromatous process and examples of this include a 

claudication clinic where we attempt to modify their claudication distances by a 

variety of quite innovative treatments. Furthermore, we are investigating the 

aneurysmal process and looking at anti oxidant concentrations according to 

aneurysm size with a view to intervening by oral prophylaxis.

By means of the close collaborative networks that we have developed, such 

novel approaches and investigations are possible. Since the presentation of this 

thesis we have had further joint publications accepted reflecting this enviable 

collaborative approach to atherosclerosis and its clinical implications.
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Summary. The venous drainage of the testis, epididymis, prostate and 
bladder was studied in live and recently dead rats. New evidence for a 
previously suggested direct venous connection between the epididymis 
and the prostate is presented, and a mechanism for blood flow from the 
deferential vein into the prostatic venous plexus under conditions of 
raised central venous pressure is described. The studies have also revealed 
discrepancies among previous reports which might be resolved by a 
simplified nomenclature.

INTRODUCTION
Although the arterial supply of the pelvic viscera of the rat has been well 
documented (Harrison, 1949a; MacMillan, 1953; Greene, 1968; Kormano, 
1967, 1968), studies of the venous system have concentrated either on com 
parative aspects of the visceral veins or on the drainage of single organs (Harri 
son, 1949a, b; MacMillan, 1953; Kormano, 1968; Setchell, 1970). The general 
account produced by Greene (1968) is insufficiently detailed to permit investi 
gation of possible venous connections between individual organs of the genital 
tract. Pierrepoint and his colleagues raised the possibility of such a connection 
between the cauda epididymidis and the prostate and postulated that this might 
be the mechanism for a direct and unilateral control of the prostate and seminal 
vesicle mediated through the deferential vein (Pierrepoint & Davies, 1973; 
Pierrepoint, 1974; Pierrepoint, Davies & Wilson, 1974; Pierrepoint, Davies, 
Millington & John, 1975). Skinner & Rowson (1968) have also demonstrated 
unilateral hypertrophy of the ampulla following injection of testosterone into 
the ductus deferens of castrated pubescent rams and bulls. The studies reported 
here were undertaken to examine this possibility, and to provide detailed 
information on the venous drainage of the rat testis, epididymis, prostate and 
bladder.

MATERIALS AND METHODS
Thirty-six adult rats of various strains, including Sprague-Dawley, Wistar and 
wild animals, weighing between 150 and 300 g, were used. Thirty were killed 
by ether inhalation before injection of either Neoprene latex (Harris Ltd,
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Ludgate, Birmingham) diluted 50% with water (twenty-seven rats) or Indian 
ink (Pelikan-Gunther, Wagner) (three rats) caudally into the posterior vena 
cava through a cannula tied securely into the vessel to prevent leakage. The 
thoracic aorta was severed to allow the escape of arterial blood during the 
infusion. No attempt was made to inject at a physiological pressure although the 
injection never produced marked distension or rupture of the abdominal vessels. 
The urinary bladder was then filled with 50% Neoprene latex through the 
urethra. The specimens were fixed by immersion in acidified formalin solution 
and then dissected, using a binocular dissecting microscope. In three other 
animals the arterial and venous systems were injected with differently coloured 
latex solutions in order to illustrate arterio-venous relationships. Specimens of 
various portions of the vascular system were removed and fixed in formalin for 
histological examination.

Six rats were anaesthetized by intraperitoneal administration of pento- 
barbitone sodium (Nembutal: Abbott Laboratories), 25 mg/mland0-35 ml/100 g 
body wt, and the abdomen was opened by a mid-line incision. A drawn-out 
glass microcannula was inserted into the deferential vein close to its origin in the 
cauda epididymidis and 0-5 ml of a filtered, saturated solution of Thioflavine 
S (George T. Gurr Ltd, London), as previously described by Fourman & 
Moffat (1971), was slowly injected in the direction of the blood flow. The rate at 
which this fluorescent dye was allowed to enter the blood stream was such that 
no interference in flow could be observed through the dissecting microscope. 
Since we had found that the fluorescent material reappeared at the site of 
injection in 10 sec, a maximum of 5 sec was allowed from the commencement 
of the infusion before clamping the prostate at its base to prevent contaminated 
arterial blood from affecting the results. The outer surface of the prostate was 
then washed in isotonic saline, again to ensure that contamination had not 
occurred, and rapidly cooled to the temperature of a mixture of acetone and 
dry-ice. Frozen sections were cut at 20 /im on a Cambridge cryostat and these 
were dehydrated, mounted in DePeX (George T. Gurr Ltd, London) and 
examined with a Reichert fluorescence microscope. During the Thioflavine 
injections, the rats were placed in one of two positions—either head up with the 
body at 60° to the horizontal or supine. In all cases, the testis of the injected side 
was similarly examined as a further confirmation that recirculation of the dye 
had not occurred.

RESULTS
The following account of the venous system of the pelvic viscera of the male rat 
is based on our studies. We use a revised terminology, and when differences from 
that of Greene (1968) occur, the old names are in parentheses. Veins from the 
testis, epididymis (excluding the cauda) and epididymal fat converge in the 
region of the anterior pole of the testis to form the pampiniform plexus which 
surrounds the testicular (internal spermatic) artery. This plexus enters the 
abdomen by way of the inguinal canal and drains predominantly to the hypo- 
gastric (superior vesical) vein on each side (Text-fig. 1). Only two small venae 
comitantes accompany the testicular (internal spermatic) arteries along their
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whole length and these enter the left renal vein and the posterior vena cava on 
the left and right sides respectively. The cauda epididymidisis drained mainly by 
the deferential vein although a small anastomosis between the epididymal 
branch of the testicular vessels and the deferential vessel is a constant finding. 
The deferential vein commences by the confluence of a number of tributaries 
in the scrotum, runs in a small mesentery to the cauda epididymidis and then 
accompanies the ductus as one or two veins, the deferential vein(s), to the
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Common 
Iliac vein

Dorsolateral prostate

Superior 
gluteal vein

Prpstatic ° 
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prostate
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Hypogastric 
(superior 
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Internal pudendal 

vein

Deep dissection -Superficial   
dissection

TEXT-FIG. 1. Schematic representation of the pelvic venous system in the male rat.

hypogastric (superior vesical) vein (Text-fig. 1). The bladder and prostate are 
drained by an hitherto undescribed, single, large, circular venous anastomosis 
which surrounds the base of the bladder (Text-fig. 2). The circle is formed by 
ventral and dorsal veins which unite laterally to form the hypogastric (superior 
vesical) vein of both sides (Text-fig. 1). The ventral and dorsolateral prostatic 
lobes are drained directly by straight veins into the adjacent parts of the venous 
circle. These veins in the ventral prostatic lobes have previously been called 
inferior vesical veins but the term 'prostatic veins' seems more suitable. The

H
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tortuous veins on the bladder wall pass directly into the circle. These findings 
are shown schematically in Text-fig. 1. Only two small tributaries of the venous 
circle (omitted from the Text-figures) are present on the under side of the 
ventral prostate: they have no communication with the gland and will be 
described later.

The deferential vein(s) enters the hypogastric vein immediately lateral to its 
origin from the union of the ventral and dorsal parts of the venous circle. More 
laterally, the hypogastric vein receives a large tributary from the seminal 
vesicle and coagulating gland, and also the testicular vein, shortly before it ends 
in the external iliac vein.

Cut edge of bladder

Dorsolateral prostatlc lobes
Hypogastric 
(sup.vesical) vein

Dorsal
vein _ 
of venou: 
circle

Vein of seminal 
vesicle and 
coagulating gland

Testicular 
vein

Ventral vein 
of venous 
circle

rostatlc veins

Ventral prostate

TEXT-FIG. 2. Schematic representation of the bladder base and venous circle of the male 
rat.

A deep dissection of the pelvic venous network shows that only two small veins 
accompany the urethra from the pudendal plexus and these join the deep 
ventral surface of the venous circle at the base of the bladder. They pass ventral 
to the ventral lobes of the prostate but have no further connection with them. 
Both the internal pudendal and obturator vessels end in the common iliac veins, 
and have no other communication with the prostatic venous system.

Our examinations of the arterial supply of the pelvic viscera agreed with the 
reports of previous authors, and no further details are given here. At sites of 
arterio-venous proximity (e.g. hypogastric artery and vein; deferential artery 
and veins), histological sections snowed no sign of arterio-venous anastomoses 
or any modifications to vessel structure suggesting exchanges of intravascular 
materials.
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Of the six rats injected with Thioflavine S, two showed fluorescence in the 
veins at the periphery of the prostate although no Thioflavine was found in the 
intrinsic vessels of the gland. Both of these positive results were obtained with 
the rats in the 60° head up position; of the four negative results, two animals 
were head up and two in the supine position.

DISCUSSION
In previous reports, Pierrepoint and his associates postulated the existence of an 
androgen carrier mechanism from the testis and epididymis to the prostate 
(Pierrepoint & Davies, 1973), and suggested that the route of androgen trans 
port from the site of production in the tail of the epididymis to the prostate 
might be along the deferential vein (Pierrepoint, Davies, Millington & John, 
1975). The results of the present studies strongly support the anatomical 
possibility of such a transport mechanism. The deferential vein terminates in 
close proximity to the prostatic plexus, and a free venous communication has 
been demonstrated between them for the first time. The experiments using 
Thioflavine showed that deferential vein blood can enter the prostatic plexus, 
and this was confirmed at dissection in three animals when Indian ink, injected 
at low pressure into the deferential vein, flowed freely into the venous circle 
and prostatic veins. Since histological examination of hypogastric, prostatic and 
venous circle veins failed to demonstrate any valves, free flow of blood from the 
cauda epididymidis to the prostate is possible.

In intact animals, such flow is probably intermittent, occurring only when 
forward flow in the hypogastric vein is slowed or reversed by physiologically 
raised intrathoracic or intra-abdominal pressure. Similar valveless veins have 
been described in man, connecting the prostatic venous plexus with the extra- 
dural vertebral veins (Batson, 1940). Reversed flow along these veins has been 
incriminated in the early spread of prostatic carcinoma to the spine (Batson, 
1940; Franks, 1953). It is probably of significance that the two positive results 
using Thioflavine injection occurred when the rats were in the 60° head up 
position, hence encouraging reversed flow in the pelvic veins.

The veins of the pelvic viscera of the rat are remarkably constant in their 
position and connections. Nevertheless, the nomenclature for some of the veins 
proposed by Greene (1968) seems unsatisfactory. The vein which commences 
at the lateral aspect of the venous circle and passes to the external iliac vein 
was called the 'superior vesical' vein. But since it drains not only the bladder, 
but also the prostatic plexus, cauda epididymidis, seminal vesicle and coagulating 
gland, it would be better called the 'hypogastric' vein. The so-called 'inferior 
vesical' veins pass from the ventral prostatic lobes to the most proximal part of 
the venous circle, and since they take no part in draining the bladder they would 
be better described as 'prostatic' veins. The term 'vesical' veins should be 
reserved for the small coiled veins of the bladder wall, which pass to the adjacent 
venous circle.

Finally, Greene (1968) observed an asymmetrical drainage of the right and 
left pampiniform plexuses—the right apparently joined the posterior vena cava 
directly whilst the left entered the left hypogastric (superior vesical) vein. In the
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present study, however, the right and left pampiniform plexuses were found to 
drain into the right and left hypogastric vessels respectively. Only two small 
venae comitantes followed a course typical of the human testicular veins and 
these entered the posterior vena cava on the right and the renal vein on the left.
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Secretin Enhances [ 14C]Erythritol 
Clearance in Unanesthetized Dogs

MICHAEL H. LEWIS, MB, ChB, FRCS, ALFRED L. BAKER, MD, FACP, JAGDISH 
DHORAJIWALA, MB, ChB. FRCS, and A.R, MOOSSA. MD, FRCS, FACS

To determine the effect of secretin infusion on clearance of inert markers into bile, 
unanesthetized dogs fitted with Thomas cannnlas received continuous inj'usions of 
[ l *C)er\thrital and [*H]innlin throughout study. Taurochalic acid administered sequen 
tially at 9.0, 20.0. and 40.0 \imotlmin enhanced [ uClerythritol clearance, ami GIH 
secretin (3 unitslmin) administered along with TCA (40.0 iunol/min) increased["Cleryth- 
ritol clearance from 4.9 ± 1.2 mlllO min to 6.8 ± 1.3 ml/10 min (P < 0.001), but 
simultaneously measured (*H]inulin clearance was unaltered. Secretin alone also in- 
crfased [ l4CJerythritol clearance but did not alter [3Hjinulin clearance. The increase in 
/^Cjerythritol clearance per unit increase in bile flow was less during secretin infusion 
than TCA. Thus, secretin increases l^CJeiythritol transport through restricted channels, 
probably distal to the canaliculi. [ <4 CIEryihrilol may not be an accurate marker for 
canalicular bile flow in dogs during secretin infusion.

Recent evidence demonstrates that a major fraction 
of bile flow is initiated by active secretion of bile 
salts into (he canaliculi, which results in the passive 
diffusion of water and electrolytes to stimulate bile 
secretion (1-6). This so-called bile acid-dependent 
canalicular flow does not account for all canalicular 
flow in most animals, and secretion of inorganic- 
ions, particularly sodium, contributes further to 
canalicular flow. Measurements of canalicular bile 
flow depend on estimating the biliary clearance of 
inert markers, such as [ l4C]erythritol and [ l4C]man- 
nitol, since canalicular flow cannot yel be measured 
directly. Ductular bile secretion, particularly wilh 
secretin infusion, also occurs in monkeys (7), dogs

Manuscript received January 12, 1981; revised manuscript 
received March 26, 1981; accepted April U. 1981.

From the Ljver Study Unit of the Department of Medicine and 
the Department of Surgery, The University of Chicago, Chicago, 
Illinois 60637.

This work was presented in part at Digestive Disease Week in 
New Orleans, Louisiana, May 23, 1979, and appeared in abstract 
form in 1979. (Gastroemerology 76:1290).

Address for reprint requests: Dr. .A.R. Moossa, Department of 
Surgery, Box 129, University of Chicago Hospitals. 950 East 59 
Street,"Chicago. Illinois 60637.

t Diteastt and Self nets. Vol. 27. Na. I (Janua

(8), and man (9), and thus modifies canalicular bile 
secretion. Although secretin has been thought not 
to affect canalicular flow or l'"'C]erythritol clear 
ance, in preliminary studies we observed significant 
enhancement of this fraction of bile flow in unanes- 
thetized dogs. For this reason, we studied the effect 
of secretin infusion on [ MClerythrilol clearance 
with and without concomitant bile salt administra 
tion. We also infused [•'HJinulin simultaneously to 
determine whether clearance of this higher-molecu 
lar-weight compound was altered by secretin ad 
ministration.

MATERIALS AND METHODS 
Animals and Drugs. Under pentobarbital anesthesia 

(Diabutol*, Diamond Laboratories, Des Moincs, Iowa), 
30 mg/kg body weight, 6 dogs, 5 male and 1 female, 
weighing 15-25 kg, underwent cholecystectomy and liga- 
tion of the accessory pancreatic duel. A Thomas cannula 
was then inserted through a longitudinal duodenal inci 
sion opposite the duodenal papilla, brought out through a 
right transverse abdominal incision, and closed with a 
cork and screw top. After a 3-week recovery period, the 
dogs were trained to lie quietly without anesthesia on a 
table with their legs loosely tied to the corners. When 
investigations of bile flow were performed, each animal
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Bile Vol. 
ml/10 min

B.S.S.R. 
//mol/IO min

Plasma M0 : 
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"b-Erythritol 
Clearance 
ml/10 min

20 «O SO 80 100 120 HO * 160180 200 220 240 26O

Time in minutes
Fig I. [ l4C)Erythritol clearance, bile salt secretion rate (B.S.S.R.), and bile volume in a single dog during infusion of 
TCA and secretin. | 14C)Erythritbt clearance increased during setrelin infusion and fell to bus* level after secretin 
was discontinued.

appeared wed and had normal total serum bilirubin and 
albumin levels. In addition, serum activities of alkaline 
phosphalase, LDH, and amino transfcrase (SCOT) were 
normal. Assays for amylasc in bile and scrum specimens 
collected at the beginning of each study showed a signifi 
cantly lower bite than serum level, excluding the possibil 
ity of bile contamination by pancreatic fluid. Hematocrits 
were also performed at the beginning and end of most 
studies and remained stable and normal over many 
months, despite the removal of 30-40 ml of blood at each 
investigation. The time between studies was never less 
than I weeks, and baseline bile and plasma samples were 
always free of radioactivity at the beginning of each 
study.

Food, but not water, was withheld for 18 hr before each 
study. Two intravenous catheters were inserted into 
separate limbs, one for infusion and the other for blood 
sampling. Pipenzolate methyl bromide* 0.5 mg/kg body 
weight, was given intravenously fallowed by O.I mg/kg 
every 20 min to reduce spontaneous fluctuations in bile 
flow. In experiments lasting more than 4 hr, some male 
animals required a small dose of sodium pentobarbital for 
sedation. For the collection of bile, the Thomas cannula 
was opened and a number 6 ureteric catheter was inserted 
3 cm into the common bile duct and kepi in this position 
by a rubber collar which rested against the duodenal 
papilla. lJiC]Erythrito( (Amersham-Searle Laboratories, 
North Chicago, Illinois) was infused continuously

* Kindly supplied by Dr. Albrecht, Merrcll Research Center, 
Cincinnati, Ohio.

throughout all experiments for measurement of 
[MC]erylbritol clearance. Aliquots of ( 14C]erythritoI from 
several different lots, as well as randomly selected bile 
specimens from a number of experiments, were chroma- 
tographed and all showed single peaks with identical RfS. 
t'HJInulin (Amersham-Searle Laboratories) was also in 
fused for clearance measurements in each study to deter 
mine biliary permeability to this larger molecule. Tauro- 
cholic acid (TCA), obtained, from Calbiochem-Behring 
Corporation (La Jolla, California), was chromatographed 
arid found to be greater than 95% pure so further purifica 
tion was not required. A 1.3% solution of TCA was 
infused as indicated in each group of experiments to vary 
bile flow. Because of possible bile salt contamination of 
other secretin preparations, purified porcine secretin 
(G1H Research Unit, Karolinska Institute, Stockholm, 
Sweden) was utilized in all studies. All solutions were 
passed through a sterile 22-|jjm millipore filter (Milkx*, 
Milli£ore Corporation, Bedford, Massachusettes) by Har 
vard infusion puirips to minimize the risk of sepsis. Bile 
was collected in tared viafs at tO-niin intervals, and 
plasma samples were obtained at the start of each experi 
ment and at 20-min intervals during steady-state infusion 
periods unless otherwise indicated.

Experimental Studies
Group I. To determine the effect of secretin infusion on 

the clearance of f' 4C|erythritol and [3H]inulin into bile 
during simultaneous TCA administration, 10 investiga 
tions were performed in 6 animals (Figure I). After 
cannulation of the common bile duct, l HCJerythritol, 0.09 
|j,Ci/min, and 3H-tMilin. 0.14 nCi/min, were infused along 
with TCA at 9. 20, and 40 timol/min. Bile flow was
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Bile Vol. 
ml/10 min
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Plasma 
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'c-Erythritol
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Time In minutes
Fig 2. | HC]Erythrilol clearance, bile salt secretion rate (B.S.S.R.), and bile volume during secretin infusion in a 
single dog. The animal was subjected to biliary drainage without bile salt replacement for 2 hr; than secretin infusion 
resulted in a twofold increase in [ l4C)erythritol clearance.

allowed to stabilize at each new infusion rale for at least 
45-60 min to ensure steady-state bile-plasma ratios of 
radioactive markers, thus avoiding the necessity for dead 
space corrections. After infusion of TCA, 40 nmol/min 
for 1& hr, secretin, 3 unitsAnin. was infused along with 
TCA for a further 30-45 min.

Group n. To determine the effect of secretin infusion 
on ["CJcrythritol and [^HJinulin clearance at low rates of 
bile flow, six studies were performed in 6 animals without 
TCA infusion (Figure 2). [' 4CJEryihritol was infused at a 
higher rate than in group 1 studies, 0,18 u-Ci/min, so that 
the volume of bile added to the scintillation fluid could be 
reduced, thereby decreasing some of the quenching re 
sulting from the more darkly pigmented bile in this study, 
however, | 3 H]inulin was infused as described in group I. 
Since no TCA was administered, bile output fell to a low 
steady state, usually after 2-2& hr. Secretin was then 
infused continuously for 60 min at 3 units/rain, and bile 
and plasma samples were collected as described above. 
To determine whether ['"CJerythritof clearance would 
achieve a steady state during secretin administration and 
then return to baseline^ secretin was infused for 90 min in 
one additional experiment. Bile and plasma samples were 
collected prior to and during secretin infusion and then 
for 2 hr after the secretin infusion had been stopped.

Analytical Procedures and Statistical Analysis
Bile volumes were determined gravimetrically, assum 

ing that bile has a specific gravity of 1.000. Bile salt 
concentrations were determined on all specimens enzy- 
raaucally (10) using 3-alpha-hydroxysteroid dehydrogen- 
ase (Worthington Biochemical Corporation, Freehold, 
New Jersey). In group I studies 50 u-l of bile was 
transferred to Scintisol (Isolab, AktOn, Ohio), in group II 
Studies, where bile flow was small, quenching was re-

•Dtgttitn Disease* and Sciences,. Vet. 27, No. 1 Uanuaiy I9»!l

duced by increasing the rate of {' 4C]crythritol infused so 
that the bile volume used for counting could be reduced to 
25 jil. Some quenching from the discoloration produced 
by the bile-scintillation cocktail was reduced by placing 
the vials in indirect sunlight for 60 min. All samples were 
then dark-adapted for 24-48 hr prior to counting in a 
Nuclear Chicago scintillation counter utilizing a double- 
label computerized program for two isotopes, and effi 
ciency was determined by the channels ratio method (11), 
Bile and plasma concentration curves were constructed 
for each of the radioactive markers far calculation of bile- 
plasma ratios, and the clearances of ["CJcrythritol and 
I'Hlinulin were calculated as previously described (6).

Bile flow, | l4C]erythritol clearance, and ['HJinulin 
clearance were plotted as a function of bile salt secretion 
rate for each study. Computations of linear regression 
analyses by the method of least squares and testing for 
significance of difference between means by paired and 
unpaired / tests were accomplished using a standard 
computer program (Monroe 344 Micro Statistician, Mon- 
roe, New Jersey).

RESULTS

[ MC]Eryihritol Clearance Measured During Infu 
sion of TCA and SecreUn (Group I). With infusion of 
TCA at 9, 20, and 40 u,mol/min sequentially for I hr 
each, bile volume and [ l4C]erythritol clearance rose 
in proportion to the rate of bile salt secretion and 
attained a new steady state at each rate of bile salt 
infusion (Figure I). [14C]Erythritol clearance, like 
bile flow, was also proportional to bile salt secretion 
rate when results for all studies were combined
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C Erythritol 
Clearance 5 
ml/10 min.

BS.S.R. p. mol/10 min.
Fig 3. Pooled data for ['•'Qerylhritol deawnce as a function of bile salt 
secretion rale (B.S.S.R.) with (closed circles) and without fopetv circles) 
secrelin administration ia 10 group I and 6 group 11 studies perfoitned as 
shown in Figures 1 and 2. Estimating equation for studies performed without 
sccreim infusion: y = 0.3 + 0.009.*, r = 0,79.

(Figure 3>. Bile and plasma [ MC]erythritol concen 
tration ratios were always stable by 40 min after 
beginning each new rate of TCA infusion and were 
used for clearance calculations to avoid the need for 
dead-space corrections. [ 14C] Erythritol bile-plasma 
ratios were 2.0 at low infusion rates but fell at 
higher rates of bile flow to approximately 1.3, 
consistent with constant ductular resorption with 
increased canalicular flow. When secretin was ad 
ministered along with TCA, 40 M-mol/min, bile flow 
increased further, although bile salt secretion was 
unchanged (Figure t). In addition, the clearance of 
["Cierythfito! rose from 4.9 ± 1.2 ml/10 min to 6.8 
± 1,3 ml/10 min (P < 0.001).

["CJErytlnltol and ftfllnulin Clearance During 
Infusfonof Secretin Alone (Group II), Bile flow and 
bile salt secretion rate gradually fell to a low steady 
state after 2(4 hr of biliary drainage in these studies. 
Secretin caused a fourfold increase in bile volume, 
whereas the increase was only 30% id group I 
animals which were also infused with TCA, 40

uraol/min (Figure 2). f l4C}Erythrito! clearance also 
increased markedly with secretin in group II ani 
mals, rising from 1.0 ± 0.46 ml/10 min to 2.0 ± 0.65 
nil/10 min (P < 0.005). Plasma f l4C]erythritol con 
centration was unaltered by secretin administra 
tion, but the bile concentration of [*4C]erythritol fell 
approximately 70% as shown graphically for experi 
ment 1 (Figure 4). However, the increase in bile 
flow was proportionately greater than the fall in 
[HCJerythritol concentration, so that t l4Clerythritol 
clearance was doubled.

Although [ HC]erythritol clearance is enhanced 
by secretin infusion, its transport into bile is re 
stricted when compared to that during TCA chole- 
resis, since increments in bile flow due to TCA 
contain larger quantities of [ HC]erythritol than 
those produced by secretin (Figure 5).

The experiment with prolonged secretin infusion, 
!!/2 hr, also resulted in a new steady state for 
[ uC]erythritol clearance, approximately double the 
presecretin value (Figure 5). After the infusion of
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C-ERYTHRITOL 0.34 uCi/min

Fig-I. ( MC]Frvlhriiol hile (closed circles) and plasma (closed squares) concentration during biliary drainage ina 
single dog without bile salt replacement for 2 hr follo«-ed by prolonged sccretin infusion (90 mint. Bile-plasma 
ratios approached 3.0 during biliary drainage, but fell to a new steady stale, 0.8, with secrelin infusion.

secrelin was stopped, clearance of ( l4Clerythritol 
gradually fell over 50 min to a level slightly lower 
than the presecretm l NC]erythritol clearance due to 
the slowly shrinking bile salt pool.

[ 3 H]lnulin clearance was also calculated during 
steady-state periods in group I and group II studies. 
Although [ 3 H]inulin clearance increased when the 
rate of bile salt secretion rose, the slope was less

. A
MC Erythritol 
Clearance 
ml/10 min

/ TCA

/\ Bile Volume ml/10 min
Fig 5. Change in ('"Clerythrilol clearance as a function of change in bile volume produced 
by secrelin infusion alone (group 11 studies). Secrimn caused a 0.7 ml rise In ("Clcrythritol 
clearance for each 1.0 ml increase in bile llu".. Each point represents the mean of !wo 
consecutive Ifl-min collection periods during secretin administration minus the average of 
all baseline values for ['-'Cleryinritol clearance or bile volume. Estimating equation; y = 
O.y + 0.4>.v. r ~ 0.72. Broken line = A | IJ Cjer)ihrit0l clearance for oath A bile volume 
produced by TCA infusion (group 1 studies).
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Fig 6. pHllnulin clearance as a function of bile salt secretion rate fB.S.S.R.) 
performed in 10 group [ and 6 group II studies. Open circles - |'H]inulin clearance 
wrth and without TCA infusion; closed circles = ['H|inulin clearance with the 
addition of secrctin. The regression line i& drawn for |'H)inulin clearance with and 
without TCA infusion. Estimating equation: y = 0.35 + 0.04.t, r - 0.72.

than that obtained with [ 14C]erythritoI clearance 
(Figure 6). However, infusion of secretin along with 
TCA, 40 nmol/min, did not alter [ 3 Hlinulin clear 
ance (Figure 6). Likewise, secretin infusion alone 
did not alter baseline pH]inulin clearance in group 
II studies.

DISCUSSION
In the present investigations, the biliary clear 

ance of [ l4C]erythritol, a generally accepted marker 
of canalicular bile flow, increased in proportion to 
bile salt secretion rate as previously described in 
numerous species including the rat (3, 12), rhesus 
monkey (4, 6), and man (9, 13). In addition, the 
increase in [ l4C]erythritol clearance per unit in 
crease in bile flow, 0.91, was similar to the values of 
0.77 and 0.96 previously reported by Wheeler et al 
(I) and Barnhart and Combes (14) in this species.

Although these results nave been interpretated in 
previous studies to validate the use of l )4C]erythri- 
tol as a marker of canalicular bile flow, this assump 
tion may not be correct under all circumstances. 
l'4C]Erythritol bile-plasma ratios were as high as 
4.0 when animals were subjected to prolonged 
biliary drainage without bile acid infusion but fell to 
approximately 1.3 when TCA, 9.0 (j,mol/min, was 
infused, consistent with constant ductular resorp- 
tion of bile with varying canalicular flow (1, 5, 14). 
Thus, results of the present study are comparable to 
previous results obtained with dogs, despite differ 
ences in experimental techniques.

In the present studies, enhanced [ MClery1hritol 
clearance in unanesthetized dogs during secretin 
infusion suggests that [ 14C]erythritol clearance can 
not be used as an accurate measure of canalicular 
flow, at least when pharmacologic doses of secretin 
are infused. When TCA and secretin were infused
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(group I studies), ( l4C|erylhritol clearance in 
creased from 4.9 ± 1.2 ml/10 min to 6.8 ± 1.3 ml/10 
min (P < 0.001), similar to results previously re 
ported by Barnhart and Combes (14). However, the 
present studies extend these observations by dem 
onstrating that the increase in clearance was also 
striking when secretin was infused alone (group II 
studies), rising from 1.0 i 0.46 ml/10 min to 2.0 ± 
0.65 ml/10 min (P < 0.005). Furthermore, with 
prolonged secrelin infusion (90 min), [ l4C]erythritol 
clearance increased from 1,0 ± 0.04 to 1.9 ± 0.05 
ml/10 min (P < 0.001) and maintained a new steady 
state, returning to baseline when the secretin infu 
sion was stopped. These results, therefore, suggest 
either that bile salt-independent canalicular bile 
flow is enhanced by secretin administration or that 
ductular transport of [ 14Clerythritol occurs in dogs 
when secretin is administered.

Indirect measurement of canalicular bile flow by 
[ l4C]erythritol clearance depends upon permeabili 
ty of the canalicult to this inert compound and the 
rate of bile flow, as previously discussed by Forker 
(2,15) and Wheeler (1). Its validity depends on two 
assumptions: first, the canaliculi must be complete 
ly permeable to movement of the inert marker with 
water, and second, the biliary tree distal to the 
canaliculi must be totally impermeable to the mark 
er even when water is entering the ductules under 
the influence of secretin. Experimental verification 
of these assumptions has not been obtained since 
the canalicular and ductular bile cannot be directly 
sampled. Although previous investigators have con 
firmed that increments in [ 14C]erythritol clearance 
produced by bile sail secretion accounted for incre 
ments in bile flow over a wide range of TCA 
infusion rates in dogs, little experimental evidence 
actually confirms that [ l4C]erythritoI clearance is a 
reliable marker of canalicular flow during secretin 
choleresis.

In the present studies we were unable to deter 
mine whether secretin administration enhanced 
canalicular flow or caused ductular transport of 
[ l4C]erythritol. Recent studies using retrograde in 
jections of [ MC]mannitol (17), as well as clearance 
studies using l'4Clmannitol (18) suggest that bile 
ductules may be permeable to this molecule which 
is larger than ['"CJerythritol. In addition, secretin 
has no clearly documented effect on bile canaliculi 
but has established effects on ductular flow (8). 
Although these observations suggest that secrelin 
enhances ductular [MC]erythritol transport, we 
were unable to prove a ductular site for [ 14CJeryth-
Digetlive Diseasts ami Scitnca, Vol. 27. flfa. I 'January 19S!>

ritol transport by measuring biliary washout vol 
umes following TCA and secretin infusion (8, 16). 
Whatever the locus of secretin's effect on 
[ l4C]erythritol transport, pHlinutin transport was 
more restricted than that of l'4C]erythritol and 
remained unchanged with secretin infusion, sug 
gesting that biliary tree permeability was unaltered 
by secretin.

When secretin. 3 units/min, was infused in the 
present studies, ( l4C]erythritol clearance was en 
hanced 0.7 ml for each ml increase in bile flow 
produced by secretin (Figure 5). Thus pharmacolog- 
ic infusions of secretin introduce errors into the 
measurements of canalicular flow using [ l4C]eryth- 
ritol. Utilization of {'4C]erythritol to measure cana 
licular flow when bile salts or stimulants of bile salt 
independent-flow are infused may also introduce 
errors into the calculation of canalicular flow, since 
secretin, glucagon, and other gastrointestinal hor 
mones may contribute to ductular bile flow to some 
degree under all conditions of experimental study. 
Further investigation of the effect of these hor 
mones on bile flow under physiologic conditions 
will be required to determine their effects on 
[l4C]erythritol clearance under these conditions.
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Effect of Somatostatin on Determinants of Bile Flow in

Unanesthetized Dogs

MICHAEL H. LEWIS, M.B., CH.B., F.R.C.S., ALFRED L. BAKER, M.D., E. IPP, M.D.. 
A. R. MOOSSA, M.D.. F.R.C.S. (ENG. & EDIN.) F.A.C.S.

Seven dogs each underwent cholecystectomy, ligation of the 
accessory pancreatic duct, and insertion of a Thomas duodenal 
cannula opposite the ampulla of Vater. After full recovery, bile 
secretions were studied in the unanesthetized dogs by opening 
the cannula and placing a ureteric catheter through the papilla 
into the common bile duct. All animals received, throughout 
study, constant infusions of taurocholic acid to replace losses 
caused by interruption of the enterohepatic circulation and 14C- 
erythritol for measurement of erythritol clearance. After bile 
flow stabilized Somatostatin 800 ng/kg/minute was infused for 
100 minutes and bile flow declined from 3.0 ± 0.7 ml/10 minutes 
(SD) to 1.19 ± 0.47 ml/10 minutes (p < 0.001) and "C-eryth- 
ritol clearance fell from 3.6 ± 1.14 to 1.77 ± 0.43 ml/10 
minutes (p < 0.001). Bile salt output was unchanged, indicating 
that Somatostatin inhibited bile salt-independent canalicular 
flow (BSICF). In other experiments animals underwent intra- 
duodenal acidification which resulted in a marked increase in 
bile flow. Somatostatin infusion again caused a sharp fall in 
bile flow (p < 0.05) suggesting that Somatostatin also inhibited 
ductular flow. Infusion of Somatostatin did not inhibit cho- 
leresis produced by exogenous secretin administration. Thus, 
Somatostatin inhibits 1) ductular flow by inhibiting secretin 
release and 2) BSICF by a direct effect or by decreasing the 
release of hormones which induce canalicular flow.

STUDIES OF BILE secretory physiology performed in 
recent years have demonstrated two major com 

ponents of bile secretion. These include canalicular bile 
salt-dependent and bile salt-independent flow, measured 
by the clearance into bile of inert markers such as I4C- 
erythritol and l4C-mannitol, and ductular bile flow stim 
ulated by the infusion of secretin. 1 " 5 Previous investi 
gators noticed fluctuations in bile flow under steady- 
state conditions of bile salt secretion, even in animals 
pretreated with anticholinergic drugs,6'7 suggesting that 
additional factors such as neurostimulation and the re 
lease of hormones may exert a modifying influence on 
bile flow. However, these factors have not been thor 
oughly investigated. The purpose of the present study 
was to determine the effect of Somatostatin on the var-

Reprint requests: A. R. Moossa, M.D., Department of Surgery, 
Box 129, University of Chicago, 950 E. 59th Street, Chicago, Illinois 
60637.

Submitted for publication: May 11, 1981.

From the Department of Surgery and Liver Study Unit of 
the Department of Medicine. University of Chicago

Chicago, Illinois

ious components of bile flow. This hormone has been 
previously shown to inhibit the release of all known 
endogenous hormones of gastrointestinal origin8"" as 
well as to inhibit unstimulated electrolyte transport in 
the intestine under some circumstances. 12 Thus, so- 
matostatin may be useful in determining whether gas 
trointestinal hormones play a role in the control of bile 
secretion.

Materials and Methods

Animals and Drugs

Seven dogs, four males and three females weighing 
17-25 kg, were anesthetized with intramuscular pen- 
tobarbital (Diabutol®, Diamond Laboratories, Des 
Moines, IA) 30 mg/kg body weight and through a 
midline incision underwent cholecystectomy and liga 
tion of the accessory pancreatic duct. Through a lon 
gitudinal duodenal incision a Thomas cannula was then 
inserted opposite the duodenal papilla. The cannula was 
brought out through a transverse right-sided abdominal 
incision and closed with a cork and a screw top. After 
full recovery each dog was trained to lie quietly on a 
table top with its legs loosely tied to the corners. All 
studies of bile flow were performed with unanesthetized 
dogs, but during experiments lasting more than six 
hours some animals required a small dose of pentobar- 
bital. Animals were also sedated during intraduodenal 
acidification studies because of the necessity of inserting 
a nasogastric tube. At the time of each investigation 
the dogs appeared well and had stable body weights 
with normal serum levels of total bilirubin, alkaline 
phosphatase, LDH, and SCOT. Bile and serum speci 
mens were taken for amylase measurements at the be 
ginning of each experiment to determine whether bile 
was contaminated with pancreatic juice. Hematocrits

0003-4932/82/0100/0097 $00.85 © J. B. Lippincott Company
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FlO. 1. Determinants of bile flow in a single animal infused with somatostatin 800 ng/kg/min for 100 minutes. Bile flow and MC-erythritol 
clearance declined markedly, but bile salt secretion rate (BSSR) was unchanged.

measured during each study remained stable and nor 
mal over many months. Each animal was studied no 
more frequently than every three weeks, and basal bile 
and plasma samples were always free of radioactivity.

Food but not water was withheld for 18 hours prior 
to study. Two catheters, one for infusion and the other 
for sampling, were inserted into a hind and forelimb to 
prevent contamination of samples with infusion solu 
tions. The duodenal cannula was opened, and bile was 
collected using a number six ureteric catheter placed 
5 cm into the common bile duct and kept in this position 
by a rubber collar which rested against the duodenal 
papilla. Taurocholic acid, greater than 95% pure (Cal- 
biochem-Behring Corporation, La Jolla, CA), was. in 
fused as indicated in each experiment. Bile was col 
lected in tared vials in 10 minute specimens. I4C- 
erythritol (Amersham Searle Corporation, North Chi 
cago, IL) 0.12 juCi/min, was infused throughout each 
study for measurement of 14C-erythritol clearance. 
Plasma samples for radioactive counting were obtained 
at the start of each study and at 20-minute intervals 
during steady state periods. Blood samples were also 
taken for measurement of glucagon and insulin levels 
by previously described methods, 13 - 14 as well as for blood 
sugar estimation. These measurements were repeated 
at 20-minute intervals during steady state periods and 
while hormones were being administered.

In order to block cholinergic effects on bile flow dur 
ing somatostatin administration most dogs were given 
intravenous pipenzolate methyl bromide* 0.5 mg/kg at

* Supplied by Dr. Albrecht, Merrell-National Laboratories, Cin 
cinnati, OH.

the beginning of each study and 0.1 mg/kg every 20 
minutes during the study. 6 At least one dog in each 
experimental group was also studied without cholinergic 
blockade to determine whether somatostatin alone had 
different effects on bile flow. Somatostatin (Barbara, 
Incorporated, Torrance, CA) 800 ng/kg/min was in 
fused in each study, a pharmacologic dose known to 
inhibit the release of insulin and glucagon in dogs. Se 
cret in (GIH, Karolinski Research Institute, Stockholm, 
Sweden) was infused at 3 U/minute.

Determinations

Aliquots of all bile and plasma samples were trans 
ferred to vials containing 10 ml Scintisol® (Isolab, Inc., 
Akron, OH) and radioactivity was measured using a 
scintillation counter (Nuclear-Chicago, Des Plaines, 
IL). Total bile acids were measured in all bile specimens 
with a modification of the 3-hydroxy steroid dehydro- 
genase method. 15 For statistical comparisons between 
groups of animals Student's unpaired t-test was used, 
and for comparisons of results obtained in the same 
animals the paired test was used.

Group I
To determine the effect somatostatin on bile flow 

under steady state conditions, taurocholic acid (TCA) 
9 )«nol/minute was infused to replace bile acids lost 
due to the interruption of the enterohepatic circulation. 
For measurement of canalicular bile flow, ' 4C-erythritol 
was infused along with TCA for l'/2 hours to achieve 
steady-state bile volume, bile and plasma 14C-erythritol 
concentrations and bile acid excretion, thus avoiding
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FIG. 2. Effect of somatostatin infusion on determinants o$ bile flow when choleresis was produced by duodenal acidification. Bile volume, which 
initially rose with duodenal acidification, declined with somatostatin infusion but "C-erythritol clearance and bile salt secretion rate (BSSR) 
were essentially unchanged.

the necessity for dead space corrections (Fig. 1). So 
matostatin was then infused for 100 minutes in each 
of the four dogs studied. Bile and plasma samples were 
collected as described for 140 min following discontin 
uation of somatostatin.

Group II
To evaluate the effect of somatostatin on ductular 

choleresis, duodenal acidification was used as a stimulus 
for endogenous secretin release in three dogs. 16 After 
administration of sodium pentobarbital 10 mg/kg body 
weight, a gastric tube was passed and aspirated inter 
mittently throughout the study. 14C-erythritol and TCA 
were infused for 1 Vi hours; then 0.1 N HC1 was infused 
at a rate of 4 ml/minute (24 mEq/hour) via a catheter 
inserted through the Thomas cannula 2.5 cm into the 
first part of the duodenum. Another catheter, also in 
serted via the Thomas cannula, was placed in the fourth 
part of the duodenum and left to drain by gravity, 
thereby preventing the absorption of a large volume of 
fluid. Duodenal acidification produced a marked cho 
leresis, and after 90 minutes somatostatin was infused 
for 100 min (Fig. 2). Blood and bile samples were ob 
tained as described during somatostatin infusion and 
for 90 minutes following the period of somatostatin in 
fusion.

Group III
In Group II studies, somatostatin caused a significant 

and sustained reduction in the choleresis produced by

duodenal acidification, an effect which could be due to 
suppression of release of secretin or other digestive hor 
mones or inhibition of the effect of secretin on the bile 
ducts. In order to determine whether somatostatin 
blocked the effect of secretin on bile ducts, secretin 9 
U/kg/hour was infused following a l'/z hour equilibra 
tion period during which MC-erythritol and TCA were 
infused as in Group I studies. When this secretin-in- 
duced choleresis had stabilized, somatostatin was in 
fused simultaneously with secretin for 60 minutes, but 
no significant change occurred in either bile volume, 
bile salt secretion rate, or MC-erythritol clearance. In 
three further studies, the dose of secretin was reduced 
to 1 U/kg/minute to produce serum immunoreactive 
secretin levels similar to those achieved by duodenal 
acidification with HC1 given as in Group II studies (Fig. 
3).' 6 Bile volume again increased markedly, and so 
matostatin was infused in each animal for 60 minutes 
as described in studies using the higher secretin dose.

Results

Effect of Somatostatin on Bile Flow During TCA In 
fusion

The infusion of somatostatin significantly reduced 
bile flow and l4C-erythritol clearance in animals re 
ceiving TCA 9 ^mol/minute (Figs. 1 and 4). Bile flow 
fell 63% from 2.0 ± 0.74 ml/10 minutes (SD) to 1.19 
± 0.46 ml/10 minutes (p < 0.001), and '"C-erythritol 
clearance fell from 3.63 ± 1.14 to 1.77 ± 0.43 ml/10 
minutes (p < 0.001), a decline of approximately 50%.
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FIG. 3. Effect of somato- 
statin on choleresis p ro . 
duced by exogenous i n fu . 
sion of GIH secretin, I Ij / 
kg/hour. Somatostatin did 
not alter bile flow, bile salt 
secretion rate (BSSR), or 
'"C-erythritol clearance, 
suggesting that somatosta- 
tin does not alter the duc- 
tular effects of secretin.
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When the infusion was stopped bile volume and 14C- 
erythritol clearance increased but did not achieve pre- 
somatostatin levels because of the gradual reduction in 
the bile salt excretion rate over the entire six to eight- 
hour study period (Fig. 4). However, the effect of so- 
matostatin infusion on the bile salt secretion rate in this 
group was not significant, whether the bile salt secretion 
rate during somatostatin infusion was compared with 
the baseline or postsomatostatin infusion values.

Effect of Soinatostalin on Endogenous Secretin Cho 
leresis

Intraduodenal acidification caused a marked increase 
in basal bile flow in these studies presumably mainly

due to secretin release. Somatostatin infusion caused 
a sharp decline in bile flow, but '''C-erythritol clearance 
fell only slightly from 2.6 ± 0.5 to 2.1 ± 1.2 ml/10 
minutes (p > 0.05) similar to the level of 14 C-erythritol 
clearance observed in Group I studies with somatostatin 
infusion (Fig. 5). Bile volume and l4C-erythritol clear 
ance both rose when the infusion was stopped. As in 
Group I studies there was a fall in the bile acid secretion 
rate because the TCA infusion did not fully replace the 
loss of bile acids. Thus, despite a slight fall in '''C-eryth 
ritol clearance with somatostatin infusion, the major 
reduction in bile volume in these studies was accounted 
for by decreased ductular flow. It seems likely that so 
matostatin inhibits both bile acid-independent canalic-
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(±SEM) for bile volume, 
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pio. 5. Mean values 
( + SEM) for bile volume, 
"C-erythritol clearance, 
and bile salt secretion rate 
(BSSR) in three animals 
which underwent duodenal 
acidification as described in 
Methods and then received 
somatostatin infusion. Bile 
flow which was initially in 
creased with duodenal acid 
ification declined markedly 
when somatostatin was in 
fused however, "C-erythri 
tol clearance decreased only 
slightly, suggesting that the 
major effect of somatostatin 
was on ductular flow. 4 
= baseline period, 1 = dur 
ing duodenal acidification, 2 = during somatostatin and duodenal acidification, and 3 = post somatostatin period. *p < 0.05 
with somatostatin period.
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when compared

ular flow as well as the ductular choleresis occurring 
in response to endogenous secretin released by duodenal 
acidification.

Effect of Somatostatin on Exogenous Secretin Cho 
leresis

In this group of experiments, exogenous secretin in 
fused at 9 U/kg/min in three dogs caused basal bile 
flow to increase from 2.2 ± 0.7 to 5.0 ± 1.1 ml/10 
minutes (Fig. 6, p < 0.001). With infusion of somatos 
tatin, no significant change occurred in bile flow, UC- 
erythritol clearance, or bile salt secretion rate. In the 
three dogs infused with secretin 1 U/kg/hour bile vol 
ume increased from 1.4 ± 0.5 to 3.3 ± 0.2 ml/10 min 
utes (p < 0.001). Somatostatin infusion was associated 
with a small but statistically insignificant reduction in

bile flow to 3.1 + 0.4 ml/10 minutes (p > 0.05), but 
BSSR and HC-erythritol clearance were unchanged. 
When the somatostatin infusion was stopped, bile vol 
ume and '"C-erythritol clearance increased slightly.

In four dogs studied without cholinergic blockade 
(one in each group) bile volume, bile salt secretion rate, 
and ' 4 C-erythritol clearances were not consistently dif 
ferent from those in animals receiving cholinergic 
blockade.

Plasma, Glucose, Insulin, and Glucagon Levels

In each experimental group, somatostatin infusion 
significantly suppressed the peripheral blood insulin and 
glucagon levels (Table 1). Insulin values, without ex 
ception, fell to below the assay sensitivity. Glucagon 
also declined significantly and following termination of

FIG. 6. Mean values 
(±SEM) for bile volume, 
"C-erythrilol clearance, and 
bile salt secretion rate 
(BSSR) in three dogs which 
received secretin 9 U/kg/ 
hour. Secretin produced a 
marked increase in bile flow, 
but subsequent somatosta 
tin infusion did not alter 
bile volume, MC-erythritol 
clearance, or bile salt secre 
tion rate, suggesting that 
somatostatin does not in 
hibit the effect of secretin 
on bile ductules. 4 = pre- 
secretin infusion, 1 = se 
cretin infusion, 2 = so 
matostatin infusion, and 
3 = postsomatostatin infu 
sion. *p < 0.05 when com 
pared with somatostatin pe 
riod.
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TABLE 1. Blood Insulin. Glucagon, and Glucose Levels in Animals 
with Somatostalin Infusion (Mean ± SEM)

Group I
presomatostatin
somatostatin infusion
postsomatostatin

Group II
duodenal

acidification
somatostatin infusion
postsomatostatin

Group III
secretin

administration
somatostatin infusion
postsomatostatin

Insulin 
(MU/ 
ml)

8 ± 3
U

9 ± 4

12 ± 3
U

19 + 6

6 ± 2
U

8 ± 3

Glucagon 
(mg/ml)

87 ± 15
38 ± 4*
99 ± 8

82 ± 5
56 ± 2*
98 ± 4

58 + 8
46 ± 4
88 ± 3

Glucose 
(mg/dl)

72 ± 3
49 ± 2*
77 + 4

86 ± 6
80 + 4
87 + 3

62 + 3
52 ± 2
66 ± 5

U: undetectable by assay method.
* p < 0.05 when compared with presomatostatin periods.

the somatostatin infusion, both glucagon and insulin 
levels rebounded to equal or surpass their presomato 
statin levels. Mean plasma glucose levels declined 
slightly during the somatostatin infusion but their levels 
remained within the physiological range throughout 
each experiment.

Discussion
Previous investigators utilizing dogs fitted with 

Thomas cannulas have demonstrated that somatostatin 
inhibits bile flow induced by ingestion of a meal as well 
as by bile acid infusion during fasting. 17 Since MC- 
erythritol clearance was not measured in these studies, 
the mechanism by which somatostatin inhibited bile 
secretion could not be determined. The present inves 
tigations extend these observations by demonstrating 
that somatostatin exerts complex effects on the deter 
minants of bile flow and inhibits both bile acid-inde 
pendent canalicular flow and ductular flow under the 
conditions of the present studies.

In Group I studies, where TCA 9 ^mol/minutes was 
infused somatostatin reduced bile flow approximately 
60%. However, not all of the decline in bile flow was 
accounted for by a decrease in MC-erythritol clearance, 
since this measurement fell approximately 50%, sug 
gesting that somatostatin inhibited mainly bile acid-in 
dependent canalicular bile flow but affected ductular 
flow as well. In Group II studies where the duodenum 
was perfused with hydrochloric acid to establish a cho- 
leresis, presumed mainly due to secretin release, so 
matostatin infusion caused a profound reduction in bile 
flow but only a small decrease in l4C-erythritol clear-

ance. The failure to demonstrate as marked an effe 
on '"C-erythritol clearance in Group II and Group m 
experiments as is observed in Group I experiments m av 
be due to the direct stimulatory effect of secretin on 
HC-erythritol clearance, as previously demonstrated. 18 •"

The decline in ductular bile flow observed in Group 
II studies w^s consistent either with inhibition of release 
of endogenous secretin or with blockade of the effect 
of secretin on the biliary ductules. However, somato 
statin infusion had little effect on bile flow when ex 
ogenous secretin was administered at 9 U/kg/hour, in 
dicating that somatostatin did not prevent the effect of 
pharmacologic doses of secretin on bile ductules. Like 
wise, somatostatin did not alter the ductular flow pro 
duced by secretin 1 U/kg/minute, a dose which pro 
duces serum immunoreactive secretin levels similar to 
those achieved with duodenal acidification. 16 The small 
decline observed in MC-erythritol clearance during the 
somatostatin infusion and its rebound increase following 
termination of the infusion is consistent with a small 
effect of somatostatin on bile acid-independent cana 
licular flow as observed in Group I studies.

While the effect of somatostatin on ductular flow by 
inhibition of secretin release seems clear-cut, the mech 
anism by which somatostatin inhibits canalicular bile 
acid-independent flow is uncertain. Most of the rec 
ognized effects of somatostatin on transport phenomena 
occur by inhibition of secretory stimuli, 8 "" suggesting 
that the decline in bile acid-independent canalicular 
flow in the present study might be caused by inhibition 
of poorly understood stimuli of bile-acid independent 
flow. Such phenomena might include hormones such as 
insulin and glucagon or local release of neurotransmit- 
ters. In addition, somatostatin alters some basal intes 
tinal transport processes' 2 and thus might exert a direct 
inhibitory effect on hepatocyte transport. If endogenous 
hormones exert a more important physiologic effect on 
bile secretion than is currently recognized, somatostatin 
will be a valuable tool for determining the effects of 
individual hormones on bile secretion.
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Hepatic metabolism of glucagon in the dog: 
contribution of the liver to overall metabolic 
disposal of glucagon
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JASPAN, J. B., K. S. POLONSKY, M. LEWIS, J. PENSLER, W. 
PUGH, A. R. MOOSSA, AMD A. H. RUBENSTEIN. Hepatic metab 
olism of glucagon in the dog: contribution of the liver to 
overall metabolic disposal of glucagon. Am. J. Physiol. 240 
(Endocrinol. Metab. 3): E233-E244,1981.—The hepatic extrac 
tion (HE) of glucagon (G) and insulin (I) was measured in 27 
dogs, using peripheral infusion of the hormones following elim 
ination of endogenous secretion by pancreatectomy (Pi) or 
somatostatin (S) infusion. HE(G) was 22.5 ± 1.7%, and HE(I) 
was 45.1 ± 3%. HE(G) in seven Px dogs was 27.9 ± 4.2%, not 
significantly different from the value of 20.6 ± 1.6% in 20 S- 
infused dogs, with corresponding values for HE(I) being 44.9 
± 6 and 46.0 ± 3.6%, respectively, suggesting that S does not 
affect HE of either hormone. HE of endogenous G (22.1 ± 2.8%) 
was similar to that of exogenous]/ infused G (19.1 ± 1.9). HE(G) 
was nonsaturable in the physiologic and pathophysiologic range 
of plasma G levels, but there was evidence of saturability in the 
pharmacologic range. Comparison of simultaneously measured 
parameters of I and G metabolism indicated independence of 
the metabolic processes of these two islet hormones, despite 
distinct similarities in their overall patterns of metabolic dis 
posal. Metabolic clearance rates (MCR) for G and I were 12.6 
± 0.8 and 19.5 ± 1.0 ml-kg^-min" 1 , while simultaneously 
measured hepatic HE rates were 4.2 ± 0.3 and 8.1 ± 0.6 ml- 
kg"'-min"', respectively. MCR(G) was independent of arterial 
G levels. Half-life of infused G and I was 5.5 ± 0.5 and 4.1 ± 0.3 
min, respectively. The liver accounted for 34.7 ± 2.4% of the 
MCR(G) and 42.0 ± 2.9% of MCR(I). The liver is thus an 
important site for G removal. However, HE(G) varies widely in 
different animals, and it is therefore not possible to predict 
portal vein G concentrations or G secretion rates from G levels 
in peripheral vessels.

metabolic clearance rate; somatostatin; pancreatectomy; insulin

THE BIOLOGICAL ACTION of glucagon is exerted predomi 
nantly on the liver following receptor binding and ade- 
nylate cyclase activation. Howe.ver, the role of the liver 
in glucagon metabolism is less well established. Some 
investigators have suggested that this organ is not an 
important site of glucagon removal (14, 15), whereas 
others have found a significant degree of hepatic glucagon 
extraction (7, 16, 59). Hyperglucagonemia has been dem 
onstrated in patients with cirrhosis (30, 44), especially in 
those with portosystemic shunts (44, 46, 50). With the 
onset of hepatic encephalopathy, glucagon levels in

creased fivefold (49) and high levels were also observed 
following 70% hepatectomy in rats (35). However, it has 
not been established whether these elevations are due to 
a decrease in hepatic degradation, an increase in secre 
tion of the hormone, or possibly the result of an alteration 
in both of these processes.

In man, portal vein glucagon concentrations are sub 
stantially higher than peripheral levels (4, 12). Studies 
performed in our laboratory showed portal/peripheral 
IRG (irnmunoreactive glucagon) ratios of 2.8 ± 0.2 in 
rats. Chromatographic analysis of plasma samples from 
these animals indicated that the liver extracts mainly the 
3,500-dalton IRG component, while the concentrations 
of the larger circulating immunoreactive components 
were virtually unchanged in their passage through the 
liver (22). Because of this differential extraction, total 
portal/peripheral LRG ratios may underestimate hepatic 
extraction of the 3,500-dalton component and overesti 
mate the extraction of the other plasma fractions.

Accurate quantitation of hepatic extraction requires 
knowledge of hepatic artery, portal vein, and hepatic vein 
glucagon levels as well as hepatic artery and portal vein 
plasma flows. With this information, delivery and re 
moval rates of glucagon to and from the liver as well as 
its extraction may be calculated. These studies were 
designed to quantitate the hepatic metabolism of gluca 
gon in an in vivo dog model using this approach. The 
results indicate that the liver is an important site of 
glucagon metabolism, extracting 22.5 ± 1.7% of the glu 
cagon delivered to it and accounting for 34.7 ± 2.4% of 
the total metabolic clearance rate of the hormone.

METHODS
Twenty-seven mongrel dogs (15-28 kg) of both sexes 

were studied. Animals were observed for a period of 1 wk 
to evaluate their general health status. After an overnight 
fast, anesthesia was induced with sodium pentobarbital 
(Diabutal, Diamond Laboratories, Des Moines, LA, 30 
mg/kg iv). Thereafter, anesthesia was maintained by 
intravenous boluses of 30-60 mg of Diabutal adminis 
tered periodically during the experiment as necessary. 
Because pentobarbital may cause respiratory depression 
in dogs, animals were intubated and artificially ventilated 
with a Bird pressure cycled ventilator using 40% oxygen.

0193-1849/81/0000-0000$01.25 Copyright © 1981 the American Physiological Society E233



E234

Surgical Procedures
Total pancreatectomy was carried out in seven dogs. 

The portal vein and hepatic artery were exposed and 
electromagnetic flow probes (Gould-Statham, SP2202) 
were placed around each vessel. The probe around the 
portal vein was placed 2 cm before its bifurcation into 
right and left portal trunks. The hepatic artery probe 
was positioned 2 cm distal to the origin of this vessel 
from the celiac trunk. Probes of appropriate size were 
chosen in each experiment to produce approximately 30 
and 15% constriction of the portal vein and hepatic artery 
respectively, as recommended by Gordon et al. (18). Prior 
to each experiment, the flow probes were calibrated in 
saline and rechecked after their placement to ensure that 
occlusion of the vessels recorded zero flows. Flow probes 
were placed onto each vessel in the position illustrated in 
Fig. 1 after careful stripping of the adventitia in the 
region of placement to enable good contact with the 
vessel Probes were aligned at right angles to the direction 
of blood flow and fixed in that position. Correct orienta 
tion was confirmed after completion of each experiment 
The gastroduodenal branch of the hepatic artery was 
identified and ligated because this artery contributes to 
hepatic artery blood flow, but its contents bypass the 
liver. The gastroduodenal vein was also ligated as it 
enters the portal vein above the position at which portal 
blood flow is measured.

Catheter Placement
End sampling catheters were placed in the portal vein, 

hepatic vein, and femoral artery. The portal vein catheter 
was positioned so that the tip lay at the bifurcation of 
this vessel in the porta hepatis. The peripheral arterial 
catheter was inserted through a small branch of the left
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no. 1. Schematic representation of positions of sampling catheters 
and flow probes.
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femoral artery into the common femoral artery. The 
hepatic vein catheter was passed through the right inter 
nal jugular vein into the left common hepatic vein 1-2 
cm from the wedged position. Two catheters were in 
serted into the left jugular vein, one for monitoring 
central venous pressure and the other for infusion of 
insulin, glucagon, and somatostatin. Flow probe and cath 
eter positions are illustrated in Fig. 1. Because correct 
catheter placement is essential for the validity and repro- 
ducibility of these experiments, the catheter positions 
were verified by a number of independent methods. The 
portal vein catheter was inserted under direct vision and 
its position checked by palpation. The position of the 
hepatic vein catheter was confirmed radiologically by 
injection of 5 ml Renografin. Since all dogs were studied 
in the fasted state, the presence of a 10-20 mg/100 ml 
glucose gradient between portal and hepatic vein pro 
vided further confirmation of the hepatic vein location of 
the catheter. In addition the position of all catheters was 
verified at autopsy on completion of each experiment.

Physiological Monitoring
Special care was taken to maintain the vital functions 

of the dogs within normal limits for the duration of the 
experiment. Arterial pulse and blood pressure were mon 
itored continuously via the femoral artery catheter by 
means of a "slope-mobile" monitor (Honeywell, Denver, 
CO). Urine was collected through a Foley catheter and 
output quantitated hourly. Intravenous fluids (0.9 or 
0.45% saline) were infused to maintain the pulse and 
blood pressure stable, central venous pressure between 4 
and 8 cm of water, and urine output at least 15 ml/h. 
Rectal temperature was monitored by means of a Tele- 
thermometer (Yellow Springs Instrument, Yellow 
Springs, OH) and maintained within normal limits with 
the aid of a heating blanket when necessary. Arterial 
blood gases were measured at the end of the surgical 
procedure and at least twice during the subsequent ex 
periment (Radiometer ABL, Copenhagen). The ventila 
tor settings were adjusted to maintain a normal arterial 
pH. Serum lactate was measured if arterial blood gas 
values suggested metabolic acidosis. The hematocrit was 
measured at the start of surgery and during each infusion 
period. Peripheral glucose concentrations were measured 
at least twice during each experimental period. Glucose 
concentrations remained in the euglycemic range 
throughout the experiments. Liver biopsy and tests of 
liver function taken at the end of the study in a number 
of experiments were normal. The importance of physio 
logic stability was underscored by the observation, in 
preliminary experiments, that hormone metabolism is 
virtually obliterated in animals that are markedly hypo- 
volemic, acidotic, or hypothermic.

Preparation of Infusates
Glucagon. Glucagon (Novo, Copenhagen) was added 

to a solution containing 0.9% saline, 3% bovine serum 
albumin (Pentex, Miles Laboratories, New York). Highly 
purified, lyophilized, crystallized bovine serum albumin 
(BSA) was used to avoid the risk of degradative activity
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that might be associated with less pure fractions of BSA. 
It has been suggested that glucagon may lose biologic 
activity, yet retain its immunoreactivity under certain 
conditions, such as storage (6, 21), and therefore stock 
solutions of glucagon were prepared immediately before 
each experiment and kept at 4°C until infused.

Insulin. Insulin (pork regular, U-100, Eli Lolly, Indi 
anapolis, IN) was added in appropriate concentrations to 
the solution containing glucagon.

Somatostatin. A solution of 20 /ig/ml of cyclic soma- 
tostatin (Bachem, Torrance, CA) was prepared in 3% 
BSA saline and kept at 4° until used.

Experimental Design (Fig. 2)

The metabolism of exogenously infused glucagon and 
insulin was assessed in two groups of dogs. In the first 
group (7 animals), endogenous insulin and glucagon se 
cretions were eliminated by total pancreatectomy and 
subsequent insulin infusion, since insulin replacement 
has been shown to rapidly and completely suppress ex- 
trapancreatic glucagon secretion (5, 36). In the second 
group (20 animals), secretion of insulin and glucagon was 
suppressed by somatostatin. An intravenous bolus of 
somatostatin (100 fig) was injected, followed by a con 
stant infusion of 800 ng-kg^-min"1 via the left jugular 
catheter, continued for the duration of the experiment. 
Forty minutes following the start of the somatostatin 
infusion or after completion of pancreatectomy, two sam 
ples were drawn at 5-min intervals from the femoral 
artery, portal vein, and hepatic vein. These samples were 
obtained to ensure adequate insulin and glucagon sup 
pression by somatostatin or their removal by pancreatec 
tomy and to determine the concentration and molecular 
profile of residual glucagon immunoreactivity (nonsup- 
pressible IRG). This protocol was slightly modified to 
assess endogenous glucagon metabolism in some experi 
ments. Following catheter placement and the 45-min 
equilibration period, three samples were drawn at 5-min 
intervals at the end of a 45-min period (equivalent to 
period I, Fig. 2) from each of the three catheterized 
vessels.

The same basic experimental protocol was then fol 
lowed for all experiments (Fig. 2). A glucagon and insulin 
bolus was injected at the start of each experimental 
period, followed by infusion of the hormones via the left 
jugular venous catheter. Basal replacement doses* of in 
sulin were infused, and the amount of glucagon varied
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from 1 to 300 ng.kg~'.min~ 1 . In certain studies, a con 
stant infusion of glucagon was given throughout the 
experiment, and in others the dose was increased in 
successive periods. In eight experiments, insulin was 
omitted in some periods to assess the effect of short-term 
insulin lack on glucagon metabolism, and in three exper 
iments, no insulin was infused. Samples for insulin and 
glucagon were drawn 35, 40, and 45 min into each period 
from the femoral artery, portal vein, and hepatic vein. 
The hepatic vein sample was drawn 10 s after the other 
samples to allow for hepatic transit time. The sampling 
time points were chosen on the basis of preliminary 
experiments, which revealed that this infusion time was 
necessary to obtain consistent steady-state levels of in 
sulin and glucagon. An infusate sample was taken from 
the infusion catheter at the point at which it entered the 
animal at the beginning and end of each infusion period, 
and these two values were meaned for calculation of the 
infusion rate. At the end of period III, the somatostatin 
infusion was continued for a further 30 min. Samples 
were taken from the femoral artery at 1, 2, 3, 4, 5, 7.5,10, 
12.5, 15, and 30 min to determine the half-life of the 
hormones.

Sample Processing

Samples for glucagon were collected in chilled tubes 
(4°C) containing 500 lU/ml Trasylol (FBA Pharmaceu- 
ticals, New York) and EDTA (1.2 mg/ml). Plasma was 
separated within 3 h at 4°C and stored frozen (-20°C) 
until assayed. Samples for insulin were allowed to clot at 
room temperature, and after centrifugation at 4°C, the 
serum was frozen as for glucagon.

Immunoassay Techniques
Serum insulin was measured by a modification of the 

double-antibody technique (34). The glucagon immuno- 
assay was performed with the 30 K antibody (obtained 
from Dr. R. Unger) as previously described, using char 
coal for separation of free from bound hormone (56). The 
interassay coefficient of variation for samples above 80 
pg/ml is 5.8 ± 0.5 and 10.1 ± 2.4% for samples containing 
<80 pg/ml, and the corresponding values for intra-assay 
variability are 3.7 ± 0.5 and 8.8 ± 2.3%. The minimal 
detectable level of immunoreactive glucagon is 5 pg/tube. 
Gel filtration of plasma glucagon was carried out using 1 
x 50 cm Biogel P-30 columns as previously described 
(27).
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Data Analysis

Three values for glucagon and insulin extraction were 
obtained in each experimental period. These results were 
meaned to provide an extraction value for each period. 
These period means were used to analyze saturability, 
compare endogenous and exogenous hormone metabo 
lism, and assess the stability of the animal during the 
experiment (by comparing the results of the first and last 
period). A single value for the various metabolic param 
eters in each dog was obtained by averaging the results 
from the individual periods. The overall results for he 
patic glucagon and insulin extraction and metabolic 
clearance rate for both hormones was obtained by mean 
ing these values.

Hepatic extraction. Hepatic extraction for each hor 
mone was calculated at every sampling time according to 
the formula

x 100

hepatic extraction (%)
_ hepatic delivery rate - hepatic removal rate 

hepatic delivery rate
Hepatic delivery rate (ng/min) = a + b, where a = HA 
plasma flow X [FA(IRG) — nonsuppressible IRQ] and 
b = PV plasma flow X [PV(IRG) - nonsuppressible 
IRG]. Hepatic removal rate (ng/min) = HV plasma flow 
X [HV(IRG) - nonsuppressible IRG], where HV plasma 
flow = PV + HA plasma flows. HA is the hepatic artery; 
FA, the femoral artery; PV, the portal vein; HV, the 
hepatic vein; IRG, immunoreactive glucagon.

Metabolic clearance rate (MCR). The metabolic clear 
ance rate of insulin and glucagon were calculated by the 
formula of Tait (53)

MCRiRG =
glucagon infusion rate (ng/min)

steady-state arterial IRG — 
nonsuppresible IRG (ng/ml)

MCR for insulin was similarly derived.

Statistical Methods
All results are expressed as means ± SE. Statistical 

significance of differences is assessed by paired or un 
paired two-tailed Student's t tests where applicable. All 
tests of significance are at the P < 0.05 level.

RESULTS

The results obtained in two representative experiments 
(one postpancreatectomy and the other following soma- 
tostatin infusion) are shown in Table 1. Similar results 
with steady-state hormone levels and stable physiologic 
parameters were obtained in all experiments. To measure 
the stability and reproducibility of glucagon extraction 
and to exclude the possibility that the infusion of gluca 
gon might cause a short-term alteration in its metabo 
lism, the results of the first and last periods of each 
experiment were compared (n = 26). There was no sig 
nificant difference in hepatic extraction (22.8 ± 2.0% first 
period vs. 20.8 ± 2.2% last period). Furthermore, the 
possibility that hepatic extraction represented mainly 
uptake of glucagon onto receptors without further me-
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tabolism (38) is unlikely because at no tune were extrac 
tion values negative in any experiment. This situation 
would have been anticipated if hormone dissociation 
from its receptors had occurred at some time during the 
experiments.

Hepatic Extraction

The extraction of exogenously infused glucagon and 
insulin is illustrated in Fig. 3. The hepatic extraction of 
glucagon in 27 animals was 22.5 ± 1.7%, whereas that of 
insulin was 45.7 ± 3% (n = 24). Hepatic glucagon extrac 
tion in pancreatectomized dogs was 27.9 ± 4.2%, whereas 
in somatostatin-infused dogs it was 20.6 ± 1.6%. The 
corresponding values for insulin were 44.9 ± 6 and 46.0 
± 3.6%. There were thus no significant differences in 
hepatic extraction of either hormone in the two experi 
mental protocols.

Hepatic extraction of endogenous glucagon was com 
pared to that of exogenously infused hormone in two 
ways (Fig. 4). In six animals, hepatic extraction of endog 
enous glucagon was assessed in the basal state (equili 
bration period), prior to somatostatin infusion, and found 
to be 22.1 ± 2.8%. After infusion of somatostatin in these 
same animals, hepatic extraction of exogenously infused 
glucagon was not significantly different (19.1 ± 1.9%). In 
the 14 other animals infused with somatostatin, the he 
patic extraction of exogenous glucagon was 22.0 ± 2.1%, 
and this result was also not significantly different from 
the extraction of endogenous glucagon.

In the majority of these experiments, we studied he 
patic glucagon metabolism at concentrations in the phys 
iologic and pathophysiologic range, up to plasma concen 
trations of 2,400 pg/ml, levels often seen in patients with 
the glucagonoma syndrome. The relationship between 
delivery and extraction of glucagon is illustrated in Fig. 
5. It is evident that hepatic glucagon extraction is not 
saturable at these delivery rates. In certain experiments, 
we increased the infusion rate of glucagon to raise its 
circulating level 20- to 60-fold above the physiologic 
concentration usually encountered in the portal vein. 
When glucagon extraction at hepatic glucagon delivery 
rates of 2,000-15,000 ng/min (corresponding to arterial 
glucagon levels of 6,000-45,000 pg/ml) was compared to 
the value predicted from the regression line derived from 
the observations shown in Fig. 5 (i.e., delivery rates below 
800 ng/min), there was a systematic prediction bias. 
Thus, the extraction values at high delivery rates were 
significantly less than those predicted (P < 0.01). In 
addition the slope of the line through these nine points 
(y = 0.103* ± 0.03) was more shallow than the slope of 
the line plotted through the values in the physiologic 
range (Fig. 5) (y = 0.204* ± 0.011, P < 0.001).

To determine whether saturation of the hepatic ex 
traction process may have begun at high physiologic 
concentrations of glucagon, the percentage extraction at 
high arterial values (1,200-2,400 pg/ml; corresponding to 
a delivery rate of 400-800 ng/min) was compared with 
that obtained at lower concentrations (0-1,200 pg/ml) in 
the same animals. Hepatic extraction at levels below our 
arbitrarily chosen cut-off point of 1,200 pg/ml was 25.9 
± 3.4% although it was similar (25.0 ± 6.8%) in these
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TABLE 1. Representative data from one pancreatectomy and one somatostatin experiment
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Equili 
bration

25 30

Femoral artery IRG, pg/ 30 32 
ml

Portal vein IRG 42 36 

Hepatic vein IRG 28 35

Hepatic artery blood flow, 
ml/min

Portal vein blood flow 

Hematocrit, %

Hepatic glucagon 
extraction, % of 
delivery

Period mean, % 
Overall mean, %

MCR, ml • kg" 1 • min" 1 
Overall mean, %

Hepatic/metabolic 
clearance, % 

Overall mean, %

Serum lactate, mM

Arterial gases 
pH 
PcOj, tnmHg 
Poj, mmHg

Pancreatectomy (17.85 kg)

Period I Period II Period III

Somatostatin (17.3 kg)

ration Period 1 Period II Period III

35 40 45 35 45 45 35 40 45 25 30 35 40 45 36 40 45 35 40 45

210 230 245 840 840 840 1650 1900 2000 31 31 236 260 254 804 860 1032 2320 2065

190 175 225 680 640 670 1570 1600 1700 36 36 227 249 249 792 706 842 2000 1935 

160 160 180 550 580 540 1450 1450 1300 30 32 160 198 170 640 640 704 1730 1585 

164 189 189 176 171 180

394 418 418 418 420 455 

32 32 33 43 39 40 

21.9 19.6 25.6 25.8 18.2 31.3 9.3 14.7 28.0 25.0 24.5 36.7 25.3 21.6 22.3 17.5 19.5

22.4 25.1 17.3 28.7 21.4 18.7 ' ——————— 21.6 ——————— ' ' "" " '

10.5 9.4 11.5
1 in * '

39 62 35 
1 ^ 1

3.2

7.38 7.32 7.30 
27 19 17 
434 416 405

•• • &t,.\> - " 

14.4 13.8 11.7

39 32 35 
1

1.2

7.40 7.41 
25 20.3 
603 418

Time is given in minutes for equilibration periods and for sampling times in the three periods.
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groups of animals, although the decrease in glucagon extraction in dogs 
infused with somatostatin approached statistical significance. (Px = 
pancreatectomized; SRIF = somatostatin infused).

and pharmacologic levels of glucagon, hepatic glucagon 
extraction (21.8 ± 2.8%) at delivery rates below 400 ng/ 
min (corresponding to arterial glucagon levels < 1,200 
pg/ml) was different from that at glucagon delivery rates 
above 2,000 ng/min (arterial glucagon > 6,000 pg/rnl)
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(14.8 ± 1.6%, P < 0.05). Further analysis of this data (not 
shown) has indicated that saturation occurs at an arterial 
glucagon level between 6,000 and 20,000 pg/ml.

Gel Filtration

Gel filtration of plasma samples taken 40-45 min after 
beginning the somatostatin infusion revealed complete 
suppression of the 3,500-dalton glucagon component. 
However, there was little effect on the other immuno- 
reactive glucagon fractions (nonsuppressible IRG) (Fig. 
6). Gel filtration of simultaneously drawn samples from 
the femoral artery, portal vein, and hepatic vein in an 
experiment concerned with endogenous glucagon metab 
olism (Fig. 7) indicated that the liver extracts the 3,500- 
dalton IRG component almost exclusively. Gel filtration 
also showed that plasma immunoreactive glucagon elutes 
entirely in the 3,500 molecular weight range after exoge 
nous glucagon infusion in both pancreatectomized and 
somatostatin-infused animals (Fig. 8).

Metabolic Clearance Rate

The MCR of glucagon was 12.6 ± 0.7 ml-kg-'-mhT', 
whereas that of insulin was 19.5 ±1.0 ml-kg" 1 -min' 1 
(Fig. 9). The hepatic clearance rates of glucagon and 
insulin were 4.2 ± 0.3 and 8.1 ± 0.6 ml-kg" 1 -min' 1 , 
respectively. The liver thus accounted for 34.7 ± 2.4% of 
overall glucagon metabolism and 42.0 ± 2.9% of that of 
insulin. The MCR of glucagon did not vary systematically 
at arterial levels ranging from 100 to 40,000 pg/ml. The 
MCR for glucagon and insulin in pancreatectomized and 
somatostatin-infused dogs (12.4 ± 1.8 vs. 12.7 ± 0.8 and 
17.3 ± 1.7 vs. 20.4 ± 1.2 ml-kg^-min' 1 , respectively) 
were similar.
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Half-Disappearance Times of Glucagon and Insulin

The half-life (< 1/2 ) of infused glucagon and insulin was 
5.5 ± 0.5 and 4.1 ± 0.3 min, respectively (Table 2). Half- 
disappearance times of glucagon and insulin in pancrea-

y • O.2O4 x + l(n>57) 
r • 0.93; p<.OOI200

6 175 

£ 
z 150

o
< 125

100

y 50

25

100 200 300 400 500 600 700 800
HEWTIC GLUCAGON DELIVERY (ng/mln) 

i———————I———————i_______i_______i 
0 600 1200 1800 24OO 

'ARTERIAL GLUCAGON LEVEL tpg/mn
no. 5. Relationship between hepatic glucagon delivery rate and 

extraction. Regression line shown represents 57 observations in 27 dogs. 
Because hepatic blood flow varied from animal to animal, levels of 
hepatic glucagon delivery at same arterial glucagon level were not 
identical in each individual dog. Nevertheless, arterial levels were very 
closely correlated with hepatic glucagon delivery rates, and these values 
are plotted on lower ecale for purposes of reference.

DEXTRAN 
BLUE ISI I-PROINSULIN '"I GLUCAGON

40-

20-

£>£,?'

0.
oo: 20- i—i

o-
40-

20-

n -

A
/88pg\• •• f. f • «f

A
n

J\

_ /,0.pg\ , llttttTTtlT . .,.....,....„

PORTAL VEIN SAMPLE
IRG -55 pg/ml 
1.6 ml on column • 86 pg 
RECOVERED 82 pg (93%)

'•••?*•*•• ——————

HEPATIC VEIN SAMPLE
IRG • 58 pg/ml 
1.7 ml on column • 99pg 
RECOVERED ICO pg (101%)

FEMORAL ARTERY SAMPLE
IRG -56 pg/ml 
1.8 ml on column • 101 pg 
RECOVERED IOIpg(IOO%)

-»• •«•«••• ———————

10 20 3O 4O 
FRACTION NUMBER

50

FIG. 6. Representative elution pro 
files of plasma IRG on 1 X 50 cm Biogel 
P-30 columns. Samples were taken after 
30 min of somatostatin infusion. Col 
umns were calibrated with dextran blue 
(mol wt, 2 x I06), i:>1 I-proinsulin (mo! wt, 
9,000), and 1KI-glucagon (mol wt, 3,500).



HEPATIC METABOLISM OF GLUCAGON E239

30- 

20- 

10- 

0-

20-

Dotran Blue

IRG(pg/ml|.|96 
PEAKS (pa/ml)

A PEAK • 24 
B PEAK • 7 
C PEAK • 135 
D PEAK • 26

.....A.
IRGIpg/mll« 101 

PEAKS (pa/ml)

A . 17 
2. * *
S. = 53 
D > 17

'"iProlnsulln '"l Glucogon 

It *

(12.5) f\ 
(3.6) / > 

(70.41 / \ 
(13,5) f \

A ./ «\
(%)
(17.4) 
(9.71 

(54.9) 
(18.1) A

'"N« I

PORTAL VEIN • 
Iml umple: 1RG • 196 pg/ml 
RECOVERY • 98 X

A
HEPATIC VEIN :
I.S ml sample: 1RG • 101 pg/ml 
RECOVERY - 96 %

10-

o- »•»•»< -

20-

10-

no. 7. Representative elution profiles of plasma 
TBG on 1 X 50 cm Biogel P-30 columns. Samples 
were token at end of equilibration period prior to 
infusion with somatostatin. Columns were calibrated 
as in Fig. 6.

IRG(pg/ml) • 58
PEAKS (pa/ml)

A • 20
B . 4 
C -15

(%)

38.5
7.7 

27.5 
26.4

FEMORAL ARTERY:

RECOVERY » 92 %

10 30 40 
FRACTION NUMBER

50

tectomized and somatostatin-infused animals (5.6 ± 1.6 
vs. 5.4 ± 0.5 and 5.3 ± 0.5 vs. 4.0 ± 0.3 min, respectively) 
were also similar.

Effect of Insulin on Glucagon Metabolism
This effect was assessed in two ways. In eight soma- 

tostatin-infused dogs, insulin was omitted from the infu- 
sate in some infusion periods and added to others in 
random order. Glucagon extraction in periods without 
added insulin (21.6 ± 2.2%) was not different from that 
in periods during which insulin was infused (18.8 ± 1.8%). 
In three Hnimnln, insulin was not infused at any stage of 
the experiment, and the glucagon extraction in these 
animals (21.5 ± 2.6) was not different from that in ani 
mals in which the basal replacement doses of insulin 
were infused (18.8 ± 1.8%).

Effects of Glucagon on Insulin Metabolism

Insulin extraction at arterial glucagon levels of <1,000 
pg/ml (n - 37), 1,000-5,000 pg/ml (n = 7), and >5,000 
pg/ml (n - 7) were similar (45.9 ± 2.8, 42.5 ± 7.8, and 
37.1 ± 5.6%, respectively).

To assess whether glucagon and insulin metabolism 
were related, simultaneously measured hepatic extrac 
tions, metabolic clearance rates, and half-disappearance 
times for each hormone were compared (Table 2). Ab 
sence of a significant regression relationship between

simultaneously measured insulin and glucagon values for 
each of these three functions indicates that the metabo 
lism of glucagon and insulin are independent processes.

DISCUSSION
The precise quantitation of hepatic extraction of pan 

creatic hormones in vivo presents a number of metho- 
dologic problems, such as streaming of newly secreted 
hormone in the portal vein, variations in hepatic transit 
time, hepatic vein sampling errors due to differential 
distribution of hormone in the various hepatic lobes and 
their veins, and other potential errors associated with 
nonsteady-state conditions, including the possibility of 
pulsatile secretion. In addition, considerations relating to 
glucagon heterogeneity in plasma are also important. To 
obviate these problems, we developed the animal model 
described in these studies. Thus the infusion of exogenous 
glucagon via a peripheral vein following removal or sup 
pression of endogenous secretion a) ensures adequate 
mixing of glucagon before it reaches the portal vein, 
resulting in homogeneous distribution of glucagon in the 
portal and hepatic venous beds, b) minimizes the impor 
tance of transit time considerations, c) ensures attain 
ment of prolonged steady-state conditions, d) ensures 
predictable and reproducible levels of hormone delivery 
to the liver, and e) eliminates errors associated with 
glucagon heterogeneity.



E240 JASPAN ET AL.

60 

40-

zo-\

a a

u
(t 40H

20H 

10

60 H

40H

Deilron Blue '"l-Proinsuhn '"l Glucogon

PORTAL VEIN SAMPLE • IRG-666 pg/ml 
0.3ml on column =200pg 
RECOVERED •=•______I96pg(98%)

»««»•••••••••••»••••••••

HEPATIC VEIN SAMPLE •
O.Jml on column 
RECOVERED T

I RG « 520 fHj/ml
= 156 pg 

158 (101%)
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FIG. 9. Simultaneously measured metabolic clearance rates and he 
patic clearance of ezogenously infused glucagon and insulin. Contribu 
tion of hepatic metabolism to total metabolic clearance for each hor 
mone is shown within hatched bar.

Flow measurements were thought to be adequate as 
judged by similarity of flows to those reported by others 
in dogs (26, 31, 36, 38) and the close approximation to 
the 71% portal vein and 29% hepatic artery proportions 
previously described (19). However, to validate flow 
probe measurements by an independent method, we

TABLE 2. Comparison of simultaneously measured 
hepatic extraction, MCR, and plasma t\/z of 
glucagon and insulin

Glucagon 
Insulin

r

Hepatic Extraction, 
%

(25) 
22.8 ± 1.8 
45.2 ± 3.3 

0.28

MCR, ml-kg-'-min" 1

(22) 
12.6 ± 0.8 
19.5 ± 1.0 

0.37

lt/2,
min

(13) 
5.5 ± 0.5 
4.1 ± 0.3 

0.02
Values are means ± SE; numbers in parentheses are numbers of 

observations. Values of r are not significant Because there were no 
differences between the results in the pancreatectomized and somato- 
statin-infused dogs and the relationship between insulin and glucagon 
was unchanged when analyzed separately, the data from the two 
experimental procedures have been pooled.

infused indocyanine green (ICG) simultaneously in five 
randomly selected experiments, estimated hepatic blood 
flow by this method, and compared the results to those 
obtained with flow probes. Because the liver is the sole 
site for ICG metabolism, ICG clearance gives a measure 
of total hepatic blood flow. This is divided into 71% portal 
and 29% hepatic artery (19). Overall agreement between 
these two simultaneous measurements of hepatic blood 
flow was good. The correlation between total hepatic 
blood flow measured by flow probes (portal vein probe 
measurement plus hepatic artery probe measurement)
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and that calculated from ICG was highly significant (r 
= 0.91, P < 0.001). The corresponding values for hepatic 
artery flows and portal vein flows obtained by the two 
methods were r •= 0.86, P < 0.001 and r = 0.82, ~P < 0.001, 
respectively. The discrepancies expressed as percentage 
difference were 11 ± 2% for total hepatic blood flow, 13 
± 3% for hepatic artery, and 14 ± 3% for portal vein flow.

A number of investigators (13, 20, 23) have shown that 
blood flow in the portal vein may be laminar, resulting in 
uneven distribution of newly secreted insulin. Thus the 
hormone concentration measured may vary depending 
on the distance of the catheter from the liver and its 
position in the portal vein. In addition, Kanazawa et al. 
(24) reported that the insulin level in an hepatic vein was 
sometimes lower than that in the femoral artery. Ob 
viously, under conditions of pancreatic hormone secre 
tion this should not occur. It is probable that this effect 
is due to inadequate hormone mixing in the portal vein 
with some liver lobes receiving a higher insulin concen 
tration than others. Although similar observations have 
not been made with respect to glucagon, it seems likely 
that this situation might sometimes also affect glucagon 
measurements. We have attempted to overcome the ef 
fects of portal vein streaming by suppressing endogenous 
secretion and infusing glucagon and insulin peripherally. 
This approach facilitates complete mixing in the portal 
vein. In addition we have placed the portal vein catheter 
as near to the liver as possible to minimize the effects of 
portal vein streaming in the experiments in which endog 
enous hormone extraction was measured. The fact that 
the hepatic extraction of endogenously secreted glucagon 
was the same as peripherally infused exogenous glucagon 
indicates that significant artifact due to streaming- is 
unlikely. Furthermore, in all experiments in which en 
dogenous glucagon extraction was measured, hepatic vein 
concentrations were higher than those in the femoral 
artery.

While obviously of physiologic importance, measure 
ment of hepatic hormone metabolism in nonsteady-state 
conditions is difficult and subject to a variety of errors 
(23, 38). This is particularly true when the amount of 
secreted hormone is changing rapidly. Under such cir 
cumstances, hormone levels in the hepatic artery and 
vein and the portal vein are influenced not only by the 
extent of hepatic metabolism, which may change with 
varying delivery rates of the hormone, but also by hepatic 
transit time and the half-disappearance time of the hor 
mone. The observations that the basal secretion of glu 
cagon and insulin may be pulsatile in monkeys and man 
may also have importance in this regard (17, 28). The 
use of a constant hormone infusion following inhibition 
or removal of endogenous secretion has enabled us to 
obtain satisfactory steady-state conditions over long pe 
riods of time, hence obviating these problems.

Plasma glucagon immunoreactivity consists of at least 
four components of different molecular size. There is 
evidence that the liver extracts the 3,500-dalton compo 
nent but not the 9,000 or higher molecular weight frac 
tions (>40,000-daltons) (22). Thus, assessment of totaJ 
endogenous IRG extraction may underestimate the ex 
traction of the 3,500 mol wt glucagon component, and 
overestimate the extraction of the two larger molecular
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weight fractions, depending on their relative contribu 
tions to total IRG. As exogenously infused glucagon is a 
homogeneous 3,500-dalton peptide (Fig. 8), we have 
avoided the potential errors associated with heterogene 
ity of circulating glucagon. It is noteworthy that neither 
somatostatin infusion nor pancreatectomy completely 
eliminated plasma IRG, but resulted in a nonsuppressible 
IRG level, which consisted of fractions other than the 
3,500-dalton component (Fig. 6). Accordingly the nonsup 
pressible IRG value was subtracted from all calculations 
of extraction of exogenous glucagon to obtain accurate 
data for the 3,500-dalton component.

Hepatic glucagon extraction varied widely in different 
animals (12-44%). In general, the level of extraction 
tended to remain stable in a particular animal during 
each experiment. Furthermore, in a number of other 
animals studied in the conscious state by means of a 
chronic indwelling catheter technique (9), values for he 
patic extraction similar to those reported here in the 
anesthetized animal were obtained in two experiments 
conducted on the same animal 4 wk apart. As hepatic 
glucagon extraction varies from animal to animal, it is 
not possible to predict the portal vein glucagon concen 
tration from the peripheral arterial or venous level in any 
given animal. Furthermore, we have studied extraccion 
only under steady-state conditions. It is probable that 
many factors such as the rate of hormone secretion, 
nutritional status, food intake, and disease states may 
influence hepatic extraction, making it even more diffi 
cult to predict portal vein levels from peripheral hormone 
levels. Similar observations were made by Sirek et al. 
(48), who reported that bolus injections of growth hor 
mone led to acute elevation of glucagon in the portal vein 
in normal and alloxan-diabetic, but not in pancreatec- 
tomized, dogs. These portal increments were, however, 
not reflected in the periphery. Because it is the portal 
vein glucagon level that is the important determinant of 
its metabolic action, studies that attempt to interpret the 
physiologic actions of glucagon and its role in disease 
states based upon peripheral hormone concentrations 
alone may be inadequate. In addition, analogous to the 
observations of Stern et al. (52) with respect to insulin, 
measurements of the rate of delivery of glucagon into the 
general circulation are not necessarily equivalent to the 
total glucagon secreted by the pancreas as has been 
suggested (45). Caution is also necessary in the conclu 
sion that the metabolic clearance rate of glucagon at 
steady state measures glucagon secretion (45) because it 
overlooks that fraction of glucagon secretion by the pan 
creas removed by the liver prior to its entry into the 
general circulation.

Rbjdmark et al. (38) have reported that the infusion of 
glucagon diminishes hepatic extraction of insulin in the 
dog, whereas Terris and Steiner (54) found no effects of 
glucagon on the degradation of 125I-insulin during in situ 
perfusion of livers from diabetic rats. Although the reg 
ulation of the degradation of one peptide hormone by 
another remains an interesting possibility, in these stud 
ies we were unable to find evidence for an effect of insulin 
on glucagon metabolism or on insulin metabolism by 
glucagon. Sacks and co-workers (41) and Oliver and 
Wagle (37) suggested that somatostatin may affect cer-
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tain hepatic functions, including glucose metabolism. 
However, experiments with rat liver slices failed to sup 
port this conclusion (10) and Cherrington et al. (8) 
showed that somatostatin had no direct effect on glucose 
metabolism in the dog. In our studies, somatostatin did 
not appear to influence the metabolism of insulin because 
similar values for hepatic extraction, metabolic clearance 
rate, and plasma half-disappearance time were found in 
experiments involving pancreatectomy and those utiliz 
ing a somatostatin infusion. In the case of glucagon, the 
metabolic clearance rate and half-disappearance time 
were also similar in pancreatectomized and somatostatin- 
infused animals. Similar conclusions were reached by 
Van Hoorn et al. (57) in studies involving pigs. However, 
it should be noted that the hepatic extraction of glucagon 
in the presence of high concentrations of somatostatin 
approached, but did not reach, levels that were signifi 
cantly lower than those in experiments in which soma 
tostatin was not used (Fig. 3). Further experiments will 
thus be required to resolve this question.

A number of investigators (3, 23, 43, 47, 55, 58) have 
observed that hepatic insulin extraction is not saturated 
below levels of 20 ng/mL That the process was ultimately 
saturable was suggested by studies of Rubenstein et al 
(40). and Misbin and co-workers (33), who reported that 
insulin removal by the isolated perfused rat liver was 
decreased appreciably at perfusate concentrations above 
80 ng/mL With respect to hepatic glucagon extraction, 
much less is known. Although Alford et al. (1) reported 
that the metabolic clearance rate for glucagon was inde 
pendent of circulating concentrations of the hormone in 
both control and diabetic subjects, the capacity of the 
liver for glucagon extraction has not been directly stud 
ied. The results obtained in this study indicate that, 
analogous to insulin, glucagon extraction is not saturated 
within physiologically encountered hepatic glucagon de 
livery rates, although the process shows a tendency to 
wards saturatability in the pharmacologic range.

The metabolic clearance rate of glucagon (12 ± 0.7 ml- 
kg~ 1 -min"1) was similar to values obtained in the same 
species by Lefebvre and Luyckx (29) and in man by 
Alford et al. (1) and Fischer and co-workers (15). Similar 
results were also obtained by Muller et al. (36). These 
authors have found that the metabolic clearance rate of 
pancreatic glucagon as well as extrapancreatic glucagon 
was 10 ml-kg~ I «min~1. MCR was found to be independ 
ent of arterial glucagon levels over a wide concentration 
range. A similar observation was made by Alford et al. 
(1) over a range of plasma values from 50 to 1,300 pg/ml. 
The fact that MCR, in contrast to hepatic extraction, is 
not saturated at very high IRG levels suggests that 
alternative sites of metabolism must become available 
under these conditions. Preliminary evidence indicates 
that gut is probably important in this regard. Thus, in 
the seven pancreatectomized animals, the splanchnic ex 
traction, calculated from the difference between femoral 
artery and portal vein levels was 12.1 ± 0.9%, whereas 
the corresponding value for splanchnic extraction in the
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HEPATIC HEMODYNAMIGS AFTER CHRONIC OBSTRUCTION 

OF THE BILIARY TRACT IN THE DOG

R. T. Mathie, PH.D., London, England, D. M. Nagorney, M.D., Rochester, Minnesota,

M. H. Lewis, F.R.C.S.,(ENG.) Cardiff, Wales, and
L. H. Blumgart, M.D.,F.R.C.S.(ENG.)(EDIN.), Berne, Switzerland

Hepatic blond flow was measured in 12 dogs before and 
two weeks after obstruction of the bile duct (BD) or 
sham operation, using the electromagnetic flowmeter 
technique. Eight dogs with obstructed BD revealed an 
41 per cent decrease in total hepatic blood flow caused 
by an approximately equal percentage decrease in both 
hepatic arterial (HA) and portal venous (PV) flow, a 
decrease in arterial blood pressure, an increase in PV 
vascular resistance and little change in hepatic oxygen 
consumption. Fnur sham operated dogs showed min 
imal hemodynamic response. A dual mechanism for the 
hepatic hemodynamic consequences of chronic biliary 
obstruction is suggested: Decreased HA blood flow as 
sociated with diminished blood pressure and reduced 
PV blond flow resulting from raised intrahepatic PV 
vascular resistance.

DESPITE attempts to characterize the hepatic 
hemodynamic response to biliary obstruction, the 
pattern of circulatory changes in the liver remains 
unclear. Periods of obstruction varying arbitrar 
ily between one hour and eight weeks in dogs 
have been found to produce a decrease (1-4) and 
increase (2,5), or no change in total hepatic blood 
flow (2, 3, 5-7). Such confusion may be related 
not only to the different periods of biliary ob 
struction chosen but may also be a reflection of 
the wide range of techniques used to measure 
blood flow. Recently, clearer evidence has been 
obtained for a reduction in total hepatic blood 
flow related to the duration of biliary obstruction 
(8), but the inert gas clearance method rat used 
and the size of the experimental model prevented 
an assessment of the individual flow contributions 
made by the hepatic artery (HA) and the portal 
vein (PV). The present study was carried out to 
clarify the hemodynamic consequences of chronic 
bile duct (BD) obstruction by using the electro 
magnetic flowmeter technique to allow meas 
urement of both HA and PV flow in dogs at a
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single time two weeks after ligation of the com 
mon bile duct.

METHODS

Operation 1 (base line measurements). Exper 
iments were performed upon 12 healthy mongrel 
dogs of either sex, weighing from 17.6 to 25.4 
kilograms (mean, 21.1 kilograms). Food, but not 
water, was withheld for 24 hours before opera 
tion. Anesthesia was induced with thiopentone 
(25 milligrams per kilogram of body weight) 
given intravenously and maintained with 0.5 per 
cent halothane delivered in a 2 to 1 mixture of ni 
trous oxide and oxygen through an endotracheal 
tube. Pulmonary ventilation was achieved artifi 
cially with a Starling pump. Blood gases were 
analyzed, using a Corning 166 analyser, in sam 
ples obtained from a catheter placed in the right 
femoral artery. The minute volume of the pump 
and inspired oxygen concentration were adjusted 
to maintain P.CO2 and P,O2 at normal values (40 
millimeters of mercury [5.3 kilopascals] and 150 
millimeters of mercury [19.9 kilopascals], re 
spectively), Sodium bicarbonate was infused in 
travenously when required to maintain base def 
icit at the normal canine level of 4 millimoles per 
liter. The hematocrit level was maintained at 
approximately 40 per cent throughout each ex 
periment, controlled by intravenous infusion of 
150 millimolars sodium chloride (5 to 10 millili- 
ters per kilogram of body weight), each hour. 
Core temperature was maintained at 36 to 38 
degrees C. with radiant heat lamps when neces 
sary.

Operative procedures. Arterial blood pressure 
was recorded after introducing a catheter into a 
femoral artery. The abdomen was then opened, 
under sterile conditions, through a midline lapa- 
rotomy. One centimeter of the common hepatic 
artery was dissected free of adventitia at a point 
about 2 centimeters from the coeliac axis; it was 
normally possible to free a 1 centimeter length of 
vessel from the periarterial nerves without dam-
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TABLE I—HEPATIC HEMODYNAMICS AND OXYGEN CONSUMPTION BEFORE AND TWO WEEKS AFTER

BILE DUCT OR SHAM LIGATION

im ligalion, n™4-
Operalion No. 2

92.3*3.6 
8.1*1.4 
3.2*0.6 
4.6*0.6

0.19*0.03 
1.9*0.4 
2.4±0.4 
4.3*0.7

I

Hepatic oxygen consumption, HA supply — ml./lOO gm./min. . 
Hepatic oxygen consumption, PV supply — ml./tOO gm./min. . .

•Significant difference from, measurement at operation No. 1 , p<0.05. 
Data represent the mean ± S. E. M. 
PV, Portal venous; BD, bile duct, and HA, hepatic arterial.

Operation No. 1 Operation No. 2 
114.6*6.4 .72.6*8.0* 

4.6*0.6 6.3*0.7 
2.0±0.5 2.1 ±0.7 
5.6±1.3 17.6*0.8* 

0.31±0.01 0.33*0.04 
1.6±0.4 2.0*0.6 
1.0*0.2 1.0±0.5 
2.6*0.6 3.0*1.1

———— Sham 
Operation Nc

102.0*5.5 
6.0*1.1 
3.1*0.8

0.21*0.0' 
2.4*0.6 
2.8*0.8 
5.2*1.1

age to the neural tissue. The PV was similarly 
dissected for a length of 1 centimeter between the 
gastroduodenal and splenic veins. Electromag 
netic flow probes (Statham) were placed around 
each vessel (3 and 6 millimeters internal diam 
eter, respectively) and maintained in position pn 
the vessel with the aid of a detachable "gate."

The gastroduodenal and right gastric arteries 
were ligated to ensure that blood flow recorded by 
the probe on the HA perfused the liver. The gas» 
troduodenal vein was ligated and cannulated 
centrally to record PV pressure and to sample PV 
blood. An hepatic vein was cannulated using a 
long catheter introduced through the right ex 
ternal jugular vein. The catheter was withdrawn 
about 5 millimeters from the "wedged" position 
to allow measurement of "free" hepatic venous 
pressure and sampling of blood. All pressure 
measurements were obtained through strain 
gauge transducers (Bell and Howell) from a four 
channel preamplifier and chart recorder 
(Lectromed).

Experimental procedures. After hemodynamic 
stability was reached (usually within one hour of 
the end of the dissection), base line HA and PV 
blood flows and portal, hepatic venous and femo 
ral arterial pressures were recorded. Blood sam 
ples were obtained from the latter three vessels 
for oxygen content analysis, using the Lex-Oz 
-Con electrolytic cell (Lexington Instruments). 
The arterial sample was also used to determine 
hematocrit and hemoglobin concentration. An 
aliquot was allowed to coagulate and then cen- 
trifuged at 6,000 revolutions per minute for five 
minutes; the serum was stored at minus 20 de 
grees C. for later biochemical analysis of biliru- 
bin, alkaline phosphatase, alanine aminotrans- 
ferase (ALT), aspartate aminotransferase (AST), 
albumin and total protein.

The flow probes and catheters were then re 
moved. The gastroduodenal artery and vein were 
left ligated. The catheters in the jugular vein and

femoral artery were removed and the puncture 
site compressed to obtain hemostasis and to pre 
serve vessel patency. A small wedge biopsy of the 
liver was taken for base line histologic examina 
tion.

Bile duct ligation. In eight of the 12 dogs, a 
polyethylene catheter was inserted into the distal 
common bile duct for BD pressure measurement. 
The catheter was attached through a strain gauge 
transducer to the recording apparatus in the same 
way as for the recording of blood pressure. Re 
cordings of BD pressure were maintained for five 
to ten minutes until a constant base line level had 
been established. The catheter was then with 
drawn and the common bile duct doubly ligated 
and divided as close to its duodenal end as possi 
ble.

Sham bile duct ligation. In the remaining four 
dogs, the common bile duct was dissected but nei 
ther ligated nor cannulated. Biliary cannulation 
was not carried out in these dogs because of the 
risk of biliary leakage and to ensure free flow of 
bile postoperatively.

The abdomen was then closed with nylon and 
silk sutures, and 250 milligrams of penicillin was 
injected intramuscularly. Recovery in all dogs 
was uneventful. An intravenous saline solution 
drip for the first 12 postoperative hours was given 
but no other medication was administered for the 
remainder of the postoperative course. On the 
seventh postoperative day, a peripheral venous 
blood sample was taken and spun down and fro 
zen for subsequent biochemical analysis as be 
fore.

Operation 2 (two weeks after obstruction of the 
bile duct). On the fourteenth postoperative day, 
all 12 dogs were treated in an identical manner. 
Each dog was anesthetized and ventilated as be 
fore. A catheter was inserted in the femoral ar 
tery. The abdomen was then reopened through 
the previous laparotomy incision. The 3 and 6 
millimeter flow probes used in the previous ex-



Mathie et al.: HEPATIC HEMODYNAMICS AFTER CHRONIC OBSTRUCTION OF BILIARY TRACT 127
periment were again placed on the HA and the 
pV. PV pressure measurement and blood sam 
pling were achieved through a catheter advanced 
into the PV through a small branch of the splenic 
vein or through a mesenteric vein. A catheter was 
again advanced into an hepatic vein from an ex 
ternal jugular vein. The dilated stump of the 
common bile duct (BD ligated dogs) or intact duct 
(sham BD ligated dogs) was also cannulated, en 
suring that the catheter was not advanced beyond 
the bifurcation and that no bile was lost during 
the procedure. Continuous measurement of 
systemic arterial, PV, hepatic venous and BD 
pressures was thus available in all dogs.

After hemodynamic stability had been estab 
lished (usually within, one hour of the completion 
of the dissection, as at the first operation), read 
ings were taken of all hemodynamic parameters, 
as before. Blood samples were again taken for 
oxygen content analysis and the arterial sample 
was also used for biochemical analysis. The dog 
was then sacrificed and the liver was removed, 
weighed and a small specimen was taken forhis- 
tologic review.

DATA PRESENTATION AND ANALYSIS

Blood flow was recorded initially in milliliters 
per minute and subsequently recalculated in mil 
liliters per 100 grams of liver per minute by re 
lating the readings to the weight of the liver. Re 
sistances in the vascular bed of the HA, PV and 
mesenteric circulation were calculated by stand 
ard equations (9). Total hepatic oxygen con 
sumption was calculated using the oxygen content 
values of the arterial, PV and hepatic venous 
blood samples, and the standard formula (10).

The statistical significance (p<0.05) of any 
differences in the measured parameters between 
the two experimental days in each group was de 
termined using Student's t test for paired data. 
Results represent the mean ± standard error of 
the mean.

RESULTS
Blood flow. HA blood flow decreased by 36 per 

cent in the BD ligated dogs but did not change 
significantly in the sham group (Fig. 1). There 
was a 44 per cent decrease in PV blood flow in the 
BD ligated dogs, but no significant change in the 
sham operated dogs. Total hepatic blood flow, 
therefore, decreased significantly by 41 per cent 
in the ligated dogs and by only 10 per cent in the 
sham group. Base line flow in the two groups of 
dogs was not significantly different (Student's 
two-sample t test).
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Pio. 1. Changes in hepatic arterial blood flow, portal ve 
nous blood flow and mean arterial blood pressure after bile 
duct ligation or sham ligation (mean =t S.E.M.). 'Significant 
difference from measurement at Operation No. l:p<0.05. 
HABF, Hepatic arterial blood flow; PVBF, portal venous 
blood flow; TLBF, total liver blood flow, and MAP, mean 
arterial blood pressure.

Pressures and resistances. Mean arterial blood 
pressure decreased significantly between the two 
operations in the ligated group but did not change 
in the sham operated dogs (Fig. 1 and Table I). 
No significant changes in PV or hepatic venous 
pressure were detected in either group. BD pres 
sure increased to 17.6 millimeters of mercury in 
the ligated dogs but was not different from nor 
mal base line in the sham operated group (Table
I).

The pattern of change in HA and PV vascular 
resistances is shown in Figure 2. No change in 
HA resistance was noted in either group, but a 
statistically significant 187 per cent increase in 
PV resistance was observed in the ligated dogs 
compared with a nonsignificant 72 per cent in 
crease in the sham dogs. Mesenteric vascular re 
sistance did not change in either group (Table I).

Hepatic oxygen consumption. There was no 
statistically significant change in hepatic oxygen 
consumption in either group of dogs although a 
modest decrease was evident in both (Table I).

Biochemical and hematologic 'analyses. Bili- 
rubin, alkaline phosphatase, ALT and AST lev 
els all increased significantly in the BD ligated 
group (Table II). In the sham operated group, 
there were only slight changes, although these 
were statistically significant in the instance of 
alkaline phosphatase and AST. The total protein



—————————— Bilf duet lilratinn n=^
Operation No. 7

0.60*0.02
21.4*2.4
13.5*2.3
31.7*4.5
4.6*0.2
2.3*0.1

42.1*2.2
14.6*0.8

1 week
7.09*0.82*

971.5*140.9*
117.1*26.5*
187.2*43.7*

5.7*0.1*
2.4*0.1

45.9*1.8*
15.3*0.6

Operation Na. 2
5.33*0.58*

645.9*101.0*
133.2*17.2*
167.0*23.1*

3.1*0.4*
1.3*0.2*

33.1*2.2*
11.9*0.7*

— —————— Sham tigation, n=^
Operation No, 1 1 week

0.65*0.08
19.9*3.7
8.3*0.9

27.0*1.9
4.0*0.3
2.1*0.2

40.3*2.3
14.1*0.7

0.85*0.13
49.2*4.1*
8.4*1.4

23.5*2.2*
5.1*0.3*
2.5*0.1*

44.7*0.9
15.1*0.6

Operation Na. 2
0.53*0.03
24.3*3.2
13.0*1.9
38.7*1.9*

3.5*0.1
1.7*0.2

35.5*1.5
12.5*0.5
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TABLE II.—BIOCHEMICAL AND HEMATOLOGIC DATA BEFORE, ONE WEEK AND TWO WEEKS AFTER
BILE DUCT OR SHAM LIGATION

Bilirubin, mgm./lOO ml. .....
Alkaline phosphatase, IU/L. .. 
ALT, IU/L ...............
AST.IU/l.................
Total protein, gm./lOO ml. . ..
Albumin, gm./lOO ml. .......
Hematocrit, per cent ........
Hemoglobin, gm./L .........

•Significant difference from measurement at operation No. I: p<O.OS.
Data represent mean ± S. E. M.
ALT, Alanine aminotransferase and AST, aspartale aminolransfcrasc.

level was elevated at one week in both groups of 
dogs. Albumin levels were significantly reduced 
at two weeks in the ligated dogs. Both groups had 
a tendency toward hemoconcentration at one 
week and hemodilution at two weeks after the 
operation.

Body weight and liver weight changes. In the 
two week period between operations, dogs that 
had undergone ligation of the common bile duct 
lost an average of 2.0 kilograms (21.0± 1.2 kifo- 
grams to 19.0±1.0 kilograms, p<0.01), while the 
sham operated dogs lost 1.4 kilograms (21.2± 1.5 
kilograms to 19.8±1.3 kilograms, p< 0.05). At 
the time of the second operations, there was no 
difference in the liver to body weight ratios of the 
two groups (ligated group, 2.89 per cent; sham 
ligated group, 2.94 per cent).

Histology. Edema and inflammation in the 
portal tracts were noted in all obstructed dogs, 
together with some proliferation of the marginal 
bile ducts. No significant changes were observed 
in the sham operated group.

DISCUSSION
The results of previous studies have shown no 

consistent pattern of hepatic hemodynamic re 
sponse to chronic BD obstruction, or specifically, 
after a two week period of biliary stasis. Of the 
only two studies actually performed at two weeks 
(2, 5), neither found a significant change in hep 
atic blood flow. Both of these investigations, 
however, included few systemic hemodynamic 
indices, thus preventing a full appraisal of the 
findings. Moreover, the majority of investigations 
have used blood flow measurement techniques 
which have been either nonquantitative (2), in 
appropriately applied (1, 7), difficult to use for 
total hepatic blood flow determination (5, 11) or 
have involved extensive operations upon the vas 
cular system or extracorporeal circuits (3, 4).

The present study has used electromagnetic 
flow probes on the HA and PV, a technique pre

viously used by only one group of workers in this 
field of investigation (6, 12). This method allows 
quantitative measurement of HA and PV blood 
flow and, thus, the calculation'of HA, PV and 
mesenteric vascular resistance. The major source 
of potential error with the electromagnetic 
flowmeter is the presence of intrahepatic or ex- 
trahepatic shunt flow. Although portal systemic 
shunting has been documented after seven to 
eight weeks of total BD obstruction (13), signifi 
cant shunting after only two weeks of obstruction 
is unlikely in view of the finding of minimal shunt 
flow after three to five weeks (11, 14). Moreover, 
measurements of blood flow for each dog in our 
study were related specifically to the weight of the 
liver at the end of the second operation. Although 
the procedure of expressing flow as milliliters per 
minute per gram of liver on both experimental 
days assumes that the weight of the liver did not 
change due to biliary obstruction, we conclude 
that no significant error was introduced by calcu 
lations based on the liver weight obtained at the 
second operation because the final liver to body 
weight ratio in the obstructed group was not dif 
ferent from that observed in the sham operated 
dogs.

The biochemical profile of the BD ligated dogs 
is typical of total obstruction of the biliary tract, 
while the more modest but statistically significant 
changes observed in the sham operated group are 
very unlikely to have any biologic significance. 
Thus, the obstructed dogs displayed hyperbili- 
rubinemia, hypoalbuminemia and grossly ele 
vated levels of alkaline phosphatase and serum 
aminotransferases. Moreover, total protein, 
hematocrit and hemoglobin levels were all re 
duced after two weeks of obstruction. Histologic 
examination also confirmed presence of total ob 
struction of the biliary tract in the BD ligated 
dogs and no abnormalities in the sham operated 
group.

The sham operated group of dogs provided re-
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liable information on control hemodynamics for 
comparison with the effects of BD ligation. Im 
portantly, no significant change in hemodynamics 
could be attributed to laparotomy alone. There 
were no statistically significant differences be 
tween the base line hemodynamic indices of the 
two experimental groups, although basal PV 
blood flow and hepatic oxygen consumption de 
rived from PV blood were greater in the sham 
operated dogs.

The hemodynamic effects of biliary obstruction 
are complex. We noted a significant decrease in 
total hepatic blood flow not only with an increase 
in PV vascular resistance but also with a decrease 
in systemic arterial blood pressure. Thus, the de 
crease in blood flow to the liver may be the result 
of two distinct mechanisms: a decrease in PV flow 
caused by the increase in PV resistance, arid a 
decrease in HA flow due to the decrease in arte 
rial blood pressure. The observations of un 
changed HA vascular resistance with reduced 
HA blood flow are consistent with this hypo 
thesis.

The decrease in HA blood flow may have re 
sulted from a decreased cardiac output in this 
experimental model. However, it is noteworthy 
that other investigators have observed little 
change in cardiac output after one to two weeks of 
biliary obstruction (3, 5). Importantly, moreover, 
others (15) showed that cardiac output increased 
in dogs with chronic BD ligation. The latter 
group of workers also noted a decrease in blood 
pressure and calculated a 33 per cent drop in total 
peripheral vascular resistance. It is likely, there 
fore, that in the dogs we studied, the decrease in 
systemic blood pressure was due to pronounced 
vasodilation in a number of peripheral vascular 
beds.

Although PV pressure increased by similar 
degrees in the dogs of both our groups, the PV 
vascular resistance increase was much more 
marked in the BD obstructed dogs. The PV 
pressure increase is similar to that observed by 
others (4, 14). Any increase in PV resistance per 
se has not previously been quantified, although 
our results are similar to those that may be calcu 
lated from data provided by others (13). Raised 
PV resistance temporally precedes secondary bil 
iary cirrhosis and portal hypertension (13).

We, therefore, suggest that the hepatic he 
modynamic reaction to BD obstruction is the 
consequence both of decreased HA blood flow 
caused by a generalized decrease in arterial blood 
pressure resulting from reduced resistance in 
other peripheral vascular beds, and of decreased

Operation »1 Operation «2 Operation »1 Operation »2

Fio. 2. Changes in hepatic arterial and portal venous vas 
cular resistance after bile duct ligation or sham ligation 
(mean ± S.E.M.). 'Significant difference from measure 
ment at Operation No. l:p<0.05. HAR, Hepatic arterial 
resistance, and PVR, portal venous resistance.

PV flow caused by an increase in the PV vascular 
resistance within the liver. The changes in PV 
hemodynamics are probably caused by distension 
produced by dilated intrahepatic ducts and by an 
increase in the intrahepatic interstitial pressure 
resulting from the edema produced by the BD 
obstruction.

Most studies on biliary obstruction and hepatic 
hemodynamics have failed to measure BD pres 
sure, and few have examined the relationship be 
tween BD pressure and hepatic blood flow. 
Abrupt increases in BD pressure above 25 mil 
limeters of mercury in an obstructed biliary tree 
produce a consistent pressure-dependent vasodi 
lation of the HA and a significant increase in HA 
blood flow (12, 16). HA blood flow may also be 
increased by acute biliary obstruction alone, but 
only if there is an associated increase in BD pres 
sure (6); hepatic hemodynamics are unaltered if 
BD pressure does not change (16). By contrast, 
chronic BD obstruction has different he 
modynamic consequences. We have shown that 
although two weeks of chronic biliary obstruction 
in dogs increases mean BD pressure (17 millime 
ters of mercury), a significant decrease in HA and 
PV blood flow occurs. These findings imply that 
the hemodynamic effects of the acute and chronic 
studies are the result of different pathophysio- 
logic mechanisms. The differences are probably 
related to both the magnitude and rate of change
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of BD pressure and to the slow development of 
raised PV resistance in chronic obstruction.

The maintenance of normal hepatic oxygen 
consumption in dogs with jaundice, despite a 
significant decrease in total hepatic blood flow, 
indicates increased hepatic extraction of oxygen 
in these dogs. It is, therefore, evident that the fall 
in total hepatic blood flow seen in the jaundiced 
dog would threaten the capacity of the liver to 
maintain adequate oxygen consumption in the 
longer term. The normal liver of the sham ope 
rated dogs did not appear to have an altered ox 
ygen extraction, the small decrease in blood flow 
in these dogs being accompanied by a similar 
small decrease in oxygen consumption.

SUMMARY
The results of our study have demonstrated a 

41 per cent decrease in total hepatic blood flow in 
dogs after two weeks of BD obstruction. The de 
crease in hepatic blood flow resulted from a simi 
lar percentage decrease in both HA and PV flow. 
In addition, the dogs exhibited a decrease in 
systemic arterial blood pressure between opera 
tions and also a marked increase in PV vascular 
resistance. Dogs in the sham operated group 
showed no significant hemodynamic changes. 
These results suggest that the hepatic hemo 
dynamic response to chronic BD obstruction is 
the result of decreased HA blood flow caused by 
reduced blood pressure, combined with an in 
crease in intrahepatic PV resistance producing a 
decrease in PV blood flow.
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Non-operative Differentiation Between Pancreatic Cancer 
and Chronic Pancreatitis

C. R. MACKIE, M.B., CH.B.. F.R.C.S., M. J. COOPER. M.B., B.S., F.R.C.S., M. H. LEWIS, M.B.. CH.B., F R C S 
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Eighty-five of 186 patients investigated for suspected pancreatic 
cancer had an unequivocal final diagnosis of either pancreatic 
cancer (58 patients) or chronic pancreatitis (27 patients). They 
had been studied prospectively using ultrasonography, com 
puterized tomography, radionuclide scanning, endoscopic 
retrograde cholangiopancreatography (ERCP), selective celiac 
and superior mesenteric angiography, duodenal drainage 
studies, cytologic studies, serum carcinoembryonic antigen as 
say, and pancreatic oncofetal antigen assay. The results were 
compared to determine which test would most frequently and 
reliably differentiate between pancreatic cancer and pan 
creatitis in a patient believed to have one or other disease. 
Criteria for interpreting results, first for highest rate of correct 
diagnoses, and second for highest accuracy were derived. Ap 
plying these criteria, ultrasonography achieved the highest 
rate of correct diagnoses (97% of patients diagnosed with 84% 
accuracy). ERCP, duodenal drainage studies, and cytology 
were the most accurate tests (86% accuracy each test) but, with 
this accuracy, ERCP most frequently gave a diagnosis (diagno 
sis rate: ERCP—70%, duodenal drainage—32%, cytology— 
35%). The results suggest that ultrasonography is the best non- 
invasive test, and that a combination of ERCP, pancreatic juice 
assay and cytology in a single procedure may prove to be the 
best discriminating investigation.

THE SYMPTOMS AND SIGNS of pancreatic cancer are 
frequently indistinguishable from those of chronic 

pancreatitis. In fact, pancreatic cancer is often asso 
ciated with secondary inflammatory changes. Not in 
frequently a physician is faced with the problem of a pa 
tient whose clinical picture and investigations indicate 
that one or other condition is present. The differentia 
tion between the two diseases is clearly important; the 
cancer patient requires an early radical operation if 
there is to be any hope of cure. The pancreatitis pa 
tient may also require an operation, but if the diagnosis 
is certain, an initial period of conservative treatment 
may be beneficial, and may obviate the need for opera 
tion. At laparatomy, inspection and palpation of the 
pancreas may fail to disclose the correct primary 
disease, and the examination of biopsy material may
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fail to identify an underlying cancer. In such circum 
stances, a resectable cancer may be left behind, or a 
pancreatitis patient may be subjected to an extensive 
resection when a lesser procedure would have been 
adequate.

A major problem of most, if not all techniques of pan 
creatic investigation is the differentiation between 
these two diseases. The evaluation and comparison of 
tests in this respect is difficult, owing to uncertainty 
of the correct pathological diagnosis in all unresected 
cases. In recent years we have prospectively evaluated 
several methods of investigation in the diagnosis of pan 
creatic cancer. For the present study we have re- 
examined our data to determine which tests most fre 
quently and reliably distinguish between pancreatic 
cancer and pancreatitis.

Patients Studied

Over a four year period, patients presenting to the 
University of Chicago Hospitals and Clinics with com 
plaints compatible with a diagnosis of pancreatic cancer 
have been admitted to a prospective "diagnostic proto 
col," described in detail elsewhere. 18 At the time of 
writing, 186 patients have been investigated in this man 
ner, and 39% have had a final diagnosis of pancreatic 
cancer, 17% having other cancers, and 44%, benign 
diseases including 15% with a final diagnosis of chrdnic 
pancreatitis.

For the present study, all patients falling into one of 
two groups have been considered. Patients with un 
equivocally confirmed adenocarcinoma of the pancreas 
form the first group of 58 patients (30 males, 28 females; 
mean age 60 years, range 31-89 years), all of whom 
underwent laparotomy. Twenty one patients (36%) had 
their cancers resected. These tumors ranged from 1 -4 to 
6.5 cm in diameter (mean 3.35 cm), and were located in
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the head (19 patients) or head and body of the gland (2 
patients), and, according to the pathologist's reports, 
were associated with inflammatory changes elsewhere 
in the gland that were minimal (nine patients), mild (two 
patients), moderate (six patients), or severe (four pa 
tients). The remaining 37 patients (64%) had unre- 
sectable pancreatic cancers, all histologically con 
firmed by open biopsy. Of these tumors, 15 were 
located in the head of the pancreas, eight in the head 
and body, eight in the body, five in the body and tail, 
and one in the tail of the pancreas. Sixteen of these 
tumors were associated with hepatic metastases, and 
the size of pancreatic masses, as assessed at laparot- 
omy, was reported for 12 patients and ranged from 2.5 
to 10 cm in diameter (mean 7.2 cm), with seven others 
reported to be "large," and two "very large." The sur 
geon also noted inflammatory changes ranging from 
mild to severe in nine of these patients. Twenty-three 
of the 58 pancreatic cancer patients (40%) had obstruc 
tive jaundice at the time they underwent investigation. 

The second group of patients examined in this report 
comprises those who were admitted to the "diagnostic 
protocol" having complaints similarly suggestive of 
pancreatic cancer, and in whom a confident final diag 
nosis of chronic pancreatitis was obtained. Of the 27 pa 
tients in this group (14 males, 13 females: mean age 49 
years, range 10-73 years), 18 (67%) underwent 
laparotomy, all but one having open, usually multiple 
pancreatic biopsies. The remaining nine patients (33%) 
did not undergo laparotomy, a confident diagnosis of 
pancreatitis having been obtained on the basis of in 
vestigations and adequate follow-up. Of the 27 pan 
creatitis patients, six were finally judged to have mild, 
11 moderate, and 10 severe disease. Nine patients were 
noted to have enlargment of the gland, and six had 
pseudocysts of varying size and location. Two patients 
(7%) had obstructive jaundice at the time of investiga 
tion. Only one pancreatitis patient, who had a total pan- 
createctomy, has been followed-up for less than six 
months. Four patients, three of whom underwent 
laparotomy and biopsy, have been followed up for six 
months to one year, and three patients, one of whom 
underwent laparotomy and biopsy and one, laparotomy 
and resection, have been followed-up for one to two 
years. All the remaining patients have been followed- 
UP for more than two years without a change of diag 
nosis.

investigations

The following investigations were carried out as part 
of the prospective "diagnostic protocol." Request 
forms indicated only that the patient was in our study

group, and each test result was interpreted and reported 
on its own merits by expert investigators who were not 
directly involved in the clinical coordination and deci 
sion making.

Ultrasound examination of the pancreas was carried 
out using a commercially available gray scale unit, by 
obtaining a series of oblique transverse sections in the 
region of the pancreas after a preliminary survey of the 
upper abdomen. Computerized tomography (CT) of 
the pancreas using standard equipment became avail 
able to us more recently, and examinations have been 
obtained usually employing oral and/or intravenous 
contrast material. "Conventional" radionuclide scan 
ning of the pancreas using an Anger camera and the 
intravenous administration of 250 uCi 75 Se-seleno- 
methionine was carried out on all patients at the out 
set of the study. More recently, however, we have sub 
stituted a more promising technique 10 using longi 
tudinal multiplane emission tomography (LMET). 
Endoscopic retrograde cholangiopancreatography 
(ERCP) was carried out using an Olympus JFB-2 duo- 
denofiberscope and 50% Renograffin as contrast 
material. Selective celiac and superior mesenteric 
angiographic studies were obtained after percutaneous 
femoral artery puncture, and usually employed mag 
nification techniques. Superselective catheterizations 
were made in approximately one third of studies, and 
pharmacologic agents were occasionally used. Duo 
denal drainage studies were undertaken using methods 
previously described. 4 Following placement of the tube 
and the intravenous administration of secretin (Boots) 
1 unit/Kg body weight, the duodenal juice was collected 
in ten minute aliquots for thirty minutes. The volume 
was measured and expressed as mls/Kg/30 mins. 
(normal range: 0.50-3.22 mls/Kg/30 mins.), and the 
peak bicarbonate concentration was taken as the 
highest of the three estimations (normal range: 62.2- 
133.4 mEq/L). Cytologic examination was carried out 
as part of the duodenal drainage studies following 
centrifugation of the juice. More recently, material for 
cytology has been obtained at the time of ERCP by 
direct aspiration of the pancreatic duct following irriga 
tion with normal saline. 3 Serum carcinoembryonic 
antigen (CEA) levels were determined by the Hansen 
Z-gel method, 15 a normal value being less than 2.5 
ng/ml. Determinations were performed by the indirect 
method, and more recently those sera with a value 
greater than 20 ng/ml have been re-evaluated by the 
direct method. Serum was also assayed, by rocket im- 
munoelectrophoresis, for a. pancreatic oncofetal anti 
gen (POA) that has been isolated and partially char 
acterized in our laboratories, 8 a normal value being less 
than 14 standard units.
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Analysis

The number of patients in the two groups who under 
went each test varied for several reasons. First, for 
some patients the correct diagnosis became evident 
before all tests were done. Second, the frequency with 
which some of the tests have been requested, and their 
priority in the sequence of investigation changed as 
their relative usefulness and reliability was established 
over the period of study. Third, as newer techniques 
have become available, they have replaced or modified 
the role of former methods. A summary of the tests and 
patients studied is given in Table 1.

For each patient, reports on the pancreatic imaging 
tests were interpreted as indicating one of four results; 
first, that the pancreas appeared to be normal; second, 
that the pancreas appeared to be abnormal, but the 
causal pathology was indeterminate; third, that ab 
normalities favoring a diagnosis of pancreatitis were 
seen; or fourth, that abnormalities seen suggested a 
diagnosis of pancreatic cancer.

Cytologic examinations were positive (when malig 
nant cells were seen), "atypical," or negative. Values 
obtained from duodenal drainage studies, and serum 
oncofetal antigen levels were plotted as scattergrams 
for one and two way discriminant analysis.

Results

Several tests failed to examine some patients satis 
factorily. The most common cause of a failed ultra 
sound examination was the presence of overlying 
bowel gas. CT failures were due to bowel gas shadows 
and the presence of surgical clips. ERCP failed occa 
sionally due to faulty equipment, and more commonly 
when the duodenal papilla could not be cannulated. 
However, such studies were not deemed to have failed 
when diagnostic information was, nevertheless, ob 
tained. Duodenal drainage studies and cytology failed 
when the tube could not be correctly placed. A zero 
yield of duodenal juice, indicating duct obstruction, 
was not regarded as a failed test. True failure rates ap 
pear in Table 1. Failed tests were excluded from further 
analysis.

The results of the pancreatic imaging tests, ex 
pressed as the percentage of cancer and pancreatitis 
patients who had each of the four possible results, are 
given as bar-grams in Figure 1. The results of cytologic 
examinations appear in Figure 2. Specimens were ob 
tained by duodenal aspiration for 47 patients, and by 
direct ductal aspiration for 25 patients, 13 patients 
having both.

Two other patients had endoscopic duodenal brush- 
ings examined. In the cancer group, nine of 18 (50%)
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TABLE 1. Summary of Tests and Patients Studied

Number of Patients

Test

Ultrasound
CT
Conventional Scan
LMET
ERCP
Angiography
Cytology
Duodenal Drainage

Studies
Oncofetal Antigens
Total in study

Failure
Rate

12%
16%
0%
0%

16%
0%

13%

24%
0%

Studied

Pancreatic
Cancer

50
13
19
16
37
45
40

23
45
58

(Successful)
~~~

Pancreatitis

24
3

17
8

15
18
22

18
19
27

direct ductal samplings were positive, as were 16 of 28 
(57%) duodenal aspiration samples. Two other duo 
denal samples showed atypia, one of these patients 
having a positive result on ductal aspiration. One pa 
tient with a positive ductal and negative duodenal 
sample had the only other conflicting report. In the 
pancreatitis group there were two false positives, one 
for each method of specimen collection.

The results of the duodenal drainage studies, plotted 
as scattergrams, appear in Figure 3. The volume for 
cancer patients (1.31 ± 0.15 ml/Kg/30 min.:mean 
± SEM) was significantly lower than that for pan 
creatitis patients (1.71 ± 0.17 ml/Kg/30 min.) as 
assessed by the student's independent t-test (p 
< 0.005). No patient had a zero volume. The mean 
peak bicarbonate concentration for cancer patients 
(79 ± 5 mEq/L) was also lower than that for pan 
creatitis patients (88 ± 6 mEq/L), but the difference 
was not significant.

The results of the oncofetal antigen assays, plotted as 
scattergrams, are shown in Figure 4. The mean CEA 
level was significantly higher (p < 0.02) in pancreatic 
cancer (10.7 ± 1.2 ng/ml) than pancreatitis (5.8 ± 1.3 
ng/ml). Since not all values above 20 ng/ml were deter 
mined, all such values were computed as 20 ng/ml. The 
mean value of PDA for cancer patients (12.6 ±1.1 
units) was higher than that for pancreatitis patients 
(10.1 ± 1.7 units), but not significantly so.

Discussion

The data presented indicate with certain limitations 
discussed below, the comparative diagnostic perform 
ance of the various tests in patients with pancreatic 
cancer and pancreatitis. Given these data, the question 
arises — if we believe that a patient has either pan 
creatic cancer or pancreatitis, with an equal likelihood.
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which test will give a discriminant diagnosis, and how 
accurate will that diagnosis be?

A comparison of the tests may be made by con 
sidering the proportion of patients in each group, rather 
than the actual number, who obtained a partieular re 
sult. In this way the test is evaluated as though the prior 
probabilities of cancer and pancreatitis for an individual 
patient are the same. If we assume that one* or other of 
these two diagnoses will be correct, the accuracy of the 
test, that is the frequency with which its diagnosis of 
cancer or pancreatitis is correct, may be expressed as 
the sum of the correct diagnoses in both groups, divided 
by the sum of all diagnoses made.

In order to compare the ability of each test to dif 
ferentiate between pancreatic cancer and pancreati 
tis, consideration should be given to the relative im 
portance of the frequency with which the test can give 
the correct diagnosis, and the accuracy of the diagnoses 
given.

For most of the tests, given that the diagnosis must 
be either pancreatic cancer or pancreatitis, there are 
two distinct ways in which the results can be inter 
preted—first, to obtain a high degree of accuracy, and 
second, to obtain the maximum amount of discrimina 
tory information, and thus a high rate of correct diag

noses.. With cytology, for example, 86% of patients 
with a positive result (assuming equal numbers in the 
two groups) prove to have cancer, but only 30% of pa 
tients are thereby correctly diagnosed. If a negative re 
sult is taken to indicate pancreatitis, then 99% of all 
patients are diagnosed with 75% accuracy. Similarly 
with an imaging test, when studies reported to be 
normal occur more frequently in pancreatitis than can 
cer, as is usually the case (Fig. 1), we can say that a 
normal study favors a diagnosis of pancreatitis over 
cancer in that ratio. Interpreting normal studies as pan 
creatitis will increase the proportion of patients obtain 
ing the correct differential diagnosis, but may reduce 
the accuracy with which all diagnoses are made. Table 
2 summarizes the criteria for interpreting the tests to 
obtain a high rate of correct diagnoses. Table 3 sum 
marizes the criteria that may be taken to maximize the 
diagnostic accuracy. Applying these two sets of criteria 
we have compared the various tests with respect to the 
rate and accuracy of information they provide on the 
differentiation between cancer and pancreatitis. These 
comparisons are given in Figures 5 and 6.

It can be seen that ultrasound and CT most fre 
quently provided discriminatory information. Only 
three pancreatitis patients had CT examinations (Table



484 MACKIE AND OTHERS Ann. Surg. . April

1), and so the high rate of correct diagnoses and the high 
accuracy of CT in this study must be regarded as un- 
proven. Other workers2 -9 have compared these two 
imaging techniques in the diagnosis of pancreatic can 
cer, and have obtained conflicting results. A compari 
son of their values in pancreatitis 14 has shown little 
difference. Ultrasound should be preferred on the 
grounds of cost-effectiveness, 11 but a combination of 
the two might provide more information.

ERCP, duodenal drainage studies, and cytology 
each provided a similar amount of discriminatory in 
formation, but ERCP was the most accurate. Some 
workers6 have found ERCP to be less accurate than
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Fio. 2. Results of cytologic studies showing the percentage of pan 
creatic cancer patients (solid bars) and chronic pancreatitis patients 
(open bars) obtaining each of the three possible test results.
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FIG. 3. Results of duodenal drainage studies plotted as scattergrams.

ultrasound. The present study indicates that while 
ultrasound may suggest a diagnosis more frequently, 
its accuracy is no higher.

Our earlier experience with duodenal drainage 
studies4 revealed this test's inability to clearly differ 
entiate between pancreatic cancer and pancreatitis. 
However, while almost all values for volume and bi 
carbonate concentration in the present series were 
within normal range, the differences between the two 
groups, particularly in volume, were sufficiently great 
to give comparatively accurate discriminatory informa 
tion. Other workers 1 agree that a low volume in this test 
should make one suspect a malignant cause.

Our overall positive cytology rate in pancreatic can 
cer (60%) is similar to that previously reported. 4 In this 
series, duodenal drainage cytology following secretin 
stimulation was slightly better than direct ductal aspira 
tion following saline lavage, both yields being similar to 
that reported for pure pancreatic juice cytology follow 
ing secretin stimulation. 16
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TABLE 3. Criteria for High Diagnostic Accuracy
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FIG. 4. Results of serum carcinoembryonic antigen (CEA) and pan 
creatic oncofetal antigen (POA) assays, plotted as scattergrams.

The combination of endoscopic retrograde pan- 
creatography, pure pancreatic juice assays and cytol 
ogy in a single investigative procedure is feasible, and 
has shown promise as a reliable method of distinguish 
ing between neoplastic and inflammatory diseases. 12 
These procedures are invasive and time consuming, 
and are attendedt>y relatively high failure rates. Never-

TABLE 2. Criteria for High Rate of Correct Diagnoses

Test

Ultrasound, CT, 
conventional scan, LMET, 
ERCP, Angiography

Cytology

Result

'pancreatic cancer" 
'pancreatitis" 
'normal"

"positive" 

"negative"

Duodenal drainage studies volume * 1.5 ml/Kg/30 min. 
volume > 1.5 ml/Kg/30 min.

Oncofetal antigens CEA > 10 ng/ml 
POA > 14 units

Interpret

pancreatic c 
pancreatitis 
pancreatitis

pancreatic c 
pancreatitis

as-

inccr

mcer

pancreatic cancer 
pancreatitis

pancreatic cancer 
pancreatic cancer

Test

Ultrasound, LMET

CT, conventional scan, 
ERCP, angiography

Cytology

Duodenal drainage studies

Oncofelal antigens

Result

"pancreatic cancer" 
"pancreatitis" 
"normal"

"pancreatic cancer" 
"pancreatitis"

"positive"

volume > I.S ml/Kg/30 min. 
and bicarbonate > 80 mEq/L

CEA > 5 ng/ml 
and POA > 14 units

Interpret as-

pancreatic cancer 
pancreatitis 
pancreatitis

pancreatic cancer 
pancreatitis

pancreatic cancer

pancreatitis

pancreatic cancer

theless, the performance of ERCP, duodenal drainage 
studies and cytology in the present series suggests that 
a combined procedure may prove to be the most in 
formative and accurate investigation.

Angiography is invasive and time consuming, and 
other workers7 ' 13 have reported difficulty in differ 
entiating between cancer and pancreatitis with this in 
vestigation. Our data confirm that it offers no additional 
diagnostic advantage over less invasive methods.

Conventional radionuclide scanning has proven to be 
of limited value in the detection of pancreatic abnor 
malities. 10- 17 Our experience with LMET suggests that 
this is a more reliable technique, but the lack of specific 
ity in defining abnormalities remains comparatively 
high. The high accuracy of conventional scans obtained 
when only results naming cancer or pancreatitis were 
considered (Fig. 6) remains unproven since there were 
only four patients in this group.

Serum oncofetal antigen levels have also shown a 
lack of specificity,5 ' 8 diminishing their value in the dif 
ferentiation between cancer and pancreatitis. Although 
there is evidence that POA is more sensitive than CEA 
in the detection of pancreatic cancer in patients with 
suspected major intra-abdominal disease, 19 in the pres 
ent series CEA proved to be considerably better at dif 
ferentiating between pancreatic cancer and pancreatitis 
(Fig. 5). When the levels of both antigens were high, the 
likelihood of cancer was slightly higher than when CEA 
alone was elevated, providing good evidence for cancer 
rather than pancreatitis for a few patients. Both anti 
gens were frequently found in normal levels in sera of 
pancreatic cancer patients, and therefore only high 
levels provided discriminatory information. An ad 
vantage of POA is that serum levels are not directly 
related to tumor bulk; elevations (>14 units) were 
noted for seven patients with resectable tumors (33%). 
with three having levels greater than 20 units. Other 
workers 12 have emphasized the value of determining 
the CEA content of pure pancreatic juice collected at
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the time of endoscopic cannulation. This may prove to 
be a useful adjunct, although our experience with CEA 
determination as part of duodenal drainage studies4 has 
been disappointing.

Conclusions
Our results suggest that gray scale ultrasonography 

is the best noninvasive test for differentiating between 
pancreatic cancer and pancreatitis. CT scan may be as

diagnosis thus obtain!,' 
with corresponding '• 
curacy given below ha'' 
Abbreviations: u ; 
= ultrasonography (•» 
= computed tomography 
cyto = cytologic studi/.' 
ERCP - Endos CopiSt 
retrograde cholangi 0 
pancreatography, D/R 
= duodenal drainage 
studies, angio = angiog. 
raphy, LMET = longit,,. 
dinal multiplane emission 
tomography. Scan 
= conventional radio- 
nuclide pancreatic scan, 
CEA = serum carcino- 
embryonic antigen assay, 
POA = pancreatic onco- 
fetal antigen assay.

good as, or superior to ultrasound, but this remains 
unproven. Radionuclide scanning and angiography 
contribute little to this differentiation. ERCP provides 
valuable discriminatory information and appears to be 
the most accurate test. In combination with pancreatic 
juice studies and cytology, it may prove to be the best 
single discriminating procedure. Assay of serum 
oncofetal antigens can provide relatively reliable 
evidence for cancer in only a small number of patients.
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Fio. 6. Results obtained 
when all tests were inter 
preted by applying the 
criteria for high accuracy 
(Table 3). Tests are shown 
in order (highest at left: 
lowest at right) of accuracy 
thus obtained, with bar 
heights showing the corres 
ponding rates of correct 
and incorrect diagnoses. 
Abbreviations: see key to 
Figure 5.

SCAN ERCP CYTO D/D POA/CEA U/S ANGIO LMET
ACCURACY IOO% 94% 86% 86% 86% 85% 84% 82% 67%
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Comparison of venous and capillary blood sampling for the 
clinical determination of tobramycin serum concentrations

A. S. LEWIS1 -2, G. TAYLOR2 , H. O. WILLIAMS3 & M. H. LEWIS3
Departments of 'Pharmacy and 3Surgery, East Glamorgan Hospital, Church Village, Pontypridd, CF38 1AB
and ^elsh School of Pharmacy, UWIST, P.O. Box 13, Cardiff CF1 3XF

1 Tobramycin concentrations have been determined in serum from capillary, venous and 
arterial blood samples taken from 16 patients during and after surgery.
2 In 73 paired samples the concentrations in capillary samples were not significantly 
different from those measured in venous samples.
3 The small concentration differences were neither dependent upon sampling time nor 
core-peripheral temperature differences.
4 In 26 paired samples, concentrations in capillary samples were not significantly 
different from those determined in arterial samples.
5 We conclude that concentrations in capillary samples are precise and unbiased 
estimators of venous concentrations and may be used in the adjustment of tobramycin 
dosage regimens.

Keywords tobramycin serum concentrations capillary blood venous blood 
arterial blood

Introduction

Tobramycin, an aminoglycoside antibiotic is trough (Gilletef al., 1976; Schentagef al., 1979;
widely used in the treatment of serious Gram- Zaske, 1981).
negative infections, including those caused by At present the four principal methods avail-
Pseudomonas, Klebsiella, Enterobacter, and able for the determination of tobramycin serum
ProteMsspecies.lt is also used in the treatment of levels are high performance liquid chromato-
Gram-positive infections caused by Staphylo- graphy (Kabra et al. , 1983), radioimmunoassay
coccus aureus (Burkle, 1981; Moellering, 1983). (Batra et al. , 1981), bacteriological assay (Batra
The aminoglycosidesgenerally have a low thera- et al., 1981; Fukuchi et al., 1981) and homo-
peutic index, which necessitates careful monitor- geneous enzyme immunoassay (EMIT™). The
ing of serum concentrations. It has been sug- commonly used EMIT assay can be performed
gested by numerous authors that serum amino- in a few minutes and requires a sample volume of
glycoside levels should be measured to enable 50 \L\ or less (Dale etal., 1984). With the advent
optimisation of therapy (Kaye et al., 1974; Noone of micro-volume assay methods, capillary blood
et al., 1974; Gillet et al., 1976; Reeves & White, sampling using a finger lancet puncture technique
1981) thus limiting the incidence of both toxicity furnishing a whole blood sample volume of
(Zaske, 1981) and therapeutic failure (Schentag 100-800 uJ (Umstead & McKernon, 1981) has
et al., 1979; Follath et al., 1981). The usual been used as an alternative to the traditional
clinically accepted therapeutic serum concentra- venous method of obtaining blood samples for
tion of tobramycin, lies between 5-10 mg I"1 for the clinical determination of blood levels for a
the peak, and less than 1-1.5 mg I"1 for the number of drugs and physiological substances

Correspondence: Dr Glyn Taylor, Welsh School of Pharmacy, UWIST, P.O. Box 13, Cardiff CF1 3XF
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(Umstead & McKernon, 1981; Frazer et al., 
1983; Blumenfield era/., 1977). The advantages 
of using capillary samples are particularly 
evident in the geriatric and paediatric patient. 
Venepuncture is often very difficult, and on 
some occasions impossible to perform in these 
patients. Capillary sampling provides a less 
invasive, less traumatic, and often less painful 
method of obtaining blood samples for serum 
level determinations in these patients.

Interstitial fluid concentrations of amino- 
glycosides are reported to peak at about 4 h post 
dose, and range between 25 and 50% of the 
serum level (Gerding et al., 1976; Carbon et al., 
1978). This delayed, and relatively lower amino- 
glycoside level observed in interstitial fluid, 
could result in a significant lowering of the ob 
served tobramycin level in a blood sample 
obtained by a finger lancet puncture, compared 
to that observed in a sample obtained by 
venepuncture.

The aim of this study was to determine whether 
there was any significant difference between 
conventional venous samples, and capillary 
samples obtained by a finger lancet puncture 
sampling technique, for the measurement of 
tobramycin serum levels.

Methods

Seventy-three paired randomly sequenced capil 
lary and venous, blood samples were obtained 
within a 5 min time interval of each other, from
16 surgical patients (age range 33-34 years, 
mean 68 years) undergoing major abdominal or 
arterial surgery and receiving tobramycin; either 
therapeutically, or for prophylaxis of infection. 
Tobramycin concentrations were determined in 
peak, mid-dosing interval, and trough samples 
taken during and for up to 3 days after surgery. 
Samples for 'peak' concentration measurements 
were taken 30 min after the intravenous dosing. 
Dosing intervals ranged from 6.0 to 14.0 h. Both 
core temperature; measured at the axilla, and 
the peripheral temperature measured between 
the fingers of the appropriate hand, were noted 
at the time of sampling using a standard sub 
normal clinical thermometer (B.S.691). Venous 
and arterial samples were obtained from 16 or
17 and 20 gauge venous catheters, respectively 
(Venflon™ Viggio, Sweden) remote from the 
site of injection, and collected into polystyrene 
serum tubes (Brunswick Z/10T). Capillary 
samples (100-200 jtl) were obtained from a free- 
flowing finger lancet puncture on the same limb 
as the venous sample, and collected into poly 
ethylene capillary tubes (B-D Microtainer

Capillary Blood Collection tubes). Blood samples 
were centrifuged at 3000 g for 5 min, the serum 
removed and stored in polyethylene sample cups 
at -20°C until assayed.

AH samples were assayed within 4 weeks of 
collection using an EMIT method with reagents 
obtained from the Syva Corporation. The analy 
sis was performed by the standard assay pro 
cedure, using a Gilford Stasar III Spectro- 
photometer in conjunction with the Syva CP- 
5000 EMIT Clinical Processor utilising a five 
point calibration curve. A new calibration curve 
was produced each time samples were assayed, 
and controls (Syva Tobramycin Control) were 
analysed together with the patient samples. The 
study protocol was approved by the local ethics 
committee and written informed consent was 
obtained from patients prior to commencing the 
study.

Results

Tobramycin serum concentrations in capillary 
samples were found to be highly correlated 
(r = 0.996, n = 73) with those determined in 
venous samples. Regression analysis indicated a 
very small positive bias of 0.0172 mg l~l , with a 
slope of 0.998 (Figure 1). The intercept and 
slope were not statistically different from zero 
and one, respectively. A paired f-test using the 
measured venous and capillary serum levels also 
indicated no significant differences between the 
two sampling methods (P = 0.6). The maximum 
difference between paired venous and capillary 
serum levels observed in the study was 0.5 mg I"1 
and the mean absolute deviation (M.A.D.) was 
0.15 mg I"1 . Tobramycin concentrations in capil 
lary samples were also found to be highly corre 
lated (r = 0.982, n = 24) with those measured in 
arterial samples. There were no significant 
differences (P = 0.4, paired Mest) between 
concentrations in capillary and arterial samples. 
The maximum concentration difference observed 
was 1.2 mg I'1 whilst the M.A.D. was 0.07 mg I"1 . 
Regression analysis of this data revealed a small 
but insignificant negative bias of 0.011 mg I"1 and 
a slope of 0.984, which was not significantly 
different from unity.

Two aspects which could influence concentra 
tion differences between venous and .capillary 
samples are; the time after dosing at which the 
samples are taken, and peripheral perfusion, as 
indicated by the core-peripheral temperature 
differential. A plot of the capillary-venous con 
centration differential against time after dosing 
at which the samples were taken (Figure 2), 
illustrates the lack of correlation between the
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Figure 1 Correlation of capillary and venous tobramycin concentrations. The regression equation for the 
least squares line is y = 0.0172 + 0.988*, with a highly significant correlation coefficient: r = 0.9%, 
P < 0.005, n = 73.

two parameters (r = 0.014, P > 0.8). Similarly 
no correlation (r = -0.04, P > 0.5) was observed 
between the capillary-venous concentration 
differential and core-peripheral temperature 
differential seen during sampling (Figure 3).

These results demonstrate that the magnitude of 
the capillary-venous concentration differential 
is independent of both the post-dose sampling 
time, and the magnitude of the core-peripheral 
temperature differential.
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Figure 2 Influence of time of sampling on capillary-venous concentration differences (r = 0.014, 
P>0.8, n = 73).
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Figure 3 Influence of core-peripheral temperature differential on capillary concentrations of tobramycin 
(r = - 0.04, P > 0.3, n = 66).

Discussion

Traditionally, tobramycin serum levels are 
measured using blood samples obtained by 
venepuncture. These are subsequently assayed 
using one of the currently accepted methods of 
serum level determination. The advent of micro- 
volume analytical techniques makes it possible 
to assay small volume capillary samples, collected 
by a finger lancet puncture. Capillary sampling 
has been used interchangeably with venous 
sampling for the determination of theophylline 
(Frazer et al., 1983), phenytoin (Umstead & 
McKernon, 1981), and various biochemical and 
haematological parameters (Blumenfield et al., 
1977; Stuart et al., 1974). However, significant 
venous-arterial concentration differences have 
been identified with a number of other drugs 
(Chiou & Lam, 1982) and for these compounds 
venous-capillary differences would also be 
expected. Comparisons between venous and 
arterial or capillary concentrations of amino- 
glycosides have not been reported. Results from 
previous studies indicate that tobramycin may 
not distribute throughout the body as rapidly as 
might be assumed from its pharmacokinetics and 
volume of distribution. In addition to the very 
slow distribution into tissues (Schentag et al., 
1978), studies in rabbits have demonstrated that 
tobramycin distributes slowly into interstitial 
fluid with peak concentrations attained 3-4 h 
after peak concentrations in serum (Gerding et 
al, 1976; Carbon et al., 1978). Similarly, in 
human studies, ascitic fluid concentrations have 
been noted to peak about 4 h after administration

(Sampliner et al., 1984). Additionally, in the 
immediate post-operative period after major 
surgery, a high percentage of patients experience 
peripheral shut-down, thus reducing peripheral 
perfusion, which is often seen as a marked 
lowering of peripheral temperature. These 
factors may be of importance when samples are 
obtained from peripheral capillary beds. If these 
factors produced a significant venous-capillary 
differential it would have serious implications 
for pharmacokinetic interpretation of reported 
serum levels if venous and capillary sampling 
was assumed to be interchangeable.

The results of our studies clearly demonstrate 
that tobramycin concentrations in capillary 
samples are unbiased and precise estimators of 
concentrations in serum from venous blood. The 
small differences in concentration were found 
not to correlate with time after dosing. This 
indicates that tobramycin rapidly equilibrates 
(< 30 min) between venous blood and blood 
obtained by capillary sampling. The rapid equili 
bration time may also suggest that the capillary 
samples did not contain appreciable proportions 
of interstitial fluid. Poor peripheral perfusion, as 
indicated by large core-peripheral temperature 
differentials, would also be expected to result in 
larger capillary-venous concentration differences. 
However our results show that peripheral 
temperature does not influence capillary 
tobramycin concentrations. This also suggests a 
rapid equilibration between venous and capillary 
tobramycin.

Whilst we have not determined concentra 
tions of tobramycin in paired venous and arterial



samples, the very high correlations between 
capillary and venous, and capillary and arterial, 
concentrations strongly suggest that arterial- 
venous concentration differences are negligible 
for tobramycin.

We conclude therefore that capillary sampling 
for the determination of tobramycin offers a 
viable and convenient alternative to venous 
sampling. The equilibration of tobramycin 
between venous and capillary blood appears to
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be rapid and not influenced by core-peripheral 
temperature differences.
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from the Intensive care unit, and Ward 5 at East 
Glamorgan Hospital for their assistance during the 
study, Eli Lilly and Company for financial assistance, 
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CASE REPORTS

DELAYED PRESENTATION OF AN EXTRADURAL ABSCESS 
COMPLICATING THORACIC EXTRADURAL ANALGESIA

M. C. SOWTER, N. A. BURGESS, P. V. WOODSFORD AND M. H. LEWIS

SUMMARY
Extradural abscess is a rare but recognized com 
plication of extradural anaesthesia. Previous reports 
have been associated with a short time interval 
between extradural catheterization and presen 
tation. We report a patient with rheumatoid arthritis, 
receiving steroid therapy, in whom an extradural 
abscess did not present until 23 days after the 
insertion of a thoracic extradural catheter to provide 
postoperative analgesia.

KEY WORDS
Anaesthetic techniques: extradural. Complications: extradural 
abscess.

CASE REPORT

A 62-yr-old retired factory foreman was admitted 
as an emergency after collapsing while shopping. 
After a few seconds of unconsciousness, he com 
plained of feeling faint with a constant, dull, non- 
pleuritic retrosternal and left-sided chest pain. There 
was no associated dyspnoea or neurological deficit. 
These symptoms resolved over 30 min. In his past 
medical history it was notable that he had been 
admitted to hospital with a myocardial infarction 2 
years previously and that for 20 years he had suffered 
from rheumatoid arthritis. His medication included 
aspirin 75 mg once a day; penicillamine 125 mg 
three times daily; flurbiprofen 50 mg three times a 
day; atenolol 50 mg once a day; isosorbide dinitrate 
20 mg three times a day; glyceryl trinitrate as 
required.

On admission, he was in sinus rhythm with a 
rate of 50 beat min"1 ; arterial pressure was 
90/50 mm Hg and there was a tender pulsatile 
midline abdominal mass. Examination was otherwise 
normal. A syncopal episode related to beta-blockade 
was diagnosed, with a secondary finding of an 
abdominal aortic aneurysm. Atenolol was dis 
continued and isosorbide dinitrate was reduced to 
10 mg three times a day. Ultrasound examination 
confirmed the presence of a 4.8-cm abdominal aortic 
aneurysm which appeared to have dissected, but not 
leaked.

Two days after admission, he underwent repair of 
abdominal aortic aneurysm with an 18-mm straight, 
non-porous Dacron graft. Before operation, full 
blood count showed a haemoglobin concentration of 
12.3 gdl"1 and a white blood cell count of

4.7 x 10* litre"1 . Coagulation screen and serum elec 
trolyte concentrations were normal. Premedication 
comprised lorazepam 2 mg orally 2 h before induc 
tion and hydrocortisone 100 mg i.m. 1 h before 
induction. Anaesthesia was induced with propofol 
160 mg, morphine 10 mg and atracurium 40 mg. 
Anaesthesia was maintained 1 with infusion of pro 
pofol 400 mg h"1, reducing to 300 mg h" 1 and atra 
curium 0.5 mg kg" 1 h"1 . The trachea was intubated 
and the lungs ventilated with oxygen and air. 
Intraoperative monitoring comprised direct arterial 
pressure measurement, central venous pressure via 
the left antecubital vein, EGG, end-tidal carbon 
dioxide, F!OI and pulse oximetry.

At induction he was given augmentin 1.2g and 
metronidazole 500 mg i.v. as prophylaxis. An extra 
dural catheter was inserted for intra- and post 
operative analgesia. The procedure was performed 
in the operating theatre with the patient in the left 
lateral position. The skin was cleansed with a 
solution of 2.5% chlorhexidine in 70% alcohol and 
a strict aseptic technique was practised.

A Portex 18-guage Mini-Epidural pack was used 
and the extradural space was identified using "loss of 
resistance to air". An 18-gauge Tuohy needle was 
inserted at the T9-T10 interspace and a clear nylon 
catheter was inserted 5 cm into the extradural 
space. A bacterial filter (0.2-um pore size) was 
attached and the puncture site sprayed with an 
antibiotic (containing bacitracin, polymixin and 
neomycin). The surrounding area was dressed with a 
plastic, moisture-permeable dressing, impenetrable 
to bacteria.

An extradural infusion of 0.25% bupivacaine 
25 ml, fentanyl (10 ml of a 0.05-mg ml"1 solution) 
and normal saline 15 ml was commenced at 5 ml h"1 
during operation. The effective level of analgesia 
produced by the extradural infusion during opera 
tion could not be determined because the patient 
was already anaesthetized before insertion of the 
extradural. However, during surgery there were no 
clinical indications that the combination of extra 
dural infusion, i.v. morphine given at induction, and 
the continued infusion of propofol were not effective 
in producing adequate analgesia. The intraoperative 
course of the anaesthetic was uneventful. There were
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no episode's of hypotension and other measured 
variables did not differ significantly during the 
operation. The only anticoagulant used during 
operation was heparin 5 iu ml~l in normal saline 
150ml administered locally to prevent thrombosis 
distal to the aortic graft.

After operation, the extradural infusion was 
continued for 5 days at a rate of 3-5 ml h~l but was 
changed after 24 h to fentanyl (10ml of a 
0.05-mg ml"1 solution in normal saline 40 ml). This 
regimen provided excellent postoperative analgesia, 
the infusion rate being based on patient assessment, 
ventilatory frequency and nurse assessment. No 
abnormality of the extradural catheter site was 
observed under the transparent dressing during this 
period. After removal of the catheter, the puncture 
site was sprayed with a plastic moisture-permeable 
spray and a dry dressing applied for 48 h. I.v. 
antibiotic prophylaxis was continued for 48 h after 
operation. Hydrocortisone 100 mg i.v. four times a 
day, reducing after 24 h to 50 mg four times a day, 
was given until the patient was able to tolerate oral 
medication, when his preoperative regimen was 
resumed. Postoperative recovery was uneventful and 
there were no episodes of pyrexia or sepsis; he was 
discharged home 8 days after operation.

After a symptom-free period at home, the patient 
was re-admitted to hospital on the 28th day after 
operation (23 days after removal of the extradural 
catheter) with a 3-day history of progressively severe, 
constant, low thoracic back pain associated with 
parathesiae and weakness in both legs. Also, he had 
not passed urine for 24 h. On examination, he 
had painless retention of urine with tenderness over 
the lower thoracic spine and signs of a sensory 
anaesthesia to all modalities below T10. He was 
afebrile; white cell count was 6.8 x 109 litre' 1 , with 
77% neutrophils.

After urethral catheterization, he was transferred 
to the neurosurgical unit where a myelogram demon 
strated a complete block to upward flow of contrast 
at the level of T9; computed tomography confirmed 
that this was caused by a dorsally displaced extra 
dural mass compressing the spinal cord.

An emergency three-level decompressive lamin- 
ectomy was performed, during which 2 ml of thick 
pus and a larger volume of granulation tissue was 
removed. Bacterial culture produced a heavy growth 
of coagulase positive, penicillin resistant Staphylo- 
coccus aureus sensitive to flucloxacillin. I.v. flu- 
cloxacillin 2 g four times daily and fucidin 500 mg 
four times daily were started peroperatively and 
continued for 7 days, followed by 3 weeks of oral 
flucloxacillin 500 mg four times a day.

Sensory deficit recovered partially, but 1 yr later 
he was still paraplegic, with an indwelling urethral 
catheter. Ten months after operation he was found 
to be neutropenic on routine blood testing and a 
diagnosis of Felty's syndrome was made.

DISCUSSION
The use of an extradural technique has been found to 
be a safe method of providing postoperative analgesia 
and neurological problems after its use are extremely
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rare [1]. Most have been the result of extradural 
haematoma (usually in patients receiving antico 
agulant therapy) [1], and infection of the extradural 
space is a surprisingly unusual cause of neurological 
deficit after extradural catheterization. Previous 
authors have cited diabetes as a risk factor for 
formation of extradural abscess [2-4], but we believe 
that this is the first report of this complication 
developing in a patient with rheumatoid arthritis 
receiving steroid therapy.

This is only the second report of delayed pre 
sentation of an extradural abscess occurring after 
extradural anaesthesia. In 1984, McDonogh and 
Cranney reported a case of an extradural abscess 
presenting 16 days after removal of an extradural 
catheter [5]. This case occurred in a previously 
healthy 72-yr-old man who received 4 days of 
extradural analgesia after sustaining multiple rib 
fractures. He became febrile with a chest infection 
while the extradural catheter was in situ and, 
although no information was given about blood 
cultures, the authors suggested that bacteraemia 
associated with this infection may have been implic 
ated in the formation of an extradural abscess.

Our patient presented with classical progression of 
symptoms that have been described by both Heusner 
[6] and Baker and colleagues [7]; these comprise 
spinal ache, lower limb weakness (with sphincter 
dysfunction) and, finally, paralysis. However, fever, 
leukocytosis and neck stiffness that usually accom 
pany acute presentation [6] were not present in our 
patient. Absence of these symptoms has also been 
described in patients presenting with chronic extra 
dural abscesses unrelated to extradural anaesthesia 
[4]. Our patient's delayed presentation 23 days after 
removal of the catheter made the diagnosis of an 
infective cause of acute cord compression less 
obvious, and indeed the diagnosis was not made until 
laminectomy was performed. Other authors have 
found that presentation of an extradural abscess after 
extradural catheterization does not always follow the 
classical progression of symptoms [5,8, 9] and this 
may also lead to delay in diagnosis [4].

In both primary extradural abscess and in those 
complicating extradural anaesthesia, coagulase posi 
tive, penicillin resistant Staphylococcus aureus is the 
commonest infecting organism. Modes of infection 
include transcutaneous infection of the extradural 
space by contaminated needles, injection of con 
taminated substances from multidose ampoules [9], 
and possibly haematogenous spread during episodes 
of bacteraemia [7], It has not been possible to 
determine how infection developed in our patient. It 
is also not certain if the abscess developed acutely or 
had a more chronic course with symptoms masked 
by steroid therapy.

It is known that an increased frequency of 
infection occurs in patients with rheumatoid arthritis 
and this risk is increased further by steroid therapy 
[10]. Extradural anaesthesia has been used in patients 
with rheumatoid arthritis to avoid the risks of spinal 
cord injury that may accompany tracheal intubation 
in these patients. This case report suggests that 
caution should be exercised when this technique is 
used to provide intraoperative or postoperative
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analgesia in patients with rheumatoid arthritis re 
ceiving steroids. This case also demonstrates that, in 
such patients, early symptoms of an extradural 
abscess, such as backache, may not develop until 
weeks after removal of the extradural catheter, yet 
still progress rapidly to irreversible neurological 
damage.

In addition to prednisolone, our patient was also 
receiving two non-steroidal anti-inflammatory drugs 
(flurbiprofen and aspirin). The effect of such drugs 
on platelet function may have led to the formation 
of a small extradural haematoma, and it has been 
postulated in a previous case report [8] that the 
presence of a haematoma after extradural catheter- 
ization may predispose to infection and abscess 
formation.

When extradural abscess is suspected, myel- 
ography, contrast enhanced computed tomography 
or magnetic resonance imaging are the diagnostic 
investigations of choice. Urgent decompressive 
laminectomy and antibiotic therapy are essential; 
any delay in surgical intervention or th^e use of 
antibiotic therapy alone is associated with a poor 
outcome [4].

Before this case, our only common contra 
indication to the use of extradural analgesia had

been anticoagulant therapy. However, we would 
now add to this patients with rheumatoid arthritis 
receiving steroid therapy.
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It has been suggested that changes to the training schemes of junior doctors and the increased pressure on 
emergency departments to manage their patients within a limited time might increase the number of unnecessary investiga 
tions performed on emergency admission patients. This, in turn, may lead to an increased number of investigations with nor 
mal results. In this study we try to analyse the role of the chest X-ray (CXR) as a diagnostic tool in patients presenting with 
acute abdominal pain.

A retrospective study was performed of the request forms and results of all chest radiography per 
formed on patients admitted on the emergency surgical intake with acute abdominal pain through utilisation of the prospec- 
tively maintained electronic radiology database. The indications were compared to the guidelines published by the Royal 
College of Radiologists (RCR) which have been adopted as the standard of care.

A total of 334 chest X-rays were identified of which only 23 (7%) had new findings. Four (1%) patients had free 
gas under the diaphragm. Of the CXRs, 258 (77%) were reported normal whilst 53 (16%) had old changes which were 
described in their hospital records and previous radiographs. Of the CXRs with new findings, only 20 were clinically significant 
and, of these, four (1%) were surgically significant.

The majority of CXRs performed on emergency surgical admissions with abdominal pain are unnecessary. By 
obtaining a clear history, performing a thorough clinical examination and following the RCR guidelines most of the CXRs could 
be avoided. This would lead to less radiation exposure, reduce delays to diagnosis, and provide significant financial savings.
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Patients admitted as an emergency with abdominal pain 
often undergo two standard imaging studies in the acute 
setting, namely an erect chest and supine abdominal radi 
ograph. The indications for the erect chest radiograph 
(CXR) are first to exclude free gas under the diaphragm as 
a result of a perforated viscus, and second to attempt to 
exclude an intrathoracic condition as a cause for the 
abdominal symptoms.

The Royal College of Radiologists (RCR) recommends a 
CXR be performed when there is a suspected visceral per 
foration, to exclude air under the diaphragm. This does not 
supersede a thorough clinical examination and should not 
be done routinely for patients with abdominal pain. 1

Although the cost of a CXR is relatively small at approx 
imately £20 per film, the fact that acute abdominal pain 
accounts for 50% of all emergency surgical admissions2

means that the overall costs for this investigation are signif 
icant. Furthermore, although the radiation exposure of a 
CXR is low at 0.2 mGy,' all unnecessary radiation should be 
avoided. In addition, from a clinical perspective, requesting 
investigations which are unlikely to be of any benefit in 
obtaining the diagnosis simply delays the commencement 
of treatment.

The aim of this study was to address this issue by exam 
ining both the quantity and quality of requests made for 
emergency chest radiographs in patient presenting with 
abdominal symptoms.

A retrospective study was performed to identify all patients 
admitted on the emergency intake of a single surgeon with

Ann R Coll Surg Engl 2010; 92: 697-699 697
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r The Royal College of Radiologists guidelines on 
requesting a CXR in patients presenting with abdominal pain

To detect the presence of free gas from a perforated
viscus
To rule out a chest infection in elderly patients with
upper abdominal pain

acute abdominal pain during a 12-month period. From this 
cohort, adult patients undergoing chest radiography (CXR) 
at the time of admission were identified.

The prospectively maintained radiology department 
database was then analysed to obtain details of the indica 
tions for the CXR and the result of the CXR as determined 
by a consultant radiologist. CXRs with positive findings 
were identified and divided into new and old findings by 
comparison with previous clinical and radiological data. 
CXRs were then evaluated as to whether or not they were 
surgically relevant.

The indications for the CXR were also compared to 
nationally-accepted guidelines produced by the Royal 
College of Radiologists, to assess the appropriateness of the 
requests (Table I). 1

Results
During the period of the study, 515 patients with acute 
abdominal pain were admitted under the care of a single 
general surgical consultant at a district general hospital. Of 
these admissions, 334 (65%) had an erect CXR performed at 
the time of admission.

Of those in whom a CXR was performed, only 23 of 334 
(7%) had new findings identified by the reporting radiolo 
gist and 20 of these 23 had findings which were clinically 
significant. The commonest radiological diagnosis on CXR

515 patients presented with abdominal pain

( 334 (65%) patients j 181 (35%) patients 
| had CXR ] had no CXR

, ————
23 (7%) patients had 
:had a CXR with new 
radiological findings

1

53 (16%) patients 
had a CXR with old 
radiological findings

— ————— I

258 (77%) patients 
had a normal CXR

Figure I Classification of the pat ents based on their chest X-ray 
(CXR) findings.

was consolidation or atelectasis which was seen in 16 of 334 
(5%) and the other 4 of 334 (1%) had free air under the 
diaphragm. Therefore, only four had signs indicative of 
intra-abdominal disease on their CXR. In two of these cases, 
free gas was visible on the plain abdominal radiograph 
(AXR). The pathology was duodenal perforation in three 
cases and perforated sigmoid diverticular disease in the 
fourth case. The remaining three patients with a positive 
finding were reported as having non-caseating granulomas 
in the lungs.

Of the 16 patients with consolidation or atelectasis 
reported on their CXR, none had any associated gastroin 
testinal condition identified during the index admission and 
the primary pathology was believed to be a respiratory one 
with referred pain to the upper abdomen.

Of those with no new findings on their CXR, in 258 of 334 
(77%) cases the radiograph was reported as being normal; 
in 53 of 334 (16%) cases, old changes which were identified 
on previous radiographs were reported. These old radiolog 
ical findings included chronic obstructive airways disease, 
cardiomegaly and hiatus hernia.

When the indications for the CXR were assessed in the 
334 cases in which a radiograph was performed, the usual 
indication on the request form was to exclude a perforation 
(321/334; 96%) and in only 13 of 334 (3%) cases were res 
piratory signs noted on the CXR request form. None of the 
13 patients with clinical signs of consolidation/atelectasis 
had gastrointestinal pathology identified during the course 
of their admission.

Based on final diagnoses, and excluding pericolic 
abscesses, a further eight patients had a perforated viscus 
with free peritoneal gas as a cause for their emergency 
admission including two perforated ulcers and six colonic 
perforations. These findings were confirmed on computed 
tomography (CT) prior to laparotomy in six cases and in two 
cases was there evidence of gas on the AXR. In the remain 
ing three patients with signs on the CXR but no respiratory 
signs on clinical examination, the final clinical diagnosis 
was acute cholecystitis and the atelectasis seen on CXR was 
believed to be secondary to pain.

Discussion
The primary finding of this study is that the vast majority of 
CXRs performed in patients admitted on emergency surgi 
cal intakes with acute abdominal pain could be avoided. 
Only four of 321 (1.2%) patients in whom a CXR was 
requested to 'exclude perforation' had evidence of gas 
under the diaphragm. Overall, 12 of 334 patients had a vis 
ceral perforation with free intraperitoneal gas identified 
during their admission of which two cases were identified 
on AXR alone, two on both AXR and CXR and in two cases 
the gas was seen on CXR alone. In the remaining six cases,
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no gas was identified on plain radiography and the diagnosis 
was confirmed by CT/laparotomy. Thus, in only two cases did 
the CXR indicate the underlying diagnosis. All 12 of these 
patients had a suspected diagnosis of visceral perforation.

The most commonly identified new pathologies on the CXRs 
performed were respiratory and were seen in 19 of 334 (5.7%) 
undergoing a CXR or 19 of 515 (3.7%) admissions with abdom 
inal pain. Of these patients, 16 had an acute respiratory pathol 
ogy for which clinical findings were also present. Other studies 
have also evaluated the need for CXRs in patients with abdomi 
nal pain. Tsalkidis etal* reviewed the records of 1731 paediatric 
patients admitted with acute abdominal pain and 51 were found 
to have non-abdominal causes for their pain, representing 3.1% 
of the total.

In our experience, the requesting of CXRs is often attributed 
to pressure by senior colleagues with trainees stating 'the con 
sultant insists'. Some trainees admit to quoting a clinical suspi 
cion of perforation on the request form as they are aware that 
this is an appropriate indication for a CXR regardless of whether 
or not it is truly suspected based on clinical findings. Another 
justification is that a surgical patient may need an operation. 
However, if the patient has no clinical signs and no relevant his 
tory, there is no indication for a CXR. 1 Even for patients with a 
history of cardiorespiratory disease, if there is an archived film 
and if there are no clinical signs or significant clinical changes 
since the previous radiology, a repeat CXR is not indicated.

It has been suggested that increased pressure on emergency 
departments to manage their patients within a limited time 
might increase the number of unnecessary investigations per 
formed as juniors are pressured triage patients. It is, therefore, 
necessary that these doctors are educated in the importance of 
following RCR guidelines. 1 If CXRs were not performed unless 
there were unexpected clinical signs on examination of the car 
diovascular or respiratory systems during the surgical admis 
sion process, the vast majority of CXRs in this series would have 
been avoided. This was also the conclusion of a study of 1584 
children with abdominal pain in whom pneumonia was identi 
fied in 30 (1.89%), all of whom had respiratory signs. 5 In only 
two cases (0.13%) would the diagnosis of pneumonia been 
missed on initial presentation had a CXR not been performed.

In the current study, in the two cases in which the diagnosis 
of visceral perforation was identified on CXR but not AXR, it is 
unlikely that either patient would have suffered from not per 
forming the CXR examination as, in both cases, there were clin 
ical signs of peritonism. There is now accumulating evidence 
that a CT scan should be performed as the first-line radiological 
investigation in a stable patient in whom a visceral perforation 
is suspected as it is more sensitive and allows identification of 
the source and pathology responsible for the perforation.6

There are three distinct benefits from not performing radio 
logical investigations. First is the avoidance of radiation expo 
sure. Although the radiation exposure from a CXR is small, it is 
avoidable. The second factor is to reduce waste of resources.

The cost of a CXR is small but given the large number of unnec 
essary CXRs, the cumulative cost is significant. When the RCR 
first published guidelines for requesting radiographs, it was pre 
dicted the NHS could save £50-60 million per year. The costs 
saved by reducing CXR requesting include all the indirect costs 
such as the salary of the radiographer taking the film, pregnan 
cy tests of female patients and the costs of the radiologist inter 
preting and reporting the films, hi this series, respiratory symp 
toms were elicited in only 13 patients; thus, the CXR could have 
been avoided in 321 of 334 (96.1%) of those in which they were 
requested. Finally, the time wasted in requesting and processing 
the CXR might be better used in requesting other more suitable 
investigations.

The findings in this study complement those of a previous 
paper looking at the appropriateness of abdominal radiograph 
requests.7 A reduction in AXR requests would increase the 
potential advantages of adherence to RCR guidelines.

The main limitation of our study is, being retrospective, that 
data may not have been adequately documented, in particular in 
relation to respiratory findings within the clinical notes. As not 
all our patients with abdominal pain underwent a CXR, it is fea 
sible that some of those who did not have an X-ray may have had 
positive findings had one been performed. However, it is pre 
sumed that the decision not to request one was based on the 
absence of clinical findings on examination of the chest and no 
indication for a CXR based on RCR guidelines.

This study has demonstrated that the majority of CXRs per 
formed on patients admitted on a surgical intake with abdomi 
nal pain are not necessary and should be avoided. Furthermore, 
in the small numbers in whom free gas was identified, clinical 
findings were also present and thus the value of a CXR even in 
this setting is questionable. Stricter adherence to the RCR guide 
lines would significantly reduce the financial, radiation and time 
resources currently being wasted.
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DO SMOKING CESSATION CLINICS WORK IN 
DISTRICT GENERAL HOSPITALS?
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Abstract

As general surgeons with heavy vascular commitments, it is discouraging to see initially 
successful arterial reconstructive operations fail due to graft occlusion caused by 
continued smoking. We have therefore established a weekly smoking cessation clinic 
with the objective of verifying the efficacy of counselling, with or without nicotine 
replacement therapy (NRT) in the dtnkai setting away from the 'trial' environment.

Three cessation methods are used in the clinic The majority, 76%, chose group 
counselling plus nicotine patches, 17% chose group counselling alone, and only 7% 
chose nicotine gum plus group counselling. All cessation methods were advocated for 
a 12-week programme The majority of attenders, 71%, self-referred; 25% were re 
ferred from within the hospital and the remaining 4% referred from general practice. 
Of those referred from within the hospital, 86% came from surgical specialties. Seventy- 
nine oer cent of those attending had previously tried to quit smoking and over half of 
these had used NRT to help them,

Two-thirds of attenders were female with an average age of 48 years The admitted 
number of cigarettes smoked was 35 per day for 31 years on average and 78% of those 
questioned had a smoking-related disease In total, 110 patients could have completed 
the 12-week cessation programme and 93 could have abstained for SK months. Atthree 
months, the combined cessation rate of all groups was 25% and at six months this had 
reduced to 18.5%, Our largest subgroup, those undergoing counselling plus NRT 
patches, showed similar cessation rates with 23% quitting at three months and 18% 
at six months

We conclude that trial results can be duplicated away from research protocols in an 
outpatient cessation dinic and believe that all surgeons and physicians in acute 
specialties should be encouraged to establish a smoking cessation dmicwithin their own 
hospitai. 
Key words: Vascular surgery, smoking cessation dinic, nicotine replacement therapy

Introduction

Arterial reconstructive operations, which at investigated the practical problems in es-
first may appear to have a positive outcome, tablishing a smoking cessation clinic in a
sometimes fail as a result of graft occlusion, large district general hospitaf. Our aim was
brought on by continued smoking. This can to see how effective counselling, either
be very disappointing. We have therefore alone or combined with nicotine

~o MtM.H: leivs. Cbnsvfant Surgeon, fast Gtarrotgan Gene&l Hospital, Church Wfegs, 
Por-iypridti. fM Glamorgan. Wafes, UK
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replacement therapy (NRT), would be in a 
clinical rather than a trial environment 
Specifically, we address the question. 'Can 
trial results be duplicated away from re 
search protocols in an outpatient cessation 
dinic?'

Subjects and methods
Oinfc organisation
In March 1993 a smoking cessation dinic 
was opened at East Glamorgan District 
General Hospital under the supervision of 
a consultant vascular surgeon. The clinic 
runs weekly on Monday afternoons and 
evenings. The clinic team consists of the 
vascular firm, whose time is at no financial 
cost, two nursing sisters, a pharmacist and 
a secretary, who are paid on a sessional 
basis. The setting is the waiting hall of the 
outpatients' department which has easy 
patient access, comfortable and sufficient 
seating, and video and slide presentation 
facilities

The afternoon session is used for booking 
in new patients who are seen on a one-to- 
one basts by the clinic doctor. A detailed 
questionnaire is completed giving data on 
the patient's smoking habits and relevant 
family background. We were interested in 
gauging patient awareness of smoking- 
related diseases and asked each patient at 
the first visit what diseases they thought 
were related to smoking. The answers given 
were grouped into lour broad categories: 
cancer, cardiac, respiratory and circulatory. 
Encouragingly, three-quarters, 73%, were 
aware that smoking was implicated in the 
pathogenesis of cancer. A further 58% 
were aware that smoking is a major risk 
factor for heart disease Disappointingly, 
only 43% were aware that smoking was 
related to either respiratory or circulatory 
pathology. At this first session, a baseline 
carbon monoxide (CO) reading is taken, a 
cessation date agreed and the available 
cessation methods discussed.

The evening session is a communal event 
with patients meeting as a group to discuss 
their cessation difficulties and pass on moral 
support and helpful hints. Individual coun 
selling is available from the dinic staff as

required All patients have their CO levels 
and weight recorded, and are asked about 
side effects either of quitting or NRT. If 
necessary, appropriate action is taken to 
alleviate side effects. Often, however, only 
reassurance is needed (see Results). New 
NRT prescriptions are written, saving VAT 
costs, and are available from the dink phar 
macist At regular intervals, presentations 
are given by medical staff on clinical aspects 
of smoking. Clinical slides of pre-operative 
limb ischaemia, laparotomies for aortic 
aneurysms and postoperative amputation 
stumps have proved an effective means of 
reinforcing cessation.

Funding

The clinic is entirely funded from a grant 
by Kabi Pharmacia (Nicorette), Helsingborg, 
Sweden. No National Health Service money 
has been used

Cessation methods
Three cessation methods are used in the 
clinics. Patients may choose group coun 
selling alone, or in conjunction with NRT, 
in the form of either patches or gum. 
Following advice from the clinic doctor, 
patients are allowed to choose the cessation 
method which best suits them. Patients may 
change to another method if their original 
choice proves unsuccessful for whatever 
reason Patients wishing to change are 
counselled and appropriate advice given. 
Our policy has been for patient participation 
in the decision-making process as a vital 
step in managing their nicotine addiction.

The majority (76%) chose group coun 
selling plus nicotine patches, 17% chose 
group counselling alone, and only 7% 
chose nicotine gum plus group counselling 
In making these decisions, past cessation 
attempts and previous experimental nicotine 
gum or patch use often weighted the 
patient's preference. Each cessation 
programme was for 12 weeks with weekly 
attendance advocated. If the patient 
dropped out at any point this was regarded 
as failure to quit, regardless of their last 
recorded CO level. It was acceptable, 
however, for patients to miss one or two
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sessions provided they returned to complete 
the programme.

Referrals

The clinic ope rates an open access policy 
for smokers The majority of altenders 
(71%) have self-referred, having heard 
about the dmic by word of mouth or seen 
advertisements. The remainder are referred 
from medical colleagues either from within 
the hospital (25%), or from general 
practitioners (4%), Of those referred from 
within the hospital, 86% came from surgical 
specialties and a disappointing 14% from 
physicians. Of the patients referred from 
surgeons, 47% had varying degrees of 
peripheral vascular disease (PVO) - some 
were awaiting operation, some were post 
operative An active recruitment campaign 
has been organised to heighten awareness 
of the clinic. A regular update is given to 
our hospital and GP colleagues, and our 
work has been presented at several regional 
and natonal surgical meetings The dinic is 
advertised in local newspapers and we have 
been featured on regional television and 
radio

Results
Patient characteristics

Two-thirds of attenders were female with 
an average age of 48 years (range 25-69 
years;, having begun smoking at age 16 
years (average). The daily number of 
cigarettes smoked averaged 35 per day 
(range 5-60} and attenders had smoked 
for 31 years (range 8-57).

Se\«nty-eight per cent of those ques 
tioned had a smck ing-related disease, the 
commonest being a respiratory condition 
(reported in 42%), Gastro-intestinai path 
ology, e.g. duodenal/peptic ukeration and 
cancer, was or had been present in 31 %, 
PVD was present in 27% and 25% had 
coronary artery disease. Some patients had 
more than one ongoing pathology,

The majority of those attending (79%) 
had previously tried to quit smoking. On 
average they had made at least two serious 
attempts in the past. A serious attempt was

defined as quitting for more than one week 
Over half the previous quitters had used 
NRT to help them Nicotine gum was used 
by 38% and nicotine patches by 24% This 
use of NRT, however, was self-prescribed 
and used for only short periods No medical 
advice was sought prior to, or in conjunction 
with, its use All those who had used gum 
stated that their prime reason for non- 
compliance was the unpalatable taste,

Reasons given for failure of repeated quit 
attempts can be categorised into three 
groups. The majority (64%) continued to 
smoke because of 'habit' or 'addiction' 
causing unacceptable withdrawal symp 
toms. A quarter 'enjoyed' their cigarettes 
and had not wanted to quit originally. The 
remaining 11% stated that 'stressful life 
events' superceded any attempt to quit.

Smoking cessation

Smoking cessation was measured by CO 
levels of exnaled air using a Bedfont (f) CO 
Analyser. The norm taken as our non- 
smokers' CO level was 5 parts per million 
(ppm). The average CO readiitgs at the 
booking session was 27ppm.

Because of the small numbers who chose 
to quit using group counselling alone, or in 
combination with nicotine gum, the cess 
ation rates produced in these groups cannot 
be considered for statistical significance. We 
will therefore concentrate on the combined 
cessation rate of the clinic as a whole, using 
all cessation methods, and on the cessation 
rate of our largest subset, group counselling 
plus topical 16-hour patches (Nicorette*}.

Over the first six months the clinic booked 
in 143 patients. Of these, 33 came only 
once for booking and did not enter any 
cessation programme. This left 110 patients 
who could have completed the 12-week 
cessation programme and 93 who could 
have abstained for six months At three 
months the combined cessation rate was 
25%. at six months this had reduced to 
185%

Our largest subgroup, those undergroup 
counselling plus nicotine patches, showed 
similar cessation rates. Of the 82 patients
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who could have completed the 12-week 
programme, 23% had quit Of the 73 
patients who could have completed six 
months, 18% were still abstaining

Disappointingly, no difference was seen 
in the cessation rate of those patients 
referred with PVD compared to other 
patients.

Adverse effects

In total, 29% of patients using the topical 
nicotine patches experienced one or more 
adverse effects. All were minor and self- 
limiting, and most symptoms had previously 
been reported to occur with placebo and 
in non-NRT trials. The two commonest 
complaints were of local itch or erythema 
associated with the topical patch and 
nausea or upper gastro-intestmal dis 
turbance, both reported in 99% of patients. 
Myalgia occurred in 5% and sleep dis 
turbance in only 4% of patients. The only 
other symptoms of note were headaches 
and palpitations, both occurring in 2.5% 
of patients.

Although not regarded as an adverse 
effect of NRT, weight gain was a concern 
for many patients. For this reason, weekly 
weight monitoring was offered and showed 
that the average weight gain over the 1 2- 
week programme was 3.5lbs.

Discussion
The list of smoking-related diseases is an 
extensive one [1| and surgeons in general 
are at the 'sharp' end of managing such 
pathologies. The end result and progression 
of smoking-related disease is perhaps most 
apparent in patients with PVD. Cole ef a/. 
[2] found a 15 times increased risk of PVD 
in smokers compared to non-smokers. More 
significantly, when assessing all risk factors 
associated with PVD, e.g. age, hypertension 
and high density lipoprotein levels, the 
attributable fraction for smoking was 76%. 
The success of reconstructive arterial bypass 
operations in smokers is half that of non- 
smokers [3] and in successful operations, 
smokers have a greater risk of subsequent 
above-knee amputation. Despite having a

vested interest in helping smokers quit, 
surgeons have been widely absent from 
the field of smoking cessation. At the 1994 
International Congress on Smoking Cess 
ation in Glasgow, Scotland, there was only 
one presentation from a surgeon (our own) 
out of a field of 74 speakers. With the 
manufacture of NRT products and their 
subsequent proven efficacy, we hope that 
the trend of surgical non-participation will 
be reversed.

Many studies have outlined the success 
and pharmacological impact of NRT 
whether by gum or topical patch [4-7]. 
We are not seeking to repeat these works 
but to verify the efficacy of counselling and 
NRT in the dinical setting away from the 
'trial' environment. Our account recalls what 
we found to be essential in opening and 
running a smoking cessation clinic in a 
District General Hospital. With abundant 
enthusiasm from the staff members in 
volved, the major obstacle to overcome was 
that of initial funding. No local health 
authority money was available but thanks 
to a grant from Kabi Pharmacia (Nicorette) 
(with no product restrictions applicable) we 
are able to fund the clinic for an initial 
two-year period.

The majority of smokers self-referred to 
the dinic. Despite a vigorous campaign to 
inform and motivate our medical colleagues, 
both within the hospital and in general 
practice, the only regular 'medical' referral 
came from the surgical vascular dinics. This 
reluctance to refer may well be due partially 
to ignorance of NRT and a feeling of overall 
futility when faced with uncommitted 
government policies (8).

Weekly attendance at clinics helped 
patient compliance. Generally, patients at 
tending for the first four weeks would then 
complete the full 12-week programme. 
Group sessions were universally popular 
with all patients who found team motiva 
tion helpful The regular medical and sur 
gical presentations and slide shows were 
well received, especially as some of those 
attending had already undergone the 
operations illustrated and could relate the 
benefits both of surgery and quitting smoking.
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Adverse effects were reported in nearly 
a third of our patients These effects were 
minor and did not directly lead to any 
patient failing the cessation programme. 
Varying cessation rates have been reported 
[4,5,9] in the medical literature. Reviewing 
the first six months' work, the clinics' 
cessation rate for all groups with and 
without NRT is 25% at three months and 
18.5% at six months, comparable with data 
derived from pure research or addiction 
units. We believe our cessation rate of 
18.5% at six months is credible, although 
we await our long-term results.

Conclusion
Our experiences in establishing and running 
the East Glamorgan General Hospital 
Smoking Cessation Clinic have been 
rewarding and educational to all staff 
members participating. The 18.5% cess 
ation rate achieved indicates that smoking 
cessation clinics can work in a dintcal. non- 
research environment The question of
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funding is a problem, but one that must 
be addressed by local health authorities who 
should see such projects as an investment 
in disease prevention. Nicotine replacement 
therapy is, after all, the most cost-effective 
means of disease prevention available [10] 
It is now our firm belief that all surgeons 
and physicians in acute specialties should 
be encouraged to establish smoking 
cessation clinics within their awn hospitals
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On-line Case Report

Gastro-colonic anastomosis - a viable option in 
extensive small bowel infarction

AD Thomas, MD Rocker, G Morris-Stiff, MH Lewis 

Deportment of Surgery, Royal Glamorgan Hospital, Uantrisant, UK

Introduction: We have previously presented a patient with massive small and large bowel
infarction and demonstrated that even with only a few inches of remaining small bowel an almost
normal life-style and diet is possible. 1
Patient: Recently, we have looked after a young and otherwise fit female patient who suffered
mesenteric venous gangrene of the whole small bowel from the Ligament of Treitz to the
caecum. In order to achieve gastro-intestinal continuity and to avoid the torrential fluid loss
associated with high fistula, an anastomosis between the stomach and the transverse colon was
formed.
Result: We are surprised to find that despite the extensive resection our patient maintains a good
quality of life and is able to look after her young family.

Keywords: Mesenteric venous gangrene, Small bowel resection

A 25-year-old lady was admitted as an emergency 
complaining of a 24-h history of right upper quadrant 
pain, nausea but no vomiting. Despite this, she was able 
to tolerate a light diet. She had no relevant past medical 
history and was 5 months' post-parrum. Her family 
history was unremarkable but her grandfathers had both 
died of pulmonary emboli.

On examination, she was obese and had significant 
tenderness confined to her epigastrium. Her initial 
haematological and biochemical investigations were 
within normal levels. She was admitted, observed, and 
prescribed opiate analgesia.

The following morning her pain had improved, she was 
mobilising and tolerating increased diet. She had opened 
her bowels normally. In the early hours of the second night, 
she complained of increasing epigastric pain. Her vital signs 
revealed a marked tachycardia, hypotension, white cell 
count of 20,000 and a base excess of -9.

After resuscitation, an urgent laparotomy was carried 
out. This revealed dusky small bowel from the 
duodenal-jejunal flexure to the ileo-caecal valve. The 
superior mesenteric artery (SMA) was found to be 
pulseless. An arteriotomy was performed in the SMA but 
no embolus was identified. Thrombus was noted in the 
superior mesenteric vein and its tributaries. She was 
transferred to X-ray under general anaesthesia and a 
selective mesenteric angiogram performed (Fig. 1). This 
did not reveal any capillary blush indicating that the 
capillaries of the affected small bowel were occluded. She 
was returned to theatre and the bowel was resected (Fig. 2) 
leaving proximal duodenum, caecum and colon. These were 
closed without anastomosis and she was transferred to 
the intensive care unit with a view to re-laparotomy the 
following day.

At laparotomy, there was no obvious evidence of 
further vascular insufficiency. In view of fears that further
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Figure 1 Arteriogram demonstrating good flow in superior 
mesenteric artery following embolectomy but absent capillary 
blush consistent with mesenteric venous thrombosis.

dissection would impair the blood supply of the stomach, 
liver or pancreas, and that this may lead to further 
metabolic imbalance, it was decided to anastomose the 
distal stomach to the transverse colon.

Postoperatively, the patient was anticoagulated and a 
proton-pump was commenced as was total parenteral

nutrition (TPN) via a subclavian line. She made an 
excellent recovery and within a week of surgery the 
patient was able to tolerate a light diet. Histological 
examination of the small bowel revealed features of acute 
ischaemia consistent with venous thrombosis with areas 
of ischaemia and early infarction and haemorrhage into 
the lamina propria and muscularis mucosae. There was 
also evidence of recent thrombus within the mesenteric 
veins present in the specimen.

She currently remains well and is managing her home 
TPN, maintaining her weight and nutritional status. The 
patient has minimal diarrhoea consisting of 3 loose 
motions per day and has no incontinence. Postoperative 
haematological studies have demonstrated that the 
patient has a protein-S deficiency as a predisposing factor 
for venous thrombosis and is to be maintained on long- 
term warfarin.

Discussion

Acute mesenteric ischaemia is a difficult condition to 
diagnose, as there remains no single diagnostic test for the 
acute presentation. Venous occlusion accounts for 10% of 
cases and is the most common form of mesenteric 
ischaemia to affect young patients.2-3 Mesenteric venous 
thrombosis has a spectrum of clinical presentations from 
abdominal pain to peritonitis.4 Once peritonitis is evident, 
urgent laparotomy should be undertaken.

Our management of the patient was initially in keeping 
with the accepted guidelines. However, after attempted

Figure 2 Segment of resected ileum demonstrating typical appearance of venous gangrene.
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embolectomy of the SMA, it was evident that our 
suspicion of arterial embolus was unfounded. It was at 
this stage that the unusual step of performing selective 
visceral angiography whilst the patient was still 
anaesthetised was taken. We are fortunate to have 
excellent radiology facilities available and prompt 
angiography took place in the radiology department with 
the full consent and co-operation of the radiologists. The 
selective mesenteric angiography revealed flows in the 
SMA but the smaller vessels and the capillaries were 
occluded. These findings were in keeping with occlusive 
lesions in the superior mesenteric vein and its tributaries. 
The postoperative pathology report confirmed the 
radiological diagnosis of mesenteric venous thrombosis.

The formation of a gastrocolic anastomosis is unusual 
and we have been unable to find documentation of this 
form of anastomosis in the literature. There is 
considerable debate as to the optimum management of 
patients with extensive thrombosis as, given the relative 
rarity of the condition, there is no real evidence-base on 
which decisions can be made. There are two main options, 
namely the formation of stomas or the restoration of 
intestinal continuity.2 Our main reason for performing this 
anastomosis was to ensure gastro-intestinal continuity. 
Stoma formation at the duodenum was thus avoided as this 
would have caused massive fluid loss which would have 
required very strict monitoring and would almost certainly 
have been very difficult to balance. The anastomosis of the 
stomach to the transverse colon did not require 
mobilisation of the bowel hence avoiding further vascular 
compromise to the remaining abdominal organs. We have 
ensured that the patient, although dependant on parenteral 
nutrition, is able to maintain her nutritional state and carry 
on with as good a quality of life as possible. Should the 
patient develop problems related to a blind duodenal loop 
in the future, then the anastomosis could be revised now 
that the patient is no longer critically ill.

One of the main problems faced by the patient with a 
gastrocolonic anastomosis is diarrhoea. This has so far not

proven to be detrimental to the patient's quality of life as 
she passes on average 3 loose motions per day, is not 
troubled by incontinence and does not require regular anti- 
diarrhoeal agents. Her home TPN has been well-tolerated, 
the only complications being minor line infections which 
have responded to oral antibiotic therapy.

Deficiencies of protein-C, protein-S, anti-thrombin III, 
and factor V Leidin are discovered in some cases of 
mesenteric venous ischaemia. However, these proteins 
can be falsely low in acute thrombosis.5 In this case, the 
pre-operative and immediate postoperative biochemical 
and coagulation profiles failed to reveal any underlying 
abnormalities; however, postoperatively, a protein-S 
deficiency was confirmed. Due to our patient's 
prothrombotic state we would advocate that the patient 
receives life-long anticoagulation.

Conclusions

Our patient is currently well, maintaining a steady 
weight, and her INR remains in the therapeutic range. 
This case illustrates that extensive resection and 
restoration of intestinal continuity can have a successful 
outcome and should be considered in patients in whom 
options are otherwise limited.
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An 11-year experience of arterial embolectomy in a district general 
hospital
N. A. BURGESS, M. W. SCRIVEN AND M. H. LEWIS

fas/ Glamorgan General Hospital, Pontypridd, Mid Glamorgan, UK

We present a retrospective audit of all arterial embolectomles performed at the East Glamorgan 
General Hospital over an 11-year period (1980-1990). Eighty-seven patients (47M :40F), 
mean age 67 years (50-90 years) underwent 95 embolectomles, an incidence consistent with 
previous studies. There were 17 upper and 71 lower limb emboll with a mean delay before 
diagnosis of 29 h (range 1-264 h). In 66% of cases the cause was atrlal fibrillation; 33% received 
immediate heparinization and 14% prophylactic antibiotics. Surgery was performed by a 
consultant In 12 and registrars in 75 cases, and under local anaesthesia in 80% and general 
anaesthesia in 20%. There was no anaesthetist present in 54% of cases. Few pre- or peroperative 
arteriograms were performed. The 30-day mortality was 45%, with an amputation rate of 15% and 
an overall postoperative complication rate of 62% with little improvement in these figures over the last 
10 years. Factors increasing mortality were: delay before diagnosis, grade of surgeon performing 
the operation, and inadequate inflow or outflow at operation. Factors found to affect limb 
salvage rate adversely were a history of intermittent ctaudlcation, although such a history was not 
recorded in many cases, and lack of immediate preoperative heparinization.

Although embolectomy is considered a 'registrar operation', reviewing our results it can be 
seen that it is an uncommon operation, in our series eight or nine being performed annually. 
Sometimes inappropriate surgery is performed upon patients in whom severe systemic illness 
may contraindicate any form of surgical intervention.

It is clear from this study that much can be done to improve the outcome, in particular careful 
history-taking, involvement of a senior surgeon and adequate pre- and intraoperative 
investigations. We feel that there is a place for introducing a protocol in our hospital that will help 
the junior surgeon in the management of these high-risk cases in the future.

Keywords: arterial embolus, acute ischaemia, embolectomy.

In general, embolectomy is regarded as a 'common' oper 
ation with few contraindications as there is 'little to lose' 
with immediate improvement. In addition, the procedure is 
'(self undertaken using local anaesthesia, often without an 
anaesthetist being present within the theatre suite. Lastly, 
the operation is regarded by most as a 'registrar' operation 
with little need to consult senior staff. Since the intro 
duction of the Fogarty embolectomy catheter in 1963 a lot 
has been written regarding the surgical management of 
'he acutely ischaemic limb, with recent reports outlining 
'he risk factors associated with a poor outcome for these 
Patients and guidelines as to how the results might be 
'^proved'"4 . To our knowledge most of these reports have 
c°me from specialized units and not from busy district 
Qeneral hospitals such as ours where the majority of these 
Patients are managed. Because of the apparently poor 
results for surgery for the acutely ischaemic limb and to 
assess the validity of the beliefs outlined above we decided 
'° audit our results over an 11-year period.

Despondence to: Mr MH Lewis, Department of Surgery, East Gla- 
I"0f9an General Hospital, Pontypridd, Mid Glamorgan CF38 1AB, UK.

PATIENTS AND METHODS

The operating theatre register was used to identify 108 
patients who were recorded as having undergone emer 
gency arterial embolectomy at the East Glamorgan General 
Hospital over an 11-year period (January 1980-December 
1990).

A total of 97 of these patients' case notes were reviewed, 
the remainder being excluded because the case notes were 
either unavailable or incomplete. Of these 97 patients, 10 
were incorrectly listed as having undergone an arterial 
embolectomy; they had vascular procedures other than for 
acute ischaemia and so were excluded from the study. The 
87 remaining patients underwent a total of 95 embolectomies 
each side of a bilateral embolectomy for saddle embolus 
being counted as one. The patients, whose ages ranged 
from 50 to 90 years (mean = 67 years), were under the care 
of three surgical firms and operations were carried out by 
registrars (n = 75) or consultant surgeons (n = 12). There 
were an almost equal number of male (n = 47) and female 
(n = 40) patients.

A proforma was completed for each hospital admission 
and included details concerning the patient's history and
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Table 1 Table 3

Upper limb (n = 17) Lower limb (n = 71)

0 Subclavian
2 Axillary

15 Brachial

7 Saddle
4 Iliac

58 Femoral
2 Popliteal

examination, their investigations, management and 
outcome. Outpatient follow-up notes were available for up 
to 11 years with a mean duration of foilow-up of 58 months. 

The information recorded was loaded into a computer 
database system (DBase IV) allowing cross-referencing of 
variables.

RESULTS

Eighty-seven patients underwent 95 arterial embolectomies 
and these were performed for 17 upper and 71 lower limb 
emboli (Table 1). One patient suffered simultaneously from 
a brachial and femoral artery embolus. Sixty-two (71%) of 
the patients were smokers; the remainder claimed not to be.

The mean delay to diagnosis, i.e. the time from first onset 
of symptoms, was 29 h (range 1-264). The main reason for 
this delay was that the patient had not requested medical 
advice. There were no appreciable delays in any of the cases 
getting to or establishing a diagnosis once within hospital. 
The vast majority of patients had a past medical history of 
associated cardiovascular or respiratory disease but despite 
this very few were asked about symptoms of peripheral vas 
cular disease. Of the 46 (53%) who were asked about claudi- 
cation only eight (17%) complained of it. The commonest 
causes of the emboli were atrial fibrillation and post-myo- 
cardial infarction (Table 2). Twenty-nine (33%) patients were 
anticoagulated immediately, while the remainder com 
menced this therapy either per- or postoperatively, 14% of 
patients received prophylactic antibiotics. Surgery was per 
formed under local anaesthesia in 80% of cases and the 
rest under general anaesthesia. In 54% of cases no anaes 
thetist was present during the procedure.

Several factors regarding the operations were recorded; 
for the 76 cases in which removal of embolic material from 
within the artery was recorded only 34% were sent for his- 
tological examination. For lower limb emboli adequate proxi 
mal inflow was obtained in 28 patients (39%), was not

Postoperative complications

Ml
CVA
Amputation
Haemorrhage
Wound infection

With antibiotics
Without antibiotics 

Further embolus
With immediate heparinization
Without immediate heparinization 

Chest infection 
Renal failure 
Gl haemorrhage

13
9

13
8

1 (8%) 
7 (9%)

3 (10%) 
7 (12%) 
6 
2 
2

obtained in seven (10%) and was not recorded in 36 patients 
(51%). Adequate outflow with backbleeding was present in 
53, absent in 11 and not recorded in seven cases. Of the 71 
embolectomies performed via the common femoral artery 
the profunda femoris artery was recorded as having been 
explored in only 57 cases (81 %). On table arteriography was 
not undertaken in any of the cases in this study.

Of those patients with lower limb emboli, four had an 
abdominal ultrasound scan to search for an abdominal 
aortic aneurysm; of these one patient did have an aneurysm 
that ruptured 2 weeks later and the patient subsequently 
died. One other patient died of a ruptured aortic aneurysm 
2 months following his embolectomy, the aneurysm being 
detected at post-mortem.

For all explorations, i.e. both upper and lower limb, the 
overall postoperative complication rate was 62% (Table 3), 
with a 30-day mortality rate of 45% and amputation rated 
15%. The mortality rate over the 11 years of this study was 
calculated for two periods—from January 1980 to December 
1985 and from January 1986 to December 1990. While results 
did not reach statistical significance, there was an increase 
in mortality from 39% to 48% and a reduction in amputation 
rate from 18% to 12% from the first to the second time period 
respectively. Factors increasing mortality were: delay before 
diagnosis, grade of surgeon performing the operation and 
inadequate inflow or outflow at operation. Factors found to 
affect limb salvage rate adversely were a history of inter 
mittent claudication and lack of immediate heparinization 
(Table 4).

Table 2

Aetiology

AF
Ml
Atheroma
SVT
Not known

57
6
2

1
22

DISCUSSION

It can be seen from this study that in our hospital embol 
ectomy is not, as is commonly conceived, a frequent oper 
ation, accounting for only eight or nine cases annually. The 
decision to operate and the operation itself are often under 
taken by junior surgical staff with little experience with this 
operation. Consultant input (i.e. medical, anaesthetic or sur 
gical consultant input) was minimal in patients who nearly 
always have serious coexisting medical disease. An example
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Table 4

With claudlcation
Without claudication
With immediate heparinization
Without immediate heparinization
With antibiotic prophylaxis
Without antibiotics
Delay before diagnosis:

<5h
5-36h
36-72h

Operative factors:
Proximal inflow
No proximal inflow
Backbleeding
No backbleeding

Surgeon
Consultant
Registrar

Mortality rate 
(30 day) (%)

13
58
48
45
42
47

54
40
57

50
86
40
82

30
49

Amputation rate 
<%)

25
16
10
21
17
13

8.5
10
20

7
29
15
18

10
14

would be the patient who develops an embolus post-myo- 
cardial infarct, who is in congestive cardiac failure and is 
hypotensive. We feel that patients such as this may be inap 
propriate for any form of surgical intervention and that 
decisions regarding suitability for surgery need to made by 
senior members of staff.

In our series there was little if any appreciation of a pre 
existing history of chronic vascular insufficiency and the 
serious implications this may have. If it was appreciated, then 
it was poorly recorded, as it was documented for only 53% 
of cases. Few patients received prophylactic antibiotics and 
although it has been suggested that early heparinization can 
reduce clot propagation5 only 33% of our patients were 
anticoagulated on the ward at the time of diagnosis, the vast 
majority being anticoagulated either per- or postoperatively.

Two patients in our study died postoperatively from rup 
tured aortic aneurysms. While the majority of the patients 
were unfit for major surgery we feel it is important to exclude 
an aneurysm as a source for their lower limb emboli as 
isolated cases may be suitable for an aortic graft. Echo- 
cardiography was not used to assess any of our patients 
and should, if available, be considered because, as with our 
study, there is often a cardiac cause.

Surgery was performed using local anaesthetic in 80% of 
cases with no anaesthetist being present in 54%. Although 
many of these patients have serious systemic disorders we 
would agree with Beard ef a/4, that these procedures should 
be performed under general anaesthesia. The patient is often 
restless, which makes the operation technically difficult; it is 
'"^possible to anaesthetize the femoral artery satisfactorily 
'hroughout its length with local anaesthetic via the groin 
ir|cision and it may be necessary to convert to a more major 
revascularization procedure. In addition the risks to the car-
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diovascular system of release into the circulation of toxins 
from the ischaemic limb on revascularization are minimized 
with close recording of all parameters by a senior anaes 
thetist rather than leaving this to a junior surgeon who should 
be concentrating on the operation.

Poor recording of operative findings was apparent. With 
the lower limb operations the profunda femoris artery was 
recorded as having been explored in only 57 out of 71 cases. 
If'indeed this important step was neglected then this could 
partly explain our poor results. The state of proximal inflow 
and outflow with backbleeding was also infrequently 
recorded. In addition, where these factors were recorded as 
being inadequate, little or no action was taken. Our results, 
however, show that with poor inflow death resulted in 86% 
of cases with an amputation rate of 29% and with no back- 
bleeding the mortality rate was 82% with an amputation rate 
of 18%. Furthermore, arteriography either pre- or per- 
operatively was very rarely performed despite the fact that 
this can safely and quickly be performed in theatre. A simple 
X-ray plate of the size used for the conventional chest X-ray 
is wrapped in a sterile drape and placed under the affected 
limb from mid-thigh to mid-calf. Twenty mis of contrast is 
injected via the arteriotomy using a Tibbs' arterial cannula 
or Stoke on Trent and an arteriogram of reasonable quality 
can be viewed within 5 min. It is wrong to assume that 
backbleeding equates with a patent distal arterial tree; this 
has to be confirmed with arteriography, a procedure that 
confers no appreciable delay and provides essential diag 
nostic information.

Other factors associated with an increase in mortality were 
delay before diagnosis, which was primarily a result of 
patients' failing to seek medical help, and grade of surgeon 
performing the operation. Factors found to affect limb sal-
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vage rate adversely were a history of intermittent claudication 
(although the number of patients noted to have claudication 
was so few, no firm conclusions can be made about this) 
and lack of immediate preoperative heparinization.

Only a very small number of the patients in this study 
received thrombolytic therapy, a situation that will change 
with the more widespread use of arteriography that may 
help distinguish between acute embolic or thrombotic arterial 
occlusion.

It is clear from this study that much can be done to improve 
the outcome for acute arterial occlusion, in particular careful 
history-taking, involvement of a senior surgeon and 
adequate pre- and intraoperative investigation. We feel that 
there is a place for introducing a protocol in our hospital 
that will help the junior surgeon in the management of these 
high-risk cases in the future.
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The aims of this study were to audit results of a 10-year experience of surgery for acute limb ischaemia (All) 
in terms of limb salvage and mortality rates, and to compare results with a historical published series from our unit.

All emergency operations performed during the period 1993-2003 were identified from theatre regis 
ters and patient notes reviewed to determine indications for, and outcome of, surgery. Data were compared to a similar cohort 
who underwent surgery from 1980 to 1990.

There was a 33% increase in workload from 87 to 116 patients between the two time periods. The number of 
patients with idiopathic All reduced (24% versus 4%; P< 0.05), and there were fewer smokers (71% versus 39%; P< 0.05) 
and a greater number of claudicants (17% versus 35%; P< 0.05) in those treated from 1993-2003. Latterly, more patients 
underwent pre-operative heparinisation (33% versus 80%; P < 0.05), received prophylactic antibiotics (14% versus 63%; P< 
0.05), and had anaesthetic presence in theatre (46% versus 88%; P< 0.05). There was also a reduction in local anaesthetic 
procedures (80% versus 41%; P< 0.05). Despite increased pre-operative (15% versus 47%; P< 0.05) and on-table imaging 
(0% versus 16%; P< 0.05) technical success did not improve. Whilst complication rates were identical at 62%, there were 
fewer cardiovascular complications in the recent cohort. The 30-day mortality rate for embolectomy fell from 45% to 33%. 
Multivariate analysis revealed age > 70 years, prolonged symptom duration, ASA score > III, lack of prophylactic antibiotics, 
absence of an anaesthetist, and operations performed under local anaesthetic to be associated with increased risk of mortality. 
Factors adversely affecting limb salvage included prolonged duration from symptom onset to operation, and a history of claudi- 
cation or smoking.

Despite improvements in pre- and peri-operative management, arterial embolectomy/thrombectomy remains a 
procedure with a high morbidity and mortality. Further attempts to improve outcome must be directed at early diagnosis and 
referral as delay from symptom onset to surgery is a major determinant of outcome.

Arterial emboli - Embolectomy - Morbidity - Mortality

3
MH Lewis, Consultant Surgeon, Royal Glamorgan Hospital, Ynysmaerdy, Llantrisant, Rhondda Cynon Taf CF72 8XR, UK 
T: +44 (0)1443 443538; F: +44 (0)1443 443224; E: mike.lewis@pr-tr.wales.nhs.uk

j r - Patients with signs suggestive of imminent limb loss are tra 
	ditionally treated with emergency surgery, often without

Acute limb ischaemia (ALI) is both limb- and life-threaten- pre-operative imaging, since amputation rates are propor-
ing. Whilst management strategies for ALI have alternated tional to the delay in relieving the occlusion. However, as a
from non-surgical to surgical treatment over time, many result of the urgency of treatment, common co-morbidities,
surgeons still consider surgery to be the best treatment such as cardiac disease, may not be able to be addressed
option, despite reports of high mortality (20-30%) and limb adequately leading to significant cardiovascular morbidity
salvage rates often as low as 60%. ̂  which is frequently observed.

As the population ages, the incidence of ALI is increasing The aim of this study was to assess a modern series of
with a diverse range of aetiologies.4 With a reduction in the patients who underwent emergency arterial surgery for
prevalence of rheumatic fever, the main aetiological factor ALI and to compare this with a historical series from the
now appears to be atherosclerosis and the mean age of the same unit5 in order to evaluate changes in mortality and
population has shifted from around 50 years to > 70 years. limb salvage rates.
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Patients and Methods

All patients undergoing emergency surgery for ALI during 
the period 1993 to 2003 were identified from the prospec- 
tively maintained theatre register. Only patients in whom 
an embolectomy or thrombectomy was attempted on a 
native artery are included and those who had occluded vas 
cular graft were excluded. Patients experiencing trauma as 
the cause for ALI were likewise excluded.

The case notes were assessed and data retrieved in rela 
tion to: demographic features, patient history and risk factors 
for limb ischaemia, investigations, peri-operative manage 
ment, and outcome including postoperative complications.

The data were compared to a similar 10-year cohort 
between 1980 and 1990 in which identical data were col 
lected. Exclusion criteria applied were similar to mat of the 
previous study being compared.

Comparison of proportions was by the chi-squared test 
with statistical significance was taken at the 5% level.

Results

The number of patients treated in the 1993-2003 cohort (n 
= 116) represents a 33% increase on the 1980-1990 cohort 
(n = 87). The patients in the later group were older but not 
significantly so (mean age 73 years [range, 43-99 years] ver 
sus 67 years [range, 50-90 years]). Of the 128 embolec- 
tomies performed in the later cohort, 113 were for lower 
limb embolectomies and 15 were for upper limb emboli. 
This distribution is identical to that of the 1980-1990 cohort. 
In comparing patients in 1980-1990 to those treated from 
1993-2003, there was a reduction in the number of smokers 
(71% versus 39%; P < 0.05), and an apparent increase in the 
number reporting claudication prior to presentation (17% 
versus 35 %;P< 0.05).

In the later series, atrial fibrillation was the main predis 
posing factor (Table 1). The number of patients having

Changing aetiology of arterial emboli between the 
two cohorts

Aetiology 1980-1990 1993-2003
(n = 87) (n=116)

Atrial fibrillation 57 50
Myocardial infarction 6 2
Atheroma 2 41
Supraventricular tachycardia 1 2
Valvular heart disease 0 10
Other 0 6
Not known 21 5

atheroma identified during the embolectomy was signifi 
cantly higher in the later cohort. There was a significant 
reduction in the number of patients in who there was no 
pre-operatlve aetiology identified for the emboli from 24% 
to 4% (P < 0.05).

There were a number of significant differences in terms 
of the pre- and peri-operative factors which are sum 
marised in Table 2. There were significant increases in the 
use of pre-operative heparinisation (33% versus 80%; P < 
0.05) and prophylactic antibiotics (14% versus 63%; P < 
0.05) between the two time periods. Furthermore, there was 
a significant reduction in the performance of procedures 
under local anaesthetic (80% versus 41%; P < 0.05) and an 
increasing presence of an anaesthetist during the operation 
(46% versus 88%; P < 0.05). Despite the increased use of 
pre-operative vascular investigation (Duplex or angiogra- 
phy; 15% versus 47%; P < 0.05) and peri-operative angiog- 
raphy (0% versus 16%; P < 0.05), the rate of confirmation of 
a good quality inflow (39% versus 74%; P = ns) and good 
back-bleeding (75% versus 61%; P = ns) at the end of the 
procedure did not improve.

The percentage of patients experiencing one or more 
treatment complications was identical in the twp groups at 
62% (Table 3). However, there was a significant reduction 
in the rate of cardiovascular complications in the later 
cohort. The overall wound infection rate was 23 of 203 
(11.3%). Seventy of the total cohort of 203 received prophy 
lactic antibiotics of whom 14 of 70 (20%) developed a

Factors associated with outcome following pres 
entation with arterial emboli

Peri-operative factors

Pre-operative imaging 
History of smoking 
History of claudication 
ASA grade III or IV 
Pre-operative heparinisation 
Prophylactic antibiotics 
Delay from pain onset to

embolectomy (range) 
Local anaesthesia 
Presence of anaesthetist 
On-table angiography 
Good quality inflow 
Good quality back-bleeding 
Thrombolysis

"P < 0.05 (chi-squared test).

1980-1990
(n = 87)

15%
71%
17%
48%
33%
14%
29 h

(1-264 h)
80%
46%
0%

39%
75%
0%

1993-2003
(n= 116)

47%*
39%*
35%*
59%

80%*
63%*
24 h

(2-256 h)
41%*
88%*
16%*
74%
61%
22%*
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Complications of embolectomy and relationship 
to treatment cohort

Postoperative complications 1980-1990 1993-2003
(n = 87) (n= 116)

Number with complication (%) 
Total number of complications 
Myocardial infarction 
Cerebrovascular accident 
Amputation 
Wound infection 
Further embolus 
Chest infection 
Haemorrhage 
Renal failure
Gastrointestinal haemorrhage 
30-Day mortality (%)

*P< 0.05 (chi-squared test).

wound infection as did 9 of 133 (7%) of those not receiving 
antibiotics. Recurrent ALI was identified in 31 of 203 
patients of which 27 occurred in patients not fully 
heparinised postoperatively. Despite an increase in the pro 
portion of patients of ASA grades III or IV, the 30-day mor 
tality rate for embolectomy fell from 45% to 33%.

Multivariate analysis revealed that factors associated 
with a significant increase in mortality (P < 0.05) included: 
age > 70 years, prolonged symptom duration, ASA score > 
III, lack of prophylactic antibiotics, absence of an anaes 
thetist, and operations performed under local anaesthetic. 
Factors found to adversely affect limb salvage (P < 0.05) 
were a prolonged duration from symptom onset to opera 
tion, and a history of claudication or smoking.

54 (62)
71

13(15)
9(10)
13(15)
8(9)

10(11)
6(7)
8(9)
2 (2)
2(2)

39 (45)

72 (62)
96

2(2)*
3(3)*

21 (18)
15(13)
21 (18)
10(9)
5(4)
3(3)
4(3)

38 (33)

Relationship between interval to presentation and 
outcome for the 1980-1990 and 1993-2003 cohorts

Delay in 
treatment

< 5 h 
5-36 h 
>36 h

1980-1990
(n = 87)

Amputation Mortality 
rate (%) rate (%)

1993-2003 
(n= 116)

Amputation Mortality 
rate (%) rate (%)

8.5
10
20

54
40
57

0
11
32

0
43
27

The relationship between the delay from onset of symp 
toms to operation and subsequent mortality or limb loss is 
summarised in Table 4 and demonstrates superior results 
with early surgery.

When patients from the 1993-2003 cohort with a diagnosis 
of atrial fibrillation (n = 50) or atheromatous disease (n = 41) 
were further assessed, it was noted that the recurrence rates 
were lower in the arrhythmia group (12% versus 29%; P < 
0.05) as was the mortality (10% versus 61%; P < 0.05) although 
there was no difference in the amputation rate (20% versus 
17%). The necessity for additional vascular surgery at the time 
of embolectomy/thrombectomy was significantly higher in the 
atheroma group (20% versus 2%; P < 0.05).

The primary finding of this study is that, despite efforts to opti 
mise patients prior to surgery, patients with ALI continue to be 
a high-risk group with significant morbidity including limb 
loss as well as mortality. Interestingly, there has been some 
improvement in mortaMty despite the treatment of a sicker 
cohort of patients although this failed to reach statistical signif 
icance.

In patients with a history of claudication prior to embolec 
tomy, particular effort was made to investigate and delineate 
the disease; where possible, such patients were treated by 
thrombolysis. However, as a result of the emergency nature of 
ALI and the difficulty in differentiating between thrombosis of 
an atherosclerotic segment and acute embolus, many patients 
with lower limb atherosclerosis are still going to theatre for 
presumed emboli.

This study demonstrated that, through increased use of pre- 
operative investigations such as echocardiography, abdominal 
ultrasound, Doppler studies and arteriography, there was a 
significant reduction in the number of patients in whom the 
cause of acute ischaemia was not known. There was an appar 
ent reduction in the number of smokers which may be due to 
efforts in the community by general practitioners to provide 
advice on reducing atherosclerotic risk.

Other improvements included increased use of pre-opera- 
tive anticoagulation and prophylactic antibiotics as well as tar 
geted use of intra-operative arteriography and peri-operative 
thrombolysis. Unfortunately, these interventions did not 
improve the limb salvage rate.

Two further important advances were the reduction in the 
performance of local anaesthetic procedures and a greater 
presence of an aesthetic during the procedure, these two fac 
tors being linked. It may be argued that, in sick patients with 
high ASA scores, it is better to perform the embolectomy under 
local anaesthetic. However, it is highlighted in our results, in 
particular in the later cohort, that a significant proportion of 
patients who develop ALI also report claudication. In these 
patients, Hie embolectomy/thrombectomy procedure itself
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may be successful but there is often need for a disobliteration 
of atheromatous plaque and, in some patients, a bypass proce 
dure may be required. In such cases, a general anaesthetic is 
required and the presence of the anaesthetist facilitates the 
process. The presence of an anaesthetist has several addition 
al benefits.0 The anaesthetist also ensures an additional physi 
ological review of the patient winch is beneficial especially for 
those with multiple co-morbidities. Even if it is decided to per 
form the procedure under local anaesthetic, it is advantageous 
to have the anaesthetist present to monitor the patient as they 
will be high risk especially during the reperfusion phase 
because of the associated hyperkalaemia, myocardial depres 
sion, arrhythmias, myoglobinaemia, and acute renal failure.

The lack of positive outcome in terms of a significant reduc 
tion in the limb loss rate or mortality despite improved pre- 
and peri-operative management is probably indicative of the 
severity of the insult, be it embolus or thrombus. The mean 
time from onset of pain to surgery did improve by 5 h from 29 
h to 24 h but this still represents a significant ischaemic 
episode and with it a severe reperfusion injury. The results 
demonstrated significantly better outcome in the recent series 
when the embolectomy/thrombectomy was performed within 
5 h and hi these cases there was no limb loss or mortality.

The study has confirmed the importance of differentiating 
patients with true acute limb ischaemia due to emboli from 
those with acute on chronic vascular insufficiency as the latter 
had increased recurrence and mortality rates as well as the 
need for further vascular intervention. This is well recognised 
in the literature. In 1996, Weaver et al. 1 randomised patients 
with acute symptoms attributable to non-embolic native artery 
occlusion to undergo either thrombolysis or revascularisation, 
and found that surgery was more effective as well as more 
durable. The study by Weaver and colleagues7 led to a retro 
spective review of the surgical outcomes for acute limb-threat 
ening ischemia in Leicester and this also found in favour of 
surgery.8 However, a recent Cochrane review has suggested 
that there is little difference between surgery and thromboly- 
sis in terms of mortality or limb salvage rates at 30 days, 6 
months or 1 year.9 Thus patients with underlying atherosclero 
sis can probably be treated equally effectively by either throm 
bolysis or surgery but are unlikely to benefit from embolecto- 
my alone. In these patients, on-table thrombolysis and/or 
reconstructive surgery may be required and tin's is probably 
best carried out by an experienced vascular surgeon. Hence, 
the importance in obtaining an accurate pre-operative assess 
ment prior to embarking on surgery. This would also suggest 
that, whenever possible, a vascular surgeon should be avail 
able to assess and manage patients with ALL

The largest experience of embolectomy to date was report 
ed by Abbott and colleagues hi 1982." They noted that the limb 
salvage rate for embolic ALI varied from 93% when operations

were performed within 12 h and the mortality rate was 19%; 
however, with delayed presentation, the limb salvage rate fell 
to 78% and the mortality increased to 31%. Furthermore, 
Elliott and colleagues 10 demonstrated a linear relationship 
between treatment delay and outcome in embolic ALI. The 
findings of both papers mirror those of our study and demon 
strate that, although there have been numerous advances in 
peri-operative care, the population with ALI tend to present 
late and still have a significant mortality and limb loss rates 
and hence a good clinical acumen in establishing a diagnosis 
and commencing appropriate surgery is probably the most 
important factor in improving results in ALI.

Conclusions

This study has demonstrated that, despite unproved peri-oper 
ative investigation and assessment, reduction in the use of 
local anaesthetic techniques and greater involvement of 
anaesthetic personnel, the results of embolectomy for critical 
ischaemia have not improved significantly. The reason for this 
would appear to be the delay from symptom onset to surgery 
as it is evident that a reduced interval is associated with supe 
rior outcome. To improve outcome, we would encourage rapid 
referral of all patients with ALI to a vascular surgeon so that 
prompt investigation and therapy can be initiated.
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Abstract

Reactive oxygen species (ROS) have been implicated in the cellular membrane damage and postoperative morbidity associated with obligatory 

ischemia-reperfusion (I-R) during vascular surgery. Thus, a clinical study was undertaken to evaluate the effects of ascorbate prophylaxis on ROS 

exchange kinetics in 22 patients scheduled for elective abdominal aortic aneurysm (AAA) or infra-inguinal bypass (IIB) repair. Patients were 

assigned double-blind to receive intravenous sodium ascorbate (2 g vitamin C, « = 10) or placebo (0.9% saline, n = 12) administered 2 h prior to 

surgery. Blood samples were obtained from the arterial and venous circulation proximal to the respective sites of surgical repair (local) and from an 

antecubital vein (peripheral) during cross-clamping (ischemia) and within 60 s of clamp release (reperfusion). Ascorbate supplementation increased 

the venoarterial concentration difference (v-adl(I) of lipid hydroperoxidcs (LH), interleukin (IL)-6 and vascular endothelial growth factor (VEGF) 

protein during ischemia. This increased the peripheral concentration of LH, total creatine phosphokinase (CPK), and VEGF protein during 

reperfusion (P < 0.05 vs placebo). Electron paramagnetic resonance (EPR) spectroscopy confirmed that free iron was available for oxidative 

catalysis in the local ischemic venous blood of supplemented patients. An increased concentration of the ascorbate radical (A'~) and tx-phenyl-lert- 

butylnitrone (PBN) adducts assigned as lipid-derived alkoxyl (LO') and alky! (LC') species were also detected in the peripheral blood of 

supplemented patients during reperfusion (P < 0.05 vs ischemia). In conclusion, these findings suggest that ascorbate prophylaxis may have 

promoted iron-induced oxidative lipid damage via a Fenton-type reaction initiated during the ischemic phase of surgery. The subsequent release of 

LH into the systemic circulation may have catalyzed formation of second-generation radicals implicated in the regulation of vascular permeability 

and angiogenesis. 
© 2005 Elsevier Inc. All rights reserved.

Keywords: Ischemia-reperfusion; EPR; Fenton chemistry; Free radicals; Angiogenesis

Introduction

Complex surgery involving AAA and FIB repair requires 
obligatory I-R which has been associated with an increase in 
the circulating concentration of ROS [1]. Since ROS are

Abbreviations: AAA, abdominal aortic aneurysm; IIB, infra-inguinal 
bypass; I-R, ischemia-reperfusion; ROS, reactive oxygen species; CPB, 
cardiopulmonary bypass; PBN, a-phenyl-rert-butylnirrone; VEGF, vascular 
endothelial growth factor, CRP, C-reactive protein; CPK, creatine phosphoki 
nase; LH, lipid hydroperoxides; IL, interleukin. 

* Corresponding author. Fax: (01443) 482285.
E-mail address: dbaileyl@glam.ac.uk P.M. Bailey).

thermodynamically capable of initiating and propagating cell 
membrane damage, I-R injury is considered the major cause 
of the systemic inflammatory response syndrome that can 
ultimately lead to multiple organ dysfunction [2].

Clinical efforts have therefore focused on various antioxidant 
strategies aimed at scavenging ROS with the specific aim of 
improving functional recovery following surgical revasculari- 
zation [3]. Ascorbate appears to be of crucial importance since 
its depletion during surgical I-R has consistently been demon 
strated in peripheral blood [4 6] and local samples taken from 
the coronary sinus [7], evidence for increased ROS generation 
[6]. Since ascorbate is the most effective chain-breaking

0891-5849/S - see front matter © 2005 Elsevier Inc. All rights reserved. 
doi:10.1016/j.freeradbiomed.2005.09.024
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aqueous-phase antioxidant in human plasma capable of repair 
ing superoxide, hydroxyl, and lipid peroxyl radicals [8], 
parenteral administration of vitamin C may therefore prove of 
potential clinical benefit.

However, the benefits of vitamin C prophylaxis remain 
equivocal with human studies demonstrating an improvement 
[9], no change [10], or increase in ROS and subsequent 
deterioration in vascular function [11-14]. Concerns have been 
raised when pharmacological doses of vitamin C are admin 
istered in the presence of redox-active transition metal ions 
since ascorbate can reduce transition metal ions (Eq. (1)) and 
catalyze Fenton-driven generation of hydroxyl (Eq. (2)) and 
alkoxyl (Eq. (3)) radicals in vitro [15].

AH- + T(»+ D+ _ A— + T-+ + H+

Tn+ + H202 -> OH* + T(n+1 ' + 4- OH- 

T"+ + LOOH -» LO' + T< n + J )+ + OH".

(1)

(2)

(3)

While the thermodynamics of this reaction in vivo remain 
controversial [16-18], I-R has been shown to increase 
extracellular iron [19] and thus parenteral administration of 
vitamin C may potentially compound ROS generation.

Methodological limitations may have also contributed to at 
least part of the controversy reported in the human literature with 
a traditional emphasis on indirect reactive intermediates con 
fined to the peripheral venous circulation formed distal to the 
locus of generation mainly during the reperfusive phase [20]. 
Only one study has combined direct EPR spectroscoptc tech 
niques with localized blood sampling to more accurately define 
ROS exchange kinetics across the surgical repair site during I-R 
[7]. The simultaneous measurement of peripheral arterial and 
local coronary sinus bloods during cardiopulmonary bypass 
(CPB) surgery indicated a net transcardiac release of thiobarbi- 
turic acid-reactive substances and depletion of the peripheral 
ascorbate pool as evidenced by a decrease in the EPR signal 
intensity of the dimethyl sulfoxide-supplemented A"~ during 
reperfusion [7]. Previous CPB studies have also demonstrated 
increased ascorbate consumption [4] as early as the ischemic 
phase of surgery [5,6] independent of perioperative changes in 
blood volume and differences in the partial pressure of oxygen 
(PO2). These well-controlled studies identified that oxidative 
stress is not simply exclusive to reperfusion with important 
redox-reactive events initiated during the ischemic phase of 
surgery. They also confirm the critical importance of ascorbate 
as a major plasma antioxidant during human surgical I-R.

To extend these findings, we applied direct EPR spectro- 
scopic techniques to local and peripheral blood to measure ROS 
exchange kinetics in two different clinical procedures (AAA and 
OB) that are eminently suited as models of surgical I-R, These 
operations do not involve CPB which can generate a systemic 
inflammatory response independently of any surgical manipula 
tion [21]. Using this direct approach, we hypothesized that [1] 
ischemia and reperfusion would independently increase the local 
release of ROS as indicated by a positive v-a^s of various 
reactive intermediates across the surgical repair site; [2] this

would initiate systemic oxidative stress as indicated by an in 
crease in the peripheral venous concentration of ROS; [3] oxi 
dative slress would be associated with increased membrane 
permeability and inflammation; and [4] preoperative treatment 
with intravenous vitamin C would replenish the ascorbate pool, 
reduce oxidative stress, and thus, by consequence, decrease vas 
cular tissue damage and inflammation initiated during surgery.

Experimental procedures

Patients and experimental design

Following local ethics committee approval (Bro Taff, 
Cardiff, UK), 50 prospective patients were screened and of 
these, 22 patients were selected for inclusion in the study. 
Following clinical diagnosis according to established criteria, 
patients were scheduled for either elective infra-renal AAA or 
IIB repair. They were discouraged from taking any nonpre- 
scribed anti-inflammatory or antioxidant medications for at 
least 7 days prior to surgery. They were matched according to 
their age, cardiovascular risk profile, and prescribed medication 
prior to being assigned in a double-blind manner to one of two 
groups. One group (vitamin C) received a 2 g infusion of 
sodium ascorbate (CELLTECH, Berkshire, UK) in 250 ml 
saline (0.9% NaCl) via an indwelling catheter placed in the 
antecubital vein at a rate of 200 mg/min 2 h prior to surgery. 
The other group (placebo) received an equivalent volume of 
saline. An overview of patient characteristics and the experi 
mental design is presented in Table 1 and Fig. 1, respectively.

Surgical procedures

Intravenous midazolam was given at the time of induction. 
Anesthesia was induced with propofol (2-3 mg/kg), nitrous

Table 1
Patient characteristics

Vitamin C 
(n = 10)

Placebo 
(n = 12)

Demographics 
Age (yearc) 
AAA(n)

History of vascular disease (n)
1HD
PVD
COAD

69 ± 13 
6 
4

6747
7
5

Medication (n)
Aspirin
Warfarin
Clopidogrcl
Beta-blockers
ACE-inhibitors
Statins
Calcium channel antagonists

5
0
0
3
3
4
3

5
2
1
5
6
3
4

Values expressed as mean ± SD; AAA, abdominal aortic aneurectomy; IIB, infra- 
inguinal bypass; IHD, ischemic heart disease; PVD, peripheral vascular disease; 
COAD, chronic obstructive airways disease; ACE, angjotensin-conveiting enzyme.
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Fig. 1. Schematic overview of experimental design.

oxide, O2, and atraturium (0.5 mg/kg) and maintained with 
morphine and additional does of atraturium as required. During 
mechanical ventilation with a mixture of O2 and air (inspired 
faction of O2 ranging from 0.5 tol.O), sevoflurane was equi 
librated to 0.5-2.0% of the end-tidal concentration. Each patient 
was monitored continuously during the respective operations 
according to standard clinical guidelines. This involved assess 
ment of mutichannel electrocardiography (leads II and V5), pulse 
oximetry, end-expiratory CO2, arterial blood pressure either via 
the radial artery (AAA) or noninvasively (HB), central venous 
pressure (right internal jugular vein), and nasal temperature.

AAA
Following general anesthesia, the transperitoneal approach 

was adopted for surgical repair. Briefly, this involved exposing 
the aorta and proximal application of a clamp distal to the origin 
of the renal arteries. The distal clamps were applied to the 
common iliac arteries. Following repair, the proximal clamp was 
released followed by the release of iliac clamps serially but not 
simultaneously. Distal clamps were successfully removed within 
30-60 s following removal of the proximal clamp.

TIB
All HB involved femoro-popliteal bypass surgery. Briefly, 

the proximal clamp was applied to the common femoral artery 
and clamps were also applied over the profunda and blocked 
superficial artery to prevent back-bleeding. The distal clamp 
was applied to the popliteal artery. All procedures were 
performed by the same surgeon.

Blood sampling

Blood samples were obtained from an antecubital vein 
immediately prior to infusion of vitamin C or the placebo

(preop). Local arterial and venous samples most proximal to the 
site of surgical repair were collected at the end of arterial cross- 
clamping (ischemia) and within 60 s of release (reperfusion). For 
AAA, ischemic samples were obtained from the aorta and 
inferior vena cava; reperfusion samples were obtained from the 
common iliac artery and vein. For IIB, ischemic samples were 
collected from the common femoral artery and vein; reperfusion 
samples were collected from the popliteal artery and vein. In 
addition to local arterial and venous samples, a peripheral sample 
was obtained simultaneously from the antecubital vein at the end 
of the ischemic and reperfusive phases.

Metabolic measurements

Total plasma protein concentration was measured spectro- 
photometrically according to established methods [22] to 
correct metabolic parameters for anticipated volume shifts 
induced by ischemia and reperfusion. This was achieved using 
the following equation,
Volume-corrected value = measured value

where preprot refers to the protein concentration in the 
preoperative (preop) venous blood and sampleprot refers to 
either local arterial and venous or peripheral venous blood 
obtained during ischemia and reperfusion.

Oxidative lipid damage

Lipid hydroperoxides (LH)
Serum LH was determined using the ferrous iron/xylenol 

orange (FOX) assay as previously described [23]. Catalase was 
added to prevent spontaneous LH generation during the ferrous
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oxidation step. Absorbance changes at 560 nm were monitored 
spectrophotometrically. The intra/interassay CV was <2 and 
<4%, respectively.

LDL oxidation
LDL was isolated from plasma by rapid ultracentrifugation 

and oxidized according to the methods described by McDowell 
et al. [24]. The protein concentration was standardized to 50 mg/ 
L and oxidation was initiated by the addition of copper II 
chloride (2 umol/L final concentration) at 37°C. Conjugated 
diene formation was monitored, in triplicate, spectrophotomet- 
ricalty by the change in absorbance at 234 nm using a 96-weU 
microplate reader (Spectromax 190, Molecular Devices Corp.). 
The time at half-maximum absorbance of the propagation phase 
(time Vzmax in min), which directly correlates with time at half- 
maximum, was taken as a marker of the oxidation process and is 
a direct reflection of LDL oxidation potential. The intra/ 
interassay CV was <3 and <5%, respectively.

Electron paramagnetic resonance. (EPR) spectroscopic 
detection of free radicals

Peripheral blood was obtained during both ischemia and 
reperfusion from subjects in the vitamin C group only and 
examined for the presence of the A*~ PBN spin-trapped adducts 
as previously described [20,25,26]. These measurements were 
originally confined to the vitamin C group in a general attempt 
to define the identities of the radicals generated during surgery, 
irrespective of condition, sample site, or treatment group and 
compare to what is already known in untreated human whole 
blood [20,27,28]. Briefly, 1 ml of serum was immediately 
frozen and stored prior to analysis for detection of A"~ using an 
aqueous flat cell. For spin-trapping experiments, 4.5 ml of blood 
was mixed in an SST vacutainer with 1.5 ml of a 190 mM/L 
solution of PBN. After centrifugation, adducts were extracted 
from the serum supernatant with toluene. The extraction 
efficiency for PBN was w85-90% as confirmed by UV 
spectroscopy. The adduct (200 uL) was pipetted into a 5-mm 
(o.d.) precision-bore quartz EPR sample tube (Wilmad Ltd., 
UK) that had been flushed with compressed N2 . The sample was 
immediately vacuum-degassed (West Technology Ltd, Bristol, 
UK) using a freeze (liquid NjXthaw procedure at a fixed 
vacuum of 10~3 Torr (Pirani 14 gauge detector, Edwards, APG- 
NW, West Sussex, UK) using a turbo molecular pump (Alcatel, 
ACT 200T, Annecy, France) for two cycles (total degassing 
time of 9 min).

Catalytic iron
An EPR spectroscopic technique was employed for the 

detection of redox-active iron [29]. Analyzes were confined to 
the local venous blood (with no evidence for hemolysis) 
obtained during ischemia in 5 patients from the vitamin C 
group. Briefly, this technique relies on changes in the EPR signal 
intensity of the A*~ during air auto-oxidation of ascorbate 
following in vitro addition of 500 uM (final concentration) of 
desferrioxamine mesylate (reduces iron-catalyzed oxidation) and 
separate addition of 10 uM of Fe(nT)-EDTA (stimulates iron- 
catalyzed oxidation) to 200 uL of serum.

Spectroscopy
Spectra were recorded at 294 K using an EMX X-band EPR 

spectrometer fitted with a TMno cavity (Briiker, Karlsruhe, 
Germany). Operating conditions during measurement of A"~ 
and PBN adducts respectively were as follows; modulation 
amplitude of 2.0 and 0.5 G, 1 x 105/1 x 10s receiver gain, time 
constant of 41 and 82 ms, magnetic field center of 3477 and 
3465 G, and sweep width of ±10 and ±50 G for 15 and 10 
incremental scans. The relative concentrations of A'~ and 
PBN-adducts [expressed in arbitrary units (AU)] were deter 
mined by measuring the mean signal intensity of each spectral 
peak-to-trough line height incorporating identical baseline 
filtering and spectrometer settings.

Antioxidants

Ascorbic acid
Plasma was stabilized and deproteinated by adding 900 uL 

of 5% metaphosphoric acid (Sigma Chemical, Dorset, UK) to 
100 uL EDTA plasma. Ascorbic acid was subsequently 
assayed by fluorimetry based on the condensation of deby- 
droascorbic acid with 1,2-phenylenediamine [30]. The intra/ 
interassay CVs were both < 5%.

Uric acid
Serum urate was measured by reflectance spectrophotome- 

try using a Vitros 950 analyzer (Amersham, Bucks, UK). The 
intraassay and interassay CVs were both <2%.

Lipid soluble antioxidants
The plasma concentrations of a-tocopherol, a-carotene, (J- 

carotene, lycopene, and retinol were determined using an 
HPLC method [31,32]. The intra/interassay CVs were both 
<5%. All antioxidant assays were standardized against appro 
priate NIST reference materials.

Inflammation and membrane permeability

Vascular endothelial growth factor (VEGF)
Plasma VEGF concentration was determined by radioim- 

munoassay according to the methods described by Anthony et 
al. [33], with modification. The VEGF antibody was specific 
for both VEGF 165 and VEGF 12 i on an equimolar basis and 
showed no cross-reactivity with other cytokines. The intra/ 
interassay CV was <6 and 10%, respectively.

IL-6
The plasma concentration of IL-6 was determined using a 

commercial assay (Quantikine, RD Research and Diagnostics 
System, Minneapolis, MM). The intra/interassay CVs were

C-reactive protein (CRP) and, total creatine phosphokinase 
(CPK)

The serum activity of CRP and total CPK were determined 
via reflectance spectrophotometry using a Vitros 950 analyzer 
(Amersham, Bucks, UK). The intra/interassay CVs were <4%.
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Myoglobin
Serum myoglobin was measured using an automated- 

chemiluminescence immunoassay (Bayer Centaur, Newbury, 
Bucks, UK). The intra/interassay CVs were both <4%.

Exchange kinetics

The v-adjff of each respective marker in local samples was 
calculated by subtracting the arterial concentration from the 
venous concentration. Though it was not possible to measure 
local blood flow during reperfusion in light of ethical 
constraints, a positive v-a&ff reflects a net release or outflow 
of a given biomarker whereas a negative value signifies net 
uptake or consumption.

Data analysis

Following confirmation of distribution normality (Shapiro- 
Wilk W test), local samples were analyzed using a three-way 
mixed analysis of variance (ANOVA) with one between- 
(group: vitamin C vs placebo) and two within- (condition: 
ischemia vs reperfusion and sample site: arterial vs venous) 
subjects factors. When an interaction effect was indicated, 
within-group comparisons at each level of the within-subjects 
factors were determined using a paired samples / test. Between- 
group comparisons were assessed using an Independent 
samples / test. Wilcoxon matched pairs signed ranks and Mann 
Whitney U tests served as nonparametric equivalents if data 
were not normally distributed. For peripheral samples (preop vs 
ischemia vs reperfusion), all data were normally distributed and 
analyzed using a one-factor repeated-measures ANOVA fol 
lowed by a posteriori Bonferonni-corrected paired samples t 
tests. The relationship between selected dependent variables 
was assessed using a Pearson product moment correlation. 
Significance for all two-tailed tests was established at an alpha

level of P < 0.05 and data are expressed as a mean ± standard 
deviation (SD).

Results

Operative details and patient outcome

There were no differences between groups for total 
operating time (vitamin C, 82 ± 28 vs placebo, 84 ± 24 
min, P = 0.90) or cross-clamp time (vitamin C, 47 ± 24 vs 
placebo, 34 ± 15 min, P = 0.13) during the surgical 
interventions. Furthermore, there were no differences in the 
change (postoperative minus preoperative) in body temper 
ature (vitamin C, +0.3 + 0.4 vs placebo, 0.0 ± 0.5°C, P = 
0.23) or incidence of limb edema (vitamin C, n = 1 vs 
placebo, n = 1). Two subjects in the vitamin C group died 
compared to one subject in the placebo group owing to 
postsurgical complications.

Blood volume shifts

Compared to the preop control condition, total protein 
concentration decreased in both local and peripheral blood 
samples during ischemia and reperfusion, reflecting net 
hemodilution (Table 2). Thus, with the exception of LDL lag 
time, all metabolic parameters are presented as volume- 
corrected values.

Antioxidant intervention

Compared to placebo, vitamin C infusion resulted in a 13- 
fold increase in the local and peripheral concentration of 
ascorbate (Table 3). However, the local v-adiff of ascorbate 
was not different between groups during either ischemia or 
reperfusion.

Table 2
Hemodynamics and biomarkers of oxidative stress
Parameter

Proteins (g/L)

Local samples
Condition:
Sample site:
Vitamin C
v-fldirr
Placebo
V-Odiff

Ischemia
Arterial

56 ±
5 ±

57 ±
1 ±

Venous
6
3
5
5

61

58

±6

±3

Reperfusion
Arterial

48 ± 10
-1 ± 8
44± 11
0±7

Venous
46 ±

44 ±

7

10

Peripheral samples
Pre-op
Venous

72 ±7

71 ± 7

Condition effect
LH (jjmol/L)

LDL time at '/imax (min)

Vitamin C
v-ajin-
Placebo
v-adirr
Vitamin C
Placebo

1.33 ±
0.34 ±
1.19±

-0.01 ±
63.5 ±
69.9 ±

0.52
0.83 1
0.32
0.32
13.1
8.7

1.67

1.18

63.6
70.1

± 0.89*,*

± 0.29

± 13.2
± 9.6

1.33 ±0.58
0.07 ± 0.54
1.62 ±0.78

-0.04 ± 0.94
66.4 ± 12.6
73.2 ± 10.2

1.41 ±

1.58±

64.5 ±
69.5 ±

0.71

0.82

14.5
13.6

1.31 t 0.82

0.89 ± 0.26

60.1 ± 13.8
66.8 ± 9.0

Ischemia
Venous

60± 7

60±6

Reperfusion
Venous

44 ± 10

48 ± 11

Condition effect
1.16 + 0.40

1.31 ±0.56

66.2 ± 14.0
69.5 ±11.0

1.53 ± 0.83**

1.12 + 0.28

65.0 ± 13.8
67.1 ± 10.8

Values expressed as mean ± SD and all parameters (except LDL lag time) have been corrected for blood volume shifts; LH, lipid hydroperoxides; LDL, low-density 
lipoprotein; v-a&E, venous minus arterial concentration difference (positive value indicates net release whereas a negative value indicates net uptake across surgical 
repair site); condition effect indicates pooled difference ( P < 0.05) between ischemia vs reperfusion (local samples) or preop vs ischemia vs reperfusion (peripheral 
samples).

* Different (P < 0.05) between sample site for given group (vitamin C or placebo) and condition (ischemia or reperfusion).
** Different (P < 0.05) compared to preop value for given group. 
f Different (P < 0.05) between groups for given condition and sample site.
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Oxidative lipid damage

A positive v-ajiff was observed for LH in the vitamin C 
group only during ischemia (Table 2). The peripheral 
concentration of LH was also elevated during reperfusion in 
the vitamin C group compared to the preop control condition. 
LDL time at Yanax tended to be reduced in both local and 
peripheral blood following supplementation, though between- 
group differences were not significant. However, retrospective 
analyzes revealed that the between-group power for local 
and peripheral blood was 0.23 and 0.12, respectively. A 
positive correlation was observed between clamp time and 
v-fldiff for LH during reperfusion in the placebo group only 
(r = 0.72, P < 0.05).

Clear increases in the serum concentration of PBN adducts 
(Fig. 2A) and A"~ (Fig. 2B) were detected in the peripheral 
blood of patients in the vitamin C group during reperfusion 
(P < 0.05 vs ischemia). Nuclear hyperfine splittings for the 
A*~ and PBN-adducts were recorded as of* - 1.8GandaN = 
13.6G/a " = 1.9G, respectively. Visual inspection ofPBN adducts 
revealed the likely presence of a second initially unidentified 
adduct, albeit of low signal intensity. Computer simulation 
tentatively confirmed that this adduct contributed to ~10% of 
die total signal recovered in all samples and coupling constants 
were subsequently determined as aN = 14.0 G and af = 4.0 G.

These splittings were consistent with the trapping of a mixture of 
secondary probably lipid-derived alkoxyl (LO') and alkyl (LC') 
radicals [20,25,26,28,34].

Catalytic iron

Compared to untreated control sera, addition of desfeniox- 
amine mesylate decreased the EPR signal intensity of A'~ by 44 
± 10% (P < 0.05) whereas Fe(m>EDTA increased signal 
intensity by 263 ± 24% [P < 0.05 (Fig. 3)]. These findings 
confirmed that extracellular "free" iron was available for 
oxidative catalysis.

Antioxidants

A selective decrease in the v-a&tt was observed for a- 
tocopherol and retinol during ischemia in the vitamin C group, 
indicating a net consumption of these antioxidants (Table 3). 
Despite the apparent between-group difference in the mean 
local arterial concentration of retinol (and all other LSA) during 
ischemia, this was not statistically different (P = 0.95). 
Reperfusion increased the local and peripheral concentration 
of urate, though this was not different between groups. 
Reperfusion also resulted in a genera] increase in the peripheral 
concentration of carotenoids.

Table 3 
Antioxidants
Parameter

Ascorbate (umol/L)

a-tocopherol (umol/L)

Carotenoids (umol/L)

Retinol (umol/L)

Urate (umol/L)

Blood:
Condition:
Sample site:
VftaminC
v-adiir
Placebo
V-OdjIT

Vitamin C
v-Qdiff
Placebo
V-fldiff

Vitamin C
v-fldiir
Placebo
v -flair

Vitamin C
V-fldlff

Placebo
v-fldrfr
Vitamin C
v-fldifr
Placebo

V-OdifT

Local samples
Ischemia
Arterial

139.2 ±81.3*
-6.2 ± 35.8

8.6 ± 8.4
1.7 ± 3.2

25.64+7.15
-2.64 ± 3.94T
24.27 ± 8.33

0.93 ± 5.02
1.25 ± 0.50

-0.034 ± 0.770
1.03 ±0.59

0.038 ± 0.436

1.58 ±0.88
-0.32 ± 0.63

1.29 ±0.61
-0.04 ± 0.26

492 ± 172
-30 ± 34
437 ± 98

Condition effect
-1 ±40

Peripheral samples

Venous

133.1 ±58.8T

10.2 ± 8.0

23.00 ± 8.00*

25.19 ±9.26

1.21 ± 0.77

1.07 ± 0.52

1.26 ±0.69*

1.25 ±0.54

462 ± 162

436 ± 115

Reperfusion
Arterial
179.4 ± 113.4*

-16.2 ± 47.1
16.7 ± 19.3

-1.1 ±6.8
25.31 ±9.92

1.37 ±6.48
25.45 ± 9.57
-0.51 ± 4.82

1.21 ±0.60
0.332 ± 0.344

1.21 ±0.61
0.099 ± 0.564

1.42 ±0.87
0.25 ± 0.74
1.20 ± 0.64

-0.03 ± 0.30
583 ± 232

3 ±42
589 t 237

-14± 107

Venous
163.2 ± 84.4'

15.6 ± 17.8

26.67 ± 10.42

24.95 ± 7.54

1.55 ±0.64

1.31 ±0.62

1.67± 1.20

1.17 ±0.50

586 ± 228

575 ± 203

Pre-op
Venous

6.8 ± 4.9

4.7 ± 4.5

19.84 ± 6.04

21.01 ±7.01

0.80 ± 0.35

0.75 ± 0.40

Condition effect
1.21 ±0.66

1.23 ±0.70

440 ±68

392 ± 99
Condition effect

Ischemia
Venous
142.2 ± 58.9"

8.5 ± 6.7

24.06 ± 8.62

23.18 ±7.36

1.18 + 0.64

0.85 ± 0.47

1.53 ± 1.10

1.26 ±0.63

463 ± 167

423 ± 98

Reperfusion
Venous
161.6 + 112.0"

12.5 ± 22.2

24.01 ± 871

22.45 + 8.49

1.52 ± 0.83

1.05 ± 0.55

1.56 ± 1.12

1.11 ±0.54

600 ± 245

491 ± 167

Values expressed as mean ± SD and all parameters have been corrected for blood volume shifts; v-adin; venous minus arterial concentration difference (positive 
value indicates net release whereas a negative value indicates net uptake across surgical repair site); carotenoids calculated as the summed concentration of a- 
carotene + (J-carotene + lycopene; condition effect indicates pooled difference (P < 0.05) between ischemia vs reperfusion (local samples) or preop vs ischemia vs 
reperfusion (peripheral samples).

* Different (P < 0.05) between sample site for given group (vitamin C or placebo) and condition (ischemia or reperfusion).
** Different (P < 0.05) compared to preop value for given group. 
f Different (P < 0.05) between groups for given condition.
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Ischemia (n = 10) Repertuston (n = 10)

Fig. 2. Peripheral venous concentration of a-phenyl-tert-butylnitrone (PEN) 
adducts (A) and ascorbate radical (A"~) expressed in absolute terms 
(uncorrectfid value) and relative (corrected value) to the ambient ascorbate 
concentration (B) during ischemia and reperfusion in vitamin C group. Values 
expressed as mean ± SD and all parameters have been corrected for blood 
volume shifts. AU, arbitrary units. A typical EPR spectrum obtained from the 
same subject for each condition is also shown. 'Different ( P < 0.05) compared 
to ischemia.

Inflammation and membrane permeability

The local venous concentration of CRP decreased during 
ischemia in the vitamin C group whereas a decrease was 
observed during reperfusion in the placebo group (Table 4). 
Both ischemia and reperfusion independently increased the 
peripheral concentration of total CPK in both groups. However, 
the increase in total CPK during reperfusion was comparatively 
more marked in the vitamin C group. Compared to ischemia, 
reperfusion decreased the v-adiff for myoglobin in the placebo 
group only. A positive v-aaifr f°r VEGF protein and IL-6 was 
observed during ischemia in the vitamin C group, resulting in an 
elevated peripheral concentration of VEGF during reperfusion 
(P < 0.05 vs preop and P < 0.05 vs placebo group).

Discussion

The local sampling of arterial and venous blood has permitted 
for the first time, a direct examination into the effects of vitamin 
C prophylaxis on ROS exchange kinetics during surgical I-R 
encountered during AAA and IIB repair. Contrary to our original 
hypotheses, several observations indicated that vitamin C 
prophylaxis exacerbated oxidative stress and that "priming" 
was initiated during the ischemic phase of surgery and not solely 
exclusive to reperfusion. First, supplementation increased the 
local generation of LH during ischemia and "free" catalytic iron 
was detected in a random selection of samples. Second, this was

associated with a more marked increase in the peripheral 
concentration of LH, spin-trapped LO VLC' in selected samples 
confined to the vitamin C group, and total CPK during 
reperfusion. Third, there was a general tendency toward an 
increased rate of LDL oxidation though a treatment effect could 
not be demonstrated, a likely consequence of insufficient 
statistical power. Finally, ischemia increased the local generation 
of IL-6 and VEGF protein, thus contributing to the increased 
peripheral concentration observed during reperfusion. These 
findings suggest that supplemental ascorbate may have promot 
ed iron-induced oxidative lipid damage by Fenton chemistry. 
The reductive decomposition of LH may have further catalyzed 
the formation of second-generation radicals capable of initiating 
vascular damage and potentially, metabolic repair mechanisms 
known to influence oxygen (O2) transport to tissue.

While it is clear that AAA and IIB both involve very 
different surgical procedures, they require obligatory cross- 
clamp application/release and thus are eminently suited as 
models for surgical I-R. Since there is no evidence that ROS 
exchange is any different between these two procedures and, in 
view of the fact that comparative analyzes between drug vs 
placebo treatments for each procedure would have been limited 
by insufficient statistical power (i.e., 6 vs 7 in AAA and 4 vs 5 
in IIB), we decided to pool all patients to facilitate detection of 
any treatment effect attributable to vitamin C.

We specifically chose to correct metabolic data for hemody- 
namic effects since we anticipated significant changes in blood 
volume subsequent to perioperative blood loss and asangui- 
neous fluid replacement. In general, surgery resulted in a net 
hemodilution and thus we are confident that the corrected data 
presented accurately reflect, that is, they do not underestimate, 
true biological exchange kinetics. Hence, it was surprising to 
note the absence of any detectable oxidative stress in the placebo 
group as the lack of change in LDL lag time and LH, one of the 
major initial reactants of lipid peroxidation, clearly imply. This 
may simply be a reflection of the sampling strategy employed 
and a more comprehensive approach incorporating serial

4000
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1000

0
Deslerrloicamlne Fe(llt)-EDTA

Fig. 3. Changes in ascorbate radical (A ) concentration following in vitro 
addition of desferrioxamine (500 uM) and Fe(lIl)-EDTA (10 jiM) to local 
venous serum obtained from 5 random subjects in the vitamin C group during 
ischemia. Values expressed as mean ± SD; AU, arbitrary units. A typical EPR 
spectrum from the same subject for each condition is also shown. 'Different 
(P < 0.05) compared to control value (untreated serum not corrected for 
volume shifts).
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Table 4
Inflammation and vascular permeability
Parameter

CRP (mg/L)

Total CPK (U/L)

Myoglobin (ng/L)

H.-6 (pg/mL)

VEGF (pg/mL)

Blood:
Condition:
Sample site:
Vitamin C
v-ailtr
Placebo
v-at,f,
Vitamin C
v-flaiff
Placebo
v-Odiir
Vitamin C
v-Oair
Placebo
v-aao-
Vitamin C
v-a<i,(r
Placebo
V-Oa.ff

Vitamin C
*-a<i,ir
Placebo
v-flan-

Local samples
Ischemia
Arterial
23.2 ± 16.0
-2.1 ± 2.4
26.2 ± 35.4

7.6 ± 19.9
147 ± 247
-3 ±23
78 ± 67
-4 ±24

137 ± 160
11 ± 59

108 ±93
23 ± 39

5.5 ± 4.8
11.0 ± 12.0
7.4 ± 4.3
2.3 ± 6.9
6.8 ± 1.5
1.4± 2.3 1
7.3 ± 2.4

-0.2 ± 1 .4

Peripheral samples

Venous
21.1 ± 15.3*

33.8 ± 39.8

145 t 234

74 ± 52

149 ± 150

131 ± 96*

164 ± 11.4*

9.3 t 4.9

8.1 ±2.1*

7.1 ± 1.8

Reperfusion
Arterial

25.7 ± 17.9
-2.5 ± 4.4
30.5 t 39.2

-12.9 ±39.6
139 ±24!
-1 ±9
91 ±55
-6± 33
150 ± 163

1 ±30
148 ± 110
-18 ±49***
8.7 ± 2.1
3.1 ±4.9***

13.2 ±8.5
2.2 ± 10.2
8.0 ± 4.4
0.8 t 2.3
8.0 ± 3.5
0.8 ± 1.7

Venous
23.2 ± 16.1

17.6 ± 9.3*

138 ± 236

85 ± 57

150 ± 177

130 ± 106

11.9 ±4.8

15.6± S.3

8.9 ± 3.9

8.8 ± 4.2

Pre-op
Venous
19.8 ± 12.7

24.4 ± 36.6

63 ±27

52 ± 42

69 ±42

75 ±48

No samples

No samples

6.4 ± 1.5

5.9 ± 1.1

Ischemia
Venous
22.6 ± 15.2

29.6 ± 37.8

85 1 46**

88 ± 53**

116 ± 162

91 ±63

6.2 ± 1.5

5.8 ± 1.0
Group and condition effect; group

Reperfusion
Venous
23.4 ± 16.1

37.8 ± 38.7

160 ±94**.'

83 ± 62**

157 ± 175

114 ± 110

12.6±4.6**.T

8.2 ± 5.0
x condition

Values expressed as mean ± SD and all parameters have been corrected for blood volume shifts; v-a^n, venous minus arterial concentration difference (positive 
value indicates net release whereas a negative value indicates net uptake across surgical repair site); CRP, C reactive protein; VEGF, vascular endothelial growth 
factor, CPK, creatine phosphokinase; group and condition effect indicate pooled differences ( P < 0.05) between vitamin C vs placebo and preop vs ischemia vs 
reperfusion, respectively. Group and condition effect indicate pooled differences ( P < 0.05) between vitamin C vs placebo and preop vs ischemia vs repertusion, 
respectively.

* Different ( P < 0.05) between sample site for given group (vitamin C or placebo) and condition (ischemia or reperfusion).
** Different (P < 0.05) compared to preop value for given group. 

*** Difference (P < 0.05) in exchange between conditions for given group. 
1 Different ( P < 0.05) between groups for given condition.

sampling during the early phases of reperfusion is encouraged in 
future studies. In contrast, ascorbate prophylaxis increased the 
v-adiff for LH during ischemia.

These findings highlight the significance of "ischemic 
priming" and identify the surgical repair site as the primary 
locus of generation, thus providing a human correlate in 
support of recent animal-based findings [35,36]. Previous well- 
controlled studies in humans have also identified a significant 
decline in the peripheral and local concentration of ascorbate 
during ischemia subsequent to enhanced oxidative stress [5-7]. 
Emerging evidence suggests that ROS generation during 
ischemia is the product of a more "redox-reduced" mitochon- 
drial electron transport chain that results in enhanced mito 
chondria! superoxide formation [37], Furthermore, it has been 
suggested that, in addition to causing direct cellular damage, 
these species may also contribute to cell signaling and trigger a 
cardioprotective preconditioning effect [38].

It was unfortunate that we could not measure local flow 
during reperfusion since it would have permitted calculation of 
the rate of metabolic outflow across the repair site and 
subsequent rate of turnover in the systemic circulation. 
However, if we assume a resting cardiac output of 4 L/min 
which is typical for this patient cohort (personal observations, 
M.H. Lewis), the net release of LH would have been significant 
(«0.29 umol/min) and would have accounted for the concen 
tration of LH detected in the systemic circulation (A = 0.22 ±

1.05 umol). Furthermore, when one considers that the LH 
released would have been diluted in the extracellular space (= 12 
L) [39], the absolute amount of LH that would have accumulated 
in the systemic circulation would equate to approximately 3.50 
nmol/min. This is biologically significant and comparable to 
what we have previously documented across an isolated human 
vascular bed during vigorous contractile activity, an established 
paradigm for the induction of ROS [20,26].

The local generation of LH was accompanied by a selective 
uptake or net consumption of ot-tocopherol and retinol which 
may have served to limit, though clearly not terminate, lipid 
peroxidation. Though there was a tendency toward an 
increased concentration of LSA in the local arterial blood of 
vitamin C subjects during ischemia compared to the placebo 
group control means, differences were not statistically signif 
icant. Though a slightly elevated baseline concentration of a- 
tocopherol and retinol favors a negative venoarterial concen 
tration difference, the 10 and 20% increase in the net 
consumption of these antioxidants in the vitamin C group is 
nonetheless considered biologically significant.

Consumption of the chain-breaking antioxidant a-tocoph- 
erol may reflect an attempt to "repair" chain propagation by 
upstream peroxyl radicals (LOO') resulting in the formation of 
the tocopheroxyl radical (TO*) and observed increase in LH 
[40]. Retinol can also stabilize LOO" and its selective 
consumption during the anoxic-ischemic phase is the first in
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vivo evidence confirming previous reports that its scavenging 
efficiency is optimal at low FC^'s [41]. It is clear from the 
baseline measurements that our patients were essentially 
deplete of ascorbate. In conjunction with the delay between 
infusion and sampling, this explains why we achieved only a 
modest increase in plasma ascorbate compared to previous 
studies. Since ascorbate is also thermodynamically capable of 
repairing TO" (A£°' » +200 mV) [40,42], it was intriguing to 
note that the rate of recycling achieved by a net consumption of 
ascorbate following supplementation (=6.2 nmol/L) was 
insufficient to regenerate ot-tocopherol during ischemia.

The EPR spectroscopic detection of "free" iron provided 
important insight into the potential mechanisms associated with 
this selective increase in oxidative lipid damage and confirms 
previous findings [43]. Unfortunately, however, these additional 
in vitro experiments were conducted retrospectively since the 
generation of LH following ascorbate prophylaxis was an 
unexpected finding. Thus, due to a shortage of samples, analyzes 
were confined to ischemic venous blood obtained from a random 
selection consisting of only 5 subjects in the vitamin C group. 
Despite this limitation, our findings identified that iron was 
available for oxidative catalysis and it exhibited a catalytic 
efficiency comparable to Fe(III)-EDTA.

It is conceivable therefore that ascorbate loading may have 
increased the release of iron from "safe" sequestration sites by 
reducing the metal to the Fe2* state [44], a process facilitated by 
acidic pH [45] and mechanically induced hemolysis [5] which 
would have been more pronounced during the anoxic-ischemic 
phase. The mobilization of Fe2+ may have catalyzed OH" and 
subsequent LH generation by Fenton chemistry. The EPR 
spectroscopic detection of PBN adducts in the peripheral 
circulation tentatively assigned as LO" may have evolved during 
the Fe2+-catalyzed reductive decomposition of LH [20,26,28], 
thus adding further support for a Fenton-driven reaction. Though 
a definitive assignment is unrealistic in light of the complex 
nature of human blood, comparable nuclear hyperfine constants 
have been obtained following Fe2+-catalyzed auto-oxidation of 
cumene hydroperoxide in vitro [25]. The minor signal ascribed 
to LC" may therefore represent longer-lived short-chain ethyl, 
pentyl, or pentenyl radicals formed following (5-scission of the 
parent species, LO" [46]. Though these radicals are second 
generation by nature, they are still thermodynamically capable 
(A£°' a +1000-1300 mV) of initiating molecular damage [40] 
and may have contributed to the increased peripheral concen 
tration of myofiber proteins observed in the present study. 
However, despite preliminary evidence from human studies 
[11-13] and a wealth of in vitro data [15], the notion that 
supplemental ascorbate promotes Fenton chemistry in vivo has 
been rigorously contested [16,18,47,48]. The measurement of 
PBN adducts and A'~ were confined to the vitamin C group 
since the former was employed simply as a qualitative tool to 
identify the species of radicals generated with the aim of 
providing some preliminary insight into their mechanism of 
generation. On reflection, it was unfortunate that we did not 
perform a more comprehensive comparative analysis of PBN 
adducts, A°~, and catalytic iron in patients from the placebo 
group to support our more indirect findings.

The exchange kinetics of IL-6 and VEGF protein coincided 
with remarkable precision with the observed changes in LH, 
suggesting a potential regulatory role for ROS, the functional 
significance of which remains to be elucidated. In addition to 
its immunoregulatory, predominantly anti-inflammatory roles 
[49], IL-6 can also promote angiogenesis via the induction of 
VEGF [50]. Thus, it is conceivable that in addition to causing 
molecular membrane damage, the oxidative stress promoted by 
ascorbate prophylaxis may have also increased the synthesis 
and subsequent translocation of VEGF that accumulated during 
ischemia from the surgical repair site into the peripheral 
circulation to promote capillary growth, improve O2 transport, 
and thus restore vascular homeostasis.

In conclusion, the present study demonstrates that ascorbate 
supplementation promoted iron-induced oxidative lipid dam 
age during surgical I-R via Fenton chemistry. The local 
generation of ROS by the surgical repair site was sufficient 
to account for the accumulation of reactive intermediates in the 
systemic circulation. The identical response in IL-6 and VEGF 
exchange kinetics suggests a potential role for these cytokines 
in the redox-regulation of vascular homeostasis that deserves 
future investigation.

References

[1] McCord, J. M. Oxygen-derived free radicals in postischemic tissue 
injury. N. Engl. J. Med. 312:159-163; 1985.

[2] Edrees, W. K..; Lau, L. L.; Young, I. S.; Smye, M. G.; Gardiner, K. R.; 
Lee, B.; Hannon, R. J.; Soong, C. V. The effect of lower limb ischaemia- 
reperfusion on intestinal permeability and the systemic inflammatory 
response. Eur. J. Vase. Endovasc. Surg. 25:330-335; 2003.

[3] Nagel, E.; Meyer, Z. U.; Vilsendorf, A.; Bartels, M.; Pichlmayr, R. 
Antioxidativc vitamins in prevention of ischemia/reperfusion injury. Int. 
J. Vitam. Nutr. Res. 67:298-306; 1997.

[4] Lassnigg, A.; Punz, A.; Barker, R.; Keznick], P.; Manhart, N.; Roth, E.; 
Hiesmayr, M. Influence of intravenous vitamin E supplementation in 
cardiac surgery on oxidative stress: a double-blinded, randomized, 
controlled study. Br. J. Anaesth. 90:148-154; 2003.

[5] Christen, S.; Finckh, B.; Lykkesfeldt, J.; Gessler, P.; Frese-Schaper, M.; 
Nielsen, P.; Schmid, E. R.; Schmirt, B. Oxidative stress precedes peak 
systemic inflammatory response in pediatric patients undergoing cardio- 
pulmonary bypass operation. Free Radic Biol. Med. 38:1323-1332; 
2005.

[6] Pietri, S.; Seguin, J. R.; d'Arbigny, P.; Culcasi, M. Ascorby! free radical: 
a noninvasive marker of oxidative stress in human open-heart surgery. 
Free Radic. Biol. Med. 16:523-528; 1994.

[7] Pietri, S.; Seguin, J. R.; d'Arbigny, P.; Drieu, K.; Culcasi, M. Ginkgo 
biloba extract (EGb 761) pretreatment limits free radical oxidative stress 
in patients undergoing coronary bypass surgery. Cardiovasc. Drugs Ther. 
11:121-131; 1997.

[8] Frei, B.; England, L.; Ames, B. N. Ascorbate is an outstanding 
antioxidant in human blood plasma. Proc. Nail. Acad. Sci. USA 86: 
6377-6381; 1989.

[9] Wijnen, M. H.; Vader, H. L.; Van Den Wall Bake, A. W.; Roumen, R. M. 
Can renal dysfunction after infra-renal aortic aneurysm repair be 
modified by mulb'-antioxidant supplementation? J. Cardiovasc. Surg. 
43:483-488; 2002.

[10] Walters, J. M.; Vallerand, A.; Kirkpatrick, S. M.; Abbott, H. E.; Morris, 
S.; Wells, G.; Barber, G. G. Limited effects of micronutrient supple 
mentation on strength and physical function after abdominal aortic 
aneurysmectomy. Clin. Nutr. 21:321-327; 2002.

[11] Childs, A.; Jacobs, C.; Kaminski, T.; Halliwell, B.; Leeuwenburgh, C. 
Supplementation with vitamin C and N-acetyl-cysteine increases



600 DM Bailey el al. /Free Radical Biology & Medicine 40 (2006) S91-600

oxidative stress in humans after an acute muscle injury induced by 
eccentric exercise. Free Radic. Biol. Med. 31:745-753; 2001.

[12] Galley, H.; Davits, M; Webster, N. Ascorbyl radical formation in 
patients with sepsis: effect of ascorbate loading. Free Radic. Biol. Med. 
20:139-143; 1996.

[13] Lachili, B.; Hininger, I.; Faure, H.; Amaud, J.; Richard, M.; Favier, A.; 
Roussel, A. Increased lipid peroxidation in pregnant women after iron and 
vitamin C supplementation. Biol. Trace Elem. Res. 83:103-110; 2001.

[14] Rehraan, A.; Collis, C; Yang, M.; Kelly, M.; Diplock, A.; Halliwell, B.; 
Rice-Evans, C. The effects of iron and vitamin C co-supplementation on 
oxidative damage to ONA in healthy volunteers. Biochem. Biophys. Res. 
Common, 246:293-298; 1998.

[15] Samuni, A.; Aronovitcb, J.; Godinger, D.; Chevion, M.; Czapski, G. On 
the cytotoxicity of vitamin C and metal ions. A site-specific Fenton 
mechanism. Ew. J. Biochem. 137:119-124; 1983.

[16] Berger, T. M.; Polidori, M. C.; Dabbagh, A.; Evans, P. J.; Halliwell, B.; 
Morrow, J. D.; Roberts II, L. J.; Frei, B. Antioxidant activity of vitamin C 
in iron-overloaded human plasma. J. Biol. Chem. 272:15656-15660; 
1997.

[17] Chen, K.; Suh, J.; Carr, A. C.; Morrow, J. D.; Zeind, J.; Frei, B. Vitamin C 
suppresses oxidative lipid damage in vivo, even in the presence of iron 
overload. Am. J. Physiol Endocrinol. Metab. 279:E1406-E1412; 2000.

[18] Retsky, K.; Freeman, M.; Frei, B. Ascorbic acid oxidation produces) 
protect human low density lipoprotein against atherogenic modification. 
Anti- rather than prooxidant activity of vitamin C in the presence of 
transition metal ions../. Biol. Chem. 268:1304-1309; 1993.

[19] White, B. C.; Krause, G. S.; Aust, S. D.; Eyster, G. E. Postischemic 
tissue injury by iron-mediated free radical lipid peroxidation. Ann. 
Emerg. Med 14:804-809; 1985.

[20] Bailey, D. M.; Young, I. S.; McEneny, J.; Lawrenson, L.; Kim, J.; 
Harden, J.; Richardson, R. S. Regulation of free radical outflow from an 
isolated muscle bed in exercising humans. Am. J. Physiol. Heart Ore. 
Physiol 287:H1689-H1699; 2004.

[21] Morse, D. S.; Adams, D.; Magnani, B. Platelet and neutrophil activation 
during cardiac surgical procedures: impact of cardiopulmonary bypass. 
Ann. Thorac. Surg. 65:691-695; 1998.

[22] Lowry, O. H.; Rosebrough, N. J.; Fair, A. L.; Randall, R. J. Protein mea 
surement with the Folin phenol reagent J. Biol. Chem. 193:265-275; 
1951.

[23] Wolff, S. P. Ferrous ion oxidation in presence of ferric ion indicator 
xylenol orange for measurement of hydroperoxides. Methods Emymol. 
233:183-189; 1994.

[24] McDowell, I.; McEneny, J.; Trimble, E. A rapid method for measure 
ment of the susceptibility to oxidation of low-density lipoprotein. Ann. 
Clin. Biochem. 32:167-174; 1995.

[25] Bailey, D.; Ainsh'e, P.; Jackson, S.; Richardson, R.; Ghatei, M. Evidence 
against redox regulation of energy homoeostasis in humans at high 
altitude. Clin. Sci. (Land.) 107:589-600; 2004.

[26] Bailey, D. M.; Davies, B.; Young, I. S.; Jackson, M. J.; Davison, G. W; 
Isaacson, R.; Richardson, R. S. EPR spectroscopic detection of free 
radical outflow from an isolated muscle bed in exercising humans. 
J. Appl. Physiol. 94:1714-1718; 2003.

[27] Clermont, G.; Vergely, C.; Jazayeri, S.; Lahet, J.; Goudeau, J.; Lecour, 
S.; David, M.; Rochette, L.; Girard, C. Systemic free radical activation is 
a major event involved in myocardial oxidative stress related to 
cardiopulmonary bypass. Anesthesiology 96:80-87; 2002.

[28] Tortolani, A. J.; Powell, S. R.; Misik, V.; Weglicki, W. B.; Pogo, G. J.; 
Kramer, J. H. Detection of alkoxyl and carbon-centered free radicals in 
coronary sinus blood from patients undergoing elective cardioplegia. 
Free Radic. Biol. Med. 14:421-426; 1993.

[29] Buettner, G.; Chamulirrat, W. The catalytic activity of iron in synovia! 
fluid as monitored by the ascorbate free radical. Free Radic. Biol. Med. 
8:55-56; 1990.

[30] Vuilleumier, J. P.; Keck, E. Fluorimetric assay of vitamin C in
biological materials using a centrifugal analyser with fluorescence
attachment J. Micronutr. Anal. 5:25-34; 1993. 

[31] Cab'gnani, G. L.; Bieri, J. G. Simultaneous determination of retinol and
alpha-tocopherol in serum or plasma by liquid chromatography. Clin.
Chem. 29:708-712; 1983. 

[32] Thumham, D. I.; Smith, E.; Flora, P. S. Concurrent liquid-chromato-
graphic assay of retinol, alpha-tocopherol, beta-carotene, alpha-carotene,
lycopene, and beta-cryptoxanthin in plasma, with tocopherol acetate as
internal standard. Clin. Chem. 34:377-381; 1988. 

[33] Anthony, F.; Evans, P.; Wheeler, T.; Wood, P. Variation in detection of
VEGF in maternal serum by immunoassay and the possible influence of
binding proteins. Ann. Clin. Biochem. 34:276-280; 1997. 

[34] Buettner, G. R. Spin trapping: ESR parameters of spin adducts. Free
Radic. Biol. Med. 3:259-303; 1987. 

[35] Kevin, L. G.; Camara, A. K. S.; Riess, M. L.; Novalija, E.; Stowe, D. F.
Ischemic preconditioning alters real-time measure of O2 radicals in intact
hearts with ischemia and reperfusion. Am. J. Physiol. Heart Ore.
Physiol. 284:H566-H574; 2003. 

[36] Becker, L. New concepts in reactive oxygen species and cardiovascular
reperrusion physiology. Cardiovasc. Res. 61:461-470; 2004. 

[37] Nohl, H.; Jordan, W. The mitochondria! site of superoxide formation.
Biochem. Biophys. Res. Commun. 138:533-539; 1986. 

[38] Hoek, T. L. V; Becker, L. B.; Shao, Z.-H.; Li, C.-Q.; Schumacker, P. T.
Preconditioning in cardiomyocytes protects by attenuating oxidant stress
at reperrusion. Circ. Res. 86:541-548; 2000. 

[39] Sleensberg, A.; van Hall, G.; Osada, T; Sacchetti, M.; Saltin, B.;
Pedersen, B. K. Production of interleukin-6 in contracting human
skeletal muscles can account for the exercise-induced increase in plasma
interleukin-6. J. Physiol. (Land.) 529:237-242; 2000. 

[40] Buettner, G. R. The pecking order of free radicals and antioxidants: lipid
peroxidation, a-tocopherol, and ascorbate. Arch. Biochem. Biophys.
300:535-543; 1993. 

[41] Palace, V.; Khaper, N.; Qin, Q.; Singal, P. Antioxidant potentials of
vitamin A and carotenoids and their relevance to heart disease. Free
Radic. Biol. Med. 26:746-761; 1999. 

[42] Sharma, M.; Buettner, G. Interaction of vitamin C and vitamin E during
free radical stress in plasma: an ESR study. Free Radic. Biol. Med.
14:649-653; 1993. 

[43] Pepper, J.; Mumby, S.; Gutteridge, J. Sequential oxidative
damage, and changes in iron-binding and iron-oxidising plasma
antioxidants during cardiopulmonary bypass surgery. Free Radic.
Res. 21:377-385; 1994. 

[44] Boyer, R.; McCleary, C. Superoxide ion as a primary reductant in
ascorbate-mediated fcrritin iron release. Free Radic. Biol. Med. 3:
389-395; 1987. 

[45] Schafer, F.; Buettner, G. Acidic pH amplifies iron-mediated lipid
peroxidation in cells. Free Radic. Biol. Med. 28:1175-1181;
2000. 

[46] Gardner, H. W. Oxygen radical chemistry of polyunsaturated fetty acids.
Free Radic. Biol. Med. 7:65-86; 1989. 

[47] Halliwell, B. Vitamin C: poison, prophylactic or panacea? Trends
Biochem. Sci. 24:255-259; 1999. 

[48] Suh, J.; Zhu, B.; Frei, B. Ascorbate does not act as a pro-oxidant
towards lipids and proteins in human plasma exposed to redox-active
transition metal ions and hydrogen peroxide. Free Radic. Biol. Med.
34:1306-1314; 2003. 

[49] Pedersen, B. K.; Steensberg, A.; Schjerling, P. Muscle-derived
interleukin-6: possible biological effects. J. Physiol. (Land.) 536:
329-337; 2001. 

[50] Cohen, T; Nahari, D.; Cerem, L. W; Neufeld, G.; Levi, B.-Z. Interleukin
6 induces the expression of vascular endothelial growth factor. / Biol.
Chem. 271:736-741; 1996.



VASCULAR SECTION
ORIGINAL ARTICLES
J CARDIOVASC 3URG 2007,46299-303

Can carotid ultrasound predict plaque histopathology?
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Attti, European and North American studies bare con 
firmed the benefits of carotid endarterectomy for 
patients with symptomatic carotid artery stenoses >70%. 
However, the management of asymptomatic patients 
and those with lesser degrees of stenosis Is less certain. 
Several studies hare suggested that, for these subgroups, 
the targeting of potentially unstable plaques, may help 
to Identify those most at risk of cerebrovascular acci 
dents and thus most likely to benefit from surgery. The 
aim of this study was to correlate the ultrasound fea 
tures of car-odd artery stenosis with the hlstopatnolog. 
fcal findings of the carotid endarterectomy specimens 
la order to Identify features which will allow preoper- 
oUvc Identification of clinically unstable plaques. 
Methods. Shay consecutive patients with symptomatic, 
critical carotid stenosis were prospectlvely studied. 
Plaques were classified preoperattvely into one of five 
types based on their ecbogenlclry and were also assessed 
for Irregularity and ukeradon. These findings were then 
compared with the hlstopathologlcal findings of the

Results. Of 33 plaques considered on ultrasound to be 
uniformly or predominantly ccholucent (unstable), 27 
were found to be largely fatty or haemorrhaglc (PPV 
•82%), Of 17 plaques considered to be predominantly 
echogcnlc (stable) on ultrasound, 11 were found to be 
predominantly fibrouc (PPV • 65%). Correlation between 
ultrasound Irregularity or ulceration and histopatholo 
gy was poor.
Conclusion. In routine c-Hniral practice, ultrasound can 
Identify with reasonable accuracy, plaques that are pre 
dominantly haemorrhaglc or fatty, and therefore poten-
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daily unstable. This may hare future Implications In 
selection of patients for surgery.
KEY WORDS: Carolid artery disease - Carotid endancrectomy - 
Carotid stenosis - Ullrosonography, Doppler, Duplex.

C Ince the publication of the European Carotid 
O Surgery Trial ' and the North American Sympto 
matic Carotid Surgery TriaM carotid endarterectomy 
has become the preferred treatment for symptomatic 
patients with severe ipsilateral internal carotid artery 
stenosis. Surgical treatment offers a six-fold reduc 
tion in the rate of stroke in the follow-up period com 
pared with medical treatment2 Benefit from surgery 
has not clearly been demonstrated for symptomatic 
patients with a moderate (30-69%) carotid stenosis J 
and, in general, these patients are managed medical 
ly. Similarly, in asymptomatic patients with a carotid 
stenosis of 50% or greater, although surgery reduces 
the incidence of ipsibteral stroke, the benefit is small 
and surgery is not recommended pending reliable 
identification of high risk subgroups.*- s

One of these high-risk subgroups is likely to be 
patients with unstable plaques. It has long been recog 
nised dial intraplaque haemorrhage and plaque ulcer 
ation are important factors in symptomatic carotid 
artery disease.6 It has been suggested that plaques 
containing high levels of fibrin and collagen are essen-
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Sally stable, whereas those with increased lipid and 
cholesterol levels are regarded as unstable. ">• H These 
plaques appear echolucent on ultrasound whereas 
fibrous plaques appear echogenic.9

Steffen et al introduced a classification of plaque. 
bier modified by Gerouhkos et al., based on the 
degree of echogenlcity. Several studies have shown 
[bat patients with echolucent plaques are more like 
ly 10 have neurological symptoms than those with 
tdwgenic plaques. 10" 13 Thus it is likely, that plaque 
composition will become as important as the degree 
of slenosis in the selection of patients for carotid 
endirterectomy.

The aim of this study was to assess our ability in nor- 
nuldinical practice to identify plaques that are poten 
tial^ unstable, by comparing the preoperative ultra 
sound features with the subsequent histopathology.

Materials and methods

Sixty consecutive patients undergoing carotid 
cntfarterectomy were included in the study. All patients 
had recent hemispheric or ocular symptoms and a 
sletiosis of the ipsilateral internal carotid artery of 
70% or greater, demonstrated on duplex carotid ultra 
sound. All scans were performed with an ATL HDI 
5000 scanner (Advanced Technology Laboratories, 
Bothell, Washington, USA) using a broad-band linear 
transducer. Scans were performed by an experienced 
vascular sonographer and the degree of stenosis 
assessed by the peak systolic and end diastolic veloc 
ities according to accepted criteria.'•* All were then 
discussed with a consultant vascular radiologist prior 
to operation.

Plaques were characterised into one of five 
lypes i°. 'i according to recognised diagnostic criteria.

1) Uniformly echolucent, onJy visible using colour 
or power Doppler.

2) Predominantly echolucent, with less than 50% 
ethogenic areas.

3) Predominantly echogenic, with less than 50% 
echolucent areas.

4) Uniformly echogenic.
5) Unable to classify because of heavy calcification 

mrf acoustic shadowing.
Plaques were also assessed Tor the degree of irreg 

ularity and the presence of ulceration. The images 
were reviewed and reported by a single consultant

radiologist (R. K. W.) using a Kodak Aulorad work 
station (Eastman Kodak Ltd). A limited repeat exam 
ination was performed on the day prior to surgery to 
confirm the degree of stenosis and continued vessel 
patency according to departmental protocol.

Following a standard carotid endarteretomy, the 
removed plaque was seni for histopathological exam 
ination. Heavily calcified plaques were decalcified 
prior to sectioning. AJ1 plaques were subjected to a 
standard examination. These were embedded in 
entirety with a series of cross sections taken from one 
end of the plaque to the other.

The cross sections were stained using a standard 
haematoxylin and eosin (.H&E) stain, and in the first 
instance, these were examined at one level only. 
However, if the endotlielium was not visible, further 
levels were examined. The sections were studied hy 
a single consultant histopathologist (A. V ). The sec 
tions were assessed for their fatty and fibrous com 
position, and for the presence or absence of endothe- 
lial ulceration or fissuring.

Plaques were labelled predominantly fatty or 
fibrous, based on the approximate cross sectional 
area of the total plaque. If either component occupied 
>50% of the lumen, this was taken as the prominent 
component. Plaques were classified as mixed type 
when each of the components was approximately 
equal in amount.

The endothelial ulceration was more difficult to assess 
due to arteraaual disruption of the luminai surface dur 
ing processing of the specimen. Further-more, the high 
calcium content of some of the plaques made it difficult 
to always have neat slices, while preparing slides, thus 
creating disruptions. This was solved to some exient by 
prior decalcification of the specimen, but not com 
pletely. The criteria for assessment of the ulcerjtion 
were, therefore, strict, and only included cases show 
ing active fibrin and thrombus on the endoihelium ut 
tlie ulceration/fissured site were included.

The presence of intraplaque haemorrhage was not 
ed and only incorporated cases showing fresh haem 
orrhage in the plaque. The presence of thrombus was 
not specifically assessed.

The ultrasonic and histopathological findings were 
recorded independently and the results then com 
pared.

Statistical'analysis
Comparison between the echolucent and 

groups was carried out using the y} test. Statis 
significance was taken at die 5% level.

TUUt 1 — Comparison uf ultras 
pathological type.
Pb^.n* ftmy/ta.*

Type 2 1 
Type 3 
Typc-1

n>id plaque l\'pc anil bislo

ni.rrt.glc Flhou.

0
6 
9 
2

TAIIIF. II, — Comparison of 
blaopaiboluftlceil type.

fading! *" ""^

Irrcgubf
U ruble 10 classify

illreisoiiiitl plaque
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20 
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13
10

5

A total of 60 patients were studied, 16 women and 
•H men with an age range of ^6-90 years (mean age 
66.8 years). In 10 patients, die plaque was unable to 
he classified because of heavy calcificadon (type 5 
plaque*. Of ihe remaining 50 patients, 33 had plaques 
of types 1 or 2, while 17 had type 3 or 4.

The comparison of plaque type with histopatho 
logical findings are shown in Table I. Of 13 plaques 
classified as type 1 on ultrasound, all were found lo 
be predominantly fatty or contained significant 
intraplaque haemorrhage on histopathology (sensi 
tivity of 100%). Of 20 type 2 plaques, 14 were pre 
dominantly fatty and 6 predominantly fibrous on 
histopathology (sensitivity of 70%). Of 15 type 3 
plaques, 9 were confirmed as being fibrous while 6 
were predominantly fatty (sensitivity of 60%). There 
were 2 type 4 plaques, both confirmed as fibrous on 
histopaihology.

For the purpose of analysis, die 10 patients with 
unclassifiable plaques were excluded from the analy 
sis. The resulting analysis gave a value of x2 value 
15.2-41, which is significant at p-0.005-

The relationship between surface irregularity and 
ulceration or fissuring identified on histopathology is 
deiailed in Table II. In only 1 case, was probable 
ulceration seen on ultrasound and this was confirmed 
histologically. Disruption of the endorhelium was 
identified in 28 plaques. Of these, 13 were consid 
ered on ultrasound to have a smooth surface, 10 were 
Irregular and 5 could not be classified because of 
Iteavy cilcification. Thus, if an irregular plaque surface 
is regarded as evidence of endothelial disruption, die 
Positive predictive value of ultrasound is only 43-5%. 
For pbques with an intact enclothelium, ultrasound 
correctly identified this in 74%.

A x; lest for the comparison after omission of the 10

TMILE Ml.—Comparison tf classifiable combinedpf(H[ite type and 
biao[>atbolos<tcal t\pe.
Pbque lype Fany/hacmoirtuRk Flim-js

T>T>C, 1 and * 27 6 
Type, 3 Jnd ^ 6 11

unclassifiable plaques revealed no significant rela 
tionship between ultrasound plaque irregularity and 
histopathological findings.

When plaque types are grouped into echolucent 
(types 1 and 2) or echogenic (types 3 and 4), the pos 
itive predictive value of ultrasound in identifying a 
fatty pbque is 82%, and a fibrous plaque, 65% (Table 
m). The x: vulue is 10.822 giving a level of significance 
ofP-0.001.

Discussion and conclusions

As it is likely that, in the future, the indication for 
carotid endarterectomy will be extended to include 
symptomatic patients with high risk (unstable) plaques 
but only moderate stenoses (30-69%), and asympto 
matic patients with severe stenoses and high-risk 
plaques, a practical and simple test that could pre- 
operalively predict plaque histopadiology would be 
valuable.

It has long been assumed that carotid territory 
ischaemia results from emboli originating in ulcerat 
ed plaques or die dislodgement of thrombi and atliero- 
matous debris from areas of intraplaque haemor- 
rhage. |S The identification of ulceration or plaque 
haemorrhage is, therefore, important. Several stud 
ies, however, have shown conflicting levels of accu 
racy in their demonstration. O'DonneU et al. 9 report 
sensitivities for detecting ulceration and haemorrhage 
of 89% and 93% respectively, while Barry et fil.**
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reported sensitivities of only 17% and 44%. In our 
experience, detection of ulceration is unreliable. Only 
1 patient was felt to have an ulcer on ultrasound 
examination, but endothelial disruption was subse 
quently idenlifed in 28 plaques (47%). If all irregular 
plaques are considered to be ulcerated, the sensitiv 
ity of ultrasound is still only 43.5%. Detection of ulcer- 
alion at histopathological examination, however, is 
not straightforward Endothelial distruption may be a 
result of true plaque ulceration or may be artefactual 
caused by sectioning, particularly if the plaque con 
tains calcification. Therefore, from our study, we con- 
dude that ultrasound cannot be reliably used to detect 
plaque ulceration.

Tfork on coronary arteries has identified the at-risk 
plaque as that having a thin, eccentric fibrous cap, a 
large core of extracellular lipid, neootic debris and evi 
dence of cap inflammation. 16 These lipid-rich plaques 
ire known to be relatively echolucent on ultrasound 
when compared with more stable fibrotic phques.*- p

In a study comparing plaque echogenicity with 
symptoms in patients wiih significant carotid stenoses, 
Geroutakos effl/. 11 found 81% of symptomatic patients 
had predominantly echolucent plaques, while 59% 
of asymptomatic patients had predominantly 
echogenic plaque. In a similar study, EI-Bargouty el 
at.a found echolucent plaques were more likely to 
have CT evidence of brain infarction than chose with 
echogenic plaques (55% versus 11%). A more recent 
paper from Tegos et al. lB also found symptomatic 
plaques were associated with hypoechoic and pre 
dominantly homogenous echo-pattern, whereas the 
asymptomatic ones were associated with hyperechoic 
and less predominant homogenous pattern. These 
studies used an image analysis computer program to 
objectively measure the degree of echogenicicy of the 
plaque, thus overcoming the subjectivity of the oper 
ator. However, such a system is not applicable to a 
busy clinical practice where most carotid stenoses are 
assessed and treated, and was not used in this study. 
Similarly, the ability of magnetic resonance (MR) to 
classify atheromatous plaques is being evaluated, 19 
but this again does not provide a readily available 
practical solution.

Lamraie et al., 30 in a recent study, concluded that 
plaque lucency (corresponding to haemorrhage or 
necrosis) which is associated with activity, could be 
reliably Identified on ultrasound In addition, the thick 
ness of the fibrous cap, another recognised feature of 
plaque instability, could also be reliably identified.

Of interest is that in a recent study by Profumo « 
ai:-* showed that cytokines TNF-a and TNF-y are 
markers of carotid atherosclerosis, and can be detect 
ed in patients peripheral blood which can be an ear 
ly sign of progressive atherosclerosis in this group Qj 
patients.

In the present study, as only symptomatic patients 
were included, it is not surprising that 39 (65%) were 
predominantly fatty and only 21 (35%) were fibrous.

Our results confirm that using a simple means of 
classification, ultrasound can identify plaques which 
are subsequently shown on hlscopathology to (^ 
potentially dangerous. This may have a significant 
role in the selection of patients for carotid endnrterec- 
lomy in die future.
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Extra-anatomical bypass grafting is a recognised method of lower limb re-vascularisation in high-risk patients 
who cannot tolerate aortic cross clamping, or in those with a hostile abdomen. We present a single surgeon series of such pro 
cedures and determine relevant outcomes.

A retrospective review was performed on a prospectively maintained database of patients undergoing 
femoro-femoral or axillo-femoral bypass surgery between 1986 and 2004.

Patency rates for femoral (n = 28; 32%) versus axillary (n = 59; 68%) bypass procedures at 1 month, 1, 3 and 5 
years were (92% vs 93%), (69% vs 85%), (60% vs 72%) and (55% vs 67%), respectively. Patient survival rates for the corre 
sponding procedures and time intervals were (96% vs 90%), (96% vs 67%), (85% vs 45%) and (73% vs 38%) and revealed 
a significantly lower survival rate in those undergoing axillary procedures (P = 0.002). Limb salvage rates were calculated at 
(100% vs 91%), (96% vs 84%), (96% vs 81%) and (92% vs 81%) with no statistically significant difference found between 
the two groups (P= 0.124). Two-thirds of the patients who required major amputation died within 12 months of surgery.

Acceptable 30-day morbidity, long-term primary patency and survival rates are obtainable in patients suitable 
for extra-anatomical bypass surgery despite having significant co-morbidities. We have shown 5-year patency rates in those that 
survive axillary procedures to be as good as those undergoing femoral procedures. Furthermore, surviving patients who evade 
amputation within a year have an excellent chance of long-term limb salvage.
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Since Freeman and Leeds 1 first described the femoro- 
femoral crossover graft in 1952 and later, Blaisdell and Hall2 
along with Louw3 proposed the now well-established axillo- 
femoral bypass in 1963, extra-anatomical bypass pro 
cedures have been a recognised method of lower limb re- 
vascularisation in patients with aorto-iliac disease.

At present, patients are increasingly being offered percuta 
neous angioplasty and stenting for lower limb ischaemia due 
to stenotic arterial disease. However, surgical approaches are 
still appropriate and have a major role to play in patients with 
severe symptoms due to long occlusions of the aorto-iliac seg 
ments or where angioplasty has failed. Furthermore, Whatling 
et al.4 have recently shown better long-term patency following 
femoro-femoral grafting when compared to angioplasty with 
stenting for aorto-iliac disease.

Although the surgical gold standard for aorto-iliac disease 
is a direct aorto-iliac/femoral replacement, extra-anatomical

grafts have a place where patients have poor cardiac or respi 
ratory reserve, who cannot tolerate a trans-abdominal 
approach or in those with a hostile abdomen where a direct 
approach would be contra-indicated due to the extent of 
abdominal pathology.

We present a review of a single surgeon's experience 
with extra-anatomical bypass procedures over an 18-year 
period in terms of 30-day morbidity and mortality and 1 
month, 1, 3 and 5 year primary patency rates, patient sur 
vival and limb salvage rates.

A retrospective review was performed on a single surgeon's 
prospectively maintained database of consecutive patients 
undergoing femoro-femoral or axillo-femoral grafting pro 
cedures over an 18-year period.
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Figure 1 Kaplan-Meier estimates of survival for 15 years for 
femoral and axillary procedures.

Data collected included patient demographics, present 
ing symptoms, co-morbidities, the surgical procedure per 
formed and postoperative complications. All patients were 
followed-up and graft patency determined by clinical 
assessment, duplex and ultrasonography. Follow-up at 5 
years for all surviving patients was complete.

Patients were categorised as having 'femoral procedures' 
(femoro-femoral bypass surgery) or 'axillary procedures'

^^^P'

(axillo-unifemoral bypass or axillo-bifemoral bypass sur 
gery). All operations were performed under general anaes 
thetic. For both procedures, longitudinal incisions were 
made in the groin and 2000 units of unfractionated heparin 
given intravenously immediately before arterial clamping 
was undertaken. For femoral procedures, an 8-mm graft 
was tunnelled subcutaneously, all grafts were Dacron and 
all anastomotic sutures were polypropylene. In those 
patients undergoing axillary procedures, electively the right 
(rather than left) axilliary artery was mobilised and an 8- 
mm Dacron graft tunnelled subcutaneously in the mid-axil- 
liary line. Again, polypropylene sutures were used for the 
graft anastomoses.

Statistical analyses were performed using the SPSS for 
Windows v.14.0 (SPSS Inc., Chicago, IL, USA), with survival 
rates calculated by the Kaplan-Meier method and differ 
ences assessed with the Mantel-Cox log rank test. Other 
data were analysed using Fisher's Exact test, with P < 0.05 
considered significant.

A total of 87 patients underwent extra-anatomical bypass 
procedures (EABP) which included 28 (32%) femoral pro 
cedures and 59 (68%) axillary procedures.

The median patient age at surgery was 67 years (range, 
36-94 years) and the gender distribution revealed a predomi 
nance of males (67%) to females (33%). Twenty patients 
(23%) underwent urgent surgery (following morning operat 
ing list) and the remaining 66 (77%) were elective procedures.

The indications for surgery were critical ischaemia in 44 
(51%) and severe incapacitating claudication in 43 (49%). 
Of all patients, 68% were categorised by a consultant anaes 
thetist as having an American Society of Anesthesiologists

Postoperative complications and further interventions

Femoro-femoral (n = 28) Axillo-femoral (n = 59}

Skin infection 1 (3.6%)
Graft infection 1 (3.6%)
Seroma 0
Early graft occlusion 2(7.1%)
Embolectomy 0
Thrombectomy 2 (7.1%) 
Patency successfully restored 1 (3.6%)
Revision surgery 1 (3.6%)
Further surgery 1 (3.6%)
Removal of graft 1 (3.6%)
Major amputation 2(7.1%)

11 (18.6%) 
6 (10.2%) 
4 (6.8%) 
7(11.9%) 
1 (1.7%) 
7 (11.9%) 
4 (6.8%)
4 (6.8%) 
7(11.9%)
5 (8.5%) 
9 (15.3%)

Total (n = 87)

12 (13.7%)
7 (8.0%)
4 (4.6%)

9 (10.3%)
1 (1.1%)

9 (10.3%)
5 (5.7%)
5 (5.7%)
8 (9.2%)
6 (6.9%)

11 (12.6%)

P-value

0.093
0.421
0.301
0.712
1.00
0.712
1.00
1.00
0.428
0.659
0.496
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Causes of death at 5-year follow-up

Cause of death Femoro-femoral

Ml/cardiac arrest/other cardiac 3
Pneumonia/COPD 0
Benign bowel pathology 0
Cardiac failure 1
Postoperative vascular complication 0
Cancer 1
Stroke 0
Sepsis 3
Abdominal aortic aneurysm 0
Not recorded 1
Ml, myocardial infarct; COPD, chronic obstructive airways disease.

Axillo-femoral

15
6
4
3
3
2
1
1
1
3

Total

18
6
4
4
3
3
1
4
1
4

(ASA) grade of 5 or above. Patient co-morbidities (Appendix 
1 online) were found at similar frequencies in the two 
groups. However, there were significantly more patients 
with an ASA > 3 in those having an axillary procedure (46 of 
59, compared with 13 of 28; P = 0.006).

Pre-operative angioplasty was performed on seven 
patients having femoral procedures and three patients hav 
ing axillary procedures.

Thirty-day morbidity and mortality
Postoperative complications included a total of 19 (21%) 
infections (17 axillary, 2 femoral) of which 12 (14%) were 
local skin infections (11 axillary, 1 femoral) and seven (8%) 
were of the graft (6 axillary, 1 femoral). In six of these, the 
grafts had to be removed (5 axillary, 1 femoral). Early graft 
occlusion occurred in nine (10%) patients (7 axillary, 2 
femoral). Of these, thrombectomy was performed in all 
nine, and was successful in four (3 axillary, 1 femoral). 
Revision surgery was undertaken in five (4 axillary, 1 
femoral; Table 1]. Further surgery (excluding amputations) 
was performed in eight (7 axillary, 1 femoral).

Eight (9%) patients died within 30 days of their opera 
tion (7 axillary, 1 femoral). Causes of death were cardiac (n 
= 4), septicaemia (n = 2), pneumonia (n = 1), and one cause 
was not recorded.

Primary patency and survival
The primary patency rates for femoral versus axillary pro 
cedures at 1 month, 1, 3 and 5 year were 92% vs 93%, 69% 
vs 85%, 60% vs 72% and 55% vs 67%, respectively. The sur 
vival curves of those undergoing each procedure are illus 
trated in Figure 1. The survival rates were found to be sig 
nificantly less in those undergoing axillary procedures (P = 
0.002). The causes of death at 5 years are shown in Table 2.

Limb salvage rates
Limb salvage rates for those undergoing femoral versus 
axillary procedures in this series were calculated as 100% 
vs 91%, 96% vs 84%, 96% vs 81% and 92% vs 81% at 1 
month, 1, 3 and 5 years, respectively. There was no statisti 
cally significant difference in limb salvage rates for the two 
procedures (P = 0.124).

Overall, six patients required an above-knee, and five 
had below-knee amputations totalling 12.6% of the 87 
patients included in this study. Of these 11 amputations (9 
axillary, 2 femoral), three followed removal of an infected 
graft. The mortality rates within this subgroup for patients 
requiring an amputation were 8%, 67%, 83% and 83% at 1 
month, 1, 3, and 5 years, respectively.

With the current wide-spread use of angioplasty for the 
treatment of iliac disease, extra-anatomical bypass proce 
dures (EABP) are now less commonly performed. Upchurch 
et al? showed, during the late 1990s, that as angioplasty 
rates increased substantially, EABP rates fell, and it was 
recently suggested by Hertzer et al.6 that EABP rates have 
been falling since the mid-1980s. At our centre, all patients 
presenting with aorto-iliac disease are initially discussed in 
conjunction with consultant interventional radiologists 
regarding their suitability for angioplasty. Between January 
1999 and December 2004, a total of 471 angioplasty proce 
dures (excluding stents) were performed on 385 patients. Of 
these, 127 were of the common iliac artery and 81 were of 
the external iliac artery.

The TransAtlantic Inter-Society Consensus (TASC) 
Working Group7 concluded in 2000 that open surgery 
should be considered for long segment (> 10 cm) stenoses
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or 'type D' iliac occlusions. Furthermore, EABPs still have a 
role in high-risk patients, where angioplasty has previously 
failed anoVor on those patients with an already hostile 
abdomen.

Our review has highlighted interesting findings which 
challenge current thinking surrounding EABP, particularly 
axillary procedures. It appears that, although there was a 
trend towards infection and early graft occlusion in patients 
undergoing axillary procedures, this was not found to be sig 
nificant (P = 0.093). Moreover, we found better than expected 
primary patency rates but poorer survival rates in those hav 
ing axillary procedures. In this series, 5-year primary patency 
rates following femoral and axillary procedures were 55% 
and 65%, respectively. Previous studies (Appendix 2 online) 
have shown comparable results following femoral procedures 
(52% to 83%) but poorer long-term patency following axillary 
procedures (27% to 62%).6'8-' 4

Five-year survival, in the present series, was found to be 
significantly higher after femoral procedures at 73% com 
pared to 38% following axillary procedures. These figures 
compare favourably to other studies showing 5-year sur 
vival to be 42-80% for femoral procedures and 27-34% fol 
lowing axillary procedures.68-14 Poor survival following 
EABP has been related to the adverse affect of advancing 
age, diabetes, hypertension, critical limb ischaemia and 
ischaemic heart disease. 15- 17 The median age of all patients 
included in this series was greater than 65 years and the 
majority of patients had an ASA score of 3 or greater; there 
fore, the patients in this study were a high-risk population.

Regarding limb salvage rates, major amputation was 
required in 11% of patients in this series which is in line 
with previous studies which reported figures of 7.4-27%.6-" 
Interestingly, further analysis of this subgroup revealed 
67% of patients who required an amputation died within 
one year of their EABG.

Conclusions
Acceptable 30-day morbidity, long-term primary patency 
and survival rates are still obtainable in patients suitable for 
extra-anatomical bypass surgery despite having significant 
co-morbidities. We have shown 5-year patency rates, in 
those that survive axillary procedures, to be as good as 
those undergoing femoral procedures. It should be noted,

however, that early mortality rates were higher overall in 
the axillary group. Furthermore, surviving patients who 
evade amputation within a year have an excellent chance at 
long-term limb salvage. With this in mind, it appears, 
despite the increasing popularity and use of angioplasty, 
EABG still has its place in selected patients with occlusive 
aorto-iliac disease.
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Long-term clinical outcome following lower limb 
arterial angioplasty

G Morris-Stiff1 , M Moawad 1 , N Appleton 1 , G Davies 2 , E Hicks2 , C Davies 2 , Mil Lewis 1 

Departments of Surgery 1 and Radiology-, Royal Glamorgan Hospital, Ynysmaerdy, Llantrisant, UK
ABSTRACT

INTRODUCTION The aim of this study was to determine the clinical outcome of lower limb arterial angioplasty in a busy district 
general hospital practice.
PATIENTS AND METHODS All angioplasties performed from January 1999 to December 2004 were identified and data collected 
included cardiovascular risk factors, indications for and complications of angioplasty, limb salvage and patient survival rates, 
and clinically significant re-stenoses.
RESULTS 471 interventions were performed in 385 patients (231 men, 154 women). The median age was 67.9 years (range: 
39-93 years). Indications for angioplasty were critical ischaemia (n=247, 52%) and lifestyle-limiting intermittent claudica- 
tion (rt=224, 48%). Stenotic lesions accounted for 378 (80%) cases and occlusion for 93 (20%). Radiological success was 
obtained in 417 (88.5%), improving to 93.6% if only those in whom access was achieved were included. Post-angioplasty 
complications were observed in 42/471 (9.1%) of interventions. The actual patient survival at 1, 2, and 3 years was 87.4%, 
85.1% and 83.2% respectively. Indication for angioplasty and the number of lesions present were identified as risk factors for 
outcome on multivariate analysis. The cumulative post-angioplasty patency rates at 1, 2 and 3 years were 86.0%, 83.1% and 
81.6% respectively. The only factor associated with patency was the mode of presentation.
CONCLUSIONS Angioplasty for lower limb peripheral vascular disease can be performed safely and efficaciously with a high 
technical success rate and a low complication rate. The patient survival and post-angioplasty patency data reflect the progres 
sive and multi-site nature of the underlying disease process.

KEYWORDS

Angioplasty - Peripheral vascular disease - Ischaemia - Clinical outcome - Survival
Accepted 12 January 2010

CORRESPONDENCE TO
Michael H Lewis, Consultant Vascular Surgeon, Royal Glamorgan Hospital, Ynysmaerdy, Llantrisant CF72 8XR, UK
T: +44 (0)1443 443 838; F: +44 (0)1443 443 224; E: mike.lewis@pr-tr.wales.nhs.uk

The concept of angioplasty, first described by Dotter and 
Jenkins in 1964,' has now become the treatment of choice 
for arterial stenoses in most anatomical locations, with level 
I evidence2 for the treatment of both lifestyle-limiting inter 
mittent claudication and critical ischaemia, and the estab 
lishment of treatment guidelines for each type of lesion.2' 5

In an overview of the results of lower limb angioplasty, 
Davies et al reported initial radiological success rates of 90- 
95% for single stenolic lesions and 80-95% for occlusions 
of the femoropopliteal segment using a standard antegrade 
femoral approach4 with patency rates of 71%, 59%, arid 53% 
at one, three and five years respectively.

A number of factors have been shown to compromise 
patency rates: lesion characteristics - location, nature of le 
sion (occlusion vs stenosis), length, number of lesions, mul 
tilevel disease, adequate run-off; demographics - gender, 
diabetes mellitus; clinical - indication (intermittent claudi 
cation vs critical ischaemia), recurrent lesions; and proce 
dure-related - vessel dissection, radiological response. 5"9

There are a number of procedure-related complica 
tions associated with angioplasty with a mean overall rate 
of 10% reported by Davies et al? The prevalence of recog

nised complications of angioplasly was summarised in the 
American Heart Association (AHA) guidelines and includes: 
severe bleeding 3.4%; false aneurysm 0.5%; arteriovenous 
fistula 0.1%; thrombosis 3.2%; rupture 0.3%; dissection 
0.4%; embolisation 2.3%; emergency operation 2%; limb 
loss 0.2%; and mortality 0.2%. lo

The main difficulty in interpreting much of the data in 
the literature is that it represents the experiences obtained 
in large-volume tertiary referral centres and thus there is 
some question regarding its applicability lo non-specialist 
practice. With the proliferation of angioplasty and a recogni 
tion of its benefits over surgery in many patients, there has 
been a greatly increased demand for the service, leading 
to the development of treatment programmes outside the 
larger tertiary centres.

The aim of this study was to report outcomes of a lower limb 
angioplasty programme from a non-teaching hospital setting.

Patients and Methods
All patients undergoing lower limb angioplasty during the 
period January 1999 to December 2004 were identified from

250 Ann R Coll Surg Engl 2011; 93: 250-254
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Figure 1 Patient survival according to clinical indication for 
operation

Table 1 Risk factors for cardiovascular disease in patients I

Risk factors
Smoking

Smoker
Ex-smoker

Diabetes

Hypertension

Hyperlipidaemia

Ischaemic heart 
disease

Stroke

Renal failure

Yes

220 (46.7%)

171 (36.3%)

143 (30%)

238(50.5%)

165(35%)

159 (33.8%)

97 (20.6%)

28 (5.9%)

No

80 (17%)

328 (70%)

233 (49.5%)

306 (65%)

312(66.2%)

374 (79.4%)

443(94.1%)

a prospectively maintained radiology database. Those un 
dergoing primary stenting procedures were not included in 
this analysis.

Data collected from patient records included: indica 
tions for angioplasly; cardiovascular risk factors; location, 
number and nature of lesions; complications of angioplasty; 
limb salvage rates; and rates of clinically significant re-ste 
nosis.

Data analysis was performed using SPSS® vlS.O (SPSS 
Inc, Chicago, Illinois, US). Statistical significance was as 
sessed at the 5% level. The Kaplan-Meier method was used 
to assess the overall survival and post-angioplasty patency 
rates. A univariate analysis was performed to assess for a 
significant difference in factors believed to be of importance 
in relation to overall survival and post-angioplasty patency.

Figure 2 Patient survival according to number of lesions present

Risk factors

indication for angioplasty

Critical ischaemia

Lifestyle-limiting intermittent 
claudication

Type of lesion

Stenosis

Occlusion

Number of stenoses

Single

Multiple

Number of occlusions

Single

Multiple

Number

247 (52%)

224 (48%)

378 (80%)

93 (20%)

259 (68.5%)

119(31.5%)

59 (63.4%)

34 (36.6%)

A multivariate analysis was Ihen performed by Cox regres 
sion (stepwise forward model) on those variables identified 
during univariale analysis.

Results
A tola! of 471 angioplasties were attempted. The majority of 
procedures were performed in men («=317, 67.3%) and the 
mean patient age was 67.9 years (range: 39-93 years).

The cardiovascular risk factor profiles are summarised 
in Table 1. As a result of patient demographics and co-mor 
bidities, the vast majority of procedures («=457, 97%) were

Ann R Coll Surg Engl 2011; 93: 250-254 251
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Figure 3 Patient outcome in relation to anatomical distribution 
of disease.
SFA = superficial femoral artery; CIA = common iliac artery; 
EIA = external iliac artery; CFA = common femoral artery 
Colour version online.

performed as inpatient procedures.
The indications for angioplasty are summarised in Table 

2 and the distribution of lesions subjected to angioplasly in 
Table 3.

A good radiographic result was observed in 417 (88.5%) 
cases. The most common reason for failure was abandon 
ment due to inadequate access (n=29). In the remaining 25 
patients, angioplasty was performed but the radiological 
result was deemed inadequate. If only those in whom ac 
cess was possible are included, the success rate improves to 
363/388 (93.6%).

The complication rate was 43/471 (9.1%) (Table 4). 
However, it fell to 4.5% when only those considered by the 
AHA2 were included. None of the patients required emer 
gency operation, intervention or a blood transfusion.

There were eight (1.7%) deaths within thirty days of 
angioplasty. The patients in this group had a mean age of 
77 years, all had critical ischaemia with ulceration as the 
indication for angioplasty and a history of cardiovascular 
disease. None of the patients experienced a complication of 
angioplasty and all died following a myocardial event.

Immediate radiological success rates for single and mul 
tiple stenoses were 92.1% and 91.4% respectively, whereas 
the initial success following angioplasly of single and multi 
ple occlusions was 80.8% and 71.9%.

Fifty-eight patients underwent bypass surgery («=47) or 
stenting (re=ll) following angioplasly. Twenty-nine patienls 
had a procedure less than Ihree months after surgery, six 
of which had experienced an angioplasty-relaled complica 
tion (dissection [n=2]; extravasation [«=!]; perforation [«=!];

"V——— s_
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Figure 4 Post-angioplasty patency according to clinical 
indication for operation

haematoma [n=l]; sub-intimal dissection [«=!].) In the re 
maining 23 patients, the angioplasty was performed as part 
of a management plan to dilate a stenosis in order to obtain 
either improved inflow or outflow prior to a surgical bypass.

In 29 cases where surgery was performed at an interval 
of more than 3 months, the mean interval between angi 
oplasty and bypass surgery/stenting was 313 days (range: 
91-1,785 days). In 11 of 29 cases, stenoses were within the 
same arterial segment and regarded as recurrences, where 
as the remaining 18 lesions were regarded as de novo, oc 
curring in a different segment of artery or contralateral 
limb.

Eight patienls underwent ampulalion following an 
gioplasty. All of these initially presented wilh crilical 
ischaemia and ulceration. Three amputations were per 
formed within one month of angioplasty (18, 24 and 27 
days), with angioplasty having been performed in order 
to optimise blood flow to the distal limb and maximise 
chances of slump healing. In the remaining four cases, 
ampulalion was performed al an extended interval (238, 
253, 399 and 407 days) and in each case angioplasty had 
improved blood flow to Ihe distal limb bul was inadequate 
lo provide healing.

One hundred and eighl palienls had angioplasly per 
formed for leg ulcers. In 95 of Ihese cases, angioplasly was 
Ihe sole treatment modality and 49 (51.6%) of these healed 
completely.

Mean patienl follow up from angioplasly lo surgical in- 
lervenlion, palienl dealh or end of sludy was 28.3 months 
(range: 0-80 months). To more accurately assess the role of 
angioplasly, procedures performed prior lo elective surgery 
were excluded, as were those performed following previous 
surgery or ampulalion, leaving 430 angioplaslies for analy-
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Figure 5 Post-angioplasty patency in relation to anatomical
distribution of disease.
Online version in colour.

SIS.

Patient survival
Univariate analysis revealed a significant difference in 
survival based on the indication for angioplasty (Fig 1) 
(critical ischaemia vs intermittent claudicalion; p<0.001) 
and number of lesions present (Fig 2) (multiple vs single; 
p=0.02). The actual overall patient survival at 1, 2 and 3 
years was 87.4%, 85.1% and 83.2% respectively, while Ihe 1, 
2 and 3-year overall survival rates for patients with intermit 
tent claudication were 94.7%, 93.2% and 93.2%. For critical 
ischaemia the corresponding rates were 80.7%, 77.6% and 
74.4%. In comparing single to multiple lesions, the over 
all survival rates at 1 year were 88% vs 85.6%, at 2 years 
they were 87.3% vs 80.1% and at 3 years 85.6% vs 78.8%. 
There was no difference in outcome when comparing the 
nature of the lesion present (p=0.416), radiological outcome 
of angioplasly (p=0.696) or development of complications 
Go=0.938).

Subsequent multivariate analysis revealed that pres 
entation (risk ratio = 2.89; 95% confidence interval = 1.82- 
4.58) and number of lesions (risk ratio = 1.60; 95% confi 
dence interval = 1.06-2.44) remained significant predictors 
for overall survival.

There was a wide distribution in outcome according to 
the location of the main lesion (Fig 3) with common iliac ar 
tery angioplasty superior to: popliteal (/J<0.001); superficial 
femoral artery O=0.006); external iliac artery (p=0.008); and 
common femoral artery (p=0.05).

Angioplasty patency
The actual gran patency at one, two and three years was

Site of the lesion
Superficial femoral artery
Common iliac artery
External iliac artery
Popliteal artery
Common femoral artery
Other sites

noBBanEanBnBBBBHBi 
Number of cases
217

127

81

80

25

29

i:i,i^ •'l.irrl/l^l.llSi^SBIIi
Complication
Small haematoma
Dissection
Spasm
Sub-intimal dissection
Thrombosis

Pain
Embolisation
Extravasation
Perforation

Number
12 (2.5%)

9(1.9%)

7(1.5%)

4 (0.8%)

4 (0.8%)

3 (0.6%)

2 (0.4%)

1 (0.2%)

1 (0.2%)

86.0%, 83.1% and 81.6% respectively, with the indication for 
angioplasty (Fig 4) (critical ischaemia vs intermittent clau 
dication; /txO.OOl) being the only significant factor. The one, 
two and three-year overall survival rates for patients with 
intermittent claudication were 94.2%, 92.3% and 92.3%, 
whereas for critical ischaemia the corresponding rates were 
78.5%, 75.3% and 71.7%.

There was no difference in outcome when compar 
ing the number of lesions (p=0.064), the nature of the le 
sion present (p=0.437), radiological outcome of angioplasty 
(p=0.955) or development of complications (p=0.761).

The distribution of outcome in relation to the location 
of the main lesion is shown in Figure 5 and is similar to 
that seen for overall survival. The patency rates were high 
est in those undergoing angioplasty of the common iliac 
artery and worst for patients with infragenicular stenoses 
Go<0.001).

Symptomatic outcome
The majority (re=262, 60.9%) of patients reported that their 
claudication distances improved, with 123 (28.6%) patients 
experiencing no change and 15 (3.5%) reporting a deterio 
ration. Data were absent for 30 patients (7.0%). When the 
data were re-examined including only those with a success 
ful radiological result, the improvement rale increased to 
69.6% and the 'no improvement' rate fell to 3.7%, leaving 
26.7% unchanged.
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Discussion
The primary finding of this study is thai angioplasty can be 
performed with acceptable periprocedural morbidity and 
good long-term outcome in a non-tertiary centre selling.

The proportion of patients undergoing angioplasly for 
critical ischaemia in the current study (52%) was greater 
than in reported meta-analyses of angioplasly for iliac" and 
femoropopliteal disease. 12 ' 15

The majority ofangioplasties were performed for stenol- 
ic lesions, this being the case in most of the published litera 
ture. 11' 14 However, almost a third of those with stenoses had 
more than one lesion treated by angioplasty. Furthermore, 
even though occlusive lesions accounted for only 20% of 
cases, a third had more than one occlusion.

Davies et al indicated that the overall complication rate 
of angioplasly should be less than 10%, while in recent 
meta-analyses only major complications were included. 11 " 14 
The prevalence of major complications in the current series 
at 4.5% is in keeping with these meta-analyses where rates 
were 4.3-8.1%.

The 30-day mortalily appears high al 1.7%. However, the 
proportions of critically ischaemic patients was higher and 
the major complication rates favourable, suggesting patient 
rather than technical factors as the cause of the increased 
mortality. Moreover, demographic and co-morbidity data 
were missing from the other series, thus adding further ob 
stacles to a fair comparison of the series.

The fact that overall survival and patency rates were 
very similar and that the number of patienls requiring 
bypass surgery or amputation were small suggests that 
the mam factor determining outcome is the extent of the 
atherosclerotic cardiovascular disease. It is well recognised 
that patients with peripheral vascular disease have a high 
prevalence of cardiovascular disease and lhal the major 
ity of claudicanls (in excess of 80%) die of cardiovascular 
causes. 15" 19 Indeed, the mortality of individuals with claudi- 
cation is four times greater than an otherwise comparable 
population.20 This also implies that patients with peripheral 
vascular disease, even in the absence of symptomatic car 
diovascular disease, require treatment of cardiovascular 
risk factors.21

The patency rates in this series were superior to those in 
the meta-analyses for iliac 1 ' and femoropoplileal disease. 12 - 15 
In the current series, the only factor associated with a poorer 
post-angioplasty patency was the indication for angioplasty, 
with critical ischaemia being associated with a poorer out 
come.

Although a formal qualily-of-life assessmenl lool was not 
used, 70% undergoing a technically successful procedure 
reported a significantly improved claudicalion distance fol 
lowing angioplasty. There are limited published data look 
ing at the quality of life following angioplasty for lower limb 
vascular disease but the data that do exist suggest an im 
proved qualily of life following angioplasty.22-'5

Conclusions
This study has demonstrated that angioplasty for peripheral 
vascular disease may be performed safely and efficaciously

in a non-tertiary referral centre selling. The results of angi 
oplasly in this series are comparable to Ihose oblained from 
larger specialist vascular units in terms of complication 
rates and graft patency, with low rales of recurrence and 
a minimal requirement for further treatment (be it slent- 
ing, surgical bypass or amputation). Furthermore, our long- 
term survival appears to be better than expecled and this 
may be relaled to our careful follow up of a local population.
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Variations in the anatomical distribution of 
peripheral vascular disease according to gender
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ABSTRACT
BACKGROUND While large epidemiological studies have suggested that the male gender is more frequently afflicted with intermit 
tent claudication, there is little data whether there are gender differences in the distribution of peripheral vascular disease (PVD). 
The aim of this study was to clarify this issue on the basis of angiographic findings in patients presenting with claudication. 
PATIENTS AND METHODS The radiology department computerised database was used to identify all lower limb angiograms per 
formed for investigation of PVD. Patients undergoing incomplete assessment and those with normal angiograms were excluded. 
Demographic details for each patient were collected together with details of uni- or bilaterality of disease, the number of 
lesions present and their anatomical distribution according to the major named vessels. Only lesions reported as radiologically 
significant were included in the analysis.
RESULTS Five hundred consecutive angiograms fitting the defined study criteria were assessed. There were 310 males and 190 
females giving a male to female ratio of 1.6:1. The most common distribution for both genders was multiple bilateral lesions. 
There were no significant differences in the number of stenoses in terms of ratio of bilateral to unilateral (2.39 vs 2.77) or ratio of 
multiple to single lesions (1.5 vs 1.7) between the female and male groups. Disease was more common in males at all anatomical 
locations, the most significant differences being for lesions of the common femoral and profunda femoris arteries. 
CONCLUSIONS PVD is more commonly diagnosed in males than females. The disease process is more commonly bilateral in 
both genders and PVD affects more numerous sites in the male claudicant than in the female claudicant. Nevertheless, there 
does not appear to be any difference in the anatomical distribution of disease between genders.
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Peripheral vascular disease (PVD) is a common manifesta 
tion of atherosclerosis and is said traditionally to be signifi 
cantly more prevalent in males than females.'- Haimovichi 
assessed 321 lower limbs using angiography and noted a 
male predominance at 3:1.' He also noted isolated tibial dis 
ease as the most frequent distribution at 23.9%, with exten 
sive disease in all segments from iliac to tibial in 3% being 
the least common. A tendency to a distal distribution of PVD 
has also been well characterised for certain subgroups such 
as patients with diabetes. M However, no studies to date 
have assessed the distribution of PVD in relation to patient 
gender.

The aim of this study was to compare the distribution 
of angiographically detected stenoses in male and female 
patients presenting with symptomatic peripheral vascular 
disease.

Methods
The study group consisted of 500 new vascular patients 
undergoing lower limb digital subtraction angiography fol

lowing presentation to the vascular unit with symptomatic 
atherosclerotic disease. All patients included in the study 
were bipeds and had complete arteriograms from aorta to 
pedal vessels. None had undergone previous surgery or an- 
gioplasly. Patients with no evidence of PVD in either limb 
were excluded.

The gender and age at presentation were noted and 
the case notes were reviewed to obtain details of concur 
rent cardio- and cerebrovascular disease. The presence or 
absence of atherosclerotic risk factors including smoking, 
diabetes mellitus, hypertension and hyperlipidaemia were 
also recorded. Hypertension, hypercholesterolaemia and di 
abetes mellitus were defined as the need for medication to 
control these factors, namely anlihyperlensive medications, 
lipid-lowering agents and hypoglycaemic (oral or insulin) 
respectively. Patients who had quit smoking following a re 
view in clinic prior to their arteriograms were regarded as 
smokers for the purposes of the study.

The angiograms were reported by one of two consultant 
vascular radiologists and the presence of uni- or bilateral 
disease was noted, as were the number of segments affect-
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emograpmcs ana disease laterally in patients presenting with claudication; numbers represent numbers of patients with 
unilateral or bilateral disease

Number of patients Mean age (years) Unilateral disease Bilateral disease Ratio of bilateral to unilateral lesions

Female 

Male

190
310

72.3

68.7

56

83

134
227

2.39
2.73

Table 2

Female 

Male

Segmenta, distribution of periphera, vascu.ar ^^j^^fff^^f^f§

Number of limbs
324 

537

Single segment

132

200

Multiple segments

192 

337

Ration

1.5 

1.7

anam 
of multiple to single segments

ed and the detailed anatomic distribution of the PVD. Only 
stenoses of 50% or more were considered radiologically sig 
nificant.

Male and female cohorts were compared for proportions 
with unilateral versus bilateral and single versus multiple 
site disease using the clii-square test. Ap-value of <0.05 was 
considered significant.

Results
Of the 500 patients with angiographically proven PVD, the 
majority, with a ratio of 3:2, were male (Table 1). The female 
patients presented with a slightly older mean age than their 
male counterparts at 72.3 versus 68.7 years.

Bilateral disease was more common in males than in fe 
males, with a ratio of bilateral to unilateral of 2.73 for males 
and 2.39 for females but this did not reach statistical signifi 
cance.

As 139 patients had unilateral disease, this provided 861 
limbs for assessment of distribution of PVD (Table 2). Over 
all, multiple site disease was more common than single site 
disease (529 versus 332) and multiple site disease was more 
common among males than females, although not statisti 
cally significant, with a multiple to single site ratio of 1.7 for 
men and 1.5 for women.

A detailed breakdown of disease distribution according 
to gender and anatomical distribution is summarised in Ta 
ble 3. Atherosclerotic stenoses were more common in males 
at all the anatomic segments of the lower limb arterial sup 
ply and, in particular, that found in the common femoral 
and profunda femoris arteries.

The cardiovascular risk factor profiles for the male and 
female cohorts are summarised in Table 4 together with 
medications being taken by each cohort. As per the study 
definitions, all patients with hypertension and hypercholes- 
terolaemia were taking prescribed anlihypertensive drugs 
and lipid-lowering agents. The number of patients on aspi- 
rin/clopidogrel was low and did not include all those with a 
history of cardio- or cerebrovascular disease. The percent 
age of patients with risk factors is comparable for the two 
groups, with no statistically different differences.

Discussion
Tills study has demonstrated that, as per conventional 
teaching, PVD is more common in men than women. There 
are surprisingly few demographic data in relation to the dis 
tribution of PVD and the majority that do exist are from the 
1960s. Interestingly, in the 1960s the gender ratio was 3:1 
whereas in the current study it is 3:2.' Given the limitations 
in comparing diverse populations over a 50-year period, it is 
difficult to be certain whether this represents a true change 
in gender distribution or whether it is artefactual. If this is a 
real change in prevalence, then the reasons for this are un 
certain but may be related, at least in part, to an increase in 
popularity of smoking among females during the latter half 
of the 20th century. Indeed, the most recent national statis 
tics suggest that the gender ratio is 1:1 and the prevalence 
has fallen to 25% for men and 23% for women.5 Although 
the total number of individuals smoking has declined, the 
fall has been slower in females and the gender ratio is now 
approximately equal. Female patients were also noted to be 
older at presentation, which may reflect the positive effect 
of oestrogen on the cardiovascular system until the meno 
pause.6

Despite not being statistically significant, it is interest 
ing that males exhibited both bilateral and multiple site 
disease more frequently than the female population. Again, 
the reason for this is not clear. Overall, 86% of patients had 
radiologically significant bilateral disease although the 
vast majority reported predominantly unilateral symptoms. 
Stenoses were more common at all levels of the arterial tree 
among male claudicanls. However, the gender ratio was 
particularly marked (>2:1) for stenoses affecting the com 
mon femoral and profunda femoris arteries.

The cardiovascular risk factor profiles were similar for 
males and females. As stated previously, this was particu 
larly so for smoking, a habit that was predominantly male in 
the series of Hie 1960s. There has been a well documented 
increase in the prevalence of cardio- and cerebrovascular 
disease among females during the second half of the 20lh 
century. 7 The percentage of women in the US who are hy 
pertensive is now greater than for males at all quinliles 
from 55 years upwards and there have been recent upward
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Table 3 Distribution of peripheral vascular disease according to anatomical segments of distal limb vasculature with evidence of 
stenoses; numbers represent numbers of lesions present

Female, n=324

Common iliac 

External iliac 

Common femoral 

Superficial femoral 

Profunda femoris 

Popliteal 

Distal

Left 

20 

10 

12 

31 

7 

20 

15

Right 

10 

12 

11 

25 

6 

21 

19

Bilateral 

19 

13 

2 

74 

6 

26 

73

Total 

68 

48 

27 

204 

25 

93 

180

Male, n=537

Left 

32 

26 

19 

56 

26 

45 

44

Right 

34 

21 

20 

41 

19 

39 

38

Bilateral 

29 

12 

9 

112 

9 

21 

125

Total 

124 

71 

57 

321 

63 

126 

332

Male to female ratio

1.8:1 

1.5:1 

2.1:1 

1.6:1 

2.5:1 

1.4:1 

1.8:1

L ————————————— . - . . " ———————————————————————————————————————————————————————————————————— I

Table 4 The cardiovascular risk factor profiles accordin^^^^^^^^^^^^^^^^^^^^^^B

Risk factor

Hypertension

Smoking
Angina/Ml

CVA/TIA

Diabetes mellitus

Hypercholesterolaemia

Aspirin/clopidogrel

Female, n=190

105 (55.3%)

62 (32.6%)

34(17.9%)

16 (8.4%)

74 (38.9%)

124 (65.3%)

40(21.1%)

Male,n=310

173 (55.8%)

104(33.5%)

58(18.7%)

27 (8.7%)

131 (42.3%)

198 (63.9%)

52(16.8%)

Ml = myocardial infarction; CVA = cerebrovascular accident; TIA = transient ischaemic attack

trends in the prevalence of obesity and diabetes mellitus, 
which have been more significant among females. As such, 
women are now considered to have an equal pro-athero- 
genic risk compared with men. As this trend continues, the 
demographics of PVD may change even further in favour 
of an equal distribution. This is important since the total 
number of patients is unlikely to remain static and hence, as 
the female population of claudicants grows, more resources 
will be required for investigation and treatment.

Claudication affects 1 in 20 of the over-55 population in 
the UK.8 It is therefore vitally important that risk factor pro 
file modification in relation to PVD is given the same rec 
ognition as is currently the case for cardiovascular disease, 
including control of hypertension, optimisation of choles 
terol and sugar levels, and encouragement to participate in 
exercise, as the risk factors for the two atherosclerotic proc 
esses are clearly the same.9 The importance of PVD in rela 
tion to cardiovascular risk was highlighted by Smith el al, 
who reported that age-adjusted mortality was 4-fold higher 
in claudicants than non-claudicants, with 80% dying of car 
diovascular disease. 10

In the current study, despite all patients presenting for 
investigation of peripheral vascular disease, very few were 
on aspirin or clopidogrel. Those who were taking these 
agents had documented cardio- or cerebrovascular disease.

The figures for antihypertensives (55.6%) and lipid lower 
ing agents (64.4%) were better but not all patients had been 
formally assessed prior to referral and hence more patients 
may have required therapy. These figures are in keeping 
with a previous study from our unit that demonstrated that 
general practitioner treatment of risk factors in patients 
with PVD alone is significantly less than for PVD in associa 
tion with cardio- or cerebrovascular disease in terms of pre 
scription of statins, antihypertensives, antiplatelet agents, 
hypoglycaemic drugs and advice on smoking cessation.

Conclusions
This is the first series to examine the gender ratio of PVD for 
four decades and suggests a change in gender distribution 
with increasing numbers of females being investigated for 
claudicalion. While there was no significant difference in 
terms of the proportion of bilateral or multiple site stenoses, 
PVD in males was more common at all anatomical locations 
than in females.
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Laminar flow reduces cases of surgical site 
infections in vascular patients
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ABSTRACT
INTRODUCTION Numerous strategies are employed routinely in an effort to lower rates of surgical site infections (SSIs). A 
laminar flow theatre environment is generally used during orthopaedic surgery to reduce rates of SSIs. Its role in vascular sur 
gery, especially when arterial bypass grafts are used, is unknown.
METHODS A retrospective review of a prospectively maintained database was undertaken for all vascular procedures performed 
by a single consultant over a one-year period. Cases were performed, via random allocation, in either a laminar or non-laminar 
flow theatre environment. Demographic data, operative data and evidence of postoperative SSIs were noted. A separate sub 
group analysis was undertaken for patients requiring an arterial bypass graft. Univariate and multivanate logistical regression 
was undertaken to identify significant factors associated with SSIs.
RESULTS Overall, 170 procedures were analysed. Presence of a groin incision, insertion of an arterial graft and a non-laminar 
flow theatre were shown to be predictive of SSIs in this cohort. In the subgroup receiving arterial grafts, only a non-laminar flow 
theatre environment was shown to be predictive of an SSI.
CONCLUSIONS This study suggests that laminar flow may reduce incidences of SSI, especially in the subgroup of patients 
receiving arterial grafts.
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Infection is a major potential complication or bypass grail- four months and aorlic graft infections presenting after a
ing in vascular surgery. The incidence of vascular graft mean of three years.'
infections ranges from 1% to 10% of cases. 1 ' However, a .Numerous strategies have been developed ID reduce
more commonly accepted infection rate is considered to be these infections, including antibiotic prophylaxis, mcticu-
2-3%.'The sequelae of graft infections can be calastroph- lous aseptic technique and, more recently, antibinlic/nnli-
ic. Aorlic graft infections carry a mortality of 45-70%-' and microbial containing graft materials.'-" Laminar flow, a s\s-
graft infection in general leads to prolonged in-bospital slay, tern that creates a homogenous flow of air' in the operating
reoperalion and, occasionally, limb amputation. Even non- room with vei-y little turbulence, is used widely in orthopae-
graft related surgical wound infections result in significant die procedures, especially during the insertion of prosthetic
morbidity. Length of in-hospit.nl stay was increased by an graft materials, to minimise contamination of Ihe surgical
average of 12.2 days following wound infections at an av- field uilh air-borne microbes. 1 " Surprisingly, the uptake of
erage cost of £5,513 for superficial wound infections and laminar flow in other- surgical fields is limited. In spite of
£5,347 for deep infections.'' ''i' 1 similarity of operative principles during the insertion

A number of factors are associated with an increased risk of prosthetic material in both orthopaedic and vascular
of graft infection. These include groin incision,'-'- 1 postoper- surgery, ;-nd the potentially catastrophic risks of infection,
alive wound complication,-' diabetes niellilus,'-" emergency there have been no studies looking at laminar llou specifi-
surgery,' prolonged hospital stay, 1 smoking, 1 advanced age cally in vascular surgery.
(over 65 years) 1 and earlv reoperation.'Thc clinical presen- \Ve noted an apparent dilTerence in a single team's posl-
tation of graft infections is varied, with inlVaiuguinal bypass operative infection rales in patients undergoing surgery in
graft infections presenting postoperatively after a mean of non-laminar theatre environments compared uilh those
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\vlio had undergone surgery in liimimii1 I'linv theatres de- 
spile similar operating leant and surreal practice. This ap 
peared to he particularly in cases requiring arterial In pass 
surgery. \\e therefore underlnnk a review nl'ihe incidence 
of postoperative infections in palicnts uho had vascular 
surgery in either laminar or non-laminar l'lo\\ theatres and 
perlbrmed multiple logistic regression In identify I'aclors in 
fluencing the rale of infection.

Methods
\ one-year retrospective analysis uas carried onl on a prn- 
speetively colleeled dalahase of consecutive palienls under 
going open vascular procedures (venous and arterial) per 
lbrmed by a single vascular surgeon. Kudovaseular or oilier 
minimally inxasixe vascular pi'ocedures were not included. 
Patients undergoing vascular procedures requiring arterial 
bypass using grails \\ere 1'iirllier analysed. Procedures were 
performed in hoth laminar floxx and conventional Ihealre 
environments with allocation randomly assigned \ia the 
nailing list to one of three weekly scheduled lists (two half- 
day lists in a non-laminar llo\\ Ihealre. one half-day list in a 
laminar floxv Ihealre).

All procedures were performed hy the same consultant 
surgeon, assisted hy the same theatre staff and performed 
using similar surgical techniques. Skin preparation was 
identical, consisting of skin clipping immediately prior to 
skill preparation, \\hich xxas xxilh a chlorhexidine-alcohol 
solution. In the case of arterial bypass, conduit materials 
included aulologous xeiu (used preferentially for infrain- 
guinal bypasses), woven dacron or polyletral'luoroethy Icne. 
I'rosthelic grail materials did not conlain antimicrobial or 
antibiotic agents. Palienls undergoing vascular procedures 
routinely reeeixed preoperalixe antihiolic propliy lax is al the 
time of induction (typically co-aino\iclax or a ccpbalosporin 
and melronida/ole, depending on allergies).

Data collected included age, sex, procedure performed, 
operative time, use of a groin incision, predisposing lac- 
tors for infection including diabetes mellitus and other co- 
morbidities (denned as per international standards)," " 
current smoking status, graft type and evidence of postop 
erative surgical site infection (SSI). SSIs were identified, as 
supervised by one consultant microbiologisl, by a rexiexv of 
Ihe medical records for clear evidence of wound infection 
(Table 1) and graded as superficial (inxolxing skin or sub 
cutaneous tissue) or deep (involving muscle, fascia or grail 
material) according to Centers for disease Control and Pre 

vention criteria. 1 '

Clinical documentation of wound infection, le
• cellulitis
• erythema
• wound breakdown
• purulent discharge

• +/- microbiological evidence
• +/- pyrexia
• +/- increased inflammatory markers or white cell count

Initial statistical analysis to compare patient groups he- 
Ixveen I be Ixxo theatres used a luo-lailcd Student's t-lesl for 
continuous \ariahles (allcr conllrmalion of normality with 
a Kolmogorov-Smirnov lest) anil a two-tailed clii-square or 
fisher's exact lest for categorical variables as appropriate. 
I nivariale analysis was undertaken to examine potential 
xariablcs affecting infection rales. A slepxxise (backward:!,K 
method) mullixarialc logistical regression analysis xxas un 
dertaken subsequently to identify significant factors all'ect- 
ing rales of SSIs. A similar regression analysis was carried 
out for the subgroup of palienls requiring arterial bypass. 
The llosmer-Lemeshoxv lest uas used to assess model 
goodness of'fit throughout.'" /'-values of <0.05 xxere consid 
ered statistically significant. SPSS'" version 16.0 (SPSS, Chi 
cago, II.. US) xxas used for statistical analysis.

Results
A total of 170 xascular operations xxere performed during 
Ihe study period (III- in a non-laminar flow Ihealre, 56 in 
laminar flnxx), ofwhicli SSIs occurred in ->5 palienls (15.5%; 
14 superficial infections. 9 deep infections). Details of pa 
tient data, operative data, significant co-morbidities and exi- 
dence of SSIs are gix'en in Table 2. Patients in laminar floxv 
theatres were more likely to have an arterial bypass pro 
cedure requiring a grail insertion and xvere generally (but 
not statistically significantly) older. Despite these data, SSIs 
tended to occur at a lower rate in the laminar floxx theatre 
environment (7"o vs I7°n,/3=0.1).

Infection rales appeared to be- higher in patients under 
going arterial bypass using grails and Ibis subgroup xxas 
therefore analysed separately. Oxerall, 81 palienls required 
an arterial grail as part of their operative procedure, 69 of 
which inxolxed insertion of prosthetic grail material. The 
operations performed are detailed in Table 5. I'alienls in 
this subgroup xxere matched equally between theatres re 
garding baseline characteristics, opcratixe details and co- 
morbidities. Despite Ibis, a significantly greater rale of SSIs 
were seen in Ihe non-laminar floxv Ihealre environment 
(11% vs 55".'../j=0.054) and a significantly greater number of 
arterial grail infections developed requiring graft removal 
in the non-laminar flow theatre environment (0% vs 8%, 
/j=<).0086) (Table 4).

These initial results had demonstrated a greater propor 
tion ol SSIs in patients undergoing surgery in a non-lami 
nar llou theatre environment, xxhich was significant in the 
subgroup requiring insertion of arterial grails. I nixariate 
and nudtixariale analysis xxas used to examine xxhich fac 
tors were significantly associated xvilh a greater risk of SSIs 
among all xascular cases (Table 5). On univariate analysis, 
male sex, a longer operative lime, presence of a groin inci 
sion and insertion of arterial grails were shown lo predict 
SSIs. Following mullivariale analysis (llosmer-Lemesliow 
lesl./)=().() II). male sex and operative lime losl their signifi 
cance but Ihe use of arterial grails, Ihe presence of a groin 
incision and Ihe use of a non-laminar llo\x Ihealre xxere 
shown lo increase the odds of developing an SSI.

Lnivariatc and mullivariale analysis xxas subsequent 
ly performed on Ihe subgroup receiving arterial grafts.
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Table 2 Patient data from laminar and non-laminar flow theatres

Total

Sex(M:F)

Mean age (range)

Pean operative time (range) in minutes

'Re-do 1 procedures

Arterial procedures , , ,.,.,_, . .,..
Arterial grafts used

Groin incision

Antibiotic prophylaxis given

Diabetes mellitus

Ischaemic heart disease

Chronic obstructive pulmonary disease

Surgical site infections

Non-laminar flow
114

76:38

64.8(19-87)

85.1 (20-350)

8(7%)

92 (81%)

46 (40%)

50 (44%)

93 (82%)

15 (13%)

36 (32%)

18(16%)

19(17%)

Laminar flow • • - • •
.~ft'.-*y?«"li^™<'' •' -.,;> WlW

56

33:23

69.1 (19 90)

95.5 (20-225)

4(7%)

51 (91%)

35 (63%)

22 (39%)

50 (89%)

4 (7%)

13 (23%)

9(16%)

4 (7%)

.«; • r. ...: /lvalue .:

0.323*
006'

0.263'

1.0

0.102*

0.007*

0.539*

0.283*

0.306'

0.258*

0.962*
O.I 1

*chi-square test; Fisher's exact test; 'Student's t-test

Table 3 Operations performed involving:
irgical procedure

lAA repair (open) / aortic procedures

ifrainguinal bypass

^xillofemora! / axiHoaxillary bypass

Jher procedures

total

Laminar flow theatre Non-laminar flow theatre Total

23 22 45 

11 (of which 6 vein grafts were used) 17 (of which 6 vein grafts were used) 28 

055 

1 2 3 

35 46 81

AAA = abdominal aortic aneurysm

Laminar flow

35

25:10

70.7 (37-83)
120.0 (25-225)

Non-laminar flow
46 

36:10

67.4(19-87) 

126.4 (30-350)operative time (range) in 
nutes

'Re-do 1 procedures

us conduit used 

Groin incision

iotic prophylaxis given 

Arterial graft infection (requinn

4 (9%) 

6 (13%) 
22 (48%) 
44 (96%)

9 (8%)

4(11%)
10 (29%) 
8 (23%)

7 (15%)
21 (46%) 

11 (24%)
ic heart disease 

obstructive pulmonary

urgical site infections

"ctli-square test; 'Fisher's exact test; 'Student's t-test

Ann R Coll Surg Engl 2013; 95: 15-19 17



BOSANQUET JONES GILL JARVIS LEWIS LAMINAR FLOW REDUCES CASES OF SURGICAL SITE INFECTIONS IN 
VASCULAR PATIENTS

Table 5 Univariate and multivariate analysis for factors associated with an increased risk of developing a surgical site infection
among all vascular cases

Total

Sex (M:F)

Mean age (range)

Mean operative time (range) in
minutes
'Re-do' procedures

Arterial procedures

Arterial grafts used

Groin incision

Antibiotic prophylaxis given

Diabetes

Ischaemic heart disease

Chronic obstructive pulmonary
disease

Cases in non-laminar flow theatre

SSI

23

21:2

67.7 (50-83)

116.9
(35-230)

3 (13%)

20 (87%)

19 (83%)

16 (70%)

21 (91%)

4 (17%)

10 (43%)

4 (17%)

19 (83%)

No SSI

147

88:59

66.0(19-90)

84.4 (20-350)

9 (6%)

123 (84%)

62 (42%)

56 (38%)

122 (83%)

15(10%)

39 (27%)

23 (16%)

95 (65%)

Univariate Multivariate
analysis p-value analysis p-value

0.008 1

0.787

0.011 •
0.512

0.49

0.001 0.002

0.004 0.013

0.139

0.282

0.320

0.72

0.108 0.026

Odds ratio (95% CD

6.945(2.092-23.056)

3.809(1.319-10.994)

4.016(1.178-13.689)

SSI = surgical site infection; Cl = confidence interval

Table 6 Univariate and multivariate analysis for factors associated with an increased risk of developing a surgical site infection in

Total

Sex (M:F)
Mean age (range)

Mean operative time 
(range) in minutes

'Re-do' procedures

Groin incision

Antibiotic prophylaxis given

Diabetes

Ischaemic heart disease

Chronic obstructive pulmo 
nary disease

Cases in non-laminar flow 
theatre

SSI

19

17:2

68.6 (50-83)

124.7 (35-230)

3(16%)

12(63%)

18 (95%)

4 (21%)

9 (47%)

3 (16%)

15(79%)

No SSI

62

44:18

68.9 (19-87)

123.2 (23-350)

3 (5%)

26 (42%)

61 (98%)

7 (11%)

22 (35%)

16 (26%)

31 (50%)

Univariate analysis Multivariate analysis Odds ratio (95% 
p-value p-value Cl)

0.162

0.676

0.913

0.318

0.119 -

0.592

0.217

0.735

0.527

0.04 0.047 3.474(1.016- 
11.883)

SSI = surgical site infection; Cl = confidence interval

As shown in Table 6, Hie use of a non-l.iiiiiniir flow Iliriitrr 

was the only independent predictor for wound infections, 

significant at both univariate and mullhariale analysis 

(llosmer-Lemeshow lest,/>=0.747).

Discussion
Laminar flow \entilalion was first pioneered l)\ Charnley in 
the 1960s to prevent •bacteriological cuiilaininalioii in the

air of the operating Ilieiilre'. 17 In Ills scries of 1-55 patients 
undergoing hip arlliroplaslics, there was an infection rale of 
9.5% in noil-laminar I'lou theatres compared with 1.1% in 
laminar How theatres. 1 " More recent studies h;i\e eoiilinued 
to show I he importance of laminar How in lowering postop 
erative SSIs. 1 " However, other studies suggest that laminar 
How makes little dilTerenee to rales of SSIs l!IJ" or that it may 
even increase rales of infection.-' 1 Despite this, theatres are 
generally all laminar How as standard in newly built hospi-

18 Ann R Coll Surg Engl 2013; 95: 15-19
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Uils. Surprisingly, llii'ri1 hiixc been no previous studies in 
vestigating Hit' effect of Iniuiiiiir flow on SSI rales in \ aseular 
surgery.

In our series of 170 palii'iils, 23 developed an SSI, I!) 
of which occurred in rases where arterial grafts were re 
quired. In Mils cohort, a greater proportion of cases ciiinc 
friini tin1 non-lainiiiiii' Mow theatre environment (iV,, \s 
II".i. /j=0.0i4). Mulliple logistic repression itleiililled three 
faclors associated \\ilh an increased risk ol'SSIs: the use of 
arlerial grails, a groin incision and tlie use ol'a non-laminar 
flow lliealre. Insertion ol'arlerial grafts and groin incisions 
have lii'cn shown previously to increase the risk ol'SSIs in 
vascular surgery.-'--' Subsequent multiple logistic repres 
sion in patients receiving arterial grafts demonstrated that 
operating in a non-laminar I'Unv environment remained the 
only significant risk factor for SSIs in this colmrl.

Due to tlie retrospective nature of our study, il v\as 
nol possible to include other variables associated vtilb in 
creased SS1 rales, such as remit disease, increased body 
mass index, emergency surgery and a high \SA (American 
Society of Anesthesiologists) grade." Regardless, these data 
suggest laminar flow may be important in preventing SSIs 
in patients undergoing vascular surgery, especially in those 
receiving arlerial grails.

A perhaps surprisingly small number ol'SSIs (n=4) were 
recorded in patients undergoing vascular procedures with 
out insertion of arlerial grafts. K\ Science of SSIs was collect 
ed in hospital and during subsequent hospital visits. Almost 
certainly, there was a greater true rale of infection, which 
was treated in the community setting. llo\ve\er. I he assump 
tion that these cases represent the more severe spectrum of 
SSIs implies these data are valid for reducing significant in 
fections. \Ve suggest Ibis makes (lie results more important 
rather than less so.

A note of caution is required regarding the analysis of 
these (lain. The case mix is heterogeneous and not equally 
matched between the two theatre environments. For exam 
ple, all live axillary bypass procedures were undertaken in 
anon-laminar How lliealre although a greater percentage 
of arlerial bypass procedures was performed in a laminar 
flow theatre. Adminislralion rates of antibiotic prophylaxis 
were not identical between the two groups. Furthermore, 
retrospective SSI data collection lacks the sensitivity of pro 
spective data collection. (liven this, dcfinilive data from 
a prospective randomised study of homogenous patients 
undergoing similar procedures xvilli equivalent antibiotic 
prophylaxis in these Iwo lliealre environments are warrant 
ed before definitive conclusions can be drawn.

Conclusions
The clnln from our study suggest that laminar flow may play 
an important role in reducing the incidences ol'SSIs in vas 
cular surgery. This appears to be particularly so with opera- 
lions involving arterial bypass using grails.
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Two studies were undertaken to estimate the pre- 
ralence of abdominal aortic aneurysm in a hyperten- 
rive population. The initial study screened hyper 
tensive people from three local general practices. In 
this study 918 patients underwent ultrasound scanning 
if the abdominal aorta (498 men and 420 women). A 
total of 24 abdominal aortic aneurysms were identi 
fied; 20 in men (4%) and four in women (0.9%). Of 
these, 11 were > 4 cm in transverse diameter. Following 
this study, only hypertensive men over the age of 60 
fears and women over the age of 65 years were screened 
from a total of 29 general practices. Regular scanning 
sessions were held at each practice and 1328 patients 
mended (744 men and 584 women). A total of 43 
abdominal aortic aneurysms were detected; 39 in men 
(5.2%) and four in women (0.7%). 
•Hypertensive men are at increased risk of develop 

ing abdominal aortic aneurysms and should be offered 
"> initial ultrasound scan at 60 years of age. Female 
hypertensives yield a much lower detection rate and 
screening hypertensive females would probably be an 
inappropriate use of available resources.

spontaneous rupture of an abdominal aortic 
is associated with an overall mortality of at 

t 80% (1-3). This accounts for 1.7% of all deaths in 
fa 65-80 years age group and represents the third most 
fommon cause of death. Elective repair is associated with 
'mortality of under 5% at 6 months (4,5). After surgery, 
Wents can expect a long-term survival rate only slightly

Correspondence to: Mr M H Lewis, Department of Surgery, 
W Glamorgan General Hospital, Church Village, Mid 
Glamorgan CF38 1AB

less than that of the normal population of the same age
(1.6).

The initial growth rate of abdominal aortic aneurysms 
is relatively slow, probably taking several years to reach a 
substantial size (7,8). However, they are frequently 
asymptomatic until shortly before rupture (9). The 
sensitivity of clinical examination, although excellent for 
large aneurysms, becomes increasingly poor for abdomi 
nal aortas of a lesser diameter and particularly in obese 
patients. Several authors have called for the institution of 
a national screening programme for the detection of 
abdominal aortic aneurysms at an earlier stage (10-14).

The cost, efficiency and feasibility of such a programme 
would depend greatly on which at risk groups were 
selected for screening. Collin et ol. showed no increase in 
abdominal aortic aneurysms in hypertensives, whereas 
Twomey et ol. demonstrated a 9% prevalence in a 
hospital population of hypertensives compared with only 
5% for a general practice population (15,16). Alien et al.
(17) found a 5.3% prevalence in hypertensives with only 
2.8% in the non-select group. The evidence for screening 
hypertensives for abdominal aortic aneurysms remains 
largely unsettled and the aim of this study is to scrutinise a 
large population of hypertensives from the general 
practices in the local area, including a younger age group 
of people who potentially have the most to benefit from a 
screening programme.

Patients and methods

This study consisted of two parts. Initially, a pilot study 
was instituted whereby three general practitioner 
practices in the Mid Glamorgan area of South Wales
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were invited to allow access to their patients and to 
identify all hypertensive patients (whether treated or not). 
The lists provided by the individual practices used their 
own definitions of hypertension. Once provided, all 
patients were invited to attend for screening at East 
Glamorgan General Hospital in the radiology department 
by a letter signed by the general practitioner and one of 
the authors (MHL). All screening sessions were con 
ducted on a weekday morning.

On attending at their allotted time, patients were 
interviewed and asked specifically about their age, 
smoking history and the number of years they had been 
diagnosed as hypertensive. Any history of cardiac disease, 
cerebrovascular disease, respiratory disease, diabetes 
mellitus or previous vascular surgery was noted.

Ultrasonography was performed using a 3.5 MHz 
curved array transducer (Aloka SSD-500, Japan) by a 
consultant radiologist (RW). The abdominal aorta was 
considered aneurysmal if its maximal diameter in either 
the transverse or anteroposterior plane was 3.0 cm or 
greater. All patients in whom an aneurysm was detected 
were reviewed in outpatients. Depending on the size of 
the aneurysm recorded, arrangements were''made either 
for surgery or for further follow-up ultrasonography at 
3-6 monthly intervals.

Following this initial pilot study which was commenced 
in 1991, a formal screening programme for abdominal 
aortic aneurysms in hypertensives was introduced into the 
Taff Ely Health Authority from January 1994. It was 
considered a greater attendance rate would be possible if 
screening was held at individual practices in the area 
rather than at weekly sessions at the radiology depart 
ment. For this purpose a post was created whereby a 
person (ET) was trained in the technique of ultrasound 
scanning of the abdominal aorta over an 8 week period. 
Training consisted of 4 days at the radiology department 
of East Glamorgan Hospital until reproducibility of 
scanning abdominal aortas was consistent with a 
consultant radiologist (RW).

After scrutinising the results of the pilot study, changes 
were made to the protocol for the formal screening 
programme. Only male hypertensives over the age of 60 
years and women over the age of 65 years were invited for 
screening. All 29 general practices in the area were 
contacted and formal ultrasonography sessions were held

in each practice. The clinics were based on the preny 
patients could be screened in a single 3-hour session^''

Results 

Pilot study
In the pilot study, 1708 patients (919 men and 7go 
women) were invited to attend for screening and a total 
918 patients attended (498 men and 420 women) '[\ 
overall attendance rate was 54% in men and 53°/ • 
women. The attendance rate varied considerably with ac • 
with the peak attendance occurring in men aged 65 to 7o 
years (74%). There was a rapid fall in attendance rate for 
patients over the age of 75 years (< 40%).

Aneurysms detected

A total of 24 abdominal aortic aneurysms were detected 
(Table I and Table II). Two of these patients were found 
to have concomitant iliac artery aneurysms. Of these 
aneurysms, 20 were in men (4%) and four were in women 
(0.9%). Of the 24 abdominal aortic aneurysms detected, 
11 were > 4 cm in transverse diameter. These aneurysms 
were in 10 men and one woman, representing a prevalence 
of 2%, and 0.2% respectively. Four men and the single 
female had an aneurysm > 6.0 cm in diameter.

The prevalence of detected aneurysms varied consider 
ably with age. This was found to be at its greatest in men 
aged 71 to 75 years (10.2%).

Concomitant diseases

Patients with aneurysms were at greater risk of ischaemic 
heart disease (51% vs 31%, P<0.01). They were also 
more likely to have a current or past history of smoking 
(74% vs 31%, P<0.05). The presence of cerebrovascular 
disease and respiratory disease were both more common 
in patients with screen-detected aneurysms; this failed to 
achieve significance.

Follow-up
Of the 24 patients with an aneurysm, five were operated 
on within 28 days of screening (four men and one

Table I. Abdominal aortic aneurysms detected in hypertensive males by age and size

All aneurysms >4.0 cm >6.0 cm

Age in years

<56
56-60
61-65
66-70
71-75
76-80
>80

Total

Total screened Number Prevalence (%) Number Prevalence (%) Number PrevalenceJ%)_

109
84
95
111
59
32
8

498

3
7
3
6
1

20

3.6 
7.4 
2.7 
10.2 
3.1

4.0

4
2
4

10

4.2 
1.8 
6.8

2.0

2.1 
0.9 
1.7

0.8
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,g, II. Abdominal aortic aneurysms detected in hypenensive females by age and size

All aneurysms > 4.0 cm > 6.0 cm

"756 
56-60 
61-65
66-70
71-75
76-SO
>80

Total

72 
67 
75
96
51
43
16

420

1
—
3
—
—
4

1.3
—
5.9
—
—
0.9

—

_
1

—
—

1

—

-_—_-

2.0
_
—
0.2

—

_
1
_
_

1

—

_
2.0
___

__ „

0.2

). In the age range 61-65 years, four males had an 
aortic aneurysm > 4 cm, two of which were 

>6cm in diameter. The four patients with abdominal 
jrric aneurysms > 4 cm in this age group were 61,62,64 
jd 64 years old, respectively. Three of these underwent 
trtic surgery with their maximum diameters measuring 
j.9,6.4 and 7.0 cm. One patient died from a myocardial 
ifarction 3 days after operation. 
Four men have undergone operative repair after 

tpeated ultrasonographic screening due either to a 
ansverse aneurysm diameter of > 6.0 cm (one man) or 
a increase in size by > 1.0 cm over a 6 month period 
jkee men). Two other patients with screen-detected 
ibdominal aortic aneurysms have died. One died of a 
nyocardial infarction and the other from gastric 
arcinoma. The remaining 13 patients have been 
bllowed up with repeat ultrasound scans every 6 months.

Formal screening programme
Of 1849 patients invited to attend, 1328 attended. This 
((presented an attendance rate of 79% in men (744) and 
15% in women (584).

faieurysms detected
A total of 43 aneurysms were detected in this group of 
patients (Table III). There were 39 recorded in males 
(5.2%) and the remaining four in females (0.7%). Thirty 
"we of a transverse diameter 3.0-3.9 cm while 13 were 
>4 cm. The majority occurred in males (12:1) and seven 
°f the abdominal aortic aneurysms were > 5 cm. Two 
Patients were under the age of 65 years with aneurysms of 
maximum diameters 4.2 and 5.4 cm, respectively. As 
Wed previously, the size of the aneurysms varied 
considerably with age, with the majority being in patients 
W 70 years or over.

table III. Abdominal aortic aneurysms detected in 
hypertensives by size ______________

tan)
Total 

detected
Overall 

prevalence (%)

3.0-3.9 30
13

2.2 
1.0

Follow-up

Of the 43 patients discovered to have an aneurysm, 
three patients have undergone uneventful repair of 
abdominal aortic aneurysms. The transverse diameter of 
these being 8.0, 8.0 and 5.5 cm (two male and one 
female). Those with an abdominal aortic aneurysm of 
3.0-3.9 cm have undergone repeat ultrasound scans at 
6-monthly intervals, while those with an abdominal 
aortic aneurysm of 4.0 cm or greater underwent scans at 
3-monthly intervals.

Discussion

Many have suggested that hypertension is a risk factor for 
the development of abdominal aortic aneurysms (18-20). 
These studies have invariably been based either on 
autopsy evidence or the relatively old (18,21). The 
purpose of these studies was to assess prospectively the 
prevalence of abdominal aortic aneurysm in a local 
random population of hypertensive men and women.

Although other studies confined themselves to patients 
over the age of 65 years for initial screening, the pilot 
study imposed no minimum age limit for ultrasono- 
graphy. Of concern is the number of abdominal aortic 
aneurysms found in men aged under 65 years. Although 
no aneurysms over 4.0 cm in diameter were identified in 
193 men under 60 years of age, four of 95 men (4.2%) 
aged between 61 and 65 years had aneurysms > 4.0 cm in 
diameter. Three of these subsequently underwent 
operative surgery. This suggests that screening hyperten 
sive men can safely start at a minimum of 60 years of age 
and before this would not be beneficial.

Autopsy studies have suggested rupture of abdominal 
aortic aneurysms may occur at a younger age in hyper 
tensives (18). Screening hypertensive men from the age of 
60 years may therefore detect this group before their 
aneurysms reach potentially critical diameters.

In the pilot study, 3.5% of hypertensive men between 
66 and 75 years were found to have an abdominal aortic 
aneurysm of > 4.0 cm diameter. It is of concern that 1 in 
30 hypertensive males in this age group may need elective 
aneurysm surgery. The formal study showed a slightly 
higher overall prevalence of abdominal aortic aneurysm in
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men than in the pilot study. A prevalence of 0.6% was 
found in females compared with 0.9% in the pilot study.

Conversely, in the pilot study, 420 women were 
screened with only one potentially operable abdominal 
aortic aneurysm, when the detection rate for hypertensive 
men was ten times greater for aneurysms of this size or 
larger. In the formal study this trend was again seen with 
only one abdominal aortic aneurysm > 4.0 cm in diameter 
out of 584 women. The subgroup of hypertensive males 
aged 61-65 years in the pilot and formal studies 
combined revealed eight of 1242 (0.6%) had an aortic 
aneurysm > 4 cm in diameter. Estimating the number 
of this group proceeding to rupture and requiring 
emergency surgery is conjecture. Potentially, early 
detection of asymptomatic abdominal aortic aneurysms 
and regular scanning may improve long-term survival 
rates.

From these two studies, the prevalence of abdominal 
aortic aneurysms in the general elderly male population is 
sufficient to justify setting up a screening programme. 
However, in contrast to other studies, these results would 
suggest hypertensive men should be regarded'as being at 
particular risk and offered their initial ultrasound scan at 
60 years (IS). Female hypertensives will yield a much 
lower detection rate for aneurysms and screening female 
hypertensives would probably be an inappropriate use of 
available resources. Insufficient knowledge is available 
concerning the natural history of abdominal aortic 
aneurysms in the hypertensive population. In the 
absence of any local screening programme for the general 
population, regular ultrasound scans play an essential part 
in the management of all hypertensive men, ideally being 
offered at the age of 60 years.
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Natural history of the ectatic aorta
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Objectives: To define the natural history of ectatic abdominal aortas and to assess the clinical 
need for follow-up.

Design: Abdominal aortas were considered ectatic if they were diffusely and irregularly 
dilated with a diameter less than 3 cm. Ectatic aortas were identified either by AAA screening 
or as incidental findings. Patients who had only one scan were excluded from the study. Clinical 
data were analysed.

Setting: Two district general hospitals in Wales and England.
Subjects: 116 patients (90 men).
Results-. The median age of patients was 71 years (range 48-90). Co-existing risk factors 

included hypertension (75), IHD (22). PVD (8). diabetes (3), COAD (14), stroke (5). popliteal 
aneurysm (1), malignant disease (3) and 4 had a family history of AAA. The median follow- 
up was 24 months (range 5-72). The median and maximum growth rate of the ectatic aortas 
were 0.65 and 14.4 mmfyear respectively. In three patients the expansion rate was more 
than 5 mm/year. In 22 patients the ectatic aorta became aneurysmal, reaching a diameter 
greater than 3 cm. There were no ruptures and no elective repairs. Two deaths occurred due 
to IHD.

Conclusions: This study demonstrates that if ectatic aortas do expand they do so very slowly. 
However, 22 of the 116 (19%) became aneurysmal in a follow-up of twp years. Once identified 
ectatic aortas should be scanned at intervals of three years.
© 2003 Published by Elsevier Science Ltd on behalf of The International Society for Cardio 
vascular Surgery

Keywords: abdominal aorta, aneurysm. ectatic aorta, surveillance

Introduction
The incidence of abdominal aortic aneurysm (AAA) 
depends on the criteria used for diagnosis. Collin 
proposed that an aortic aneurysm was present when 
the maximum external diameter of the infrarenal 
abdominal aorta was either greater than 4 cm or

Correspondence to: M.H. Lewis. Tel.: +44-1443^143443 Ext. 3540; 
fax: +44-1443-443224

'Royal Glamorgan Hospital previously known as East Glamorgan 
General Hospital

exceeded the maximum diameter of the aorta 
between the origin of the superior mesenteric and 
left renal arteries by at least 0.5 cm [1]. Johnston et 
al suggested an AAA as a permanent localised dila 
tation of at least 50% increase in diameter compared 
with the expected normal diameter of the abdominal 
aorta [2]. However normal values for the abdominal 
aorta depend on method of measurement and 
patient's age, sex, race, height, weight, body mass 
index, body surface area and blood pressure [2,3]. 
Because the average normal infrarenal aortic diam 
eter is 2.0 cm, the standard definition of AAA is now 
considered to be an abdominal aorta with maximum 
infrarenal aortic external diameter of 3 cm or more
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in any axis [2,4]. Although an incidence of 3% in 
the over-50 year age group, or 2^1% of the total 
population was suggested in the 1960s, recently the 
incidence of AAA is reported to be increasing in 
England and Wales [5]. Community-based popu 
lation screening programmes using ultrasonography 
show a prevalence of AAA of approximately 8% in 
men aged 65 years [6]. Most aneurysms are 
asymptomatic until the moment of rupture, which is 
associated with high mortality [7]. Approximately 
5% of men between the ages of 65 and 74 years have 
been shown to have AAA [8]. Patients at higher risk 
of AAA are those with hypertension (5.2%) [9], cor 
onary artery disease (16.8%) [4], chronic obstructive 
airway disease (9.9%) [10], peripheral vascular dis 
ease (14%) [11], stroke or transient cerebral ischae- 
mia (6.2%) [4] or positive family history (29%) [12].

Abdominal ultrasonography is a non-invasive, 
inexpensive method which can reliably detect AAA. 
It has high patient acceptability [13]. Recently the 
variability for repetitive measurements of aneurysm 
diameter has been reported to be as low as ±0.2 
cm [14]. Ultrasonographic screening can success 
fully visualize the aorta in 97.3% of cases [13,15]. 
Increasing use of ultrasound both for AAA screening 
and in the investigation of other 
abdominal/urological conditions has resulted in 
more asymptomatic aortic aneurysms being ident 
ified [16]. Once abdominal aortas become aneurys- 
mal they have been shown to expand [17-22]. 
Growth rate increases with increasing aortic diam 
eters, age, history of smoking, severe cardiac disease, 
stroke, COPD and hypertension [17,18,20,21].

Ectasia on the other hand is characterised by dila 
tation of an artery by less than 50% of the normal 
arterial diameter [2]. Screening of men aged 65-75 
years for AAA in an urban community showed that 
8.4% of them had aortic diameters less than 29 mm 
[13]. Little is known about the natural history of 
ectatic aortas. The aim of this study was to define 
the natural history of abdominal ectatic aortas and 
to assess the clinical need for follow-up.

Method and materials
Abdominal aortas were defined as being ectatic if 
they were diffusely and irregularly dilated with 
antero-posterior diameter greater than normal but 
less than 3 cm as denned by ultrasound examination. 
Ultrasound was performed using a Diasonics DRF 
100 real-time scanner (Diasonic Sonotron Ltd, 
Bedford, UK) with a 3.5 MHz probe at Royal Berk 
shire Hospital and at Royal Glamorgan Hospital a 
3.5 MHz curved array transducer (Aloka SSD-2000, 
Japan) was used.

Data were collected prospectively on all patients 
presenting with ectatic aortas to the vascular surgical 
departments of the two hospitals. Patients who had

only one scan were excluded from the study. Clinical 
details, growth rates and mortality from any cause 
were noted.

Results
A total of 116 patients with ectatic abdominal aortas 
were included. Ninety (77.6%) were men and the 
median age was 71 years (range 48-90 years). 
Median follow-up on these patients was 24 months 
(range 5-72 months). The median number of ultra 
sound examination per patient was three (range 2- 
6 scans/patients). Once diagnosed, patients 
underwent an annual scan.

Sixty seven patients were identified through 
screening hypertensive patients for AAA. The 
remainder were found by ultrasound examination 
carried out for other reasons. Associated risk factors 
included hypertension (n = 75), ischaemic heart dis 
ease (n = 22), peripheral vascular disease (n = 8), 
diabetes (n = 3), chronic obstructive airway disease 
(n = 14), smokers (n = 14), stroke (n = 5), family 
history of AAA (n = 4) and popliteal aneurysm (n 
= 1). Three patients had a history of one or more 
malignancies (chronic lymphoid leukaemia, breast, 
prostate and renal cancer).

The median growth rate of the ectatic aortas was 
0.65 mm/year. In 30 patients no expansion was seen. 
However, in three patients the aorta expanded more 
than 5 mm/year. All three suffered from hyperten 
sion and two had ischaemic heart disease. In one 
patient the aorta expanded by 14.4 mm in one year 
(Figure /).

In 22 patients the ectatic aorta became aneurysmal 
reaching a diameter greater than 3 cm (Figure 2) 
(median follow-up in these patients was 34 months). 
Sixteen of these patients were men and six women. 
Three aortas expanded to 3.4 cm in diameter and 
one reached 3.7 cm. The associated risk factors in 
these 22 patients were hypertension (n = 11), 
ischaemic heart disease (n = 10), peripheral vascular 
disease (n = 1), diabetes (n = 1), chronic obstructive 
airway disease (n = 2), smoking (n = 3), stroke

Annual Growth Rate of Ectatic Aorta
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Figure 1 Annual growth rate of ectatic aorta.
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Figure Z Size of ectatic aorta at median follow-up of 34 months,

(n = 1) and malignant disease (n = 3). None had a 
family history of AAA.

There were no ruptures and no elective repairs in 
this series. Two deaths occurred due to ischaemic 
heart disease.

Figure 3 illustrates the initial and final size of each 
abdominal aorta.

Discussion
The incidence of ectatic aorta is poorly documented 
in the literature. In the present series, ectatic aortas 
were more common in men (77.6%). The age, sex 
and associated risk factors of patients with abdomi 
nal ectatic aorta were similar to patients with AAA 
[8,9,11,12].

More asymptomatic AAA and ectatic aortas will 
be reported due to screening and the use of 
ultrasonography/computed tomography of the abdo 
men for conditions unrelated to aneurysm. Once 
AAA is detected re-screening intervals have been 
suggested [17,19,20,23]. The growth rate of AAA 
has been extensively discussed in the literature. It has 
been suggested that expansion rate of AAA is 
exponential [18,19] and erratic [19]. The reported 
mean expansion rates of aortic aneurysm varies 
between 0.32-0.7 cm per year [19,20,22]. However 
the growth rates of small aneurysms has been 
reported to vary from 0.11-0.53 cm per annum [17- 
19,23]. There is no agreed standard growth rate of

Natural history of the ectatic aorta: P. S. Basnyat et al.

AAA. Hence, optimum rescanning interval has not 
been established for asymptomatic small AAA. Cook 
et al. suggested that two groups of AAA existed, slow 
and fast growing AAA [23]. Ectatic aortas may 
behave similarly. In the present study there was no 
expansion of ectatic aortas in 30 patients, but three 
showed rapid growth. Although all three suffered 
from hypertension, the majority of patients with 
hypertension had a slower growth rate. Like Cook et 
al. we are unable to identify which ectatic aortas are 
rapid expanders. Growth rate of ectatic aortas was 
erratic and independent of the size of the aorta 
(Figure 3}.

The UK small aneurysm trial showed that ultra 
sound surveillance for small, asymptomatic AAA to 
be safe. Early elective repair did not provide a long- 
term survival advantage [14]. The study went on to 
show that once a small aneurysm is detected, further 
surveillance would be more cost effective that early 
surgery because the two strategies have similar 
impact on survivial [24]. Patient with ectatic aortas, 
like patients with small AAAs are more likely to die 
from associated disease than from aortic problems 
[25].

To our knowledge this is the only study which has 
looked specifically at the growth rate of the ectatic 
aorta. Nine and a half percent of ectatic aortas were 
expanding at the rate of 3 mm/year or greater. One 
patient had an abnormally high expansion rate (14.4 
mm/year). Collin et al. showed a 0.11 cm ± 0.03 
growth rate for aortas between 2.5-2.9 cm and sug 
gested that scanning at intervals of less than five 
years in these groups was unlikely to be worthwhile 
[17]. It has been further suggested that follow-up 
scans on patients with aortic diameters less than 2.6 
cm identified on screening is not necessary since 
these aortas are unlikely to grow to a size at which 
the risk of rupture becomes significant [26]. On the 
other hand Stonebridge et al. and Cook et al. sug 
gested annual re-screening for aortas less than 3 cm 
to be safe [19,23]. On the whole ectatic aortas do 
expand but it does not seem to follow any pattern.

Initial And Final Size Of Each Abdominal Aorta

Uu i •'l-V-u \ l"u

L

L -

"I." |fll--.l L I l -I ' L -L - L L i .. L- iV- .-,\
—— i ———— i ———— | ———— i- ——— i

•X 20
1 II 21 31 41 51 61 71 81 91 101 III

Individual Patients 

Figure 3 Initial and final size of each abdominal aorta.
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Frequent scanning is not only inconvenient to the 
patient but also expensive. It is estimated that the 
cost of attendance at outpatient clinics for routine 
ultrasonographic surveillance is £84 [24]. Surveil 
lance is cheaper (£5.35) if scanning is performed at 
the GP's surgery [13]. However, if the scanning 
interval is delayed or not performed then ectatic 
aortas that become aneurysmal will be missed. There 
are reports that even small aneurysms can rupture 
[27]. The mean risk of rupture of aneurysms of 4.0- 
5.5. cm in diameter is 1.0% per year [14]. Previous 
studies have shown that small aneurysms appear to 
grow faster in smokers [28].

Although the median growth rate of ectatic aorta 
(0.65 mm/year) in the present series is less than 
those reported recently for abdominal aortas under 
3.0 cm in size (1 mm/year) [29] 2.6% of the ectatic 
aortas had growth rate of more than 5 mm in one 
year of which in one patient the ectatic aorta 
expanded over 1 cm in one year. Such a growth rate 
is usually an indication of elective repair of asympto 
matic small AAA.

The UK small aneurysm trial showed a three fold 
higher risk of rupture of small asymptomatic AAA in 
women. Risk of rupture was also significantly asso 
ciated with initial AAA diameter, current smoking 
status, low FEV! and higher mean blood pressure 
[27]. Currently there is no effective means of reduc 
ing risk of rupture for small asymptomatic abdomi 
nal aneurysm apart from advice to stop smoking and 
controlling of blood pressure [27], As in our study 
19% of abdominal ectatic aortas become aneurysmal 
i.e. 3 cm or more in size within three years. Reason 
able management for these patients would probably 
be to advise them to stop smoking, control their 
blood pressure and advise ultrasound surveillance at 
intervals of three years.
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Abdominal Aortic Aneurysm and its Correlation to Plasma 
Homocysteine, and Vitamins
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Background. Hyperlwmocysteinemia is a recognised independent risk factor in the genesis of atherosclerotic diseases.
However, very little is known about the relationship between homocysteine and abdominal aortic aneurysm (AAA).
Vitamins, namely Bi 2 andfolic acid liave been implicated in the regulation of plasma homocysteine levels. However, there has
been no prospective study that has analysed the relationship of AAA and plasma homocysteine in light of serum vitamin
levels.
Aims. To study the relationship betweeri plasmd hontocysteine, serum B u andfolic acid levels, and AAA.
Method. Case control study including 38 AAA patients and 36 controls. Fasting homocysteine, B12 and folic acid were
determined in serum separated within 1 h of blood collection using a fluorescence polarisation immunoassay technique
(FPIA).
Results. Twenty-six (68%) of the AAA patients liad elevated levels of homocysteine compared to 2 (6%) in the case control
group. The mean homocysteine level in tiie AAA group was 19.4 ^mol/L (SE ± 1.1) (95% Cl 17.17-21.65) and in the
control group was 10.9 fianol/L (SE ± 1) (95% Cl 9.95-11.88) (p < 0.001). Mean vitamin B12 levels in the AAA and
the controls was 332.11 pg/L (SE ± 16.44) and 414.33 pg./L (SE ± 19.72), respectively (p < 0.004). Mean folic acid in the
AAA was 8.02 (SE ± 0.71) and the control was 9.8 -ngm/L (SE ± 0.69), (ns).
Conclusion. This study confirms significantly higher levels of plasma homocysteine in AAA patients but lower levels o/B12.
Use of supplemental vitamins that should lower plasma homocysteine may modify vascular disease progression. Clinical
trials in this direction are warranted.

Key Words: Abdominal aortic aneurysm: Total plasma homocysteine; Vitamin Bj 2 andfolic acid.

Introduction serum vitamin levels play an important part in the
	regulation of plasma homocysteine levels.

Homocysteine biochemistry is complex, with the It was the observation that patients presenting with 
plasma total homocysteine (THCY) being the sum of homocystinuria, an autosomal recessive metabolic 
homocyst(e)ine, and its oxidised forms homocystine, disorder leading to raised plasma homocystine, also 
and the homocysteine—cystine mixed disulphide, in displayed premature vascular disorders that drew 
free and protein bound forms. 1 It is a sulphur attention to the causal relationship between vascular 
containing amino acid, elevated plasma levels of disorder and homocystine. 2 " 4 It was subsequently 
which are referred to as hyperhomocysteinemia. It is shown in experimental models that intravenous 
an intermediary product in methionine metabolism, infusion of homocysteine caused endothelial vascular 
The transfer of methyl group from methionine is an injury and atherosclerosis. 5 Further studies demon- 
important step in the metabolism of nucleic acids, fats, strated elevated levels of homocysteine as a risk factor 
and high-energy bonds. When methionine donates its in the causation of coronary artery,6 cerebrovascular7 
methyl group, homocysteine is formed. The majority and peripheral vascular diseases,8 independent of 
of homocysteine is recycled in a transmethylation other risk factors such as age, gender, lipids, lipopro- 
reaction involving vitamin B 12 and folic acid while a teins, cholesterol, hypertension and smoking.9 " 11 
smaller amount is metabolised by transulphuration There is currently very little data that has examined 
involving vitamin B6 . Hence the vitamin intake and the possible relationship between plasma homocys- 

________———-———————-— teine and the development of abdominal aortic
•Corresponding author. A. A. Warsi, General Surgery, Kettering aneurysm (AAA)12 and serum vitamin levels. There- 
General Hospital, Rothwell Road, Kettering, Northamptonshire fo^ ̂  ̂ ^ ̂  ̂ ^ ̂ investigate possible 

NN16 8UZ, UK.
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relationship between THCY, levels of serum vitamin 
En and folk acid, and AAA.

Materials and Methods

Study design

This was a case-control study in which patients were 
selected into two groups. Group 1 (AAA group) 
consisted of patients with AAA (AP diameter 
>3 cm) diagnosed on ultrasound scan (USS) (using 
Gray-scale B-mode images) of the abdomen. Group 2 
(Control group) consisted of individuals free from any 
known AAA (excluded using an ultrasound abdomi 
nal scan), and free of obvious peripheral vascular 
disease, assessed clinically and on the basis of ankle 
brachial ratio > 0.9. These individuals were randomly 
selected from the open access aneurysm USS screening 
programme.

Exclusion criteria
Patients who had not fasted for 8h prior to blood 

sample withdrawal.
Patients who were taking any vitamin supplemen 

tation—prescribed or self medicated.
Patients whose blood sample could not be centrifuged 

for separation of serum within 1 h of collection.

Ulvenvein, Norway). Plasma homocysteine levels 
>15 |j.mol/L were taken as abnormally elevated.

Vitamins
The vitamins B12 and folic acid were measured with an 
automated immunoassay analyser, using chemilumi- 
nescence detection technique (Bayer ACS 180, New- 
bury, Berkshire, UK). The normal range of vitamin Bu 
was taken as 160-350 pg/L and that of folic acid was 
3.5-15-ng/L.

In addition, the urine specific gravity and the 
haematocrit were ascertained to facilitate correction 
for concentration factor difference between the two 
groups that could have been induced due to overnight 
fasting.

Statistical analysis

A one-way analysis of variance (ANOVA) was used to 
test the significance of differences in plasma total 
homocysteine, vitamin Bi2 and folic acid between the 
AAA and control groups. Data are presented as 
mean ± standard errors (SE) of the mean. Differences 
were considered significant at the 95% level (P < 0.05). 
Difference in the characteristics or risk factors in the 
AAA and control groups were analysed using Chi- 
square and Fisher's exact test. All statistical tests were 
performed using SPSS computer software package.

Collection of samples

Approximately 4 mL of venous blood were taken from 
the antecubital vein into a vacutainer tube containing 
EDTA (Beckton-Dickinson). The sample was immedi 
ately transferred to an ice bag and taken to the 
biochemistry laboratory. Within 60 min of collection, 
the blood samples were centrifuged at 3000 revolu 
tions per min (rpm) for 5 min, to separate the 
supernatant serum from the cells. This serum was 
stored at -80°C prior to the analysis of plasma 
homocysteine concentration.

For vitamin B12 and folate analysis, serum was 
obtained from a second EDTA tube using identical 
methodology.

Biochemical analysis

Homocysteine
Fasting homocysteine plasma levels were analysed 
using a fluorescence polarisation immunoassay (FPIA) 
technique for the quantitative measurement of total 
homocysteine (Imx system, Axis Biochemicals, ASA

Eur J Vase Endovasc Surg Vol 27, January 2004

Results

There were a total of 74 patients, 38 in the AAA group 
with a mean age of 70 years (range 53-79), and 36 in 
the control group with a mean age of 66 years (range 
48-79).

The characteristics of patients in the AAA group 
and the control group are summarised in Table 1.

Twenty-six (68%) of the AAA patients had elevated

Table 1. Characteristics of patients in the AAA group and the 
control group.

Characteristics

Hypertension
Hyperlipidaemia
Diabetes
COAD
Cardiac disease
Stroke
Family history of AAA
Constipation
Cancer
Benign hypertrophy of prostate
Smoking
Alcohol

AAA

13
4
3
3

24
5
4
8
3
8

13
7

Control

12
3
4
0
9
1
0
2
3
6

12
9

y
0.955
0.769
0.677
0.097
0.038
0.130
0.057
0.087
0.949
0.690
0.955
0.581
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levels of homocysteine compared to 2 (6%) in the case 
control group (Fig. 1). The mean THCY concentration 
for patients in the AAA group was 19.4 p.mol/L (95% 
CI 17.17-21.65) and for patients in the control group 
10.9|imol/L (95% CI 9.95-11.88) (Table 2). The 
difference between the two groups was highly 
significant (p < 0.001). However, there was no corre 
lation between the size of the AAA and the plasma 
THCY concentration (Fig. 2). In the AAA group the 
mean homocysteine levels for patients s70 years 
compared to those <70 years was 19.2 and 19.6 jtmol/ 
L, respectively (p = ns). For the control group these 
values were 11.3 vs. 10.3 pimol/L (ns).

There were 35 males and 3 females in the 
AAA group and 21 males and 15 females in the 
control group. The mean homocysteine for males in 
AAA group was 19 n,mol/L and for females was 
23.4 jxmol/L. The mean homocysteine for males and 
females in the control group was 11.5 vs. lofe (jiinol/L, 
respectively. These differences were not significant. 
Thus there was no correlation between homocysteine 
levels and age for either the AAA or control groups 
nor were there any relationship between gender for 
either group.

The mean vitamin BJ2 in the AAA groupr was 
332.11 pg/mL (SE ± 16.44) and in the control group 
was 414.33 pg/mL (SE ± 19.72). The difference 
between the two groups was highly significant (p < 
0.004). The mean folk acid in the AAA group was 
8.02 T)g/mL (SE ± 0.71) and control was 9.8 T|g/mL 
(SE ± 0.69). However, there was no, statistical differ 
ence in the folic acid levels between the two groups. •.

The urinary specific gravity and the haematocrit 
were similar in the two groups (1015 in AAA group 
and 1018 in control group), indicating the compar 
ability of the two groups in terms of hydration status.

RESULTS

40i

30-

20-

10-

control AAA

Fig. 1. Plasma homocysteine (THCY) (^mol/L) in the 
controls, and patients with AAA. The transverse line in the 
scatterplot represents the median value.

Discussion

The primary finding of this study is that THCY levels 
of patients with AAA are significantly higher than 
those of the control group. The importance of homo 
cysteine in coronary artery disease, cerebrovascular 
disease and peripheral vascular disease is well 
documented.6 " 8 However, current literature on the 
role of homocysteine in the aetiopathogenesis of AAA 
is limited.12 " 15 Moreover, 26 of the 38 (68%) patients in 
the AAA group had raised plasma homocysteine 
compared to only two of the 34 (6%) patients in the 
control group. Authors have found a prevalence of 
hyperhomocysteinemia in 40% patients with periph 
eral vascular disease9 and 48% in patients suffering 
from AAA.12 Our data suggests that there may be a 
higher prevalence of hyperhomocysteinemia in AAA 
than previously believed. Our data of a 6% prevalence 
of hyperhomocysteinemia in control population is 
very similar to 5 and 7% reported in previous 
studies.16'17 In the AAA group, we found no corre 
lation between the size of the AAA and the levels of 
homocysteine. Though there is evidence that homo 
cysteine is associated with aortic atherosclerosis18 and 
AAA,12 it is possible that hyperhomocysteinemia 
initiates the atherosclerosis, but once an aneurysm is 
established any subsequent dilatation is more of a 

I jine'chanical event in relation to the blood pressure in 
'the AAA, and with time the AAA progressively 
dilates.

Homocysteine causes elastolysis and damage to 
tunica media by activation of matrix metalloprotein- 
ases (MMP-2) and serine elastase; damage to the 
endothelium by impaired production of nitric oxide 
leading to atherosclerosis and aneurysm formation.19" 22

Since elevated plasma homocysteine levels bear an 
inverse relation to the serum vitamins, plasma homo 
cysteine levels may be lowered by supplemental 
vitamins thus preventing AAA formation—'a risk 
factor reduction'.

Four patients in the AAA group had familial history 
of AAA against none in the control group. This raises 
the question whether the familial nature of AAA is due 
to higher plasma homocysteine, as hyperhomocystei 
nemia can itself be familial. It is well known that 
patients with homocysteinuria, an autosomal meta 
bolic disorder leading to elevated plasma homocys 
teine, develop premature vascular disorder. 2'3

Plasma homocysteine levels, with reference to 
vascular disease, have been found to increase with 
age in some23'24 but not all the previous studies.25'26 
We found no such association when we analysed the 
plasma homocysteine levels in relation to age, in either 
the AAA or the control group. There may have been

Eur J Vase Endovasc Surg Vol 27, January 2004
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Table 2. Plasma homocysteine and vitamins—Bu and folic acid, in AAA and control.

Mean values

Mean homocysteine ((imol/L) 
Mean vitamin B12 (pg/mL) 
Mean folic acid (<ng/mL)

AAA

19.4 (SE 1.1) 
332.11 (SE 16.44) 
8.02 (SE 0.71)

Control

10.9 (SE 0.47) 
414.33 (SE 19.72) 
9.8 (SE 0.69)

'p' value

< 0.001 
< 0.001 
= 0.126 (ns)

other factors at play such as nutrition status, in terms 
of methionine-rich diet, in the younger groups of 
patient.

Similarly, the homocysteine levels have been shown 
to be greater in male than female subjects with 
vascular diseases by most authors27" 29 but some 
have shown no difference or marginally higher 
homocysteine levels in females than in males. 30/31 
Interestingly, in the AAA group in our study, the mean 
homocysteine levels in males were lower in compari 
son to females but this failed to reach statistical 
significance. Moreover, any meaningful conclusion 
about gender differences in homocysteine levels 
cannot be derived from our data due to the small 
sample size of the female population.

It is known that enzymatic reactions involving folic 
acid and vitamin Bj 2 helps in the formation of 
methionine by remethylation of excess homocysteine, 
thus preventing hyperhomocysteinemia. Vitamin B6 
assists in the breakdown of excess homocysteine into 
cysteine in an irreversible trans-sulphuration reaction 
and thus maintains normal homocysteine levels. 
Previous studies have examined the relationship 
between folic acid, Bi 2 and their influence on the 
homocysteine levels.28"32"34 It is well documented that

Size of AAA and THCY level

THCY

—i—
500

Size

Fig. 2. Plasma homocysteine (THCY) (^mol/L) on the Y axis 
and size of the AAA (cm) in individual patients in this group 
on the X axis. There is no relationship.

hyperhomocysteinemia is associated with deficiencies 
of vitamin B, 2 and folate levels. The strongest inverse 
correlate for patients with coronary disease being 
between homocysteine and folate.35 "

We found that the mean vitamin Bi2 levels were 
significantly higher in the AAA group than the control 
group, although there was no such relationship for 
folic acid. It is difficult to explain as to why vitamin Bi 2 
were generally high. The dietary habits of the subjects 
that could have influenced the serum vitamin levels, 
were not known and this we think are one drawback of 
this study. Perhaps the baseline calibration needed to 
be re-assessed or the normal range re-defined. Despite 
this, the vitamin B ]2 levels were significantly higher in 
the control group vs. the AAA group.

The folic acid levels were reduced in the AAA 
group vs. the control group but failed short of reaching 
the statistical significance. Perhaps, a larger sample 
size may have made this more apparent.

Our data suggests that the homocysteine levels are 
more susceptible to changes in vitamin Bi2 levels than 
folic acid levels although, previous studies have 
shown folate deficiency may be more important than 
vitamin Bi2 deficiency in influencing the plasma 
homocysteine levels and vascular diseases.35 '3

In conclusion, we have demonstrated a positive 
correlation between the presence of AAA and elevated 
plasma homocysteine. In order to confirm the relation 
ship, long-term population studies will be required to 
establish whether patients at high risk of AAA can be 
prevented from developing aneurysm by selected 
vitamin supplements.
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Mortality from ruptured abdominal aortic aneurysm in Wales
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Background: The aim of this study was to identify the incidence of, and mortality in, patients with a 
ruptured abdominal aortic aneurysm (AAA) reaching hospital alive in Wales.
Methods: Patients who presented with a ruptured AAA between September 1996 and August 1997 were 
analysed. Data were collected prospectively by an independent body, observing strict confidentiality. 
Results: Some 233 patients with a confirmed ruptured AAA were identified, giving an incidence of eight 
per 100000 total population. Some 133 patients (57 per cent) underwent attempted operative repair; 85 
(64 per cent) of these died within 30 days. Of the 233 patients, 92 were admitted under the care of a vascular 
surgeon and 141 under a non-vascular surgeon. Vascular surgeons operated on 82 patients (89 per cent), 
of whom 50 (61 per cent) died, whereas non-vascular surgeons operated on 51 patients (36 per cent), of 
whom 3 5 (69 per cent) died.
Discussion: This study is unique as it is an independent prospective study of mortality in patients with a 
ruptured AAA who reached hospital alive. Mortality was independent of the operating surgeon, but vascu 
lar surgeons turned down significantly fewer patients than non-vascular surgeons (11 versus 64 per cent, 
P< 0-001).

Paper accepted 11 March 1999 British Journal of Surgery 1999,86, 765-770

Introduction

The incidence of abdominal aortic aneurysm (AAA) is 
reported to be increasing in England and Wales'. National 
statistics from the UK reveal that 2500 men in the 60- 
79 years age group die from AAA each year2 . Ruptured AAA 
is responsible for 1-4 per cent of deaths in men and 0-5 per 
cent of deaths in women over the age of 65 years in England 
and Wales .

The reported mortality rate for elective aortic aneurysm 
repair is less than 5 per cent4"9 , while that for ruptured AAA 
is between 24 and 95 per cent6 ' 10"28 . Without surgical 
intervention, the mortality rate is 100 per cent. Despite an 
increasing awareness of the condition and more liberal use 
of ultrasonography, up to 50 per cent of all AAA repairs are 
still performed for rupture29 . The aim of this study was to 
identify the incidence of, and mortality from, ruptured AAA 
in patients reaching hospital alive in Wales.

Patients and methods
At the onset of the study written permission was obtained 
from all die hospital Trusts and consultant surgeons in 
Wales to allow access to their patient records. The data 
were collected prospectively, observing strict confidenti

ality, by three part-time professional audit staff from the All 
Wales Audit Resource (AWARe) Unit. The AWARe 
Project Manager (A.H.B.B.) was responsible for coordinat 
ing data collection. The data collecting team is experienced 
in medical data collection as they have recently completed 
two All Wales Cancer Audits on colorectal 30 and upper 
gastrointestinal cancers. AWARe regularly operates an 
internal quality monitoring system to ensure accurate data 
collection. This includes case notes being looked at 
independently by all three data collectors to ensure 
consistency in data collection.

Data were collected on all the patients who presented to 
hospital with confirmed AAA rupture in Wales over a 12- 
month period between September 1996 and August 1997. 
Patients were identified from emergency admission books, 
theatre log books, death certificates, autopsy reports, 
hospital discharge summaries and coding. Ruptured AAA 
was strictly defined as the presence of free intraperitoneal or 
retroperitoneal blood as stated in either operative note, 
autopsy report or computed tomography finding in the 
absence of any identifiable cause for bleeding other than the 
aneurysm. Those suspected of ruptured AAA but who were 
found to have other pathology or no rupture were excluded. 
The study also excluded patients who died at home or on die
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way to hospital and those who died in hospital without the 
diagnosis of ruptured AAA.

Operative mortality was defined as death within 30 days 
of operation. A patient was deemed to have been operated 
on for ruptured AAA when he or she received an anaesthetic 
with the intention of repair, regardless of whether a graft 
was successfully inserted.

Overall mortality included all patients who died follow 
ing rupture; this included both operated and non-operated 
patients. Postoperative complications were identified from 
case notes and discharge summaries. A surgeon was 
considered either a vascular surgeon or a non-vascular 
surgeon as recognized by the Higher Surgical Training 
Committee for Wales following the recommendations of 
the Vascular Surgical Society. No surgeon had access to 
other surgeon's or hospital identification, although each 
surgeon had access to his or her own hospital data. Data 
were then stored in the All Wales Audit Resource Unit.

Statistical testing for differences between groups was by 
X2 analysis; P<0-05 was considered significant.

Results

Over the 12 months, 233 patients were identified with a 
confirmed ruptured AAA reaching hospital alive. Two- 
thirds were men, and almost all were aged over 60 years; 
three-quarters were 70 years and over (Table I). The 
women were generally older than the men; the proportion 
aged over 80 years was nearly twice as high.

Forty-seven patients (20 per cent) had a previously 
documented AAA. The reasons for not operating elec- 
tively on these patients were not addressed in this study.

Abdominal pain (n =110), back pain (n = 85) and shock 
(n = 114) were the commonest presenting symptoms. Over 
half of the patients (;z = 129) were referred from the 
accident and emergency department, a third (n = 74) were 
referred directly by their general practitioner, and the 
remaining 30 were referred from various other sources.

Associated risk factors included previous myocardial 
infarction (n = 44), angina (n = 44), hypertension (n = 68), 
stroke (« = 22), diabetes (»=13) and smoking (72 = 68). 
Forty-six patients smoked 0-20 cigarettes a day and 22 
smoked more than 20 daily.

Fifty-five (24 per cent) of the 233 patients had 
ultrasonography and computed tomography because of 
diagnostic uncertainty.

All 18 hospitals in Wales with an accident and 
emergency department participated in the study. Fig. 1 
shows the distribution of patients with ruptured AAA in 
these hospitals.

Fifty-seven per cent of the patients with ruptured AAA 
had surgery (Fig. 2). The total number of deaths, including

Table 1 Age and sex distribution of patients 

Age (years) No. of patienls Men

<50
50-59
60-69
70-79
380
Total

1 (<1)
7(3)

50(21)
97 (42)
78 (33)

233

0(0)
7(4)

41 (26)
66 (42)
44 (28)

158 (68)

Women

1 0)
0(0)
9(12)

31 (41)
34 (45)
75 (32)

Values in parentheses are percentages

25

20

= 15

10

ABCDEFGH I JKLMNOPQR 

Hospital code

Fig. 1 Number of patients in each of the 18 participating 
hospitals (coded A-R)

During operation 
(n = 31)

ICU 
(n = 45)

Ward 
(n = 9)

Fig. 2 Flowchart showing mortality from ruptured abdominal 
aortic aneurysm. ICU, intensive care unit; A/E, accident and 
emergency department

operated and non-operated patients, was 185 (21 died in the 
accident and emergency department, 31 during operation, 
45 in the intensive care unit, and 88 on the ward). The
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Fig. 3 Flowchart showing the outcome 
of patients treated by vascular and 
non-vascular surgeons

Non-vascular surgeons 
(n=141,61%)

Table2 Operative and total mortality rates in 233 patients by 
age group

Age 
(years)

<50-59
60-69
70-79

Total 
patients

50
97
78

Total 
operations

5(62) 
42(84) 
67 (69) 
19 (24)

Values in parentheses are percentages 

Tables Postoperative complications

Vascular surgeons 
(82 operations)

Cardiac
Respiratory
Renal
Stroke
Mottling
Embolism

28(34)
24 (29)
17(21)
1(1)
KD
4(5)

Operative 
mortality

Total 
mortality

2 (40) 5 (62)
26 (62) 34 (68)
40 (60) 70 (72)
17(89) 76(97)

Non-vascular surgeons 
(51 operations)

12 (24) 
14 (27)
6(12)
1(2)
1(2)
0(0)

Values in parentheses are percentages

operative mortality rate was 64 per cent and the overall 
mortality rate for patients with a ruptured AAA reaching 
hospital alive was 79 per cent. All 100 patients who did not 
have surgery died.

Of the 233 patients with a ruptured AAA, 92 (39 per cent) 
were admitted under the care of a surgeon with a vascular 
interest and 141 (61 per cent) under a general surgeon 
(Fig. 3). The operative mortality rate for vascular surgeons 
was 61 per cent, and that for non-vascular surgeons was 69 
per cent (^2 = 0-80, 1 d.f., P = 0-37). However, vascular 
surgeons turned down significantly fewer patients for 
operation than their non-vascular colleagues (11 verms 64 
per cent; -^ = 63-74, 1 d.f., P< 0-001) (Fig. 3). Thus the 
overall mortality rate (including operated and non-operated 
patients) was 65 per cent for vascular surgeons and 89 per 
cent for non-vascular surgeons (y2 = 18-69,1 d.f., P < 0-001).

Eighty-two per cent of patients with a ruptured AAA 
who had surgery were between 60 and 79 years old. The 
outcome of operation was related to age; die operative 
mortality rate was 89 per cent in patients of 80 years and 
over (Table 2).

© 1999 Blackwell Science Ltd www.bjs.co.uk British Journal of Surgery 1999, 86, 765-770



768 Mortality from ruptured abdominal aortic aneurysm • P. S. Basnyat, A. II. B. Biffin, L. G. Moseley, A. R. Hedges and M. II. Lewis

Table 3 illustrates the postoperative complications; some 
patients had more than one. There were no statistically 
significant differences in the complication rates of vascular 
and non-vascular surgeons.

Discussion

The true incidence of ruptured AAA is difficult to determine 
because a large number of patients die in the community 
without autopsy and their deaths may wrongly be attributed 
to a coronary event. It has been suggested that the incidence 
of AAA is 3 per cent in the over SOyears age group, or 2-4 
per cent of the total population 3 ! ' 32 . This incidence appears 
to be rising10, probably as a result of the ageing population 
and improved diagnostic accuracy 1 "'. The incidence of 
ruptured AAA is reported to vary from 1 to 21 per 100 000 
person-years6' 10' 33 "36 . Drott etal. i6 found a sevenfold rise in 
incidence over 3 6 years. The incidence of patients with 
confirmed ruptured AAA reaching hospital alive in Wales 
was eight per 100000 population (population 2926900 
during the study).

Several screening surveys have shown that the prevalence 
of AAA increases with age 12 ' 37jto . In this study the incidence 
of ruptured AAA rose with age; 97 per cent of patients were 
aged over 60 years. Previous studies have accorded with the 
present results that the operative mortality rate associated 
with ruptured AAA rises with age 3 '41 '42 .

AAA is six times more common in men than women in 
population screening surveys " ; however, itis only twice as 
common in men in necropsy studies 39 '40 . In Wales, two- 
thirds of ruptured AAAs occurred in men; almost all were 
aged over 60 years and three-quarters were 70 years or more. 
In England and Wales, the age-standardized mortality rate of 
AAA is twice as high in men as in women 3 . There is evidence 
that these sex differences are decreasing44 .

In the present study, 57 per cent of patients with a 
ruptured AAA underwent operation. The operative mor 
tality rate was 64 per cent, but the overall mortality rate 
(including those who had no operation) was 79 per cent. 
This value was higher than the mortality rate associated 
with ruptured AAA reported in the literature6 ' 10 ' 11 ' 13 ' 1"8 . 
This may be a result of the expertise of the surgeons 
involved or the degree of patient selection. Previously 
published data may reflect an ideal situation, in units with a 
special interest. The value in the present study is that it may 
be a true reflection of overall mortality rate for patients with 
a ruptured AAA in the UK.

Some surgeons recommend a non-selective policy for 
operation on patients with a ruptured aneurysm ' '. This 
may improve survival rates in the group not previously 
offered surgery but could increase the operative mortality 
rate.

Of the 23 3 patients with a ruptured AAA, 92 (39 per cent) 
were admitted under the care of a surgeon with a vascular 
interest and 141 (61 per cent) came under a general surgeon. 
Vascular surgeons were significantly more active, and 
operated on 89 per cent of ruptured AAAs, while the non- 
vascular surgeons operated on only 36 per cent of patients 
admitted under their care (P < 0-001).

Although vascular surgeons had a higher operation rate 
(89 per cent), their operative mortality rate was 61 per cent, 
whereas operative mortality for non-vascular surgeons (69 
per cent) was not significantly different. The difference in 
the overall mortality rate (including operated and non- 
operated patients) between vascular (65 per cent) and non- 
vascular (89 per cent) surgeons was statistically significant 
(P< 0-001).

Rupture of an AAA can be prevented by identifying 
asymptomatic aneurysms and performing elective AAA 
repair. Early diagnosis and elective management of aortic 
aneurysms returns life expectancy to normal45 . Because 
AAA seldom causes symptoms before rupture, screening 
would appear to be the only way to identify asymptomatic 
aneurysms.

The present study is unique as it is the only independent 
population-based prospective study of mortality from 
ruptured AAA in patients reaching hospital alive. It involved 
18 hospitals, audited in the strictest confidence by an 
independent trained audit group (AWARe). Ruptured AAA 
is common in Wales and is associated with significant 
mortality even in the hands of vascular surgeons.
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Over the course of the past decade, numerous changes have occurred in the management of patients undergo 
ing vascular surgical operations. The introduction of high dependency units (HDUs) has meant that many patients previously 
requiring observation in intensive care units (ICUs) are now managed in this new environment. In addition, many vascular 
patients may now be suitable for management on a vascular ward immediately following their surgery. This study reports the 
chronological changes in resource utilisation of patients undergoing major vascular surgery in a district general hospital over a 
14-year period.

Details of all patients admitted to either the ICU or HDU under the care of a single vascular surgeon
during the period 1991-2004 were extracted from a prospectively maintained anaesthetic department database. Details of the 
age and gender of the patients were obtained together with source of admission, place of discharge and need for re-admission. 
Operative details for each patient were extracted from a prospectively maintained vascular surgery database including type of 
procedure undertaken and degree of urgency.

During the 14-year period under study, there was a dramatic decrease in the use of ICU facilities for the manage 
ment of vascular patients from 100% in 1991 to 36% in 2004. There was a corresponding increase in the use of HDU for 
major vascular cases during the same period from 0% to 66%. However, despite a significant increase in the total number of 
major vascular operations performed, from 67 in 1991 to 185 in 2004 as a result of sub-specialisation, overall use of all 
high-care facilities fell as the number of patients returned directly to the vascular ward increased from 34% in 1991 to 64% 
in 2004. The efficacy of the choice of management venue was confirmed by the observation that only 7.7% of those managed 
on ICU had been initially managed at a lower level of care. In addition, only 1.8% of patients managed on HDU had been 
admitted after initially being managed on the vascular ward.

Sub-specialisation over the past decade has meant a significantly increased major vascular work-load. Since the 
introduction of the HDU, there has been a significant fall in the use of ICU facilities for routine cases. These changes in 
resource utilisation have significant implications in terms of budget allocation. It would appear that finances, in relation to 
vascular surgery, should be concentrated on expanding HDU facilities and ensuring vascular surgery expertise amongst ward 
nursing staff.

High dependency unit - Intensive care unit - Vascular surgery

Michael H Lewis, Consultant Surgeon, Royal Glamorgan Hospital, Ynysmaerdy, Llantrisant, Rhondda Cynon Taf CF72 8XR, UK 
T: +44 (0)1443 443443; F: +44 (0)1443 443224; E: mike.lewis@pr-tr.wales.nhs.uk

The past two decades have witnessed a significant change in 
the management of patients undergoing major vascular 
procedures. The introduction of high dependency units 
(HDUs) has meant that many patients previously requiring 
monitoring on intensive therapy units (ICUs) are now 
managed in mis new environment. These two facilities can 
clearly be identified in relation to their provision of organ 
support. An ICU provides an appropriate environment for 
management of Level 3 care, namely patients requiring

advanced respiratory support or moderate respiratory support 
and dysfunction of two or more other organ systems, whereas 
a HDU raters for patients requiring Level 2 care or support of a 
single failing organ or a patient in a postoperative state. 1

Furthermore, as a result of a number of changes in the 
management of a number of vascular pathologies over this 
period of time, such as the advent and popularisation of 
stenting, many patients who would have initially been 
nursed on a HDU may now be safely managed on the vas-
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^^Rvascul;

Operation

CEA
AAA
AO
Fern-pop
Fern-fern
Ax-fern
Embolectomy
Endarterectomy
Aneurysms
Other

ar surgical operations performed from 1991 to 2004

1991

0
26
15
7
2
4
5
2
5
1

1992

2
39
16
9
3
7
8
4
2
6

1993

5
38
18
13
2
6
12
3
0
8

1994

12
28
16
13
3
5
7
3
4
0

1995

13
29
6
13
0
11
11
2
5
4

1996

27
37
9
9
5
5
13
6
5
3

1997

36
34
5
17
4
4
10
6
12
7

1998

24
39
11
18
14
3
5
3
4
11

1999

33
55
6

24
3
4
8
4
3
7

2000

43
40
3

27
7
7
11
7
7
10

2001

37
40
4
15
3
4
11
4
2
1

2002

41
35
10
28

1
0
10
10
3
0

2003

44
45
10
38
4
0
14
7
6
5

2004

38
54
9

40
6
1

16
12
5
4

Total 67 96 105 93 94 119 135 132 145 162 124 138 173 185

cular ward. There is, however, little published data docu 
menting clinical experience with these fundamental 
changes in management.

This study reports the chronological changes in resource 
utilisation of patients undergoing major vascular proce 
dures in relation to relative use of ICU, HDU and the vascu 
lar ward for the management of patients following major 
vascular surgery.

The details of all patients admitted to ICU and HDU under 
the care of a single vascular surgeon during the period 
1991-2004 were obtained from a prospectively maintained 
anaesthetic department database.

Demographic details of these patients including age, sex, 
source of admission and place of discharge were collected.

Vascular and overall activity in ICU and HDU areas during the period 1991-2004

ICU HDU Combined ICU+HDU

Year

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001*
2002*
2003
2004

All
cases

90
108
91
70
55
85
63
70
22
32
19
22
39
26

Vascular
cases

44
51
59
32
27
52
37
45
13
12
16
19
26
24

Vascular as
% of all ICU

49
47
65
46
49
61
59
64
59
38
84
86
67
92

All
cases

0
65
43
65
87
43
53
45
68
85
26
56
69
52

Vascular
cases

0
27
19
31
49
32
29
41
54
63
24
44
54
43

Vascular as
% of all HDU

0
42
44
48
56
74
55
91
79
74
92
79
78
83

Total
cases

44
78
78
63
76
84
66
86
67
75
40
63
80
67

% of vascular
in HDU

0
35
24
49
64
38
44
48
81
84
60
70
68
64

%of
vascular in ICU

100
65
76
51
36
62
56
52
19
16
40
30
32
36

"Consultant on sabbatical for a proportion of each year.
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Postoperative management of patients following major vascular surgery on ICU/HDU and wards in relation total major 
vascular workload

Year

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001*
2002*
2003
2004

Total major 
vascular cases

67
96
105
93
94
119
135
132
145
162
124
138
173
185

Major vascular 
managed on HDU+ICU

44
78
78
63
76
84
66
86
67
75
40
63
80
67

Major vascular managed HDU/ICU 
on vascular ward (%)

23 66
18 81
27 74
30 68
18 81
35 71
69 49
46 65
78 46
87 46
84 32
75 46
93 46
118 36

Ward

34
19
26
32
19
29
51
35
54
54
68
54
54
64

'Consultant on sabbatical for a proportion of each year.

Admission episodes to the ICU or HDU were regarded as 
primary if they occurred immediately from theatre whereas 
admissions following prior admission to a lower level of 
care (HDU or ward for ICU, and ward for HDU) were 
regarded as secondary admissions. Primary admissions 
were further divided into those following either an elective 
or emergency operation. Planned transfer from ICU to HDU 
as a result of an improvement in patient health was not 
regarded as an admission.

Details of the operative procedure and also the degree of 
urgency (emergency or elective) were obtained from a prospec- 
tively maintained vascular surgery database. The details of 
those patients who did not go to a critical care area were also 
obtained from this source and confirmed against ward log 
books. Minor vascular operations such as amputations and vari 
cose veins were not included in the data analysis.

Results
During the 14-year period covered by the study, 1549 patients 
underwent vascular surgical procedures and were admitted 
under the care of a single vascular surgery team to the 
combined facilities of ICU and HDU. The nature of the 
operations performed is summarised in Table 1. Of the total of 
1549, 792 were admitted to ICU and 757 to HDU. Major 
vascular procedures represented 967 (62%) of the whole 
group; of these, 457 (47%) went to ICU and 510 (53%) went to 
HDU (Table 2).

In assessing the overall utilisation of critical care (ICU 
and HDU), vascular surgery patients made up half of the 
total number of admissions at the start of the study period, 
whereas, at the end of the study period, 92% of ICU admis 
sions were vascular surgery patients and in the HDU 
patients treated for vascular disease represented 83% of 
admissions. In 1991, all patients went to ICU whereas, in 
1992 the first year of operation of HDU, 35% of patients 
went to HDU; of this group, 42% had undergone vascular 
surgery. In 2004, 64% of patients admitted to a critical care 
bed having undergone surgery were admitted to HDU and 
only 36% went to ICU.

During the course of the study, as a result of sub-special 
isation, the vascular workload increased 276% (Table 3). 
This may have been expected to have lead to significant 
increases in the utilisation of critical care facilities; howev 
er, as a result of close multidisciplinary team-working and 
following internal audit, many of the patients traditionally 
admitted to critical care areas (such as those undergoing 
infra-inguinal bypass grafting or carotid endarterectomy) 
were managed primarily on the vascular surgery ward. As a 
result, the percentage of major vascular cases managed on 
the ward increased from 34% in 1991 to 64% in 2004.

There were no significant differences in gender or age 
between the groups throughout the duration of the study.

The vast majority of admissions to both the HDU and ICU 
units were primary transfers from theatre (Table 4) with 
elective cases dominating emergencies by 3.7:1 for ICU and
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^^^g Source of admissions to HDU and ICU units

Year

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001*
2002*
2003
2004

Routine

37
42
44
23
18
47
31
30
7
8
6
11
14
15

ICU
Emergency

5
9
13
7
5
3
3
13
4
1
6
5
8
7

Secondary

2
0
2
2
4
2
3
2
2
3
4
3
4
2

Routine

NA
26
16
16
44
30
29
39
51
62
21
36
43
37

HDU
Emergency

NA
1
2
2
4
1
0
1
2
1
2
7
11
5

Secondary

NA
0
1
1
1
1
0
1
1
0
1
1
0
1

NA, not applicable.

Consultant on sabbatical for a proportion of each year.

'Part' years are shown as decimals and not months/weeks/days.

11.5:1 for HDU admissions. The number of emergency vas 
cular admissions, which consisted mainly of ruptured aortic 
aneurysms, embolectomies and thrombolysis therapy, var 
ied in number each year but never approached that of the 
elective admissions. The number of secondary admissions, 
namely from HDU to ICU or from ward to HDU/ICU, 
remained low throughout the duration of the study. The 
overall percentage of ICU admissions represented by sec 
ondary admissions was 7.7% most of which were patients 
undergoing emergency surgery or those developing compli 
cations on the HDU (23/45), whilst in the HDU this was 
even lower at 1.8%, these being exclusively complications.

Discussion
The primary finding of this study was that, during the 14- 
year period studied, there has been a move to sub- 
specialisation with a significant increase in the major 
vascular workload in excess of 270% compared with initial 
levels. This is a well-recognised phenomenon which was 
reported by our unit in 2000.2 Interestingly, even in the past 
6 years, the numbers have increased a further 50%.

During the period of the study, there was a re-distribu 
tion of services from ICU-only management at the begin 
ning of the study to the current system in which twice as 
many patients are managed on HDU and ICU. Currently,

about half of all the vascular patients are managed on HDU, 
and a further third are transferred back to the ward, leaving 
a small group managed in the ICU environment. The suc 
cess of the ward nursing of such patients is due to the devel 
opment of a multidisciplinary approach and close co-opera 
tion between surgical and nursing staff as well as close 
interactions with the radiological department, a dedicated 
ward pharmacist and a readily available physiotherapist.

As well as a number of changes in the provision and pat 
tern of critical care services, there have also been several 
changes in the pattern of vascular surgical practice offered 
to patients. In the early part of the study, HDU units were 
sparse in the UK and all vascular patients were managed in 
ICU facilities. Indeed, the first report of results from such a 
unit in the UK was by Coggins et a/. 3 in 1998 which 
described activity in their unit at the Countess of Chester 
NHS Trust between 1991 and 1996. The unit, which had 
opened in 1986, noted a significant growth in through-put, 
in particular vascular surgery, where patient numbers dou 
bled. Surprisingly, the use of the ICU in Chester did not 
decrease during the duration of their study. Our HDU 
opened in 1991 as a result of pressures on the ICU, in par 
ticular those related to provision of vascular services, and 
since its opening has demonstrated an identical growth pat 
tern. Despite the fact that HDUs are now present in almost 
all district general and teaching hospitals in the UK, there is
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remarkably little published data confirming their value in 
the management of surgical patients.

The changes identified in vascular services in this study 
were in the main due to changes in the management of two 
vascular pathologies - aortic aneurysms and carotid artery 
stenosis. The development and popularisation of screening 
for abdominal aortic aneurysms (AAAs), and the recent 
publication of the results of MASS (Multicentre Aneurysm 
Screening Study), have indicated that this is a viable and 
effective treatment and reduces the numbers presenting 
with rupture.4 AAA screening has been performed in our 
region since 1991 and our findings have mirrored those of 
MASS.5 As a result of screening, more repairs will be per 
formed on younger patients on an elective basis and, in 
many cases, a short HDU stay will suffice.

Many still advocate ICU management of all patients 
undergoing AAA repair,6 - 7 with figures of 59% (vascular) to 
85% (non-vascular surgeons) reported in the UK and 77% 
amongst vascular surgeons in Canada. Since 1991, all 
patients undergoing AAA repair in our unit have been 
assessed by surgeon and anaesthetist pre-operatively and 
all are deemed suitable for HDU care unless a particular 
concern is identified" as a result, ICU beds are not reserved 
needlessly. All patients are always assessed again prior to 
being transferred from theatre but an escalation of care was 
very rarely required as indicated by the low transfer figures 
reported. Several papers have recently advocated HDU 
rather than ICU care for patients undergoing AAA repair.7- 1 ' 
A further consideration in respect to AAAs is the future role 
of endovascular stenting which, as a result of recent publi 
cations, is gaining in popularity. 1 ' Whilst none of the 
changes in this study were due to stenting of aneurysms, as 
the procedure is not performed at our unit, it is likely to be 
a factor in future assessments as AAAs will be managed 
back on the ward.

Following the publication of the European and American 
symptomatic carotid stenoses trials, there has been an 
upsurge in the performance of carotid endarterectomy. 13 ll 
Several papers have evaluated the need for routine ICU 
care following endarterectomy and most have concluded 
that ICU care is only required for high-risk patients. 15- 17 
More recently, there has been an increasing trend towards 
performing surgery under local anaesthetic and this is 
being investigated by the GALA (general anaesthetic versus 
local anaesthetic for carotid surgery) study. 18 It is our policy 
that all patients undergoing endarterectomy, including both 
local and general anaesthetic, are managed on the vascular 
ward unless there is an abnormality identified on intra- 
operative monitoring.

It is difficult to provide confident data as to whether deci 
sions to admit to ICU, HDU and ward care were correct as 
a proportion of patients will have developed complication 
no matter where they were managed and there is little

available data for comparison. Callaghan et at.,* in a region 
al vascular unit setting, have recently reported on the use of 
overnight intensive recovery as an alternative to ICU in 
patients undergoing routine AAA repair and noted an ICU 
admission rate of 7% whereas our study was 7.7% for all 
vascular operations performed as elective and emergency 
cases. In relation to HDU re-admissions, there were only 9 
cases in 14 years due to postoperative complications; thus, 
it can be concluded that the overwhelming number of man 
agement decisions were correct.

A further interesting observation was that there was no 
significant increase in the mean age of the populations 
being treated on either the HDU or ICU during the study. 
There was a slight increase in the age of the ICU cohort of 
5 years from 66.6 years in 1991 to 71.5 years in 2004 but this 
was not a linear relationship. One reason for the lack of a 
significant increase in the mean age may be the fact that 
males over 60 years and women over 65 years in the region 
are screened for the presence of AAAs. As such, some of the 
potentially sickest patients (ruptured AAAs) are no longer 
presenting as emergencies but are presenting younger and 
in a fitter state and thus not requiring ICU stay. However, as 
the general population ages, they are presenting with other 
vascular pathologies; since many of this elderly cohort have 
significant co-morbidities, they often require ICU care thus 
keeping the mean age at just over 70 years.

One possible detrimental aspect of the use of HDU in 
preference to ICU, or ward in preference to HDU, is an 
increased morbidity and mortality. As a retrospective study, 
precise morbidity data are lacking for the cohort as a whole; 
however, in looking at the outcome data for three of the 
major vascular procedures (femoro-popliteal bypass, 
carotid endarterectomy and aortic aneurysm repair), a few 
observations are noteworthy. There has been no significant 
change in morbidity or mortality for lower-limb bypass sur 
gery but results of endarterectomy and aneurysm surgery 
have improved, although this probably has little to do with 
the location of postoperative care. In relation to carotid sur 
gery, the mortality rate is unchanged with no hospital mor 
tality and only a single 30-day mortality, of an unrelated 
cause. The morbidity of local anaesthetic endarterectomy 
appears lower as neurological dysfunction is more easily 
identified allowing appropriate action to be undertaken. In 
relation to aneurysm surgery, there has been a reduction in 
both morbidity and mortality due, in the main, to the oper 
ation of an aneurysm screening programme in the region.

During the last 14 years, ICU use has fallen, HDU use has 
increased and the work-load has become more sub- 
specialised with vascular surgery patients forming a greater 
proportion of the critical care admissions, particularly to
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HDU. The overall use of critical care services has remained 
stable as many vascular patients who previously were 
admitted to a critical care area are returning directly to the 
ward. These changes have certain implications on resource 
allocation in relation to vascular surgery which are starting 
to be explored. 19 The decline in ICU use will lead to 
significant resource savings which may be directed 
elsewhere. Future investment should be directed at the 
expansion of HDU; as many more patients are cared for in a 
ward setting, spending should be directed to the provision 
of adequate numbers of nursing staff on the ward and to 
their education in the care of vascular surgical patients.
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is Assessment of Popliteal Artery Diameter in Patients
Undergoing Screening for Abdominal Aortic Aneurysms

a Worthwhile Procedure

G. Morris-Stiff, 1 * M. Haynes, 1 S. Ogunbiyl, 1 E. Townsend, 1 S. Shetty, 1 R.K. Winter2
and M.H. Lewis 1

Departments of lSurgery, and 2Radiology, Royal Glamorgan Hospital, Ynysnwerdy, Llantrisant,
Rhondda Cynon Taf, UK

Purpose. The aim of this study was to assess whether screening of popliteal arteries in patients undergoing ultrasound
screening of their abdominal aortas was worthwhile.
Methods. All male patients undergoing ultrasound screening for abdominal aortic aneurysm (AAA) during the period
February 2000 to June 2002 were offered scanning of their popliteal arteries. All scans were performed by a single, trained
operator using a Sonosite 180.
Results. Four hundred and forty-nine patients underwent screening and thus 898 popliteal arteries were assessed. The mean
aortic diameter was 2.1 standard deviations (SD) 0.5 cm and the upper limit of normal (2 SD) was 2.7 cm. The mean
diameter of the popliteal arteries was 0.74 SD 0.11 and the upper limit of normal was 0.96 cm. Thirty patients had aortic
diameters greater than 2.5 cm (ectatic or aneurysmal aortas) but based on a popliteal diameter of 2 cm, no popliteal
aneurysms were detected. However, 39 (4.3%) popliteal arteries measured >1 cm (>mean+2 SD); 3/60 (5%) in the
ectatic/AAA subgroup and 36/838 (4.3%) in the non-AAA subgroup.
Conclusions. This study has shown that, using conventional definitions, the imaging of popliteal arteries during screening
forAAAs does not detect any popliteal aneurysms and is thus of limited value. However, if a definition of popliteal aneurysm
of > 1cm (based on mean+2SD)is used then 39/898 (4.3%) of arteries would be regarded as having abnormal diameters
and may require surveillance.

Keywords: Popliteal artery; Abdominal aorta; Aneurysm; Ultrasound; Screening.

The Multicentre Aneurysm Screening1 Study (MASS) 30:1.7 They are typically defined as a popliteal artery
has provided reliable evidence as to the benefit of diameter of 2 cm or greater.7'8 Szilagyi and colleagues,7
screening for abdominal aortic aneurysms (AAAs)1 based on their experience of 87 PAAs suggested
and has supported the data from other randomised operative intervention for patients with a popliteal
trials.2'5 Furthermore, a recent consensus statement artery diameter greater than 2.0 cm.
representing the views of American surgeons and Half of all PAAs are detected either during systemic
radiologists has recommended screening for all men arterial examination or as incidental radiological
aged 60-85 years.6 There are as yet no randomised findings. However, this means that up to 50% of
taals assessing the role of screening for peripheral aneurysms present as emergencies with complications
aneurysms. such as rupture, compression of local structures

Popliteal artery aneurysms (PAAs) are the com- (popliteal vein or nerve) or acute ischaemia of the
peripheral artery aneurysm and like aortic distal limb as a result of thrombosis or embolus. These

urysms, they typically present in the seventh are all potentially limb threatening conditions and
decade with a high male predominance of around surgery for these conditions yields inferior results to
/itfoZTT—————n—:—;——:——————„. . „ ... . elective surgery with increased amputation rates, a
"otreouttong; AAA, Abdominal aortic aneurysm; PAA, Popliteal &, J - , \ s
Jfjery aneurysm; SD, Standard deviation. higher mortality rate and reduced graft patency rates.
Corresponding author. Mr G. Morris-Stiff, MB BCh, MD, i 9 AS a result, surgery for asymptomatic PAAs, once

^flwyS' Maesycoed' pontyPridd' ******* cynon Taf detected, is advocated.

ii address-, garethmorrisstifr@hotmail.com Up to 40% of patients with popliteal aneurysms

'078-5884/000071 + 04 $35.00/0 © 2005 Elsevier Ltd. All rights reserved.



72 G. Morris-Stiff ef a/.

have associated abdominal aortic aneurysms (AAAs), 
rising to 70% if they have bilateral popliteal aneur 
ysms.10'11 A recent study from the United States12 has 
added further controversy as it suggested that as many 
as one in seven patients with AAAs also have a 
popliteal aneurysm thus prompting the question— 
should we be looking for popliteal aneurysms in 
patients with AAAs?

In our region, screening for AAAs commenced in 
1991 with a formal screening program being instituted 
in 1994. 13 This gave the opportunity of screening for 
asymptomatic PAAs at the same time as screening for 
AAAs.

Patients and Methods

The study was approved by the local research and 
ethics committee prior to its commencement. All male 
patients undergoing scanning of their aortas as part of 
our community AAA ultrasound screening program 
during the period February 2000 to June 2002 were 
invited to give informed consent to the performance of 
an ultrasound assessment of the diameter of their 
popliteal arteries.

All scans were performed by a vascular nurse 
specialist using a Sonosite 180 (Sonosite, Bothell, WA, 
USA) portable ultrasound scanner. The maximum 
transverse and anteroposterior diameters of the aorta' 
were determined and if either measurement Wa.s' 
>2.5 cm the aorta was considered aneurysmal. Lik'e- 
wise, for the popliteal arteries, both the transverse and 
anteroposterior diameters were recorded. For the 
purposes of the study, the larger of the two diameters 
in each case was used during the analysis. The inter- 
and intra-observer variability of .the portable ultra 
sound scanner has been discussed previously.7

The aortic and popliteal diameters were plotted and 
the data tested for normality using the statistics 
package SPSS 11.0 (SPSS Inc., Chicago, IL, USA). 
According to the principles of Gaussian distribution a 
value outside that of mean+2 SD is regarded as being 
outside the normal range. In the case of the aorta and 
popliteal artery this was taken to represent an 
aneurysmal vessel.

Results

During the period of the study, 449 male patients aged 
60 years or older were assessed, thus providing 898 
popliteal arteries from which measurements of diam 
eter could be obtained. The mean patient age was 67.5 
(SD 5.3) years. Aortic diameters determined in 449

patients fitted the bell-shaped pattern of 
distribution (Fig. 1). The mean aortic dia 
2.1 cm and the upper limit of normal (mean 
was calculated to be 2.7cm. Thirty patient ' 
identified as having AAAs based on an aortir H ^ 
of > 3 cm. lccllamtief

For the popliteal artery the distribution of e 
diameters of 898 was assessed and the plot fou *d 
a Gaussian distribution (Fig. 2). The mean diamet^'" 
the popliteal artery in this population was 0.72 cm""' 
the upper limit of normal was calculated to be 0 %*"* 
Given this information, 39 arteries should be rega d? 
as being ectatic or aneurysmal. In eight patients the"! 
were bilateral arteries > 1 cm, in 10 cases the left art^ 
was large and in 13 cases the right popliteal artery \^ 
enlarged. Overall, 31 patients had one or mor^ 
popliteal arteries measuring > 1 cm.

The cardiovascular risk factors according to size of 
the popliteal artery are summarised in Table 1 
Hypertension, hypercholesterolaemia and diabetes 
mellitus were defined as the need for medication to 
control these factors namely antihypertensive medi 
cations, lipid lowering agents and hypoglycaemic 
(oral or insulin), respectively. There was no significant 
difference in the prevalence of risk factors between the 
two groups apart from that of diabetes mellitus which 
appeared to be more common in patients with normal 
diameter popliteal arteries.

Discussion

The primary finding of this study was that of the 8% 
popliteal arteries examined in 419 patients undergoing 
screening for AAAs, no PAAs were detected. There is, 
however, some debate as to the definition of the size of 
a popliteal artery aneurysm and indeed the size of a 
normal popliteal artery, johnston et al. on behalf of the 
Society for Vascular Surgery and the North American 
Chapter of the International Society for Cardiothoradc 
Surgery defined the standards for reporting on arterial 
aneurysms.14 It quoted only a single paper on the size 
of the popliteal artery which was published in 1977 
and used B-mode ultrasound as its method of 
investigation. This study noted a mean of 0.9 cm and 
SD of 0.2cm giving a range of 0.5-1.3 cm for the 
normal popliteal artery diameter. Johnston and col 
leagues also suggested that the definition of an 
aneurysm should be '...permanent localized (i.e- 
focal) dilation of an artery having at least a 50°o 
increase in diameter compared to the expected normal 
diameter of the artery in question'. This would 
translate to a diameter of 1.35 cm in Johnston's paper 
and 1.07 in our series.
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fig. 1. Distribution of the abdominal aorta diameters as assessed by ultrasound (n = 449). Mean diameter of 2.1 cm and upper 
limit of normal (mean+ 2 SD) of 2.7 cm.

A more recent paper by Sandgren and colleagues 
studied popliteal artery diameters in 121 healthy 
volunteers over a wide age range. They notefi that 
diameters increased with age for both genders and 
that diameter also varied according to gender and 
body surface area (BSA). 15 They used multiple 
regression analysis to predict that a 65 year old male 
v/ould have a mean popliteal artery diameter between 
7.2 and 8.7mm depending on their BSA. The mean 
and 95% confidence interval for the largest and oldest 
of male patients (80 years, BSA 2.2 m2) was 9.4 (7.2- 
12.2) and is thus still smaller than previous studies.

In the Joint Vascular Research Group multicenter 
study, Varga and colleagues16 noted that an aneurysm 
should be defined as 150% of the adjacent normal 
artery or if it exceeded 20 mm. Thus, in this study, 
there was a variation of the definition of aneurysm' 
from 10.5 mm (150% X 7 mm2) to 20 mm.

It could be suggested that our data represented a 
skewed population, i.e. an elderly male population 
most at risk of atherosclerotic disease. However, if the 
population was skewed, since aneurysmal disease is a

Mean = 0.72cm KD = 0.98.cm

% 2. Distribution of the popliteal artery diameters as 
assessed by ultrasound (n = 838). Mean diameter of 0.72 cm 
^a upper limit of normal (mean + 2 SD) of 0.98 cm.

condition of elderly males, it would be expected that 
the popliteal arteries would be larger for the group as a 
whole and not smaller as the current study suggests. 
Furthermore, the fact that the aortic diameters are in 
keeping with generally accepted guidelines, with a 
mean of 2.1 cm and an upper limit of normal of 2.7 cm, 
it would suggest that the vasculature of the study 
population was not unduly biased. On the basis of this 
study, we would suggest that a popliteal artery 
measuring greater than 1 cm in maximal diameter 
should be regarded as abnormal and termed either 
ectatic yor aneurysmal.

The idea that a 1 cm popliteal artery may be 
considered as aneurysmal and hence subject to 
turbulent flow disturbances may explain the not 
uncommon presentation of spontaneous thrombosis 
of the popliteal artery in otherwise asymptomatic 
patients. Such individuals, who are usually slightly 
younger than typical claudicants, present as emergen 
cies and are found on vascular investigation to have a 
popliteal artery diameter of around 1 cm but otherwise 
normal vessels, no evidence of aortic or cardiac 
thrombi and normal procoagulant screens. These 
patients usually respond to therapy by means of 
thrombolysis or bypass surgery but no cause for their 
spontaneous thrombosis is ever identified and so they 
are often maintained on long-term anticoagulation. 
Thrombosis and emboli are the common presenting 
features of symptomatic PAAs and rupture is rela 
tively rare. 17 The current study can offer no strict 
guidelines on whether to operate on these 'small 
aneurysms' but given the fact that the results of 
elective surgery are, in common with AAA surgery, far 
superior than when bypass operations are performed 
as emergencies, it would seem reasonable to assess this 
further within the framework of a multicentre trial.
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Table 1. The cardiovascular risk factor profiles according to size of the popliteal artery

Risk factor
Hypertension 
Smoking 
Angina/Ml 
CVA/TIA 
Diabetes mellitus 
Intermittent claudication 
Hypercholesterolaemia

Popliteal diameter < 1 cm, n =418
167 (40%) 
75 (18%) 
41 (10%) 
33 (8%) 
38 (9%) 
88 (21%) 
25 (6%)

Popliteal diameter > 1 cm ~ij ^j~~
13(42%) ~~~- 
4 (13%) 
3 (10%) 
3 (10%) 
0 (0%) 
5 (19%) 
11 (4%)

A further finding in the subgroup of patients with 
AAAs is that in the South Wales population, the 
prevalence of PAAs is not the one in seven reported by 
Diwan and colleagues in the population of Michigan.12 
Although the study was not powered to look for such a 
relationship, of 30 patients with aneurysm, none had a 
PAA based on traditional definitions. However, using 
a cut-off of 1 cm, three patients had a popliteal artery 
that may be regarded as ectatic or aneurysmal. One 
difference in the populations is that the University of 
Michigan series represented all-comers with AAAs 
whereas this series is purely an asymptomatic 
screened population. Further studies are ongoing to 
document the prevalence of peripheral artery aneur- 
ysms in our screened AAA population who do have 
aneurysms.

In conclusion, this study has shown that there 
would be no benefit of additional screening for PAAs 
during ultrasound screening for AAAs. However, Jhe 
diameter of the popliteal arteries in this study Was 
significantly less than in many previous studies and as 
such the size of an abnormal popliteal artery (ectatic or 
aneurysmal) must also be regarded as significantly 
less than the values previously reported in the 
literature. We would not advocate that all such 
patients require repair of their,-popliteal arteries but 
those with popliteal arteries greater than 1 cm may 
benefit from ultrasound surveillance.
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Medical audit

The evolution of a vascular surgeon at a 
district general hospital: is sub-specialisation 
inevitable?

CD Sutton, JP Gilmour, DP Btpy, MH Lewis

Department of General Surgery, Royal Glamorgan Hospital, Llantrisant, UK

We report a 15-year retrospective audit to evaluate the change in arterial surgical 
commitment on general surgical case mix of a single surgeon with a vascular interest at a 
district general hospital. There was a 409% increase in the number of arterial procedures 
performed combined with a fall of 52% in the total number of operations over the study 
period. We conclude that, with such a rapidly growing arterial caseload, sub-specialisation 
to vascular surgery is inevitable.

Key words: Vascular surgery - Sub-specialisation - Audit - District general hospital

Sub-specialisation and, in particular, the development (January 1984 to December 1998). The number of oper- 
of a vascular service has received much attention in ating sessions per week remained constant throughout 

recent years. 1 With a reported increase in the number of the study period. The data were obtained from the 
vascular referrals,2 we pose the question: can a general personal log book of the consultant and cross- 
surgeon with a vascular surgical interest continue referenced with the theatre records. No day-case sur- 
without sub-specialisation? In order to answer this gery was included as this was performed at a separate 
question, a retrospective audit was conducted to assess site to the major hospital. Venous surgery was pet- 
changes in the operative vascular case-load and their formed by all surgeons and, therefore, not included in 
effect on the total number of cases performed by a single this audit which comprised general surgery and 
surgeon with a vascular interest at a district general arterial surgery only, 
hospital.

	Results 
Patients and Methods During me study period/ a total of 7866 cases were
All operative vascular procedures performed under performed of which 1002 were arterial procedures. In 
one consultant were audited over a full 15-year period 1984, 22 arterial procedures were performed repre-

Coirespondence to: Mr MH Lewis, Royal Glamorgan Hospital, Llantrisant CF72 8XR, UK 

Tel: +44 1443 443443 ext 3538
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Operative case mix 1984-1998

1984
Jjotid endarterectomy 
AAA elective
AM emergency
Fern, pop-
Aortobi-uiac
Aortobi-femoral 
Aortobi-profunda
Axillobi-femoral
Axillo axillo
ftofunda endarterectomy
Ileac endarterectomy
Femoral endarterectomy
Aortic endarterectomy
Femoral aneurysm
Iliac aneurysm
Popliteal aneurysm
Fern-fern cross-over graft
Lumbar sympathectomy
Cervical sympathectomy

Total vascular cases
Total vascular &

general cases
% of vascular cases

0
5
5
0
0
1 
1
0
0
0
4
0
2
0
0
0
2
2
0

22
640

3.4

1985
0 
6
1
0
3

10 
0
1
0
3
2
0
0
2
1
0
4
0
0

33
687

4.8

1986
0 
7
2
0
2
7 
0
1
0
4
2
0
0
1
0
0
7
0
0

33
667

4.9

1987
0 
8
8
1
1
3 
0
3
0
1
0
0
2
0
0
0
3
1
0

31
655

4.7

1988
0 

15
0
2
0
4 
0
5
0
3
0
0
0
0
0
0
8
2
0

39
619

6.3

Year of operation 
1989 1990 1991 1992

0 
23
4
2
1

10 
0
8
0
3
0
0
0
0
2
0
4
1
0

68
622

9.3

0 
23
5
4
0
9 
3
6
0
0
0
2
1
0
0
0
1
0
0

64
647

8.3

0 
22
4
7
6
8 
1
4
0
2
0
0
0
1
1
3
2
0

61
594

10.3

2 
35
4
9
1

12 
3
7
0
4
0
0
0
0
2
0
3
2
0

84
495

17

1993
5 

31
7

13
2

13 
3
6
0
0
0
2
1
0
0
0
2
1
0

86
473

17

1994
12 
25

3
13
4

12 
0
5
0
1
0
3
0
1
1
2
3
1
0

86
419

20.4

1995
13 
27

2
13

1
5 
0

11
0
0
0
2
0
3
1
1
0
2
0

81
389

20.8

1996
27 
35

2
9
1
8 
0
5
0
0
0
5
1
2
1
2
5
1
0

104
320

32.1

1997

36 
32

2
17

1
4 
0
4
0
0
0
5
1
4
4
4
4
0
0

118
340

34.7

1998
24 
27

2
18
0

11 
0
3
1
0
1
2
0
0
2
2

14
3
3

112
335

33.4

Total
119 
321

51
108
23

117 
11
69

1
21

8
21

8
14
15
14
62
16
3

1002
7902

senting just 3.4% of the total number of cases. The 
number of arterial cases increased steadily over the 
study period such that, in 1998,112 arterial procedures 
were performed representing 33.4% of the total number 
of cases for that year (Table 1). This changing workload 
represented a 409% increase in the number of arterial 
procedures over the study period. However, the total 
number of cases fell from 640 procedures per annum in 
1984 to 335 per annum in 1998, a reduction of 5;2%. 
Details of the arterial procedures are given in Table 2.

Table 2 Vascular radiological procedures 1992-1998

1992
Angiograms
Angioplasty 
Thrombolysis
Duplex graft

surveillance
Aortic aneurysm

screerung

Total

151
49 

0
0

0

200

1993
153
45 
0
0

0

198

1994

176
52 
0
0

120

348

1995

171
64 

0
27

135

397

1996

194
62 

0
42

161

459

1997

185
75 

4
36

144

444

1998

178
82 
12

lOb

233

610

Total

1208
429 

16
210

793

2656

Discussion

The Royal Glamorgan Hospital (formerly the East 
Glamorgan District General Hospital) provides a 
general surgical service for 300,000 patients. In 1984, the 
beginning of this study, there were three consultant 
general surgeons. From 1994-1998 there were four, the 
additional surgeon also having a major interest in 
vascular surgery; yet, the figures demonstrate that this 
has not reduced the workload for the senior author of 
'his paper. The vascular surgical workload of most 
hospitals in the UK is increasing," and the data 
Presented in this study support this with a 409% 
increase in the number of arterial procedures over the 
15-year study period. Although an increased number of 
arterial procedures could be accounted for by an

increase in the prevalence of the disease, it is more likely 
that changes in referral patterns and advances in arterial 
treatment are the cause.2-4

One of the major increases in workload has been the 
repair of elective abdominal aortic aneurysm (Table 1). 
In 1992, we introduced an abdominal aortic aneurysm 
screening programme; however, the actual operative 
workload for elective repair found via this source aver 
ages 8 patients per year. Interestingly, there has been an 
apparent reduction in the emergency case-load for rup 
tured abdominal aortic aneurysms since this time. The 
mean number of elective repairs between 1992 and 1998 
was 30.2 cases per annum, compared with 13.6 before 
screening (1984-1991), representing an increase of 122%, 
despite the fact that elective abdominal aortic aneurysm 
repair has only been undertaken for aneurysms either in
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excess of 5.5 cm, tender, or showing an increase of 1 cm 
per year on ultrasound screening. There have been no 
elective aneurysm repairs outside these requirements. 
The hospital has not been involved in the small 
aneurysm trial.

Another operation having a major impact on the 
vascular workload of the hospital is carotid endarter- 
ectomies which have been performed from 1992 
onwards (Table 1) following publication of convincing 
data to support this approach in patients with symp 
tomatic stenosis greater than 70% of the internal carotid 
artery.5'7

The number of infra-inguinal by-pass grafts have 
also increased during the study period despite the 
surgeon in question only undertaking these operations 
for severe claudication (less than 10-15 cm) or for 
critical ischaemia. It is interesting that, during the study 
period, the trouser grafting (aorto-bi-iliac, aorto-bi- 
femoral, aorto-bi-profunda) increased to a maximum to 
1994 and, since that time, these operations have reduced 
in number. The reason for this change in pattern being 
the introduction of angioplasty, stenting and femora- 
femoral crossover, which is reflected in the vascular 
radiological workload (Table 2).

The appointment of radiologists to the hospital with 
a major interest in vascular intervention also began in 
1984. Since then, there has been a steady increase in the 
number of diagnostic and interventional vascular 
radiological procedures (Table 2). Accurate records are 
only available since 1992 when the department intro 
duced the RADIS system. Arteriograms continue to 
increase despite duplex scanning becoming one of the 
major means of investigating peripheral vascular 
disease. Duplex graft surveillance is also increasing. 
Vascular stenting was introduced in December 1995, 
mainly for occlusive iliac disease; the series is small, but 
increasing. With regards to the abdominal aortic 
aneurysm screening, patients with aneurysms less than 
3.5 cm are being screened 3-yearly by the aneurysm 
screening supervisor within the patient's own general 
practice; they are not included in these figures.

Due to the increased number of vascular cases per 
formed, there was a 52% reduction in the total number 
of procedures undertaken per annum; 640 major 
procedures in 1984 reduced to 335 in 1998. This has a 
major financial impact on the earning capacity for the 
hospital. In Bro Taff Health Authority, any patient 
staying one or more night in general surgery earns the 
Trust £1,300 whether this be a hernia or a ruptured 
abdominal aortic aneurysm. Since the workload of this

firm has reduced from 640 to 335 operations th 
therefore, been a reduction in excess of 300 6rellas. 
each earning £1,300, i.e. a reduction of moPratients' 
£390,000. Furthermore, not only has the firm's Vi-"**1 
earn money for the Trust fallen, but also, sin ' ^ 
major vascular procedures are being undertake '*** 
costs incurred by the firm have increased. For exa" "* 
the number of aortic aneurysms has increased f 
about 5 per annum in the early 1980s to about 30 i "a? 
late 1990s; these cost the Trust on average 
deficit of £3,700 each, or £111,000 per year.

Conclusions

Can the general surgeon with a vascular interest remain 
a true generalist? Clearly, our experience shows that the 
workload continues to increase despite the appointment 
of a second surgeon with a vascular interest. Further 
more, the full impact of further sub-specialisation on 
training remains to be seen. It has been suggested that 
the combination of a shorter Caiman training period and 
existing sub-specialisation has resulted in a situation 
where many senior trainees - and even junior 
consultants - do not have the experience to deal with 
vascular emergencies.8

Thus, in view of an'increasing demand for vascular 
surgery sendees and implications of current surgical 
training, if quality of patient care is to be maintained and 
improved, further sub-specialisation seems inevitable.
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Delay in starting aneurysm screening 'costing lives'

Kenneth Gravell from Gelli, Rhondda Cynon Taff, spoke of his shock after an 
aneurysm was picked up

Doctors are warning any delay in rolling out a screening 
programme for swollen arteries may be costing lives.

Surgeons with The Vascular Society say the abdominal aortic 
aneurysm screening for 65-year-old men across Wales needs to begin 
as soon as possible.

A national screening programme started in England in April 2009.

The assembly government said it had provided £600,000 and agreed 
the plan in December 2009, but that screening was not due to start 
for another year.

Abdominal aortic aneurysm (AAA) is the swelling or ballooning of the 
abdominal aorta blood vessel, often causing the aorta to grow to 
several times its normal size.

If untreated, the condition can 
cause the aorta to rupture, and the 
risk rises with the size of the j 
aneurysm. !

'Emotionally'

Local screening programmes have 
shown around 5% of 65 year old 
men are at risk, but if the 
aneurysm is detected early, it can 
be operated on safely.

Ruptures are responsible for 2.1% 
of all deaths in men over 65 years 
of age, who are six times more 
likely to suffer from the condition 
than women of a similar age.

Mike Lewis has been a consultant

If you live in the majority of 
Wales you may have an abdominal 
aneurysm and it is not being

surgeon for 26 years and is one of looked at
a handful of people in Wales Mike Lewis, surgeon_______
running a screening programme at
the Royal Glamorgan Hospital in Llantrisant.

He said: "We've had meetings over the past few years to look at 
whether screening is valuable, and whichever way you look at it, 
either financially, emotionally or health units, it is invaluable.

"In England we have five units running and one coming online. [In

South East Wales
Find out more about what is 
going on across the region
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Wales] we are continuing with one or two units like my own.
"If you live In the majority of Wales you may have an abdominal 
aneurysm and It Is not being looked at.

I'd have been dead, I've 
been told that
David Kennedy, patient

"I'm not sure how much longer we 
have to wait and watch 
unnecessary morbidity, I.e. illness, 
and death, unnecessarily."

He said the majority of people 
would die in their home if they had 
a ruptured aneurysm, and 80% of 
those who made it to hospital 
would also not survive.

David Kennedy, from Tonteg, 
Rhondda Cynon Taf, needed 
emergency surgery when his 
undetected aneurysm started to 
cause problems.

"I felt some pain which I thought was a pulled muscle. It persisted the 
following day and my wife insisted I go to the doctor," he said.

'Strongly recommend'

"When I got home I started to feel faint and the pain got more severe 
and I was feeling sick. My wife insisted I go back to the doctor and 
asked if they suspected an aneurysm. It was, and they called the 
paramedics.

"An ambulance came and brought me here and fortunately Mr Lewis 
was here. Once they scanned me my feet didn't touch the floor. I 
didn't have time to think about it or worry about it.

"I'd have been dead, I've been told that [if it hadn't been caught].

"In view of what happened to me, I would strongly recommend 
screening. It's so much better to have a planned operation than the 
way I had it."
The Welsh Assembly Government said in a statement: "The minister
has provided £0.6m from 2010-11 to help health boards plan and roll
out a national co-ordinated AAA screening programme in Wales for
men aged 65.
"The minister expects the programme to begin its roll out during
2011-12."
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Training

The senior SHO rotation in Wales - a basis for BST 
training

R E Mansel MS FRCS 

M H Lewis MD FRCS

E Lloyd-Davies MB BCH 

I M Williams MD FRCS 

A Rackham

Department of Surgery, East Glamorgan General Hospital

Between 1969-1992 there was a successful surgical 
registrar rotation in South Wales (1). This was a 
three-year rotation comprising two years general 
surgery, six months trauma and orthopaedics and 
six months surgical specialty. The rotation was 
aimed at those doctors who had completed senior 
house officer (SHO) posts in accident and emer 
gency, 6-12 months general surgery and had 
already obtained the primary FRCS.

However, with the recent recommendations of 
the Caiman Report concerning general surgical 
training (2) changes to this rotation have become 
necessary, namely to reduce the number of surgical 
registrars in order to achieve a balance in numbers 
entering higher surgical training and to shorten the 
period of training to seven years with two years 
Basic Surgical Training (BST) and five years 
Higher Surgical Training (HST). A modified 
rotation was therefore designed and implemented 
in South Wales since July 1992. The previous 
registrar rotation was shortened to two years 
instead of three ensuring the pre-requirements 
for entry into HST and eligibility to sit the second 
part FRCS.

The aim of this study was to assess whether the 
new senior SHO/BST rotation in South Wales is 
providing adequate training for our surgical 
trainees to enter into HST. We present our data 
as a potential basis for setting up a formal BST 
rotation.

Methods
Twenty-nine doctors have joined the rotation since July 
1992. There are five different rotations available (Table I).

Correspondence to: Mr M H Lewis, Department of Surgery,
East Glamorgan General Hospital, Near Pontypridd, Mid
Glamorgan
* University Wales College of Medicine, Heath Park, Cardiff

Twenty-seven trainees were interviewed directly but two 
overseas doctors could not be traced. Each doctor was 
asked the following questions:

(1) Why did you join the rotation?
(2) Has the rotation been beneficial? Yes/No, if so 

Why?
(3) What would you change about the rotation?
(4) How much practical experience did you gain? 

Range 1 (poor) to 5 (excellent).
(5) Have you passed the FRCS yet?
(6) How many attempts?
(7) At which stage of the rotation?
(8) Present position if left the rotation?
(9) Did the rotation help you get your next post?

(10) Future career plans?

Results
Of the 27 doctors interviewed 24 (88 per cent) were male 
and only three (12 per cent) female. Thirteen (48 per cent) 
are currently still on the rotation while 14 (52 per cent) 
have left. The results of the 10 questions asked were as 
follows:
(1) Reasons for joining the rotation? - (some doctors gave 
more than one reason).
• 21 (78 per cent) FRCS requirements.
• 11 (41 per cent) practical experience.
• 6 (22 per cent) considered next step in career.
• 9 (33 per cent) wanted security of two year rotation.
(2) Has the rotation been beneficial?
(Three (11 per cent) could not reply because they had not
been on the rotation long enough.)
• 23/24 (96 per cent) benefited from the rotation.
• 1/24 (4 per cent) felt he/she had not been adequately

trained. 
When asked the reason why he/she had benefited:
• 18/23 (75 per cent) had fulfilled the requirements for 

FRCS.
• 21/23 (88 per cent) good practical experience.
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Table I: List of the five different rotations (6-month slots) 
(General Surgery-Gen Surg, Trauma + Orthopaedics T + O)
Rotation A
Caidiothoracic
T + O
Gen Surg (DGH)
Gen Surg (Teaching)

Rotation C
Plastic
T + O
Gen Surg (Teaching)
Gen Surg (DGH)

Rotation E
Urology
T + O
Gen Surg (DGH)
Gen Surg (Teaching)

Rotation B
Urology
T + O
Gen Surg (Teaching)
Gen Surg (DGH)

Rotation D
Neurosurgery
T + O
Gen Surg (DGH)
Gen Surg (Teaching)

(3) What changes would they like?
• 19/27 (70 per cent) wanted formal FRCS teaching on a 

regular weekly/monthly basis made mandatory.
• 13/27 (48 per cent) wanted all posts to be equal in 

experience.
• 11/27 (41 per cent) wanted no regular house officer 

dudes.
• 3/27 (11 per cent) suggested progression from junior to 

more senior posts in terms of practical experience 
gained and responsibilities held.

• 4/27 (15 per cent) wanted progress reports to be taken 
from one post to the next listing their capabilities.

(4) Practical experience gained?
Each doctor was asked to grade their practical 

experience in each six-month post from a range of 1 
(poor) to 5 (excellent).

Trauma and orthopaedics slots gave variable experience 
although the majority obtained satisfactory to good

training. General surgery slots seemed to score better in 
the district general hospitals where practical experience 
gained was very good to excellent. Practical experience in 
the specialties as expected tended to be more limited with 
the exception of urology where good practical experience 
could be gained. In both cardiothoracic and plastic 
surgery satisfactory experience was gained (Table II).
(6) Pass rate for FRCS?

Nineteen (70 per cent) have been successful in 
obtaining the FRCS, the majority in the first or second 
attempt (Figure 1).
(7) At which stage of the rotation?

The majority (18) passed it within 18 months of being 
on the rotation (Figure 2). All doctors leaving the rotation 
,had passed the FRCS.
(8) Present position if left the rotation? 

Fourteen (52 per cent) have now left the rotation. All

Table II. This illustrates the extent of practical experience gained based on a 
scoring system of 1 (Poor) to 5 (Excellent) in Trauma + Orthopaedics, 
General Surgery and the specialties

Trauma + Orthopaedics
General Surgery
District General Hospital

-1
-2
-3

Teaching Hospital
-1
-2

Specialties
Urology
Cardiothoracic
Plastics
Neurosurgery

1
0

0
0
0

2
0

1
0
0
4

Practical experience gained 
2345
3

0
1
0

2
0

3
0
2
0

7

0
0
1

0
3

1
3
1
0

5

2
2
1

2
0

2
0
0
0

4

7
1
1

2
0

1
0
1
0
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SECOND 
NUMBER OF ATTEMPTS.

THRO

Figure 1. Number of attempts at FRCS

• MONTHS 12 MONTHS 18 MONTHS 
NUMBER OF MONTHS ON ROTATION.

Figure 2. Stage of rotation passed FRCS

24 MONTHS

doctors arc currently employed by the NHS in the UK.
Their current posts are as follows:
Research - General surgery 6

- Orthopaedics 1 
Career Registrar - General surgery 1

- Orthopaedics 2 
Specialty Appointments 4
(9) Did the rotation help you get your next post?

Yes 11 
No 2 
Unsure 1

(10) Future career plans?
These tended to be variable and as follows:

General surgery 7 
Trauma+orthopaedics 10 
Urology 5 
Plastic surgery 2 
Accident+emergency 1 
Unsure 2 •

Discussion
There is now a considerable dilemma as to how to offer 
successful surgical training in the United Kingdom, 
particularly with the reduction in junior doctor hours 
and the requirement to reduce the total number of years in 
training. This new rotation in South Wales may have 
drawbacks but it remains popular and offers a basis for a 
formal BST rotation and we present this data as a basis for 
other centres. This study has shown that the reorganised 
senior SHO rotation is able to train young surgeons up to 
the start of HST. All doctors who were eligible obtained 
the FRCS. As can be seen from the variety of future 
career plans this is not a specialist scheme but a BST as an 
entrance into HST. Eighteen months seems to be the 
correct length of time as FRCS was achieved by most by 
this time. Any reduction in time would not allow for this.

The majority of doctors (88 per cent) gained adequate 
experience and 96 per cent found the rotation beneficial. 
Those who left the rotation (52 per cent) have all 
progressed in their chosen surgical field, and the majority 
of those felt the rotation had helped them get their next 
post.

A study by Pritchard et al discussing the previous 
registrar rotation in South Wales showed comparable 
results. All doctors leaving the rotation had obtained the

FRCS, the majority passing it within two years of joining 
the rotation. Therefore a rotation of less than two years in 
duration would not be sufficient time for some doctors to 
pass the FRCS. Eighty-eight per cent remain in surgery 
and the distribution of career plans is similar.

There are disadvantages to this rotation. At present 
there is no formal teaching for postgraduate examinations. 
Attempts in the past have been unsuccessful because they 
have been at a time when most doctors were unable to 
attend due to other clinical responsibilities. It has been 
suggested therefore that teaching should be made 
mandatory and held on a weekly/monthly basis. The 
recent introduction of the STEP distant learning course 
by The Royal College of Surgeons of England is a good 
basis for such teaching. Studies have shown that 
insufficient time is designated for postgraduate teaching 
(3),

Secondly, the teaching hospital failed to offer training 
and therefore should training take place purely in the 
District General Hospital where excellent experience was 
gained? There should be more slots made available in the 
District General Hospital so that trainees are able to 
choose.

Assessment is very important. The new senior SHO 
rotation has annual reviews for their trainees where frank 
review of then- progress and training is given. The trainees 
were also asked to fill in an assessment of their training.

The data presented in this study shows the existence of 
a successful BST rotation in South Wales and offers a 
basis for those setting up similar rotations elsewhere in the 
UK.
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Visiting registrars in surgery: 
The trainees' viewpoint

R Dawson H S Shukla, 
R E Mansel* M H Lewis

Department of General Surgery, East Glamorgan General Hospital

Overseas Doctors have been coming for higher surgical training to the UK/or many years. Little is known 
about the reasons they choose to come here, what their expectations are and if the training they receive fulfils 
these expectations and prepares them for a career back home. The aim of this study was to address these 
questions andtoseewhatchangescouldbesuggestedtomaketrainingmoremeaningfultovisitingregistrars. 
Questionnaires were sent to 26 trainees who were part of'the 3year surgicalregistrar rotation in Wales from 
1992.23 completed questionnaires were availablefor analysis as the others were not traceable. 83% came to 
the UK to obtain the FRCS and train inaspecific aspect of general surgery (74%). The period of training was 
felt to be inadequate by 79% of trainees. 65%felt that of the total period of training, less than 75% was useful. 
On return to their own countries 96% were to be either solely or largely responsible for patients in their care. 
In conclusion, if surgical training is to remain meaningful to visiting trainees, changes would have to be made 
to the Caiman system to ena ble them to continue to do the FRCS and avenues made availablefor them to train 
in their stated areas of interest with adequate supervision, regular assessment and certification.

Key Words : Training; Surgical; Visiting Registrar

H igher surgical training in the UK has been 
undergoing significant alterations recently with 
the introduction of changes suggested by the 

Caiman report. This is expected to streamline the 
process so that at the end of a specified period of 
apprenticeship, the trainee is ready to take on the duties 
of a consultant. While such a system may work well for 
a career trainee in the UK, the position of a visiting trainee 
is less clear. For many decades the UK has been a 
popular destination for doctors from all over the 
Commonwealth and other parts of the world seeking 
higher education. Every year a large number of doctors 
enter the UKfor this purpose. General surgery and allied 
specialties have been one of the commonly chosen fields 
of training. However little is known about these trainees 
especially with regard to their aspirations, needs and 
whether their time in the UK is useful and relevant to the 
work they will be doing on their return home. Training 
schemes forthem have been traditionally constructed on 
the presumption that their needs are similar to that of 
UK trainees.

In Wales from 1969 to 1992 higher surgical training 
was in the form of a registrar rotation. From July 1992 
the programme was changed to a 2-year senior SHO 
rotation followed by a 3-year registrar rotation but from

^Department of General Surgery, University Hospital of Wales, Heath 
Park, Cardiff
Correspondence to: Mr M H Lewis, Department of General 
Surgery, East Glamorgan General Hospital, Mid Glamorgan, CF38 
1AB. Tel: 01443 218218; Fax: 01443 206852

July 1996 the new Caiman spR rotation has commenced. 
The aim of this study was to assess if visiting surgical 
registrars who went through this programme since 1992 
have received the training that they felt they required, 
their success or failure to progress in their careers, as well 
as to gather other information about the trainees 
themselves.

We believe that there is no published data on this 
subject and that this is the first attempt to present an 
objective assessment on the training received by visiting 
surgical registrars. We present our findings as a potential 
basis for structuring higher surgical training for visiting 
doctors at this time of changes within the British training 
system.

Methods
Twenty-six overseas doctors had joined this rotation 
since it was set up in 1992. They were each allocated 
three hospitals in each of which they would spend one 
year. There were nine such groups of three hospitals 
with three trainees rotating through each group at any 
given time. Each person was sent a questionnaire which 
he was asked to complete and return to the investigators. 
If they were unsure about any of the questions, they were 
able to askfor clarifications. Each was asked the following 
questions:

1. Why did you come to the UK for surgical training?
2. Why did you choose Wales for training?
3. Did you have the FRCS when you started the 

rotation?
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4. How many years of permit free training did you 
need to get the FRCS?

5. How many years of the rotation were you able to 
complete?

6. Did you posses a diploma in surgery from your 
home university before coming?

7. On a scale of 1 to 5 please grade the following 
aspects of training you received, 1 denoting the 
worst possible score and 5 the best.

a.Training in surgical management 
b. Operative surgical training -

i. elective
ii. emergency 

c.support from trainers 
d.protected time for study 
e.support in research activities 
f.given you confidence as a surgeon 
g.relevancetoyourfutureworkbackhome 
h.contracts and working hours 
i. other support, eg residences, etc.

Separate assessment was required for teaching and 
non-teachinghospitals.

8. Were you supervised in the operating theatre?
9. Do you feel the period of training has been 

adequate?
10. Have you had regular formal assessment of your 

training by interview?
11. Has this rotation prepared you adequately for the 

next step in your career?
12. On return to your country what will be the level at 

which you will function?
13. Of the entire period of training what proportion 

have you spent reasonably usefully?
14. Attitude to publications andpresentations.
15. What is more important to you, research or 

practical experience?
16. How many courses have you attended?
17. In which specialty within surgery are you seeking 

a career?
18. If there was one thing you could change about the 

rotation, what would it be?

All questions were phrased such that the answers were 
as a yes or no and time framesgiven as ranges. The data 
was then collated and analysed.

Results
Of the 23 doctors interviewed, all were male. Two 
persons could not be questioned because they had left the 
country and could not be traced. One left the rotation 
after 3 months and was therefore excluded. Following are 
the results:

1. Reasons for coining to the UK for training
Each person was allowed to give as many reasons as 

he wanted with most having more than one

- 17 (74%) To train in a specific aspect of general 
surgery, eg vascular

- 19(83%)ToobtainFRCS
- 10 (43 %) Training here (cf other countries) is 

better recognised athome
- 5 (22%) Surgical training is better here than in 

other countries.
- 2 (9%) It is easier to come here than elsewhere
- 1 (4%) Following colleagues and consultants who 

have been here earlier
- 2 (9 %) Other reasons, eg social, travel

2. Why did you choose Wales for training
13 (57%) This was the first place they were 
accepted

- 7 (30%) Worked here earlier and liked it
5 (22%) Heard about traininghere from others 
3 (13%) Spouse works in'this area

3. Did you have the FRCS when you started 
the rotation
- 23 (100%) yes

Where were you working vihen you obtained it
- 16 (70%) in UK
- 4(17%)inlreland
- 3 (13%) elsewhere

4. How many years of permit free training was 
used to get FRCS

- none, obtained before entering the UK 
- 10 (43%)

- less than 1 year -4(17%)
-1 to 2 years -8(35%)
- 2 to 3 years - 1 (5%)

5. How many years of the rotation were you 
able to complete before your permit free 
period expired
average of 2.6 years range 1 to 3 years

6. Possession of postgraduate diploma in 
surgery from home university
- 13 (5 7%) Yes
- 10 (43%) No

7. Supervision while operating 
Elective: Always4 (17%)

Mostly 17 (74%)
Sometimes 2 (9%)
Never 0
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Emergency : Always 0
Mostly 3 (13%) 
Sometimes 20 (87%) 
Never 0

8. Do you feel the period of training has been 
adequate
-18 (79%) No
- 4 (17%) Yes
- 1 (4%) Don't know 

What should the optimal period be: 
average 5 years

9. What proportion of training has been 
reasonably useful
-100% -0
-75-0,9% -8(35%)
-50-75% -12(52%)
- less than 50% -3(13%)

10. Formal assessment of training by interview
- 8 (35%) Yes at an average of every 6 months
-15 (65%) No

11. Has this rotation prepared you for the next 
step in your career
-16(69%) Yes
- 6 (27%) No
- 1 (4%) Don'tknow

12. On return to your country, at what level will 
you be functioning
- Solely responsible for patients in your care: 

-10 (52%)
- Largely responsible but help available if 

necessary - 9 (44%)
-Closely supervised -0
-Don'tknow -1(4%)

IS.Interestedinpublicationsandpresentations
- 20 (87%) Yes
- 3 (13%) No

14.What do you think ismore important, research 
or practical experience
-Both 10 (43%)
-Experience 13 (57%)

15. Attendance at courses
- Average 3. All wholly orpartly funded by the 

Health Authority

16. Career specialty
-11 (48%) General Surgery

- 1 (4%) Urology
-2(9%)Colorectal
-2(9%)Hepatobiliary
- 1 (4%) Laparoscopy
- 2 (9%) Vascular

1 7 . Training assessment-On each point the score 
given is on a scale of 1 to 5, 1 being worst and 5 being 
best . Of the 23 trainees all spent time in a DGH but only 
1 1 had worked at a teaching centre.

DGH 
N=23

a. Training in surgical 3.1
management 

b. Operative surgical 3.3
training-elective
-emergency 3.3 

c. Supportfrom trainers 4 
d. Protected time for study 2.9 
e. Support in research

activities 3 
f. Given you confidence as

a surgeon 3.8 
g.i, Relevance to your

future work at home 3.6 
h. Contracts and working

hours 3.1 
i. Other support, eg

residences 3

3.3

TEACHING 
N=ll

3.5 

3.5

3.4 
3.6
3.6

3.7

3.8

3.9 

3.6 

3 

3.5TOTALAVERAGE

1 8. Suggested changes in the rotation

1 . More information should be available about the job 
at the time of interview especially the named 
consultants within the rotation.

2. Special interest should be taken into account while 
allocatingposts.

3. Should get at least 1 year of level 3 training in the area 
ofinterest.

4. Independent regular assessment of training on a
regularbasis. 

5 . Jobs that do not fulfil requirements should be removed
from the rotation. 

6. There should be more supervision in surgery, both
elective and emergency. 

7 . It should be made possible for everyone to complete
3 years as a HST. 

8. At introduction, the level of training should be
according to the ability and past experience of die
trainee.

Discussion
Visiting trainees have been coming to the UK for many 
decades in order to undertake training in surgery.
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Despite this, we have been unable to find any publications 
in the literature involving the needs and provision of 
surgical training for overseas doctors in the UK. This 
study was therefore undertaken in order to assess the 
present training in surgery for postgraduate overseas 
surgeons, and to see if it meets their needs and if it can 
be improved. We have assumed that this group of 
visiting registrars is similar to others pursuing the same 
goal in other parts of the country.

All overseas trainees in our group were male. This 
is probably because surgery is not a popular field for 
female visiting doctors and in all likelihood reflects the 
patterns and problems of surgical training in their 
country of origin and will not change in the foreseeable 
future. It is not surprising that the majority of trainees 
say that the reason for coming to the UK was because the 
training here is better and well recognised at home. 
What is significant is that most of them have come here 
with a desir^ to train in a specific aspect of general 
surgery rather than to get an overall exposure(7). From 
our data, this need is notbeing addressed adequately at 
the present time. Obtaining the FRCS is also high on 
the list of reasons for coming to the UK and shows that 
in spite of the fact that most countries now have their 
own postgraduate training schemes and diplomas, the 
FRCS qualification continues to have a place(2). In fact 
in our group, a majority (56.5%) were already in 
possession of such a diploma. With the recent changes 
in the examination eligibility by the colleges, visiting 
trainees may no longer be able to obtain this diploma. 
The Royal Colleges should therefore review this matter 
otherwise in the future some trainees will choose other 
countries in which to work and train.

The site within the UK that trainees choose to work 
seems to depend on the first successful j ob interview and 
to a lesser extent on social reasons. From our data we 
found that trainees from abroad also choose to remain 
to complete higher surgical training in the same area that 
they worked as SHOs. In addition our data would 
suggest thatforeign graduates agree with the commonly 
held belief that by and large, the standard of patient care 
is fairly uniform throughout the UK (3) and hence there 
is little to choose between various centres. It would 
however seem sensible that regions should make a 
synopsis of general and specialised training available in 
their own area that could be made available to the 
prospective candidate.

A permit-free period of fouryears is available for the 
visiting trainee to obtain the desired training and acquire 
the FRCS diploma from one of the Royal Colleges. In 
thisstudy,allthecandidatesquestionedhadtheFellowship 
when they started the rotation. However a significant 
number (30%) had obtained it before entering the UK, 
the most commonplace being Ireland. The others spent 
between 1 to 2 years of their permit-free training just

becoming eligible to join a higher surgical training 
programme. As a consequence those who did the FRCS 
while working in the UK could on average complete only 
2.1 years of the 3 year rotation.

It is therefore no surprise that the period of training 
was found by most trainees to be inadequate. On average 
the optimal period was felt to be 5 years. It has been 
stressed that permit-free training is precious and should 
not be wasted as there is little opportunity to extend it (5). 
The problem is to match this advice with the need to fulfil 
HST entry requirements. Another possible reason for 
feeling that a longer period was necessary was the finding 
that most people (52%) felt that only a part of the period 
of training (50-75%) had been spent usefully. It is 
possible that rotations are designed to combine 'good' 
jobs with not so good ones in order to fulfil staffing 
requirements ashasbeen emphasised before (4).

In spite of the previous findings, most (69%) felt that 
they were now ready for the next step in their career. On 
return to their country, all were to be either entirely or 
almost entirely responsible for the patients under their 
care (ie, consultant equivalent). This means that no 
further training is going to be available before they take on 
full clinical responsibilities. Thus the needfor adequate 
training is all the more important and will also reflect on 
the reputation of British surgery abroad. In one case, a 
trainee (not from our group) on returning home was 
allowed to practise independently on the strength of his 
British training but had to quit because he was not found 
to be competent enough.

The perception of training received varied and 
obviously depends on many factors. Supervision was a 
major casualty with (87%) saying they were only 
sometimes supervised at emergency surgery and (9%) 
saying the same about elective work. This has been the 
finding in other studies as well (5). This situation will 
possibly improve only when the consultant to population 
ratio is brought up to recommended levels and also 
reflects the service commitment of the trainee(5). Only 
some (35%) had assessment of training on a regular basis. 
Unfortunately even in these cases it was by an informal 
chat rather than a formal interview in spite of the Welsh 
Higher Surgical Training Committee protocol requiring 
a six-monthly review by the surgical tutor. There does 
notseemtobe unifomity among hospitals in this respect. 
Without objective assessment of surgical experience a 
trainee will be allocated to a wholly incorrect training level 
and therefore wastes permit-free training (3). An incorrect 
assessment also has service implications as a trainee 
wrongly allocated to a higher level may be called upon to 
perform clinical functions he is not capable of with 
potentially disastrous results. Such a regular assessment 
can also be used as a basis for issuing a certificate at the 
end of the training period (3). This certificate could be 
a better guide to his clinical capabilities in his/her own
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country than the fellowship.
Although practical training was felt to be of more 

importance than research many trainees (57%) thought 
the two should go hand in hand. The benefits of research 
are quite different from clinical training (6) and the 
trainees possibly feel the latter to be of more relevance to 
their future work particularly if they wished to pursue an 
academic career.

On return home, most aspired to be general surgeons 
and only a few wanted careers in subspecialties. This 
change in career plans from the original aspirations of 
these trainees when they started (74% came for special 
training) has possibly resulted from the failure to receive 
adequate specialised training in the UK. As they went 
through the training programme, they realised that there 
was little scope for specialisation and that a general career 
was a more practical option.

When asked to assess various aspects of training, 
teaching andrDistrict General Hospitals scored the same 
on all points except support from trainers which was 
higher in DGHs. Teaching hospitals tended to have a 
higher score for protected time for study and support in 
research activities. The former probably reflects the 
increased service commitment of the trainee in the DGH 
and the latter to a combination of the same and better 
funding opportunities atteachinghospitals.

Conclusions
Higher surgical training in the UK is popular because it 
is perceived to be good, well thought of abroad and 
because the FRCS is a well recognised diploma. Most 
trainees who come here have already had some training 
in surgery and are in fact looking for opportunities for 
specialised experience. They feel the period of training 
is inadequate because a significant part of the permit free 
time is used to qualify forHST entry criteria and because 
a part of it is not useful. Many now undertake an initial 
period of training in Ireland so as to preserve permit free 
training period in the UK for use as a HST. In spite of 
this, they feel they are prepared for the next step in their 
careers which will in most cases be clinically independent 
work.

Most of the suggested changes to improve training like 
inappropriate service demands, haphazard experience 
and lack of adequate supervision have already been stated 
(7). The present changes underway may address some 
of these points. As long as the overall number of training 
posts exceeds the recognised careerposts, visiting trainees 
will be able to come here for training (5). This study 
shows that there are many discrepancies between what 
they come here for and what they get. We suggest that 
all trainees are fully assessed after completingtheirfirst six 
month slot as aSHO in the UK. If found suitable, they 
should then be allotted a slot for higher training in either 
general surgery or a specialty withinit, eg colorectal as per 
the need and ability of the trainee. Their progress must

be reviewed every six months or yearly by the regional 
training committee. We also suggest that contact is 
maintained with the trainee on return home so that 
valuable feedback is available.

In the future, visiting surgical trainees will no longer 
be able to take the FRCS diploma as the Home Office 
stipulated training period of 4 years is shorter than that 
required by the Royal Colleges to complete Higher 
Surgical Training. Our data shows that83% oftrainees 
come to the UK for the FRCS and the inability to get it 
will have an effect both on the number and the calibre of 
future registrars. The new diplomas on offer are not 
known abroad and are unlikely by themselves to attract 
trainees. Assessment must be improved and the results 
of this assessment must be the basis for the allocation of 
jobs and level of training. Regularreview is the best way 
to see that training is being received as intentioned and 
that both the trainee and the trainer are happy with the 
progress being made. Feedback from consultants is vital 
forprogress(S).

Visiting trainees are not a homogenous group. Our 
data shows that 57 % had some surgical training at home 
while the rest did not. Obviously their training needs are 
different. Is it possible to evolve a two track training 
system in which those who seek specialised exposure go 
through a different system than those who want general 
training? This will mean a more formal assessment 
before training begins as compared to the short interview 
the candidates face now.

While it is not possible to satisfy all needs, it is 
reasonable that the more commonly felt deficiencies are 
addressed so that the UK continues to be the destination 
of choice for surgical trainees from all over the world.
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SHORT-LISTING FOR SPECIALIST REGISTRARS: 
CONSULTANTS VERSUS MEDICAL PERSONNEL

JM Mele Personnel Officer
MH Lewis (FRCS) Consultant Surgeon

East Glamorgan General Hospital

T he short-listing process for specialist 
registrars and visiting specialist registrars has 
become very laborious, time-consuming and 

often a controversial process, involving several panellists 
and excessive costs for photocopying and postage. In 
Wales, the deanery has decided that consultant surgical 
staff should be actively involved in the short-listing 
process.

Aims
The present study was carried out to assess the accuracy 
of the final short-list by the short-listing committee and 
to examine alternative procedures.

Materials and methods
All 251 applications received in response to an 
advertisement placed for the general surgery higher 
specialist training (HST) slots on the Welsh rotation 
were photocopied and sent to members of the short 
listing panel (consultants, lay chairman, dean (University 
of Wales College of Medicine), programme director 
and senior manager). In addition, further copies of the 
applications along with the agreed short-listing guidelines 
were given to JMM, an experienced medical personnel 
officer (henceforth referred to as TO')- While the 
formal process was underway, the PO scored 
independently each application using the guidelines. 
When the final short-list was announced (10 SpRs and 
15 VSpRs), a short-listing of the 10 best SpRs and 15 
VSpRs was made from the PO's list. Similarly MIHL, 
one of the panel consultants (henceforth referred to as 
[C') also drew up such a short-list. These three short 
lists were then compared.

Results
Out of the total 251 applications received, the committee 
came up with a final short-list of 10 SpRs and 15 VSpRs.

When the scores of these 25 candidates were reviewed on 
the score sheets of the C and the PO, they were found to 
range from 4-2 3 and 2-19 respectively, out of a possible 
maximum of 28. Eight of the 25 candidates in the final 
short-list had too low a score to appear on the PO's and 
C's short-lists. An example of a candidate who scored 
badly (4 on the PO's score sheet) and whose application 
was short-listed by the panel is shown in Table I; 
conversely, an example of a candidate who scored well 
(16 on the PO's score sheet) who was not short-listed is 
shown in table II. Upon re-scrutinising the applications 
in detail, it was found that the PO's scores accurately 
followed the guidelines in 23 out of 25, in comparison 
to 8 out of 25 on the C's scores.

Discussion
Short-listing panels for SpRs are quite large with up to 
ten members, and in this case involved six consultant 
surgeons. Each of the 251 applications took three 
minutes to score, which means more than 12 hours'work 
per consultant, which is a total of 72 hours consultant 
time spent on scoring. If one adds to this the time 
involved in travel and attending short-listing meetings, 
a total of more than 100 consultant hours are lost to 
clinical time. In this study, the committee's final short 
list comprised 10 SpRs and 15 VSpRs. To be eligible to 
be short-listed on the PO's score sheet (to be within the 
top 10 SpRs and 15 VSpRs), a candidate would have to 
score 11 or more points. Similarly, candidates would 
have required 12 or more points to appear on the C s 
short-list. When the 25 final short-listed candidates 
were scrutinised, their scores ranged from 2-19 and 4- 
23 on the PO's and C's score sheets respectively. What 
this means, therefore, is that eight of the candidates with 
scores between 2-10 on the PO's and 4-11 on the C's did 
npt deserve short-listing. They should have been replaced 
by more deserving candidates with higher scores, as is
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exemplified by Tables I and II.
The PO was more accurate due to strict adherence to 

the guidelines, and was not influenced by knowledge of 
candidates or clinical bias etc. The reliability of the 
pO's scores is exemplified by an accuracy of 92% in 
comparison to 32% for C. Funher detailed statistical 
analysis would be meaningless because of the small 
sample size of 25. Moreover, this paper aims to suggest 
alternative approaches, rather than criticise, in any 
quantitative fashion, the existing guidelines or, indeed, 
the participating panellists.

Once guidelines are established, they need to be 
adhered to closely as this avoids potential complaints 
and litigation, particularly as candidates are aware of the 
guidelines and are entitled to request justification from 
the HST committee if not short-listed. These guidelines 
are drawn up as per the advice of the Department of 
Health 1 and there are obvious implications to any 
departure from this advice. However, they should be 
flexible enough to be able to incorporate changes from 
time to time, and this paper has set out such a change,

which the authors feel would be advantageous

Conclusions
This study demonstrates that short-listing by consultants 
is expensive, time-consuming and not necessarily 
accurate. Furthermore, this study shows conclusively 
that given clear-cut guidelines, short-listing can be 
undertaken competently by personnel managers. In view 
of these findings, the authors would like to recommend 
an alternative procedure for short-listing specialist 
registrars:

1. There should be clear-cut short-listingguidelines 
agreed by the training committee.

2. Three experienced medical personnel officers 
should draw up the short-list, which should be scrutinised 
and validated by a nominated consultant member of the 
interview panel.

3. To maintain quality control, a random review of 
non-short-listed candidates should be undertaken by the 
interview panel.

Table I
Low-scoring candidate short-listed by panel

Category Max Candidate Score

Other degree
Experience-clinical
Experience-research
Presentation
Posters
Publications (first
author)
Publications-other
Case report
Teaching/audit
Courses
ATLS

TOTAL

4
8
2
1
1
3

1
1
2
3
2

nil
66 mths
12 mths
5
nil
3

nil
nil
nil
Lap
nil

0
0
2
1
0
0

0
0
0
1
0

28

Table II
High-scoring candidate not short-listed
by panel

Category

'-'Other degree
Experience-clinical
Experience-research
Presentations
Posters
Publications (first 

fc author)
Publications-other
Case reports
Teaching/audit
Courses
ATLS

TOTAL

Max Candidate Score

4
8
2
1
1
3

1
1
2
3
2

MS
32 mths
nil
1
nil
1

nil
nil
1
lap/BSS

1
6
0

1 ,
*•;

0
0
1
3
0

28 16
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Doctors' knowledge of radiation exposure: 
questionnaire study
S Shiralkar, A Rennie, M Snow, R B GaJJand, M H Lewis, K Gower-Thomas

Introduction
Despite the small but definite risk to patients' health, 
investigations involving radiation are an accepted and 
fundamental part of medical practice. In the United 
Kingdom an estimated 100-250 deaths occur each year 
from cancers directly related to medical exposure to 
radiation.' In March 2000, the UK secretary of state 
issued new regulations that emphasised the import 
ance and dangers of radiation.2 '

We investigated the level of knowledge doctors 
have concerning radiation doses received by patients 
when they undergo commonly requested radiological 
investigations.

Participants, methods, and results
We compiled a questionnaire listing the most 
commonly requested radiological investigations. Par 
ticipants were asked to identify the average dose of 
radiation received when a person underwent a 
standard chest x ray. This was then used to represent a 
single dose of radiation, and doctors were asked to esti 
mate the equivalent doses of radiation for various 
radiological investigations (table).

We asked a convenience sample of 130 doctors at 
all different grades from two separate hospitals (South 
Wales and Oxford) to take part in the study and inter 
viewed each doctor on a one to one basis. All doctors 
agreed to complete the questionnaire. There was no 
negative marking. We accepted a deviation of 20% 
above and below the correct value (wider variations 
were allowed for those procedures for which the radia 
tion dose can vary enormously). Correct answers to the 
questions were derived from information available on 
the internet* and counter checked with the Royal Col 
lege of Radiologists.5

We interviewed 40 senior house officers, 40 
specialist registrars, 40 consultants, and 10 consultant 
radiologists. None of them knew the approximate dose 
of radiation received by a patient during a chest x ray 
or even the measurement in units of radiation (0.02 
mSv). The minimum score was 0% and the maximum 
score was 59%. Five doctors (4%) gave no correct 
answers. The estimated doses of radiation were much 
lower than the correct doses. For example, a patient

undergoing an arteriogram of the leg would receive 
400 times the radiation of a chest x ray, but the average 
mean answer was 26 times—that is, doctors were 
submitting their patients to a radiation dose that was 
16 times larger than they thought it was. The average 
mean dose of irradiation was six times the quantity 
estimated by the doctor.

Overall, 97% of the answers were underestimates of 
the actual dose; six (5%) doctors did not realise that 
ultrasound does not use ionising radiation; and 11 
(8%) did not realise that magnetic resonance imaging 
does not use ionising radiation.

Comment
In a convenience sample of doctors few had any 
knowledge about the level of radiation that their 
patients were exposed to during radiological investiga 
tions. Most patients entering hospital will have at least 
one x ray investigation and usually many more 
subsequent x rays. It is well known to both the lay 
public and to medical professionals that although 
radiological investigations are valuable, they represent 
a small but definite potential risk to health through 
exposure to ionising radiation.

Equivalent number of doses of radiation for most commonly requested Investigations. 
Dose for chest x ray used as single unit dose of radiation. Figures are numbers 
(percentage) of doctors with correct answer for each Investigation

Russdlsrtul 
Hospital, Dudley, 
Wot Midlands 
DY12HQ 
S Shiralkar 
amsulbmt surgm

Royal Berkshire 
Hi ispitiL Reading 
RG1 5AN 
AKennie
serafir htntxe. njjirtr m 
general surgery 
RBOaltind 
amivltant surgeon
ctmtinued uver

HMJ 200.W27 * 1-2

Radiological Investigation
Abdominal x ray
Lumbar spine x ray
Thoracic spins x ray
Barium swallow
PeroperalivB ctiobngtogram
Fixation of fractured neck of femur
Ultrasound of abdomen
CT of abdomen
Spiral CT of abdomen
MRI of abdomen
MRI of knee
MRI of spine
Leg arteriogram
Renal arteriogram
Thyroid isotope scan
White cell scan

Equivalent No ol chest I rays No of n
75

120
50

100
65
45
0

400
300

0
0
0

400
80
50

150

iirect answers (n=13Q)
2(1.5)
3(2)
4(3)
6(5)
3(2)

10(8)
124 (95)

8(6)
9(7)

119(92)
119 (92)
119(92)

0
1(1)
8(6)
2(1.5)

CT=compuled tomography; MRUmagnetic resonance Imaging.
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The interviewed doctors came from two hospitals in 
two different regions. Therefore our results may not 
apply throughout the United Kingdom, but it does seem 
that most doctors have no idea as to the amount of 
radiation received by patients undergoing commonly 
requested investigations, despite them all liaving under 
taken the radiation protection course. This lack of 
awareness of the degree of exposure to ionising 
radiation becomes particularly pertinent when we 
consider the number of patients who receive inappro 
priate or repeat examinauYHIS.
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Is asking patients in palliative care, "Are you depressed?" 
appropriate? Prospective study
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Depression is a serious problem that affects about a 
quarter of patients in palliative care. 1 Diagnosing 
depression is difficult because most patients are under 
standably sad. Lack of recognition of depression can 
lead to further morbidity and a detrimental effect on 
the quality of life.'

Screening for depression attracts wide interest, but 
as patients are frail and unwell, a screening tool needs 
to be brief. Asking North American patients in 
palliative care the single question, "Are you 
depressed?" had perfect sensitivity and specificity and 
100% positive predictive value compared with the 
schedule for affective disorders." Other studies of 
patients with stroke and elderly patients found that a 
single statement with a "yes" or "no" response correctly 
classified more than 80% of people as depressed or not 
depressed.* '

Participants, methods, and results
Patients were eligible to participate if they received 
only palliative and supportive day care; 106 were eligi 
ble to participate in the study during six months. A 
total of 74 patients consented to participate; we got 
baseline demographic information on age, ethnicity, 
diagnosis, past history of depression, and performance 
status (all patients had an Eastern Cooperative Oncol 
ogy Group (ECOG) performance of 2 or 3—that is, 
physical function was limited). Age, sex, disease state, 
and performance status did not differ between 
consenters and non-consenters. Patients were aged 
28-89 (mean 68) years.

We compared the result of the single question, "Are 
you depressed?" with a semistructured clinical psychi 
atric interview based on the criteria of the fourth 
edition of the Diagnostic and Statistical Manual of Mental 
Disorders. We calculated die sensitivity, specificity, and 
the positive and negative predictive values.

Number of patients answering the question, "Are you depressed?" 
and results of their clinical Interview

Clinical Interview (Oagimttc ami Sblisllal 
Manual ot Mental Disorders. 4Bi «rf)____

Are you depressBd? 
Yes Ho

Depressed
Not depiBssed
Total

We found that 27% of patients had depression 
(95% confidence interval 17% to 37%). To the single 
question, "Are you depressed?" 25 patients responded 
"yes"; in the clinical interview we found that 11 were 
depressed. Nine patients who replied "no" to the ques 
tion were considered depressed by clinical interview 
(table). A yes answer had a sensitivity of 55% (34% to 
77%) and specificity of 74% (61% to 84%) and positive 
and negative values of 44% and 82% respectively.

Comment
The single question, "Are you depressed?" is widely 
believed to successfully screen for depression in pallia 
tive care—many clinicians use it routinely—but it does 
not have the perfect sensitivity and specificity in the 
UK population that it achieved in North America'

Although this is a small study, it is larger than many 
other studies concerning patients in palliative care. A 
quarter of patients had depression. The single question 
in this study correctly identified just over half of the 
patients diagnosed as depressed and approximately 
three quarters of the patients diagnosed as non- 
depressed.

In die North American study, the researchers 
included the single question, "Are you depressed?" in 
the schediJe of the interview, which may have biased 
the results. Our results are also less favourable than 
those found in a study of stroke patients and elderly 
patients which compared the discriminating power of
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AIM: To investigate knowledge of the use of ionizing radiation in 2010 and whether there 
has been any change in this knowledge since the study was first undertaken over 7 years ago.

MATERIALS AND METHODS: In both studies a single chest x-ray was classed as one unit nf 
radiation. Doctors from all grades were asked to evaluate the average radiation dose incurred 
with 13 commonly undertaken radiological procedures, including magnetic resonance imaging 
(MRI), computed tomography (CT), etc. Answers within 20% of the actual dose were marked as 
correct

RESULTS: Two hundred and forty-two questionnaires were completed (130 in 2003; 112 in 
2010). Equal numbers ofijuniors, middle grades, and consultants were questioned, and scores 
were .comparable (23.3% in 2003; 29.4% in 2010). The majority of doctors (92% in 2003; 86% in 
2010) correctly noted that ultrasound and MRI involve no radiation. Doctors underestimated 
the radiation.!doses,of all investigations by a smaller margin in 2010 compared to 2003 (i.e., 
more accurately), ,with only one exception: CT of the abdomen.

CONCLUSION: Despite evidence of some improvement, doctors of all grades still have a very 
poor knowledge of radiation exposure even with the most common investigations. The 
worsening appreciation of the radiation involved in CT scanning is especially worrying 
considering its increasing use in practice today.

© 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Introduction

In 2003 the authors published a two-centre study on 
doctors' knowledge of radiation doses of commonly per 
formed radiological investigations.1 This article clearly 
demonstrated that doctors' knowledge regarding radiation

* Guarantor and correspondent: D.C. Bosanquet, Department of Surgery, 
Royal Glamorgan Hospital, Ynysmaerdy, Llantrisant, CF72 8XR, UK. Tel.: +44 
7786543267; fax: +44 1443 443224.

E-mail address: davebosanquet@hotmail.com (D.C. Bosanquet).

doses was seriously lacking. Since then a number of other 
centres, both within and outside the UK, have found similar 
results.2"4 Radiation is considered to have a dose-depen 
dant effect on the human body, increasing the risk of caneer, 
particularly in younger women. The use of ionizing medical 
imaging has increased continually since the 1950s, with 
recent papers in the USA demonstrating a sixfold increase in 
medical-related radiation from 1980 to 2006.5 In view of 
this, in February 2010 the USA Food and Drugs Administra 
tion issued legislation to reduce unnecessary radiation 
exposure from medical imaging. Similarly in the UK, 
computed tomography (CT) has become the most frequently

0009-9260/S - see front matter © 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved. 
doi:l0.1016/j.crad.20ll.03.009
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used imaging method for investigating patients; the number 
of CT examinations performed in England has risen 
dramatically from 1.9 million in 2003-2004 to over 
3.7million in 2009-2010.6 A single abdominal CT examina 
tion is estimated to give an overall lifetime risk of fatal cancer 
Ofonein2000.7

Although in the UK there is no requirement for practising 
doctors to pass any specific examinations regarding radiation 
doses, the Ionising Radiation (Medical Exposure) Regulations 
(IRMER) 2000 require the "practitioner" (either radiologist or 
radiographer) to ensure the information obtained by the 
examination justifies the radiation dose and its associated 
risks. Therefore, it is imperative that the requesting doctor 
(the referrer) has some idea of the radiation dose involved and 
its associated dangers, especially with commonly requested 
radiological investigations. Understanding radiation doses is 
not simple because the dose received by the patient depends 
on the type of radiation (alpha/beta/gamma/x-ray) and the 
body tissue exposed. Furthermore, radiation doses for iden 
tical studies vary from patient to patient, depending for 
example, on body mass index (BMI).8

Although the preferred unit of effective radiation dose is 
the sievert, Quinn et al.9 pioneered comparing radiation 
doses using the "unit" of a single chest x-ray. This tool has 
subsequently been used by a number of other authors.2"4' 10

The present study documents doctors' current knowl 
edge of radiation doses and this was compared to the results 
of the previous study in 2003.

Materials and methods

Hospital doctors from a variety of specialities (including 
medicine, surgery and anaesthetics) and grades in two 
hospitals were approached. Doctors were classified as 
either "juniors" (house officer or senior house officer 
equivalent), "middle grades", or consultants. Doctors were 
approached at random and questionnaires'were completed 
"at interview". Assuming a single chest radiograph equalled 
one unit of radiation, doctors were asked to estimate the 
radiation dose received during 13 commonly performed 
radiological procedures. These included seven irradiating 
investigations and four irradiation-free procedures [ultra 
sound and magnetic resonance imaging (MR!)]. These 
investigations were identical to the previously published 
study in 2003, with the exception of two investigations now 
infrequently performed (namely renal arteriography and 
non-spiral CT of abdomen), and one with a large variation in 
radiation dose (fluoroscopy during surgery for a fractured 
neck of femur). Actual radiation doses were updated from 
2003, and were derived from current literature.8'11 Answers 
within 20% of the actual dose were marked as correct, with 
no negative marking. The average estimated radiation dose 
was calculated for each example (i.e., the mean) and 
expressed as a multiple of chest radiograph examination 
"units". Using this average, a calculation was performed to 
deduce the "underestimation factor". This is the factor by 
which the calculated average differed from the correct dose. 
This was calculated using the formula: actual dose divided

749

by average estimated radiation dose. Answers greater than 
1 indicate the estimated average dose was smaller than the 
actual dose.

Results

A total of 112 doctors completed the questionnaire (South 
Wales n = 53, Oxford n = 59). There were 39 "juniors", 34 
"middle grades", and 39 consultants. The total average correct 
score was 29%, and was comparable between the three groups 
("juniors": 29%, "middle grade": 28%, consultants: 31%).

The majority of doctors correctly identified that both 
ultrasound and MRI involve no radiation (86%). This 
percentage is less than results from 2003 (92%). If ultrasound 
and MRI are excluded from analysis (leaving nine remaining 
questions), the average score would have been considerably 
less (4.4%). The numbers of correct responses for each indi 
vidual investigation involving radiation are given in Table 1.

Both study results (2003 and 2010) have demonstrated 
that the majority of doctors significantly underestimate the 
radiation dose incurred by their patients during radiological 
investigations. When ultrasound and MRI are excluded, 
doctors underestimated the dose of radiation received by 
a factor of 7.5 in 2003 (Table 1). In the present study, they 
underestimated the dose by a factor of 3.7 (Table 1). In 2010 
doctors had a better appreciation of the radiation received 
during isotope scanning of the thyroid compared with all 
other irradiating investigations (underestimated by a factor 
of 1.1). In 2003, it was CTof the abdomen that was the most 
accurately estimated (underestimated by a factor of 1.48). 
However, in both studies doctors underestimated the radi 
ation received during femoral arteriography by the largest 
margin (8.5 in 2010; 14.9 in 2003).

In general in 2010, doctors estimated a greater (and, 
therefore, more accurate) radiation dose for any given 
investigation when compared to 2003 (e.g., estimates of 
radiation dose of thoracic spine radiograph "12.6 chest 
x-rays" in 2010 versus "6.1 chest x-rays" in 2003). Despite 
adjustments in radiation doses from 2003 to 2010, there 
was a smaller underestimation factor between the two 
studies (e.g., thoracic spine x-ray; 2010 underestimated by 
a factor of 4.0, in 2003 by a factor of 8.2). The one exception 
to both of these results was with regard to CT of the 
abdomen; doctors appreciation of the radiation received 
was worse when comparing both average figures ("164.2 
chest x-rays" in 2010 versus "203 chest x-rays" in 2003) and 
underestimation factors (2.4 in 2010; 1.5 in 2003).

Discussion
Radiological investigations are a fundamental aspect of 

the diagnostic and therapeutic management of patients. In 
the USA 50% of the annual radiation dose received by the 
average individual is manmade (approximately 3.1 mSv per 
annum) with the majority of this arising from CT usage.12 In 
the UK the corresponding figure is 16% (approximately 
0.4 mSv per annum).13 The risks of ionizing radiation are 
not insignificant. It is currently thought that the
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Table 1
Questionnaire results from 2010 and 2003.
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2010
Correct answer1"
Average5
Underestimation
Range"
Median6
Number correct
2003
Correct answer1"
Average1"
Underestimation
Range"
Number correct

Abdominal 
x-ray

35s
13.4
2.6
1 to 500
4
7

75
7.3
10.3
0.5-75
2

Lumbar 
spine 
x-ray*

75s
13.9
5.4
1 to 300
5
1

120
12.2
9.8
1-100
3

Thoracic 
spine 
x-ray*

50s
12.6
4.0
1 to 300
5
4

50
6.1
8.2
1-75
4

Barium 
swallow

75'°
26.0
2.9
1 to 500
10
5

100
18.1
5.5
1-200
6

Operative 
cholangiogram

15010
29.1
5.2
1 to 500
10
1

65
13.5
4.8
0.1-200
3

Spiral 
CTof 
abdomen

400s
164.2
2.4
1 to 2000
100
3

300
203
1.5
1-3000
9

Arteriogram 
of leg

355.0
41.6
8.5
0.5 to 500
12
1

400
26.8
14.9
0.5-1000
0

Isotope 
thyroid scan

95"
87.2
1.1
0.05 to 1000
20
12

50
16
3.1
0-200
8

White Average 
cell scan

—————————— ~ —— -
335s
208.1
1.6 3.7
0.25 to 8000
20
2

150
16
9.4 7.5
0-200
2

CT, computed tomography. 
" Antero-posterior and lateral views. 
b Values given as "number of chest x-rays".

relationship between radiation exposure and cancer 
development is linear, with no threshold (i.e., stochastic 
relationship) although some groups are more at risk than 
others, for example children.4 Whereas the effects to any 
given individual may be small or insignificant, there are 
increasing data regarding the risk of cancer development in 
patients exposed to medical radiation.7'14 Recent publica 
tions have shown that doctors' appreciation of the rela 
tionship between radiation doses and cancer is poor.2'10 
Furthermore, the vast majority of patients are unaware of 
the radiation dose received during radiological examina 
tions and the associated risks.10 As such there exists 
a worrying lack of knowledge amongst both doctors and 
patients as to the radiation exposure and associated risks.

Since 2003, a number of other publications have 
demonstrated inadequate knowledge of radiation dbses 
amongst doctors using similar methods to the original 
study in 2003. In a questionnaire survey, of 153 doctors in 
Northern Ireland, with regard to the radiation doses and 
associated cancer risks, there was an average score of 39%.2 
Zhou et al.4 surveyed 331 doctors and students in Australia, 
asking about radiation doses, cancer risk, and background 
radiation, with responders on average scoring 32%. 
Maubeen et al.15 questioned 112 4th and 5 th year medical 
students on their knowledge of ionizing and non-ionizing 
radiation, with an average score of 40%. These data clearly 
show a substandard knowledge of radiation, but these 
studies cannot be used for comparison; despite some 
similarities; there is no standard methodology, no uniform 
group of doctors interviewed, and no agreement with the 
types of radiological procedures included.

The present data demonstrate an improvement in the 
average scores obtained over the past 7 years (29.4% in 
2010; 23.3% in 2003), although these figures cannot be 
directly compared (three questions were excluded in this 
current study). These scores, however, remain remarkably 
low and if MRI and ultrasound are excluded, the total 
average score obtained would be 4.4%. This suggests a very

serious lack in the appreciation of radiation doses, even 
given the apparent improvement over the last 7 years. In 
both investigations answers within 20% of the actual dose 
was marked as correct, and although this figure has been 
used by other authors,3 the figure was selected without true 
scientific grounding, and the total scores would be different 
should another figure be used.

What is clearly demonstrated here relates to the average 
estimated dose of each investigation, which is comparable 
between the two studies. With the exception of CT of the 
abdomen, doctors' estimates of radiation doses received in 
all procedures involving ionizing radiation has improved 
over the last 7 years. This correlates with a decrease in the 
underestimation of radiation doses. CT of the abdomen is 
the one exception to this. In the USA, CT studies account for 
47-70% of all medical radiation,5-10 and its increasing usage 
over recent years is the primary cause for the sixfold 
increase in average radiation dose incurred per person per 
year from 1980 to 2006.5 In the UK, CT usage doubled from 
1997 to 2007, and contributes 68% of the collective radiation 
dose received from all medical and dental examinations.16 
Lee et al. investigated patient and doctor awareness of the 
lifetime risk of cancer induced by CT. Only 3% of patients, 9% 
of emergency department doctors, and less than half (47%) 
of radiologists correctly identified there was any associated 
cancer risk with CT.10 A recent study has estimated that 
29,000 cancers will develop as a direct result of CT per 
formed in 2007 in the USA.17 The present findings suggest 
that the one area accounting for the largest increase in 
medical radiation is associated with the least appreciation 
of radiation dose when compared with 2003.

Ultrasound and MRI involve no ionizing radiation. In the 
present report, 86% of all responders correctly identified 
this. This is somewhat lower than the figure of 92% obtained 
in 2003; however, it is comparable with the literature. 
Arslanoglu et al. found 96% and 74.3% of responders iden 
tified ultrasound and MRI as being radiation free, respec 
tively.3 In the study by Zhou et al. the corresponding figures
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were 88.7% and 74.5%,4 and in the study by Soye et al. the 
figures were 90% and 78%.2

Owing to the overwhelming evidence of inadequate 
knowledge of radiation and its effects amongst physicians, 
the World Health Organisation (WHO) has made a number 
of suggestions for improvement.18 These include giving 
a greater emphasis to the education of medical students on 
radiation and its effects. They also suggest radiation 
awareness composes part of the induction of junior doctors. 
For established clinicians, clinical behaviour can be modi 
fied through audit, educational outreach, and individual 
guideline-based feedback messages embedded into x-ray 
reports, which have been shown to reduce inappropriate 
use of diagnostic imaging by up to 20%.18

In conclusion, this is the first study to examine a similar 
population over a 7 year period to evaluate doctors' devel 
oping knowledge of radiation exposure. Although general 
knowledge remains poor, there is a suggestion that there is 
an improvement in the general appreciation of radiation 
doses. The one exception of this, CT, is especially worrying 
considering its increasing use in practice today.
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Assessment of basic surgical trainees: can we do more?
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Introduction: Changes to surgical training and reduction of junior doctors' working hours has resulted 
in trainees spending less time in surgical specialties before becoming eligible to apply for specialist 
registrar posts. A high quality basic surgical training programme is needed to improve the competence 
of trainees during their shortened period, an essential part of which is to conduct a formal assessment 
at the end of each training post and regular appraisals during their period of training. 
Aims: To analyse the existing practice with regard to conducting assessment and apprais 
surgical trainees in the South East Wales region. 
Methods: A questionnaire was sent to all the basic surgical trainees in the South East Wales region. 
Results: A total of 52 questionnaires were sent out and 44 (84%) were returned. Four candidates were 
in the first post of their rotation, and were therefore excluded from the study. Nine of the 40 trainees 
(23%) did not have an assessment in one or more of their posts. There are 17 senior house officer posts 
available in general surgery in the rotation. Of the 31 "six month" episodes spent in these 17 posts, 
27 (87%) underwent an assessment, 12 of the 17 (70%) episodes in trauma and orthopaedics (12 
available posts) were assessed, and 31 of the 35 (88%) episodes in accident and emergency (eight 
available posts) underwent an assessment. Twenty eight of the 40 trainees (70%) did not undergo 
regular appraisals during the majority of their posts. Only 30%-50% of episodes spent in general sur 
gery, orthopaedics, and accident and emergency underwent appraisals. The majority of the episodes 
spent in the other surgical specialties (12 posts available in total) had formal assessment and regular 
appraisals except for urology in which two of seven episodes underwent assessment and one under 
went an appraisal. Twelve candidates (30%) expressed the view that operative experience and tech 
nical skills must form part of their assessment. Eight trainees (20%) felt that they needed more help from 
tutors with regard to career advice, preparation of curriculum vitae, and interview techniques for spe 
cialist registrar posts. Eight trainees mentioned that they had discussed unsatisfactory posts with their 
tutors but were not aware of any changes made to these posts.
Conclusions: This study has shown that the formal assessment of basic surgical trainees at the end of 
each training post has to improve further. The existing practice of conducting regular appraisals for the 
trainees is grossly inadequate. There appears to be a need for formulating guidelines for conducting 
such appraisals, which would help to improve practice in the future.
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S urgical training has undergone vast changes in recent 
years. As a result, a candidate can apply for a specialist 
registrar post after only two years of basic surgical train 

ing. However, a sharp rise in the level of clinical competence, 
responsibilities, and leadership qualities is expected from a 
trainee as soon as he or she enters higher specialist training. To 
achieve this, a systematic and supervised basic surgical train 
ing programme is needed, an essential part of which is to 
regularly assess the progress of the trainee and the quality of 
training. The Royal College of Surgeons of England states that 
all basic surgical trainees must have a formal assessment at 
the end of each training post. This should involve a meeting 
with the supervising consultant and the completion of a 
trainee assessment form. Targets and educational objectives 
should have been previously set and the progress of the train 
ees monitored to get most value from these assessments. 
Hence, regular appraisals, whereby meetings are held between 
the local educational supervisor/consultant and the trainee to 
monitor his/her progress, are also an important part of the 
training programme.

One of the aims of this study was to analyse how often the 
trainees undergo assessment and appraisal during their basic 
surgical training and the methods used for assessment. 
Secondly, we aimed to obtain the views of the trainees with 
regard to assessment methods, and any aspects of the 
training, that they feel were not reviewed by their trainers.

METHOD
A comprehensive questionnaire was sent to all the basic 
surgical trainees in the South East Wales region. Some candi 
dates were also interviewed over the telephone to fill out any 
incomplete questionnaires.

RESULTS
A total of 52 questionnaires were sent out and 44 (84%) were 
returned. Of the 44 trainees, eight had passed both parts of the 
MRCS/AFRCS, and 19 had completed the part 1 MRCS/ 
AFRCS.

Assessment
Four candidates were in the first post of their rotation, and 
were therefore excluded from the study. Of the remaining 40 
trainees, nine (23%) did not have an assessment in one or 
more of their posts. There were 17 senior house officer posts 
available in general surgery in the rotation and 31 "six month" 
episodes; 27 (87%) underwent a formal assessment. Similarly, 
of the 17 episodes spent in trauma and orthopaedics (12 
available posts), there were 12 assessments performed (70%) 
and of the 35 episodes in accident and emergency (eight 
available posts), 31 (88%) were assessed. Sixteen episodes 
were spent in various other surgical specialties (12 available 
posts in total), all of which were assessed at the end of six 
months, except for urology, in which only two of the seven 
episodes underwent assessment.
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Table 1 Results of questionnaire

Specialty

General surgery
Trauma and orthopaedics
Accident and emergency
Urology
Ear, nose, and throat
Plastic surgery
Cardiothoracic surgery
Neurosurgery

No of episodes

31
17
35
7
2
2
2
3

No of episodes that 
underwent 
assessment

27
12
31
2
2
2
2
3

No of episodes that 
underwent regular 
appraisals

15
5
15
1
2
2
1
2

Appraisals
Twenty eight of the 40 trainees (70%) did not have a regular 
appraisal in the majority of their training posts. Only five can 
didates had undergone regular appraisals in all of their train 
ing posts.

When the individual posts were analysed, the surgical 
specialties other than urology performed well again, with 
most of the episodes providing regular appraisals. With 
regards to trainees in general surgery, trauma and ortho 
paedics, and accident and emergency only 30%-50% of 
the episodes spent in these specialties received regular 
appraisals.

These results have been summarised in table 1.

Method of assessment
The assessment was carried out by the respective consultant in 
the majority of cases. Four candidates were interviewed by the 
basic surgical training committee during one of their posts. 
Twenty six trainees replied that the Royal College of Surgeons 
forms were used for assessment in one or more of their posts. 
Locally designed departmental forms were used for assess 
ment of 14 candidates, and assessment was by interview for 
six candidates.

Methods of appraisal
All the appraisals were by interview and were carried out by 
the local educational supervisor. Spontaneous comments were 
made by 12 trainees (30%), all of whom felt that operative 
experience and technical skills should form part of their 
assessment. Eight trainees (20%) expressed their view that 
career advice should form a part of the appraisals. Eight of the 
40 trainees (20%) stated that they had worked in at least one 
unsatisfactory post during their rotation.

DISCUSSION
Changes in surgical training and reduction of junior doctors' 
working hours has resulted in candidates spending less time 
in the surgical specialties before being eligible for specialist 
training. 1 However, during this shortened period, the trainees 
have to improve their competence, which include clinical and 
operative skills, and other professional attitudes such as lead 
ership, initiative, and communication skills. 2 ' A high quality 
of training is needed to achieve this, thereby preparing the 
trainee for the increased responsibilities associated with 
specialist training. It is also important that a regular and 
effective assessment programme is used in order to identify 
and correct any shortcomings on the part of the candidate and 
to ensure that the posts offer adequate and comprehensive
training.

Our survey has shown that overall, the formal assessment 
of basic surgical trainees at the end of their individual posts is 
satisfactory in terms of percentage achieved, though there is

still room for improvement. However, this study highlights the 
need for consistency in the methods used for assessment by 
the surgical departments in the various hospitals that partici 
pate in the rotation.

The training board of the Royal College of Surgeons of 
England recommends that basic surgical trainees must 
receive regular appraisals during their training.' This involves 
an initial meeting with the consultant/local educational 
supervisor to familiarise them with the work of the unit and 
to set educational aims and objectives. Thereafter, regular 
meetings must be arranged to assess if the aims are being 
met. Twenty eight of the 40 trainees in our study (70%) did 
not receive any appraisals during the majority of their train 
ing posts. The educational objectives of a trainee in any par 
ticular post depends on what stage of the rotation he or she is 
in, future career aims of the trainee, and the type and volume 
of workload undertaken by the unit in which they train. 
Hence, the appraisals have to be tailored to meet the 
individual trainee's needs. However, there are no formal 
guidelines or a framework available to the educational 
supervisor/consultant for conducting such appraisals. 
Another possible reason for poor compliance rate among 
the educational supervisors is the lack of "protected time" 
for conducting appraisals, which may be viewed as an 
additional burden, considering their clinical commitments. 
We are currently interviewing all the educational supervisors 
in Wales to study the existing appraisal methods and 
practices.

Twelve trainees (30%) expressed the view that operative 
experience and technical skills were not covered during the 
appraisals or assessment. A survey conducted among consult 
ant surgeons has revealed that they consider technical skills 
an important part of the assessment of higher surgical 
trainees. 5 Considering the constraints imposed on the 
duration of basic surgical training, an objective method of 
assessment of technical skills may be useful to identify and 
correct any practical shortcomings in the trainees. Such 
methods have been tried to assess surgical trainees in other 
countries. 6

Eight candidates (20%) felt that they need more help 
from tutors with regard to career advice, preparation of 
curriculum vitae, and interview techniques for specialist 
registrar posts. Lastly, eight trainees mentioned that they had 
discussed with their local tutor or training committee about 
unsatisfactory posts. However, none of them were aware of 
any changes made to these posts as a result of their 
complaints.

CONCLUSIONS
Formal assessment of basic surgical trainees at the end of their 
individual posts requires improvement from the current level. 
Improvement will be obtained by following a consistent 
method of assessment in each post. The current practice of
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conducting appraisals is grossly inadequate. The formulation 
of guidelines on the conduct of appraisals is therefore 
necessary. Furthermore, changes to include evaluation of 
technical skills, operative experience, and career advice may 
help to improve the overall standards of assessment.
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Registrar operating experience 
over a 15-year period: More, 
less or more or less the same?
Background: Concerns have been raised on the effects that recent changes in junior doctor work 
patterns may have on the breadth and depth of operative exposure achieved during specialist registrar 
training. This study aimed to determine whether there was any justification for these concerns by 
assessing whether there have been significant changes in either the number of cases or the case mix 
operated upon by registrars over the course of the past fifteen years. Methods: A retrospective review 
of theatre records was undertaken, looking at the caseload of the registrars working for the same 
two consultant surgeons at one district general hospital in four one-year periods (1986-7; 1991-2; 
1998-9; 2001-2). The number, subspecialty, and time of each operation were recorded. Results: Whilst 
operating experience for the first three periods of the study was static, the most recent assessment 
point has demonstrated a significant reduction in trainee routine operative experience and also a small 
reduction in the emergency workload performed by both firms. There was also a significant change in 
the elective case mixes corresponding to consultant sub-specialisation during this period. In addition, 
there were notable changes in the nature of the emergency workload and a reduction in the number of 
cases performed after midnight Conclusion: SpRs trained during the Caiman era appear to be gaining 
less operative experience than their predecessors in both the elective and emergency settings. With 
further changes in working patterns currently being implemented, major changes to SpR programmes 
are required if surgeons are to be adequately trained 
Keywords: Surgical training, trends, operative experience 
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INTRODUCTION
During the 1990s, changes in the philosophy 
of the provision of medical education and in 
the delivery of clinical care had the effect 
of dramatically changing the nature of 
postgraduate surgical training. Two of the most 
important changes were the introduction of the 
Caiman Specialist Registrar (SpR) training 
grade (often termed Calmanisation) and the 
implementation of the New Deal on Junior 
Doctors Hours. u In addition, during the same 
time period, reports from CEPOD lead to a 
recommendation that out of hours emergency 
operating (after midnight) be minimised and 
that the number of unsupervised operations 
performed by registrars be dramatically 
reduced.3 The net effect of these changes has 
been a reduction in the number of years spent 
in surgical training together with a reduction in

the intensity of on-call rotas with a subsequent 
reduction in emergency operative experience. 

A previous study within our region 
reported that the mean post-registration 
training time of the current consultant cohort 
was 11.5 years, which included on-call rotas 
varying between one in one and one in four.4 
This compares to a proposed duration of 
surgical training of nine years, three years in 
basic surgical training (BST) and six years 
in higher surgical training (HST) with a 
recommended on-call rota of one in five. As a 
result, 83% consultants felt that trainees of the 
Caiman era would be inadequately trained and 
64% feared that many future trainees would 
become 'Junior Consultants' in particular with 
regard to their competency in dealing with 
major emergencies. These fears have also been 
expressed on a National level.5'6
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The aim of this study was to ascertain whether there was 
any justification for these concerns by assessing whether 
there have been significant changes, in either the number of 
routine or emergency cases or the case mix operated upon by 
registrars, over the past 15 years.

METHODS
A retrospective review of theatre records was undertaken, 
looking at the caseload of the registrars working for the same 
two consultants at one district general hospital in four, one- 
year periods (1986-7; 1991-2; 1998-9; 2001-2), spanning a 
12-year period. The periods were chosen as they had 100% 
data collection for all operations performed by each of the two 
firms.

The number of operations and subspecialty for each 
operation was recorded, as was the time of day that each 
procedure was performed. Procedures were also classified as 
to whether they were emergency or routine operations.

RESULTS
The number of elective and emergency operations performed 
by registrars attached to the two surgical firms over the four 
periods of study are sumarised in Figure 1. The primary 
findings of the study are that in the most recent period of 
assessment, the number of routine procedure performed by 
registrars on both teams was significantly reduced. This 
reduction was approximately 35% in the case of consultant A's 
registrar and 44% for consultant B's registrar. The number of 
emergency operations was relatively constant throughout the 
period of the study with a slight tailing off in numbers during 
the most recent assessment.

The effects of sub-specialisation on the operative casemix 
of consultants A and B are illustrated in Figures 2 and 3. 
Consultant A has seen a significant increase within the 
field of specialist interest, namely vascular surgery, and a 
compensatory decrease in the percentage of gastrointestinal 
and breast operations performed (Figure 2).

Similarly for consultant B, who has a gastrointestinal 
interest, the number of cases within this field have increased, 
whereas the number of vascular and breast cases have 
decreased (Figure 3). For both consultants, the general surgical 
procedures have remained relatively static. The combination 
of these two factors means that there is adequate 'bread and 
butter' general surgery to teach specialist registrars during 
their generic period of training and also enough subspecialist 
experience during their latter years on the rotation.

There were no real changes in the nature of the 
emergency workload with similar numbers of laparotomies, 
appendicectomies and abscesses treated at the four assessment 
points. There was, however, a change in the indication for 
laparotomy with more peptic ulcer-related complications in 
the earlier years of the study than in the latter period, whilst 
the number of laparotomies for adhesive obstruction have 
increased.

There was a significant reduction in the percentage of

600 •>. .-:
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Figure 1: Elective and emergency operating experience for the two firms 
during the assessment points of the study

D 1986-87 • 1991-92 D 1998-99 D 2001-02

Figure 2: Distribution of casemix for consultant A demonstrating increased 
subspecialisation within vascular surgery

a 1986-87 • 1991-92 D 1998-99 D 2001-02

Figure 3: Distribution of casemix for consultant B demonstrating increased 
subspecialisation within colorectal surgery
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operations performed after midnight, from 30% in 1986-7 
to 19% in 1991-2, 10% in 1998-9, and 4% in 2001-2, in 
accordance with CEPOD guidelines.

DISCUSSION
When this study was initially conducted and presented at the 
Association of Surgeons meeting in 2001, the primary finding of 
the study was that Calmanisation did not appear to have affected 
the number of operations performed annually by registrars in 
training.7 However, the most recent assessment has shown that 
this is no longer the case and current trainees who have trained 
entirely in the new era perform significantly fewer operations 
per year than their predecessors. There are numerous reasons 
for this.

One of the main reasons for the drop in experience is a 
chronic shortage in healthcare expenditure. There are inadequate 
ward beds, high care facilities and insufficient nurses to cover the 
available beds leading to frequent cancellations of admissions 
and operations.

The reduced operative experience is not entirely the result 
of Calmanisation but, if the number of years spent in training 
is reduced in an environment where there are fewer operations 
performed per annum, then the overall trainee operative 
experience will be significantly impaired.

Whilst there is a body of evidence that demonstrates that 
emergency workloads, both operative and non-operative, have 
increased significantly over the past two decades, the total 
number of emergency operations has remained relatively static 
and if anything has decreased.8 There are two main reasons for 
this finding. Firstly, the CEPOD report of 1997 recommended 
that emergency surgery should not be performed after midnight 
unless the operation was felt to be a life-saving procedure and, 
thus, in the best interest of the patient. Secondly, the increased 
number of admissions is effectively cancelled out by the reduced 
frequency of on-call duties of current registrars.

This study is only the second to address the issue of 
variation in registrar operative experience over-time. A previous 
publication by Boyle and Bentley (1996) studied registrar 
operative experience over an eight year period. They concluded 
that there have been no significant changes in either emergency 
or routine operative experience since the introduction of 
Calmanisation. This article included the time period surveyed 
by our initial three point study and, thus, may suffer the same 
changes should the data be updated.

A previous published survey that examined the training of 
current surgical consultants within the region demonstrated a 
significantly longer postgraduate training than experienced 
by the Caiman trainees.4 The mean duration of training of 
current consultant appointees was 11.5 years, compared with a 
proposed period of nine years (three BST and six HST). Even 
when dedicated periods of off-service research are considered, 
two years in the old system and one year for Caiman trainees, 
there is still a discrepancy of 1.5 years of clinical surgery. As a 
consequence of the reduced duration of training, 83% consultants 
felt that trainees of the future would be "Junior Consultants," in

particular with regard to their competency in dealing with major 
procedures and emergencies outside of their area of specialist 
interest. These concerns were particularly voiced in specialities 
with low caseloads of technically difficult surgery.

This discrepancy is more important for surgeons than for 
our physician colleagues as with increasing experience comes 
increasing complexity and increasing independence. This is in 
contrast to physicians where there is less acute intervention as 
they progress up the career ladder.

There are a number of possible solutions to this problem. 
One common proposal is for a period of post-CCST speciality 
training in nationally recognised posts. It is envisaged that these 
posts would be in centres of national or international repute and 
would be so designed that there would be no direct competition 
with existing specialist registrars for operating experience. 
Another attractive option would be an overseas sabbatical in 
recognised posts where there would be an opportunity to gain 
experience in the management of a small number of select 
conditions within the area of specialist interest.

There are also two distinct options that would contravene 
current guidelines. Firstly, for surgeons to opt out of the 
junior doctors deal on hours and the European Working Time 
Directive. This would allow surgeons to gain increased exposure 
to emergency surgery within a shorter period of time and, thus, 
'catch-up' on the 1.5 years of surgical skills acquisition time 
which has been lost. Secondly, would be to increase the duration 
of training and reintroduce the concept of senior registrars or 
'speciality registrars'.
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One significant change in the operative experience of 
the surgical registrars during the period of the study is the 
move towards sub-specialisation. The workloads of the two 
consultants studied revealed that both had shown significant 
changes in their case mix in favour of their areas of subspecialty 
interest, thus, making the posts more attractive for subspecialty 
training during years four to six years of higher surgical 
training. However, both also continued to perform a number of 
general surgical procedures, thus, satisfying the requirements 
of more junior trainees. As such, both posts were eminently 
suitable for postgraduate training at all levels of experience.

A further significant finding was that in keeping with 
the wishes of CEPOD, operating after midnight had been 
drastically reduced over the duration of the study. This has lead

to an improved degree of supervision of complex emergency 
procedures by surgical trainees.

In conclusion, the study would suggest that SpRs in the 
Caiman era are currently operating on less routine cases per 
year than their predecessors. The 'out-of-hours' workload is 
at present comparable, since despite the new rotas being less 
onerous, there has been a significant increase in the numbers 
of patients being admitted and treated as emergencies over the 
past two decades. Unless processes are put in place quickly to 
ensure otherwise, the implementation of the EWTD in 2009 
may have a further detrimental effect on surgical training 
and leave future trainees without the cumulative operative 
experience of their predecessors.
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The European Working Time Directive: 
One for all and all for one?
G. J. Morris-Stiff, MBBCh, MD, FRCS,' S. Sarasin, MBBCh, FRCS,a P. Edwards, MBBCh, PhD, FRCS," 
W. G. Lewis, MBBCh, MD, FRCS," andM. H. Lewis, MBBCh, MD, FRCS,' Llantrisant and Newport, Wales

Background. The European Working Time Directive (EWTD) became law in Britain on October 1, 
1998. Asa result, the maximum period that may be spent as a resident in hospitals is 56 hours per week 
and after August 2009, 48 hours per week. The aim of this study was to determine Hie views of senior 
house officers (SHOs), specialist registrars (SpRs), and general consultant surgeons (CONs) in Wales on 
the influence of the EWTD on surgical training and clinical experience.
Methods. In this cohort study, a postal questionnaire was sent to 150 SHOs in surgical specialties, 
50 general surgical SpRs, and all 84 CONs in the Welsh Deanery.
Results. The response rates were 81 %, 78%, and 71 % for SHOs, SpRs, and CONs, respectively. The 
vast majorities at all grades (88% SHOs, 100% SpRs, and 96% CONs) were unhappy with the 
introduction of EWTD legislation to clinical medicine. Most felt that EWTD legislation will have 
a negative effect on clinical experience (96% SHOs, 97% SpRs, 96% CONs); patient care (83% 
SHOs, 85% SpRs, 96% CONs); and training (94% SHOs, 100% SpRs, 93% CONs). Furthermore, 
a large proportion felt surgical training should be exempt from EWTD regulations (76% SHOs, 87% 
SpRs, 89% CONs). A significant proportion at each grade was opposed to the introduction of shifts in 
order to comply with regulations (78% SHOs, 87% SpRs, 89% CONs), and an alarming number 
have considered leaving the National Health Service when the regulations are enforced (29% SHOs, 
41% SpRs, 33% CONs).
Conclusion. This study shows that, in Wales at least, a vast majority of surgical trainees and 
consultants alike are opposed to the introduction of the EWTD and believe it will have a detrimental 
effect on training, patient care, and doctors' lives, outside of medicine. (Surgery 2005; 137:293-7.)

From the Departments of Surgery, Royal Glamorgan Hospital," Llantrisant; and Royal Gwenl 
Hospital? Newport

THE EUROPEAN WORKING TIME DIRECTIVE (EWTD) 1 
became law in Britain on October 1, 1998, and a 
timetable for junior doctors in training was agreed 
in May 2000.2 Furthermore, the Sindicato de 
Medicos de Asistencia Publica (SiMAP) declared 
that "Time spent on call by doctors ... must be 
regarded in its entirety as working time ... if they 
are required to be present at the health centre. If 
they must merely be contactable at all times when 
on call, only time linked to the actual provision of 
... services must be regarded as working time." 3 As 
a result of this agreement between the European
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parliament and the Council of Ministers, as of 
August 2004, the maximum period of time that 
may be spent resident in hospital is 56 hours per 
week, and from August 2009, 48 hours per week.

Compliance with the EWTD in the United 
Kingdom demands shift working patterns, and as 
such it has received a mixed response from the UK 
medical profession. Although physicians in train 
ing are relatively content with the regulations of 
the EWTD, surgical trainees have voiced concerns 
regarding the potential impact of an altered 
working week on their clinical experience and 
training. 4"5 Indeed, in a recent report from the 
London Deanery, no fewer than 63% of surgeons 
expressed their opposition to shifts, with their 
prime concern being a perceived adverse diminu 
tion of clinical experience for surgeons in train 
ing. 3 Moreover, continuity of patient care has been 
cited as a further critical factor, and it also seems 
self-evident that the needs of doctors in training 
differ with respect to their specific specialties. 6
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The EWTD represents the latest challenge to 
surgical training in the United Kingdom, after the 
Caiman Report^ and the implementation of the 
New Deal on Junior Doctors Hours. 8 Consultant 
surgeons have already expressed concern regarding 
the relative inexperience of current surgical train 
ees, and scrutiny of trainees' logbooks certainly 
provides evidence of a reduction in trainees' oper 
ative experience when compared with previous 
years. 10 British surgical training has always been 
held in high regard, which raises the question of 
whether we should simply fall in line, especially 
when surgical trainees are content for the status quo 
to remain. The aim of this study, therefore, was to 
determine the views of senior house officers 
(SHOs), specialist registrars (SpRs) and consultant 
surgeons (CONs) on the influence of EWTD com 
pliance on surgical training and related clinical 
issues.

METHODS
A postal questionnaire was sent to all SHOs 

(n = 150) and SpRs (n = 50) in recognized training 
posts, and all practicing general surgical, consul 
tants (n = 84) within the Welsh deanery. Doctors in 
nonrecognized training posts were excluded. Non- 
responders were sent a reminder after 1 month.

The questionnaire requested details of the 
surgeons' age, gender, age at graduation, current ( 
and intended areas of specialization, clinical expe 
rience, current on-call rota, and the approximate 
number of hours worked both in total and in 
relation to operative surgery.

In relation to the EWTD, surgeons were ques 
tioned specifically regarding their views on the 
introduction of the EWTD and what they per 
ceived its effects would be on doctors' clinical 
experience, patient care, and junior surgeons' 
training. Opinions were sought regarding whether 
surgical training should be exempt from the ruling 
and whether they had considered leaving the 
National Health Service (NHS) as a result of the 
introduction of the EWTD. Opinions were also 
sought regarding shifts and the number of hours 
they felt their working week should be, and 
consultants were asked how many hours a week 
they believed a trainee should work.

Finally, the questionnaire asked whether all 
specialties would be affected equally by the EWTD, 
and free comment was encouraged. Grouped data 
was expressed as medians and ranges.

RESULTS
Demographics and current practices. In all, 220 

out of 284 surgeons (77%) responded, with the

following breakdown: 121/150 (81%) for SHOs, 
39/50 (78%) for SpRs, and 60/84 (71%) for 
consultants. Four forms (1 SHO and 3 CON) were 
returned without being completed and were ex 
cluded from the analysis.

Senior house officers (SHOs): Of the 120 SHOs who 
responded, the median age was 27 (range, 24-37) 
years, 86 were male, and 34 were female. The 
numbers and subspecialty of the SHOs were as 
follows: 51, general surgery; 30, orthopedics and 
trauma; 9, accident and emergency; 8, urology; 7, 
plastic surgery; 6, ear, nose, and throat surgery; 4, 
maxillofacial surgery; 3, neurosurgcry; 1, cardiotho- 
racic surgery; and 1, intensive care. A similar pattern 
was seen in the career intentions of the SHOs: 
general surgical (n = 33) and trauma and orthope 
dics (n = 30), ear, nose, and throat (n = 9), plastic 
surgery (n = 7), urology (n = 5), cardiothoracic 
(n = 2), maxillofacial surgery (n = 4) and accident 
and emergency (n = 1). Six SHOs proposed to leave 
surgery and switch to general practice, 4 to radiol 
ogy and 2 to anesthetics. A significant minority (17) 
had yet to decide on a career.

The seniority of the SHOs was as follows: year 1, 
n = 43; year 2, n = 32; year 3, n = 27; year 4, n = 13; 
and year 5, n = 5. Two individuals in year 5 were 
taking a year out from training to undertake a 
period of scientific research.

Eighty-nine SHOs (74%) were working an on- 
call rota system at 1 in 4 (n = 20), 1 in 5 (n = 35), 1 
in 6 (n = 5), 1 in 7 (n = 11), 1 in 9 (11= 9), or 1 in 
10 (n = 9). In addition, 22 had moved to a partial 
shift system and 9 to a full shift system. The 
estimated number of hours worked per week was 
a median of 60 (range, 40-100) hours, and the time 
spent in the operating theater was a median of 10 
(range, 0-35) hours.

Specialist registrars (SpRs): Thirty-nine SpRs re 
sponded. Their median age was 35 years (range, 
28-44 years), and 37 were male and 2 female. The 
seniority of the SpRs was as follows: year 1, n = 8; 
year 2, n = 11; year 3, n = 2; year 4, n = 4; year 5, 
n = 6; and year 6, n = 8. Twenty-five (64%) had or 
were presently undertaking a period of research 
toward a higher degree.

Thirty-seven SpRs (95%) were working an on-call 
rota system at 1 in 4 (n = 5), 1 in 5 (n = 21), or 1 in 6 
(n=ll). Of the remainder, one was a flexible 
trainee and the other had no on-call commitments 
during the research. The estimated number of 
hours worked by the SpRs was a median of 69 (range, 
35-80) hours, and the time spent in the operating 
theater was a median of 15 (range, 0-35) hours.

Consultants (CONs): Of the 57 consultants with 
completed forms, 55 were male and 2 female, with
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a median age of 48 years (range, 34-63 years). All of 
the consultants were working on an on-call rota at 
1 in 3 (n = 3), 1 in 4 (n = 11), 1 in 5 (n = 7), 1 in 6 
(n = 23), 1 in 7 (n = 6), or 1 in 8 (n = 7). The 
estimated number of hours worked by the consul 
tants was a median of 60 (range, 40-96) hours, and 
die time spent in the operating theater was a median 
of 16 (range, 8-30) hours.

European Working Time Directive. The data in 
relation to the section of questionnaire concerning 
the EWTD is summarized in the Table.

The majority of SHOs 105/120 (88%), SpRs 39/ 
39 (100%), and CONs 55/57 (96%) were opposed 
to the introduction of EWTD to clinical medicine. 
Of those opposed to EWTD, the vast majority 
believed that it would have a detrimental effect 
on clinical experience (96% SHOs, 97% SpRs, 
96% CONs); patient care (83% SHOs, 85% SpRs, 
96% CONs) and training (94% SHOsf 100% 
SpRs, 93% CONs). In relation to these objections, 
die majority of surgeons at all grades felt surgical 
training should be exempt from EWTD regulations 
(76% SHOs, 87% SpRs, 89% CONs). A significant 
proportion at each grade also indicated that they 
would consider leaving the NHS should the EWTD 
be implemented in full (29% SHOs, 41% SpRs, 33% 
CONs).

The study also showed that the median number 
of hours that surgeons were happy to work were as 
follows: SHOs 60 (40-100) hours; SpRs 70 (66^78) 
hours and CONs 55 (40-96) hours. The trainees' 
current working hours were in keeping with the 
hours dial consultants felt trainees needed to work 
to allow adequate training, namely 60 (40-96) hours.

The majority of surgeons were in^'opposition to 
die idea of working shift systems (78% SHOs, 87% 
SpRs, 89% CONs). The most common reason 
indicated by SHOs and SpRs was the effect on 
their training, and CONs cited training and social 
reasons as of equal importance.

Finally, respondents were asked if they believed 
all medical specialties would be equally affected by 
the EWTD. The majority of respondents felt that 
not all medical subspecialties would be affected 
equally (SHOs 75%, SpRs 95%, CONs 81%), with 
surgical and other acute specialties requiring in 
tensive patient care cited as most likely to suffer 
adversely and nonacute specialties as most likely to 
benefit.

DISCUSSION
The principal finding of this study was that most 

surgical trainees are opposed to the introduction 
of the EWTD and believe that the reduction in 
hours demanded will have a detrimental effect on

Table. Surgeons' views on EWTD
SHOs 

(n = 120)
SpRs CONs 

(n-57)
Are you happy with the introduction of EWTD to
medicine?

Yes 3 (3) 0 (0) 2 (4) 
No 105 (88) 39 (100) 55 (96) 
Uncertain 12 (10) 0 (0) 0 (0)

If you are not happy or are uncertain:
1. Do you think the EWTD will affect the level of clinical 

experience?
Yes 112 (96) 38 (97) 53 (96) 
No 5 (4) 0 (0) 0 (0) 
Uncertain 0 (0) 1 (3) 2 (4)

2. Do you think the EWTD will affect the level of patient 
care?
Yes 97 (83) 33 (85) 53 (96) 
No 18 (15) 5 (12) 0 (0) 
Uncertain 2 (2) 1 (3) 2 (4)

3. Do you think the EWTD will affect the level of 
training?
Yes 110 (94) 39 (100) 51 (93) 
No 6 (5) 0 (0) 2 (4) 
Uncertain 1 (1) 0 (0) 2 (4)

4. Do you think surgical training should be exempt from 
the EWTD?
Yes 89 (76) 34 (87) 49 (89) 
No 25 (21) 5 (13) 4 (7) 
Uncertain 3 (3) 0 (0) 2 (4)

5. Have you considered leaving the NHS when the 
EWTD is fully implemented?
Yes 34 (29) 16 (41) 18 (33) 
No 83 (71) 23 (59) 33 (60) 
Uncertain 0 (0) 0 (0) 2 (7)

Are you opposed to working a shift system?
Yes 
No
Uncertain 

If yes, why? 
Personal 
Social 
Training

93 (78)
27 (22)
0(0)

43
67
82

34 (87) 
5(13) 
0(0)

12
22
27

51 (89) 
4(7) 
2(4)

28
23
27

Do you think lhat all specialties will be affected equally
by EWTD?

Yes 26 (22) 2 (5) 11 (19) 
No 90 (75) 37 (95) 46 (81) 
Uncertain___ 4 (3) 0 (0)______0 (0)

SHO, Senior house officer: SpR, specialist registrar; CON, consultant
surgeon; EWTD, European Working Time Directive; NHS, National
Health Service.
Data expressed as median number of surgeons, with percentages in
parentheses.

doctors' clinical experience, patients' clinical care, 
and junior doctors' training.
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By tradition, in Britain, patients with surgical 
problems are managed by surgical teams or firms. 
Arguably, this firm structure, which has to date 
formed the backbone of British surgical training, 
will be the principal casualty of EWTD implemen 
tation. The traditional firm structure included 
a house officer (intern), together with a senior 
house officer (1-year or 2-year resident), registrar 
(3-year or 4-year resident), and/or senior registrar 
(senior resident) and consultant (attending). With 
the advent of the Caiman report, the registrar 
training was modified into a streamlined 6-year 
program with 5 years for clinical training and 1 
year for research. In the traditional system, the 
mean number of years spent as registrar/research 
registrar/senior registrar was 9.5 years compared 
with 6 years in the Caiman system of training. 
Furthermore, the number of hours worked by 
surgical trainees has decreased significantly over 
the past 2 decades, from around >20 hours per 
week in the 1980s to around 72 hours per week in 
the first few years of the 21st century. The EWTD 
will cut this further to 56 hours in August 2004 and 
to 48 hours by 2009.

The key advantage of the firm system was the 
high degree of continuity with which a team of 
doctors admitted and cared for patients. Regula 
tion of junior doctors' hours has resulted in rotas 
that are less intense than in previous years. In an 
EWTD-compliant shift system, 3 teams will by 
necessity be involved in a patient's first 24 hours 
in hospital. This critical period is when most 
diagnoses are made and treatment commenced, 
and as a result of 3 teams' being involved, it will in 
practice be impossible for a trainee to experience 
the full spectrum of admitting a patient, being part 
of the operating team in theater, and learning 
from the patient's postoperative course. There are 
already reports of preventable, adverse clinical 
incidents resulting from discontinuity of house 
staff. 11 Moreover, surgical trainees are clearly un 
happy with the disruption of the traditional 
surgical team, to the extent that it has even been 
mooted that this loss of the team approach may 
discourage juniors from surgical careers. 12

Chesser et al, 13 on behalf of the Royal College 
of Surgeons of England, have calculated that an 
SpR working a l-in-6 on-call rota moving to a 48- 
hour residency system would carry out only 6.15 
hours of daytime service per week—a 79% re 
duction in daytime activity. Adoption of a non 
resident system was calculated to allow 15.17 hours 
of service (a 49% reduction), and if the number of 
SpRs were increased from 6 to 9, then they could 
be present for 20.92 hours (a 29% reduction).

However, such changes would reduce emer 
gency experience to a third of its current level, 
thus increasing the length of training to 8.45 years 
in order to gain the equivalent experience. The 
findings of our study showed that, in practice, 
SHOs, SpRs, and CONs were working a median of 
62, 65, and 60 hours per week, respectively. These 
hours of work were remarkably in keeping with the 
median number of hours that these respective 
doctors were content to work (60, 69, and 60 
hours, respectively). Moreover, these hours of work 
were consistent with the average 60 hours that 
consultants believed trainees should work to facil 
itate adequate training. In all 3 categories of 
seniority, doctors completing our questionnaire 
commented that they would be happy to work 
whatever hours were required to allow adequate 
training and continuity of patient care.

The proportion of doctors at each grade who 
would consider leaving the NHS should the EWTD 
be implemented fully was also alarming. In addi 
tion to losing British graduates, the NHS as a result 
of the EWTD-induced changes also may fail to 
attract graduates from the Asian subcontinent who 
would have, by tradition, trained and practiced in 
the United Kingdom.

Finally, there remains a financial aspect to the 
EWTD that deserves discussion. Most trainees will 
face cuts in their salaries allied to reductions in 
their hours of work. For example, specialist regis 
trars in Wales work on average 69 hours per week. 
With the full introduction of EWTD in 2009, they 
will in theory work a 48-hour week and thus earn 
26% less pay than at present. By the time doctors 
are appointed to the SpR grade, the majority have 
mortgages, most are married, and many have 
young children. Many will therefore be faced with 
a lower standard of living than their peers in 
comparable professions, such as law and accoun 
tancy. Moreover, the EWTD regulations will pre 
vent the performance of locum, or temporary, 
work to augment their incomes.

In conclusion, the EWTD represents health and 
safety legislation, and the benefits to lay people 
appear self-evident. Nevertheless, the legislation 
was introduced to medicine without balloting of 
doctors and without any evidence that a reduction 
in hours will improve patient care or be of overall 
benefit to all doctors. To date, the views of 
surgeons have been dismissed, but the results of 
this study have highlighted the significant concern 
that exists within the surgical community regard 
ing the perceived effects of the EWTD on surgical 
training and continuity of patient care. In the age 
of evidence-based medicine, there should be good
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evidence for change before it is implemented, in 
particular when its effects are as significant as 
those contained in the EWTD. Will it yet again take 
a series of serious adverse clinical incidents before 
senior health care planners sit up and take note? If 
the findings of this study are representative of 
wider feeling in the UK, then although the EWTD 
is being applied to all NHS doctors, all NHS 
surgeons are not universal in their support.
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Editors' Corner
Tumorversus neoplasm: Isn't it time to use 
the correct term—neoplasm?

THE TERMS TUMOR AND NEOPLASM are commonly 
used interchangeably but too often inap 
propriately. Tumor is defined as "swelling; 
one of the cardinal signs of inflammation; 
morbid enlargement" and refers to a mass 
effect of undefined etiology. In contrast, neo 
plasm is defined as "any new and abnormal 
growth, specifically a new growth of tissue in 
which the growth is uncontrolled and pro 
gressive." The term neoplasmmore specifically 
describes cancers, benign growths, and those 
growths that are indeterminate but growths 
nonetheless. An example of a recent change 
to more appropriate terminology is the sub 
stitution of intraduclal papillary mutinous neo 
plasm (IPMN) for intraductalpapillary mutinous 
tumor (IPMT). Persistent inappropriate termi 
nology includes, among others, islet cell tumor, 
neuroendocrine tumor, and carcinoid tumor. One

could argue that a breast mass is a tumor until 
it is biopsied. With biopsy confirmation of a 
neoplastic process, the lesion should be called 
what it is precisely, a breast neoplasm.

Although the word tumor sounds less 
harsh and aggressive to the patient, we do 
not believe that it is appropriate in scientific 
terminology. Even the term tumor marker is 
imprecise. Should this term be changed to 
malignancy marker?

Although all neoplasms are tumors, not 
all tumors are neoplasms, and the implica 
tions are different. We should use accurate 
language. We urge appropriate use of these 
terms.

Michael G. Sarr, MD
Andrew L. Warshaw, MD,

Editors-in-Chief
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We wished to assess whether pattern and impact of emergency vascular surgical referrals has altered since a 
previous study in 1990. Following introduction of shift working patterns, we wished to assess how these changes may affect 
vascular training and vascular on-call cover.

Prospective survey of emergency vascular referrals at two district general hospitals (DGH-R and DGH-L) in 
2003. DGH-R received only regional referrals whereas DGH-L also received 'next day' referrals from a smaller hospital. Results 
were compared between centres and with a previous study undertaken at DGH-R in 1990.

From 1990 to 2003 emergency vascular referrals at DGH-R increased by 51% (53 to 80). The number seen at 
DGH-R and DGH-L were similar in 2003. There were significantly more out-of-hours referrals in DGH-R than DGH-L (59% ver 
sus 35%; P= 0.0123). Referrals were more likely to be seen initially by the vascular team at DGH-L than DGH-R (80% versus 
47%, P< 0.0001).

Vascular emergency referrals have increased. A trainee was likely to see more emergency referrals at DGH-L 
than DGH-R. This may impact on future training.
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Emergency referrals constitute a substantial and unpre 
dictable part of vascular surgical workload. In a study 
performed 12 years ago, we showed that emergency vascular 
surgical referrals resulted in an average of five extra operating 
hours per week. Extra workload resulted in cancellation of 
elective cases. 1 In recent years, significant changes in patient 
management and reduction in doctors' working hours have 
been introduced.

Significant reduction in doctors' working hours has 
affected all levels of surgical staff. The new pay contract in 
conjunction with the 'New Deal' has reduced surgical 
trainees' time in hospital to 56 h.2 . This has largely been 
achieved by increased numbers of doctors and reduction of 
doctors' on-call sessions. The European Working Time 
Directive (EWTD) 5'4 further reduced working hours and 
altered many working patterns for doctors. Reduction in 
working hours has brought a reduction in training opportu 
nities. Concern has consequently been raised about surgi 
cal trainees' experience and competence.

We wished to assess whether pattern and impact of 
emergency vascular surgical referrals has altered since our 
previous study and discuss how these changes may affect 
vascular training and vascular on-call cover in two district 
general hospitals.

Patients and Methods

A comparative, prospective, 3-month survey of emergency 
vascular surgical referrals was undertaken. This was 
performed at two district general hospitals in 2003. In DGH- 
R, two vascular surgeons (on a 1 in 10 general surgery rota) 
and three vascular radiologists serve a population of 
approximately 480,000. In DGH-L, two vascular surgeons 
(on a 1 in 6 general surgery rota) and three vascular 
radiologists serve a population of 210,000. Both hospitals 
received referrals while on-call. In addition, DGH-L 
received 'next day' referrals in vascular surgery from a 
smaller hospital, population served 160,000. Results were

646 Ann R Coll Surg Engl 2006; 88: 646-649
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1990 R

2003 R

2003 L

Figure 1. Indication for vascular surgical emergency referrals at 
DGH-R in 1990 and 2003, and DGH-L in 2003; acute limb 
ischaemia (ALI), chronic limb ischaemia (CLI), abdominal aortic 
aneurysm and other causes (false aneurysm, infected graft, TIA, etc.).

compared with a previous study in 1990 at DGH-R, at which 
time there was one vascular surgeon and three vascular 
radiologists.

Reasons for patient referral were defined as either acute 
AAA, acute limb ischaemia, acute on chronic limb 
ischaemia such as worsening leg ulceration or evolving 
gangrene, and other (femoral false aneurysm, crescendo 
TIA, etc.). Details of from whom and to whom referrals were 
made, patient demographics, and duration of hospital stay 
(in ITU, surgical and non-surgical beds) were recorded. 
Details of radiological and operative procedures were 
assessed.

Data were analysed with Instat (Graphpad software 
<www.graphpad.com>). Non-parametric data were 
analysed by Mann-Whitney U-test or chi-squared test, as 
appropriate.

DGH-R
1990

36 (68%)
8(15%)
9 (17%)

53

DGH-R
2003

32 (40%)
18 (23%)
28 (35%)

2 (3%)
80

DGH-L
2003

27 (35%)
3 (4%)

32 (42%)
15 (19%)

77

Source of vascular surgical emergency referrals 
at DGH-R in 1990 and 2003, and DGH-L in 2003

Source of referral

General practitioner 
Accident & emergency 
Another consultant 
Another hospital 
Total

increased (17% versus 35%; P = 0.0295). Comparing hospi 
tals in 2003, more cases were referred from accident and 
emergency in DGH-R (23% versus 4%; P = 0.0007), where 
as DGH-L received approximately one-fifth of referrals 
from the smaller 'feeder hospital' (Table 1). There were sig 
nificantly more out-of-hours referrals in DGH-R than DGH- 
L (59% versus 35%; P = 0.0123).

Management of referrals differed between DGH-R and 
DGH-L. Referrals were more likely to be seen initially by 
the vascular trainee at DGH-L than DGH-R (80% versus 
47%; P < 0.0001; Table 2). In both centres, most referrals 
made direct to the vascular team occurred when that team 
was not on-call (Fig. 2). This was more frequently the case 
in DGH-L, compared with DGH-R (77% versus 45%; P = 
0.012), and reflected 'next morning' referrals from the 
'feeder' hospital.

Workload generated by emergency vascular referrals 
was significant. At DGH-R, the number of radiological 
investigations increased, but this was not statistically signif 
icant (19 to 42; P = 0.0757). The majority (27) were lower 
limb intravenous angiograms (FVDSA) and performed in 
office hours. Out-of-hours radiology included five CT scans

Results
In 12 years, emergency vascular surgical referrals at DGH- 
R increased by 51% (53 to 80). The number seen at DGH-R 
and DGH-L were similar (80 and 77) in 2003. Median 
patient age was 71 years at both hospitals (range, 23-95 
years at DGH-R and 33-89 years at DGH-L). Percentage of 
men was 54% in DGH-R and 63% in DGH-L.

Reason for referral was not altered from 1990 to 2003 at 
DGH-R, and was similar between hospitals (Fig. 1). Lower 
limb ulceration or gangrene were most the common rea 
sons for emergency vascular surgical referral. The source 
of referrals changed in DGH-R over the 12 years. The num 
ber of patients referred from a GP decreased (68% versus 
40%; P = 0.0025), whilst those referred from other teams

Pattern of vascular surgical emergency referrals 
at DGH-R in 1990 and 2003, and DGH-L in 2003. 
Referrals are divided according to time made and to 
which team they were initially referred

Referrals DGH-R
1990

To vascular team 45 (85%)
To on-call team 9(15%)
During working hours
Out-of-hours
Total 53

DGH-R
2003

38 (47%)
42 (53%)
33 (41%)
47 (59%)

80

DGH-L
2003

62 (80%)
15(20%)
52 (65%)
25 (35%)

77
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DGH-R 47%

D

Not on-call 
I Direct referral 
Office hours

Not on-call 
Direct referral 
Out-of-hours

DGH-L 80%
I—I On-call 
I—' Office hours

On-call 
Out-of-hours

Figure 2 Referrals made to vascular team divided according lo 
activity of vascular team at time of referral.

for AAA and one angiogram for upper limb ischaemia. A 
similar number (44) and pattern of radiological procedures 
were performed in DGH-L, except duplex scanning was 
used instead of IVDSA for lower limb diagnostic investiga 
tion. Therapeutic intervention by angioplasty was rarely 
used (three patients in both centres).

Many referrals required operation (39 at DGH-R in 1990; 
in 2003, 44 at DGH-R and 31 at DGH-L in). Of these, 14 at 
DGH-R (32%) and 6 at DGH-L (19%) underwent emergency 
operation in 2003. The remainder underwent scheduled 
urgent operation, which frequently resulted in cancellation 
of elective cases (17 at DGH-R in both 1990 and 2003, and 18 
at DGH-L).

Overall case mix of operations performed did not vary 
from 1990 to 2003 at DGH-R and was similar to DGH-L. 
Embolectomy or AAA repair were the most common indica 
tions for emergency operation. Arterial bypass procedure 
and amputation (minor and major) were the most common 
indications for urgent operation.

The number of beds in DGH-R occupied by vascular emer 
gencies at any one time increased from 1990 to 2003 (median 
8 beds per day [range, 3-20 beds/day] from 5 beds per day 
[range, 2-10 beds/day] in 1990; P < 0.0001). Median in-patient 
stay remained the same (9 days; range, 0-41 days). Com 
paring DGH-L with DGH-R in 2003, bed occupancy was simi 
lar (median, 10 beds; range, 1-16 beds) as was median in- 
patient stay (median 11 days; range, 1-70 days).

Discussion

The EWTD has reduced doctors' working hours. The 
definition of 'on-call' has been questioned; currently, 
SiMAP5 ruling states that a trust must guarantee 11 h

continuous rest away from the work place in any 24-h 
period. Consequently, to provide out-of-hours emergency 
cover, most surgical trainees now work a shift system. The 
number of trainees, at both senior house officer and 
registrar level, has increased significantly. Hours spent on- 
call has reduced and, therefore, exposure to emergency 
referrals has also reduced. At night, NCEPOD guidelines 
remain8 and little operating is undertaken, with cases 
undertaken on dedicated emergency lists the following 
morning. Consequently, trainee exposure to emergency 
operations is further reduced. This situation prompted 
Watkin and Layer7 to suggest that specialist registrars 
should be off duty at night, when there was little training. 
Furthermore, the effect of reduced hours and shift work on 
training is compounded during working hours. Increased 
numbers of trainees compete for the same number of 
theatre and clinic sessions. Trainees have reported 
significant reduction in theatre training time8- 9 and 
significant discontent in current EWTD-compliant working 
patterns. 10 In summary, recent changes in hours and working 
patterns have significantly reduced trainees' exposure to 
emergency referrals and emergency operations.

The introduction of Modernising Medical Careers" aims 
to train surgeons to become general consultants. The ques 
tion remains as to what mis position will involve and, 
importantly, what will the future general surgeon be capa 
ble of doing? With regard to specialist training, more ques 
tions remain unanswered. How will entry to specialist train 
ing be gained? Where will specialist training be gained and 
how? Where will research feature?

Data from this audit show that emergency referrals for vas 
cular disease have increased. This is in keeping with other 
studies, which show similar increases in vascular admissions 
and arterial reconstructions. 12" 14 In this study, both centres 
received a significant number of referrals from other surgical 
teams, a pattern that increased from 1990 to 2003 at DGH-R. 
This suggests a reluctance of 'general surgeons' to undertake 
vascular cases and an increased trend for surgical subspecial- 
isation. More referrals were out-of-hours at DGH-R. At DGH-L, 
the feeder hospital had reduced out-of-hours referrals by act 
ing as a holding centre with referrals being made the next 
day. At DGH-L with this pattern of delayed referrals, a trainee 
was more likely to gain direct experience in emergency vas 
cular referrals during office hours.

The finding that few emergency referrals required emer 
gency intervention is in keeping with the study by Campbell 
et al. n suggesting, on average, a UK district general hospi 
tal may only see one case per week. Many cases referred as 
emergencies are, in fact, urgent, requiring treatment with 
in 24 h. It also supports the possibility that these patients 
could be transported to regional centres for treatment 16 as 
at DGH-L where cases were admitted overnight at the feed 
er hospital before transfer.
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Although the number of radiological interventions 
increased in the last decade, these were predominantly 
diagnostic and involved lower-limb assessment. A surpris 
ing finding was that therapeutic interventional radiology 
had not increased. Many cases instead required operation 
urgently. The need for urgent operation had significant 
impact on elective cases. Again, this reflects the urgent, but 
not necessarily emergency, nature of many of the vascular 
emergency referrals seen.

With the increased number of emergency referrals seen, 
bed occupancy rates increased. While this increased work 
load has a negative impact on service provision, paradoxi 
cally it may be of benefit to surgical training. A trainee on a 
shift system who has an interest in vascular surgery may 
rarely see an emergency referral and, more rarely, emer 
gency vascular intervention at DGH-R. Similarly, it is 
unlikely with reduced experience of trainees that they will 
be capable of operating on these cases. However, at DGH-L 
where vascular emergencies are kept overnight and 
referred in-hours, a trainee may have increased exposure to 
vascular referrals. A trainee may, therefore, gain more 
experience and exposure to emergency vascular referrals in 
the type of arrangement in DGH-L compared with DGH-R.

These data do not necessarily support centralisation of 
emergency vascular referrals"' 16 but do support centralisa 
tion of vascular trainees. General surgical trainees in small 
er hospitals may receive emergency vascular referrals. 
Triage could identify those requiring emergency interven 
tion before transfer to a larger vascular unit. Otherwise, 
cases can be stabilised and undergo investigation and/or 
intervention the following day - a model enlarged but com 
parable with DGH-L. For training of specialist vascular sur 
geons, this model supports centralisation of on-call facilities 
in vascular surgery. The mechanism of 'holding' vascular 
emergency referrals with next-day transfer to a vascular 
unit, seen in DGH-L, would benefit a trainee in vascular 
surgery. Thus, at a main centre, a trainee would gain more 
experience and management of emergency referrals. 
Furthermore, as most cases would be seen in 'office hours', 
a trainee could remain on a 24-h non-resident rota, compli 
ant under the 'New Deal' and EWTD.

Conclusions
This model supports the need for vascular surgery to remain in 
core general surgical training in order that a trainee may be able 
to recognise and triage vascular emergencies. However, what is

clear from the introduction of reduced hours and altered 
working patterns is that doctors are receiving reduced training 
in emergency referrals and operations, hi order to obtain 
adequate training in emergency vascular surgery, trainees 
would benefit from being located in a large vascular unit widi 
centralised referrals from smaller hospitals.
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CONTROVERSIAL TOPICS IN SURGERY

Mr Lewis's paper amplifies the feelings of many grass-root 
trainers, namely that there has been a continued erosion in 
the quality of training and a feeling that a proportion of 
trainees are just not up to the job. When trainers voice 
these thoughts they take the rap for delivering'inadequate' 
training. The deaneries spend much time on 'assessment' of 
trainees but little effort is apparent in ascertaining the views 
of the trainers. When did your speciality programme 
director last visit you or your hospital? As the shift of power 
moves into the domain of the deaneries and schools of 
surgery it is incumbent on those bodies to direct as much 
attention to the trainers as they do to the trainees.

Mr Lewis questions those who wish to see the end of 
professional examinations for surgeons. Having recently 
examined at the general surgical intercollegiate exam I 
can vouchsafe that this examination is vitally necessary 
to safeguard standards that appear to pass through the 
deanery/Record of In-Training Assessment system: if 
upper gastrointestinal/hepatobiliary and pancreatic 
candidates know neither the origin of bile nor the 
exocrine function of the pancreas one can rightly 
question the efficacy of modern surgical training and 
education. Trainers of Mr Lewis's reputation should be 
listened to.

Ann R Coll Surg Engl (Suppl) 2008: 90:238-239
series editor

Consultant Surgeon, Royal 

Glamorgan Hospital

Several very experienced trainers have 
been criticised by their deaneries, 
receiving threats both of censure and 
removal of trainees from their established 
units. This prompts the question as to 
whether the reward of training now 
compensates for the disadvantages of 
such external pressures, instigated for the 
sake of political correctness.

The introduction of Caiman training2 
radically reformed UK surgical training.

Before Caiman, trainees spent a very 
variable time in SHO and middle-registrar 
grades, a smaller number progressing to 
senior registrar and consultant posts. 
Many visiting registrars returned to their 
homeland highly experienced and 
continued the strong historical links 
between the UK and Commonwealth 
surgical communities. Such a pyramidal 
training system demanded determination.

Caiman introduced a more structured 
training scheme bringing the security of'run- 
through' training to a lower level and age. 
Additionally, the annual Record of In-Training 
Assessments were supposed to be an 
effective method of weeding out poor 
trainees. Trainees, in turn, could assist their 
programme director in identification of bad 
trainers. Experience in Wales has shown 
that the system has not worked. Verbal and 
written reports from trainers about their 
trainees are often at variance and trainers 
are often blamed for inadequate trainee 
performance. As an illustration, one declared 
vascular SpR could not identify the 
anatomical site of the femoral artery intra- 
operatively. Who is to blame for this? The 
trainer for not training or the trainee for 
not being motivated in his own discipline of 
choice? Or do inadequacies of SpR training 
emanate from undergraduate medical 
school?

It appears that some deaneries are not au 
fait with surgical practice: a dedicated and 
busy specialist vascular unit was criticised 
for inadequate training in herniorraphy, 
despite the annual trainee experience 
including 30 aneurysm repairs, 35 carotid 
endarterectomies and multiple limb 
revascularisation procedures.

What is the optimum method of entry 
selection to surgical training? In south 
east Wales, a successful basic surgical 
training programme with an excellent 
record of career progression 3 selected 
entrants by personal interview and 
references. The shambles of MTAS 2007, 
with online tests of clinical scenarios/ 
needs no reawakening and the courage of 
the West Midlands surgeons in public 
exposure of that much-criticised policy 
should not go unrecognised.' 
Nonetheless, can online selection 
processes with the availability of model 
answers online genuinely replace the 
intuitive 'feel' of an interview by a panel 
of experienced and practising surgeons? 
No selection procedure for a highly 
competitive career can be entirely fair 
but interviews can, for example, tease 
out the variable personal effort and 
supervision associated with the award 
of a higher degree from differing 
universities.
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Should young surgeons be examined 
towards the conclusion of training? The 
educationalists would argue against such 

examinations, stating that if the training 
was of adequate quality and assessments 

in the workplace made robust, 
independent examination would be 

unnecessary: competency-based 
assessments should theoretically bolster 

this argument.' This, however, does not 

accord with practices outside medicine. 
For example, all those involved in public 

transport, such as aviators, mariners and 

public-service vehicle drivers, take 
examinations as do the legal profession, 

architects and even the financial service 
industry. Not taking an examination 

would seem to be contrary to methods 

of recertification that require some form 
of renewed 'knowledge-testing' (what is 

the difference between knowledge testing 

and an examination?).

The intercollegiate examination is a fair 

and robust test of knowledge of 
situations that occur in regular clinical 

practice: all examiners have unearthed 

multiple inadequacies of a basic 
knowledge among the less able 
candidates. The examiners owe no 

allegiance other than to the examining

body; they undertake the preparation for 
and conduct of the examination 
voluntarily, unremunerated and in their 
own time; and all to safeguard the 
traditional high standards of British 
surgery. If anything, the examination 
should be strengthened to ensure 
appropriate selection especially as we 
enter a period of reduced hours of work 
and length of training. Successful 
candidates can and should be proud of 
their achievement in passing this 
examination, which marks the culmination 

of a prolonged period of study and 
personal effort.

Foundation Trusts are under no obligation 

to train: some have voiced the desire to 
increase the cadre of non-consultant 

salaried staff-grade surgeons, who may 
operate independently and who would 

not invite external criticism. Restructuring 

of hospital services, as proposed by Lord 
Darzi,7 may result in the transfer of some 

trainees from district general hospitals 

(DGHs) (Association of Surgeons of 

Great Britain and Ireland, consensus 
conference on the Impact of EWTD on 

delivery of Surgical Services, London, 30 

May 2008). DGH surgeons provide a 
wealth of experience in clinical surgery

and since the majority of trainees will find 
employment as DGH consultant 
surgeons, why deny them experience of 
work in that environment!

Dedicated trainers feel threatened and 
disenfranchised. While training progresses 
away from the Caiman model the royal 
colleges, deaneries and schools of surgery 
must not lose sight of the value of the 
silent majority of trainers.
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DIPLOMATOSIS

Vascular Anastomotic Workshop
The course is

sponsored by various
drug companies,
which keeps the

cost low
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forfeiture courses see the 
Vascular Society of Great Britain 
arid Ireland website—www.

: vascularsociety.org.uk/. .
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What Is it?
The Vascular Anastomotic 
Workshop is a two day 
theoretical and practical 
course looking at common and 
frequently performed vascular 
operations. It is ideal for junior 
surgeons, from foundation year 
1 through to registrar, who are 
interested in vascular surgery as 
a career or are working as part of 
a vascular firm.

Where, when, and how much?
Held annually at the Royal 
Glamorgan Hospital, Llantrisant, 
South Wales, the course costs 
£100. This covers lectures from 
a variety of speakers, life-like 
practical models on which to 
practise surgical skills, lunches, 
an evening meal on the first 
night, accommodation, and a 
course handbook. The course 
is sponsored by various drug 
companies, which keeps the 
cost low.

When did you do it?
I did this course during year 2 of 
my core surgical training, while I 
was working on a vascular firm.

Why did you do it?
In short, for the opportunity to 
improve my operating skills 
and to learn more about the 
fundamentals of vascular surgery. 
Although I was working in a busy 
vascularfirm and had seen (if not 
done) almost all of the operations 
covered in this course, I learnt a 
lot from going step by step over 
these procedures. This stepwise 
approach allowed me to identify 
gaps in my knowledge, which 
were often small but important 
steps in the operation (for 
example, the intraoperative 
administration of intravenous 
heparin).

How is the course structured?
The first day consists of a 
series of lectures on common 
vascular procedures, such as 
abdominal aortic aneurysm

repairs, femoro-popliteal bypass 
surgery, and embolectomies. 
Also included are talks on 
endovascular procedures such 
as endovascular aneurysm 
repairandangioplasty. 
Different speakers (consultant 
vascular surgeons and vascular 
radiologists) describe "how they 
do" certain procedures. Lectures 
are practical and instructive and 
coverthe whole operation from 
patient positioning, types of 
incision, instrument and suture 
use, anaesthetic considerations, 
skin closure, and postoperative 
recovery. Indications for 
surgery, postoperative care, and 
follow-up are also covered, but

the emphasis is on the "nuts and 
bolts" of the procedure itself. 
The lectures are deliberately 
kept informal, and audience 
participation is expected. I 
found that the most entertaining 
and informative aspect of the 
lectures was the debate and 
discussion among the speakers 
over differences in their own 
surgical techniques.

Most of the second day 
is spent practising surgical 
skills on various vascular 
models. These models allow 
you to practise the techniques 
described during the first 
day, and include models of 
femoro-popliteal and femoro- 
distal bypasses, carotid

endarterectomies, and a "lirnbs 
and things" abdominal aortic 
aneurysm model, complete 
with fake blood and venous 
structures. A full complement 
of surgical instruments and 
materials is supplied, and 
the models are done in pairs, 
allowing one person to assist 
while the other completes the 
model. Loupes are available 
for finer anastomosis, and their 
use is encouraged, especially if 
you have limited experience of 
them. The ratio of consultants 
to delegates is high, enabling 
the consultants to give practical 
instruction and advice. 
Awards are given for the best 
large vessel and small vessel 
anastomosis.

How much effort did it entail?
The course is intensive and 
requires audience participation 
on the first day and practical 
participation on the second day. 
Delegates need to have had 
some experience of vascular 
surgery and management of 
patients preoperatively and 
postoperatively. However, no 
reading is required beforehand, 
and there is no exam at the end 
of the course.

Was it worth it?
Absolutely. The course is good 
value and covers all major 
bases within vascular surgery. 
The lectures are informative, 
enjoyable, and highly relevant, 
and the practical sessions are 
well run and useful.

Top tips
• Make sure you have a chance 

to see, if not do, most of the 
operations covered in the 
lectures

• Bookearly. Delegate numbers 
are deliberately kept low to 
keep the lectures and practical 
sessions informal, with a high 
teacherto student ratio

• Come prepared to enter into 
the debates

100 BM| CAREERS I 27 MARCH 2010




