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Foreword

War and strife have long since set the scene for advances in
the urgent care of the wounded. Galen, when serving as sur-
geon to the school of gladiators at Pergamon, near Troy,
cured a traumatic brachial aneurysm by the simple expedi-
ent of prompt and securely maintained local compression.
Ambroise Paré and Baron Larrey both recognised the
opportunity of the ‘golden hour’ after injury. Writing from
the battle zone, Norman Rich documented the memorable
achievements of the mobile forward vascular teams in
Vietnam, their bounty being that for hundreds of young
men the otherwise certain prospect of limb loss was avoided.

The emergence of terrorism and violence in Northern
Ireland provided new opportunities for acute, definitive
repair of life-threatening vascular wounds. The challenges
faced were quickly appreciated at the Royal Victoria
Hospital, Belfast, where Aires Barros D’Sa, heading the next
generation of modern vascular surgeons, applied novel and
effective strategies, particularly in the testing scenario of
complex limb vascular injuries. In one of the first dedicated

regional vascular surgical centres established in the British
Isles, his use of early perfusion operative techniques enabled
more accurate and reliable vascular repairs, and better end
results have been the dividend. The second edition of this
book sets new standards for our specialty.

Endovascular surgery is here to stay, though, predictably,
along with its own problems. The potential indications and
techniques for such intervention seem to proliferate. This
new edition gives authoritative help with these. Today’s
professional emphasis on risk assessment, the manda-
tory measurement of treatment outcomes and the growing
awareness of medico-legal consequences and their avoid-
ance are given consideration. New material on stroke
makes a welcome appearance, as does a rearranged section
on the acutely swollen limb. The greatly expanded author-
ship, with increased international input, adds further merit
to this distinguished book.

H H G Eastcott
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Foreword to the 1st edition

Medical and surgical emergencies involving the vascular
system continue to challenge clinicians and vascular sur-
geons worldwide. Life as well as limb can be threatened by
a wide variety of diseases or injuries of arteries and veins.
Emerging new technologies have been associated with both
diagnostic and therapeutic complications.

The editors, also contributors to the volume, are leading
vascular surgeons with an international reputation in cur-
rent vascular surgical practice and research. In this book
they have mobilized the aggregated experience of other dis-
tinguished contributors from Europe, Australia and the
United States. They have addressed numerous emergency
clinical situations which require a mandated emergency
response by those with an interest in and an expertise for
managing vascular disease and injury.

The emergency vascular services and the general support
required in treating the patient are identified. Disease
processes associated with a threat to life ranging from a rup-
tured aneurysm to a cardiovascular accident are included.
Space is given over to post-surgical complications, includ-
ing infected grafts and the appropriate emergency vascular
response. A combination of medical as well as surgical ther-
apy is incorporated within the armamentarium of response
to various vascular emergencies. Challenging clinical emer-
gencies involving the venous system, ranging from throm-
bosis and pulmonary embolism to portal hypertension with

variceal bleeding have a place in this book. In tackling vas-
cular injuries, a regional focus is conveniently provided.
Iatrogenic vascular injuries as well as limb replantation
which fall within the realm of emergency vascular practice
all receive coverage.

Some of the subject matter contained in this most wel-
come book may be found scattered piecemeal in large vol-
umes on vascular surgery or may be omitted altogether.
During this century there have been few efforts to provide
within one volume the comprehensive range of acute vas-
cular material which has been collected here. The book con-
tains a unique and valued reference for doctors of all
disciplines engaged in the management of vascular emer-
gencies. The contributions of internationally renowned and
experienced physicians and surgeons will ensure its survival
as a unique resource. It is a book which will not be relegated
to gather dust on the bookshelf, rather it will be a manual
for frequent perusal by those engaged in emergency vascular
practice.

Norman M Rich MD FACS
Professor and Chairman,
Department of Surgery,
Uniformed Services

University of the Health Sciences,
Bethesda, Maryland, USA
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Preface

Patients presenting with emergency vascular problems, often
during antisocial hours, form a substantial percentage
of the caseload of a vascular surgeon. Ruptured aortic
aneurysms, acute limb ischaemia and stroke represent the
core of that emergency practice but the spectrum varies
from one country to another. In some populations, as has
been true of Northern Ireland for at least a quarter of a
century of terrorist violence, vascular surgeons have also
had to deal with life-threatening penetrating injuries. In
other societies they have had to cope with grave vascular
emergencies generated by substance abuse, HIV/AIDS or
cold injury.

Between the covers of this book is to be found a com-
prehensive range of vascular emergencies affecting the entire
body, if one excludes those of intracranial and cardiac
origin. Full consideration is given to current practice, evi-
dence-based or otherwise, as well as to anticipated develop-
ments particularly in the field of minimally invasive
intervention. Endovascular interventions for some emer-
gency vascular conditions seem to offer, long-term trial
results pending, speedy resolution, shortened hospital stay
and rapid return to an active life. In most centres in the UK
a collaborative team approach, with vascular surgeons and
radiologists sharing specialist skills, has proved effective
and has largely averted the turf wars with cardiologists and
neurologists reputedly plaguing those across the Atlantic.

Each chapter begins by defining the nature and extent
of ‘the problem’ when confronted with a particular emer-
gency, emphasising clinical presentation and prudence in
resorting to time-consuming investigations. In terms of
treatment, ‘hands-on’ practical advice is imparted based on
fundamental principles, identifying pitfalls, offering guide-
lines and giving helpful tips assisted by algorithms on
available management strategies. The reader will find
‘boxed” key points within the text where appropriate, and
from the extensive bibliography of all chapters, selected
references are recommended for further reading.

The text is divided conveniently into nine broad sec-
tions, the first on ‘General Considerations’ leading off with
introductory chapters outlining the provision of vascular
services in different countries. Focused chapters on the
pathophysiology of acute limb ischaemia and colonic
ischaemia, and the systemic sequelae to these insults, pre-
cede others on critical care, risk assessment and current

imaging techniques in refining diagnosis. Indicators of
‘best practice’ being absolutely central to modern manage-
ment of vascular emergencies, this section ends with chap-
ters on outcomes of treatment gleaned from the three
prestigious Scandinavian registries and a more recent UK
database, followed by an important review of relevant
medico-legal considerations.

Three further clinical sections follow under the headings
of acute cerebrovascular syndromes, the acutely swollen
limb and acute lower limb ischaemic states, the latter
including a superb chapter on the diabetic foot from a well
recognised centre. The sheer wealth of topics within the
section on thoracoabdominal catastrophes is exemplified
by an authoritative contribution on stenting in acute aortic
dissection, a modality of treatment positioned to virtually
displace both the relatively ineffectual conservative med-
ical approach as well as the more perilous surgical option.
Further important sections cover acute complications of
endovascular aortic repair (EVAR), regional vascular
trauma and iatrogenic injuries, the last section including
first rate chapters on catheterisation and peripheral endo-
vascular injuries. Fresh chapters by recognised world experts
on substance abuse, HIV/AIDS and cold injury give added
weight to the concluding section on special acute vascular
challenges.

With a book such as this devoted solely to the manage-
ment of vascular emergencies, the vascular specialist look-
ing for information is spared the laborious exercise of
delving through burgeoning tomes on vascular surgery in
general. For the vascular trainee this book represents
essential reading; for the established vascular surgeon,
radiologist and angiologist it is a source to be consulted
profitably from time to time; for general surgeons, trauma-
tologists, emergency physicians and other specialists it
contains pertinent chapters of interest.

Distinguished vascular surgeons, radiologists and other
specialists around the world have enriched this book with
their personal expertise and enthusiasm tempered by
sound evidence and mature reflection. I am grateful to
them for generously taking time in the course of their busy
professional lives to contribute invaluably to this book.
I must thank Tony Chant, co-editor to the first edition, for
staying on board and for his assistance with the prelimi-
nary editing of a few chapters. I would like to register my
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appreciation to the publishers for encouraging a second
edition, in particular Jo Koster, Director of Health Sciences
Subdivision of Hodder Arnold, for moving the project for-
ward. I am indebted most of all to Sarah Burrows, Senior
Development Editor and latterly Commissioning Editor,
for her unfailing kindness, diligent support and professional
expertise during every phase of preparation of the book.
I also thank Naomi Wilkinson, current Project Editor, for

ensuring that the production of this book is of the highest
quality. To that end the superb artwork by Simon Lindo,
Oxford Designers and Illustrators, and the meticulous
scrutiny by Lotika Singha, copy editor, and Andy Anderson,
proofreader, are acknowledged.

Aires A B Barros D’Sa
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Arteries and veins disrupt or occlude, and if they do so
suddenly an emergency situation arises. Rapid deteriora-
tion will threaten the viability of a limb or organ, and
indeed the survival of the patient. These emergency vascu-
lar situations call for an attitude of urgency, fine judgement
and decisiveness if optimal results are to be achieved.

Vascular surgical techniques directed at minimizing the
effects of these acute events have been available since the
early 1960s, and many of the treatment options have changed
little during that time. Even relatively new concepts such as
thrombolysis have been documented since the late 1960s.
What has changed, however, is the manner in which these
techniques have been employed: whereas general surgeons
previously applied them in a relatively ad hoc manner with
occasional spectacular successes, it is now increasingly
common for a patient who suffers a vascular catastrophe to
come under the care of a vascular team.

Our objectives in editing this book were to collect all the
important vascular emergencies within one volume, the
chapters of which represent a pooling of intercontinental
expertise in each of the topics. The very nature of the sub-
ject means that the authors recruited are very busy clini-
cians with a special personal experience of the problems

they discuss. We are extremely grateful to them, and to
Arnold for their help in co-ordinating such an ambitious
venture. Following the three general introductory chap-
ters, the emergency vascular problems covered in subse-
quent chapters are subdivided into three further sections,
namely arteries, veins and trauma. These contributions
come from prominent centres responsible for significant
advances in their respective areas.

The authors were especially encouraged to approach their
topics by first outlining the problem confronting the clini-
cian, and then by examining the pathophysiological sequelae
of a particular vascular emergency. Having established this
starting point, each contributor then outlined the various
strategies employed in the practical management of the con-
dition. Many of these vascular emergencies involve other
medical specialties and therefore require a multidisciplinary
approach. It is hoped that access to the broad range of spe-
cialties fused within the volume will be of value not only to
vascular, general and trauma surgeons, but also to radiolo-
gists, angiologists, physicians and emergency personnel.

Anthony D B Chant
Aires A B Barros D’Sa
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THE PROBLEM

A patient suffering a vascular emergency is best served
when under the care of a vascular team working in an
appropriately equipped hospital. The reality, however, is
often very different. The reasons for this are partly due to
demographic and socioeconomic conditions but also
partly the medical culture of the country in question (see
Chapters 1B and 1C). Perhaps equally important has been
our difficulty, as vascular physicians, surgeons and scientists,
in establishing vascular surgery as specialty in its own right
and in providing hard evidence with which to convince our
administrations and the myriad healthcare managers that
such specialisation is necessary. So-called ‘level 1’ proof, the
kind that is sometimes obtained from the meta-analysis
of prospective trials is, in the vast majority of vascular
emergencies, unlikely to be obtained. There have been and
will be opportunities for this approach, particularly in
adjuvant or supporting therapies. On the whole, however,
information has been achieved in a different way. Retro-
spective and prospective audits have all played an import-
ant role in furthering our knowledge, and reflection on the
dramatic improvements achieved even over the last
20 years bears witness to their value.! Neither should we
be apologetic about the lack of trials. As any aeronautical
scientist will tell you, there is no requirement necessary to
run a controlled trial in order to produce a new aeroplane.
A priori thinking, computer modelling, animal experi-
ments together with excellence in the area of audit, both
individual and in combination with other groups, should
give us the evidence we need in order to argue the case for
resources necessary to maintain high standards.

EVOLUTION OF EMERGENCY VASCULAR
SERVICES

Vascular surgery as a specialty in its own right started to
emerge in 1966 when the Vascular Society of Great Britain
and Ireland was founded. Gradually, over a period of some
40 years this specialty has almost detached itself from gen-
eral surgery. The peculiarity of the economics of the British
National Health Service (NHS), however, has encouraged
generalism rather than specialisation and this, in turn,
slowed down the development of the specialty. This was true
with the exception of cities such as Glasgow, Edinburgh
and Belfast where, during the early 1980s, individual sur-
geons forged ahead independently to establish dedicated
regional vascular units — the one in Belfast being located at
the main teaching hospital in which also resides a level IA
trauma centre, with the advantage that patients sustaining
vascular injuries also received optimal vascular care.
Nevertheless, in the overall environment, surgeons trained
in vascular surgery found themselves on general surgical
emergency intake rotas. Conversely, patients with ruptured
aneurysms were operated on by, for example gastroenter-
ologists or even urologists.

In an effort to paper over this ridiculous divide, serious
papers have been published attempting to justify this solu-
tion. Indeed, as recently as July 2000, in the Annals of the
Royal College of Surgeons of England, there were no less
than three papers discussing this very topic. The first by
Cook et al.,? argued that ‘patient outcome alone does not
justify the centralisation of vascular services’. The second,
by Sutton et al.,* describes the evolution of vascular surgery
at a district hospital and asks ‘is specialisation inevitable?’.
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This particular paper is interesting because it demonstrates
quite clearly the inevitable rise of the specialty: in 1984 the
total number of vascular cases comprised only 3.4 per cent
of all operations on this particular unit and rose to 33.4
per cent by 1998, leading to the firmly stated conclusion
that ‘with such a rapidly growing arterial caseload, special-
isation to vascular surgery is inevitable’. The third paper in
this particular volume of the journal® discusses regional
variations in varicose vein operations across England.
A similar disparity was revealed in the provision of carotid
endarterectomy in Wessex.® The results again confirm the
inconsistency between subregions in the numbers of oper-
ations done. In other words, despite the relatively uniform
prevalence of vascular disease across the UK, the actual
number of patients treated depends very much on local
circumstances.

The kind of arguments that have been previously
advanced by those wishing to retain the status quo and
remain generalists as well as doing ‘a bit of vascular surgery’
go as follows. First, that all but a few pregangrenous legs
can be treated with analgesics and rehydration overnight
and that angiograms ought to be done only in daylight
hours. A further simplistic but plausible argument has also
been forwarded regarding abdominal aortic aneurysms: as
50 per cent of these patients die before entering hospital,
and as an expert vascular surgeon can salvage only 60
per cent of the remaining 50 per cent, namely 30 patients,
not much is to be gained by having an expert vascular sur-
geon; further, because an experienced general surgeon
might salvage 40 per cent of the remaining 50 per cent, in
other words, 20 patients, the extra spending on the reten-
tion of specialist vascular surgeons and resources results in
a net gain of only 10 lives; the money, therefore, could be
better spent in managing other illnesses.

RECOMMENDATIONS FROM THE SPECIALTY

In October 1998 the Vascular Surgical Society published
the first recommendation in respect of the provision of
vascular surgery services.! This very comprehensive docu-
ment details the problems faced by the British NHS at that
time in terms of providing emergency vascular services and
goes on to suggest the following solutions.

Major vascular units

Wherever possible, vascular services should be provided on
a single site. The recommendation was that four or more
consultant surgeons should staff these centres, a number
allowing for a workable on-call rota. These consultants, in
turn, should be supported by interventional radiologists
and vascular anaesthetists and by facilities such as an inten-
sive therapy unit, a high-dependency unit and a vascular
laboratory. The workload figures at that time suggested

that such a unit could care for a population of at least
500000. The benefits, of course, would be the concentra-
tion of clinical experience and the provision of excellent
supervision for training.

Intermediate vascular units

These units would service populations of between 300 000
and 400000, but in truth, were they to run efficiently,
would still require four consultant surgeons plus support
staff. It was thought, perhaps, that this was not an econom-
ically viable arrangement.

Remote vascular units

This description was applied to geographically isolated
hospitals serving small populations of between 100 000 and
250000. At this point the concept of ‘hub and spoke” was
discussed. The problems associated with this approach
have been discussed elsewhere.” The main criticism of this
concept is that those specialists at the end of the ‘spoke’,
although on appointment well trained in modern vascular
surgical techniques, in time, and because of the lack of
elective operating, inevitably would become less efficient
and less tuned in to best practice. Moreover, it is hard to
justify, economically, the duplication of support services in
these peripheral units, when for much of the time the
‘plant’ would remain unused.

These initial fairly simple recommendations were fur-
ther complicated by the fact that the Royal College of
Surgeons changed their Fellowship requirements so that
even quite senior trainees required supervision at all times.
The European Working Time Directive ‘Department of
Health, Hours of Work for Doctors in Training’® was then
published, this ‘New Deal’ limited the hours that doctors,
both senior and junior, could either work or remain on-
call. Trainee vascular surgeons will now receive even less
exposure to vascular emergencies. It was considered wrong,
for example for a surgeon to be on a more than one in five
emergency rota. Given the complexity of the government
rules and their economic consequences for individual
hospitals, it is perhaps not surprising that in a few areas in
the UK general surgeons still have to look after vascular
patients. That said, things have improved markedly and
there is now much closer liaison between both specialist
interventional radiology’ and anaesthetic services. The
repeated emphasis over the years by the National
Confidential Enquiry into Postoperative Deaths (NCEPOD)
of the need for vascular emergencies to be treated by a
specialist vascular team'® is probably being achieved but
probably more so as a product of other influences. That
objective, undoubtedly, will be accelerated by the absolutely
unanimous desire of the members of the Vascular Surgical
Society, expressed in November 2003, to seek independent
specialty status outside general surgery.
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The most recent recommendations from the Vascular
Surgical Society, the Provision of Emergency Vascular
Services, were published in November 2001!! and, realising
that the scene was constantly shifting, it was agreed that the
document should be reviewed in 2004. Much of the ration-
ale for the management of vascular emergencies by vascu-
lar surgeons is described above, but two significant new
items have been added. First, it notes the introduction of
so-called ‘clinical governance’ and goes on to state ‘general
surgeons who are not vascular specialists undertake no
active emergency arterial surgery, and it is difficult for them
to justify treating vascular emergencies under the scrutiny
of clinical governance’. In other words, if a general surgeon
in the UK now performed an operation for a vascular emer-
gency, and were that patient to die or perhaps lose a leg
unnecessarily, then that surgeon may well be open to liti-
gation. It cannot be emphasised enough just how import-
ant a shift of opinion this is in service terms. The second
important change is that there is at last an admission that
‘there is an accumulation of evidence that outcomes are
better when vascular patients are treated by vascular spe-
cialists’.!>!* Moreover the document'' goes on to state
quite dogmatically that ‘the modern generation of newly
appointed consultant general surgeons is insufficiently
trained and experienced to manage complex emergencies
outside their own specialist field’.

While this was all accepted in theory, political negoti-
ations aimed at actually amalgamating units have proved
extremely difficult, because, quite certainly, some of the
smaller hospitals would lose their vascular services com-
pletely. Important situations such as ‘in-house emergen-
cies’ might be difficult to deal with. Does one, for example,
transfer a diabetic patient who requires a simple ray ampu-
tation of a toe, 30 or 40 miles (48 or 64 km) to a major unit?
And how does one deal with the dilemma of a patient, who,
in the process of undergoing a general or other non-vascular
surgical operation, sustains an iatrogenic vascular injury
(see Chapter 40). These and other questions demand sens-
ible, workable and current solutions. Therefore, after a
two-year period of consultation with the membership, the
Vascular Surgical Society, in liaison with, and the approval
of, the departments of health of the four regions of the UK,
published Provision of Vascular Services 2004 in November
2003."* This document supports local collaborative strategies
which achieve a preferred minimum emergency on-call rota
of one in six, which goes a long way to providing that 24-hour
cover necessary in dealing with the kind of situations illus-
trated above in this paragraph. Emergency work is onerous
and time consuming and these facts deserve recognition by a
government now committed to the strategies laid down in
this document and by hospitals negotiating new contracts
with consultant vascular surgeons. In due course, with
increasing participation in the National Vascular Database?
by the membership of the Vascular Society, solid data should
emerge which will assist in refining existing arrangements for
the management of vascular emergencies in the UK.

Conclusion

The, perhaps slightly optimistic, conclusion to the man-
agement of emergencies is that the gradual evolution of
comprehensive vascular services in the UK may be in the
process of being accomplished now that the government
has given its tacit approval and accepted a measure of
co-responsibility in the most recent provisions.'* Arriving
at this juncture has been a painful process in many
respects but, to an extent, it illustrates the complexity of
having to please everyone. Advancement of the specialty
in the UK has been hampered, partly by the remoteness
of some parts of these islands, but mainly by under
resourcing of the NHS and the encouragement, until
very recently, of generalism rather than specialisation. If
you choose to live or work in a remote area, then it is
unlikely that you will get the very best of medical treatment.
That is a reality of life.
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THE PROBLEM AND THE NEED FOR
EMERGENCY VASCULAR SERVICES

Vascular surgery is a field of expertise demanding some
degree of specialisation and therefore in many countries it
is recognised as a monospecialty. In most of these coun-
tries, specialisation within vascular surgery requires a
number of years training within vascular surgery following
two to three years in general surgical training. It should
follow, therefore, that, in general, results are superior in
larger hospitals with access to vascular surgery rather than
in smaller hospitals."”” The results of emergency vascular
surgery should also be better if conducted by specialists.
This difference may be more difficult to observe because
of a number of factors, including that of smaller numbers
and the difficulty in comparing cases. In Denmark, how-
ever, where all vascular surgery is performed within only

Table 1B.1  Thirty-day mortality following emergency operation
for ruptured abdominal aortic aneurysm (RAAA) in Denmark
(www.karbase.dk). With a population of 5.5 million the average
number of RAAAs is 4.3 per 100 000 per year

1997 1998 1999 2000 2001 Total

No. of cases 259 264 230 205 232 1190
Mortality (n) 93 120 105 92 102 512

Mortality 36 46 46 45 44 42
(per cent)

10 units staffed solely by specialists in vascular surgery, the
results of surgical treatment of ruptured abdominal aortic
aneurysms (RAAAs) speak for themselves: the mortality in
treating more than 1400 cases of RAAA was 42 per cent
(Table 1B.1).

STAFFING AND STRUCTURING OF THE UNIT
AND HOSPITAL REQUIREMENTS

In order to provide expert emergency vascular service
24 hours a day, 365 days a year, the specialist unit needs to
be staffed accordingly. Taking all duties into account, in
addition to vacation and holidays, continuing medical edu-
cation, scientific meetings and so forth, a minimum of three,
and preferably four to five vascular surgical specialists are
needed in each unit. Looking at the organisation in Denmark,
a total of only 10 vascular surgical units/departments serves
the population of 5.5 million. All elective as well as emergency
cases are treated in these 10 units, staffed, in total, by approx-
imately 45 consultants.

Depending on whether the hospital is a university or a
regional hospital, the departments may have their own
junior staff or share them with a general surgical unit. In
most university hospitals the vascular surgical unit will
have its own staff on call represented by an intern/resident
in-house and a fellow/consultant on call, the latter avail-
able within 30 minutes. When the vascular fellow is on
call a consultant is also similarly committed. Thus, when
dealing with an RAAA, an operating team of two to three
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surgeons is available, including a vascular surgical consultant
and fellow. Having staff on call leads to long working hours
and the need for compensatory absence. In Denmark the
official working week is 37 hours, and even though some
time on call may be compensated financially, a senior
fellow/consultant will be on compensatory leave, often for
1 week out of a 4- to 6-week period. With a shortage of con-
sultants in almost all specialties in Denmark this poses a
problem, especially for staffing the more ‘remotely’ located
units. Consequently, a new kind of intercounty collabor-
ation is being developed where a university/large regional
hospital may cover the neighbouring counties for emergency/
acute cases after 4 pm. Vascular surgical activity being
fairly limited beyond daylight hours, more effective use is
made of a consultant’s skills, but the potential catchment
population covered may well be a million or more
inhabitants.

Naturally, access to an operation room (OR) is manda-
tory and a large theatre is preferable. As in many cases there
is no time for preoperative radiological investigation, the
surgeon has to resort to intraoperative angiography in
treating lower limb emergencies. Physical space for mobile
or permanently installed X-ray equipment is necessary,
along with staff capable of using it at any hour of day or
night. The nurses and staff in the OR assisting the vascular
surgeon should have a thorough knowledge of the instru-
ments and the common vascular reconstructive proced-
ures. Obviously, the provision of a complete vascular
surgical team of assistants, available 24 hours a day, would
be the ideal situation but this is probably only achievable
in very few units. Having a core of nurses mainly in sup-
port of the vascular surgeons, makes it possible for at least
one of them to be on call most of the time. With a surgical
volume of a minimum of 400-600 vascular cases per year,
vascular surgical operations are performed daily, providing
sufficient numbers for training OR staff.

This caseload also allows anaesthesia personnel to gain
the necessary experience in dealing with patients with both
central and peripheral arterial disease (PAD). Patients with
PAD generally suffer from other diseases such as concomi-
tant coronary heart disease and chronic obstructive lung
disease. These risk factors in turn account for a high peri-
operative morbidity and mortality even in elective lower
limb surgery. The Danish National Register of Vascular
Surgery (www.karbase.dk)? recorded a 30-day mortality of
approximately 4 per cent in 5012 peripheral bypass oper-
ations performed during 1996-99. Of course, these patients
did not die directly from the operation as from the conse-
quences of other competing circulatory or respiratory
diseases. In general, first it should be assumed that any
patient with PAD also suffers from coronary heart disease
even though there are no cardiac symptoms. Second, man-
aging the major haemodynamic changes during aortic sur-
gery following cross-clamping of the aorta requires skill
and experience. Furthermore, the great volume losses dur-
ing RAAA surgery create demanding situations. Vascular

surgery is ideally performed in hospitals where other major
operations on patients with significant competing diseases
are undertaken, and therefore, where all the personnel
working in the vicinity of the vascular surgeon are cog-
nisant of the common challenges.

A well-equipped intensive case unit (ICU) is mandatory
when performing vascular surgery. Both in elective as well
as emergency vascular cases, major complications result in
failure of almost any organ, most notably the lung, kidney
and heart. Similarly, for the staff of the ICU, regular con-
tacts, preferably daily or at least weekly, with vascular sur-
gical patients is mandatory. Access to dialysis is also
important as renal failure is a common complication in
major vascular surgical emergency cases, in particular rup-
tured aneurysms. Transfer of vascular surgical patients to
other hospitals for dialysis, where vascular surgeons are not
in attendance, may result in less intensive surveillance of
coexisting vascular surgical problems. In general, the need
for dialysis may be a significant prognostic factor for a vas-
cular patient and, although difficult to document, it is the
experience of the author that moving a vascular surgical
patient to another hospital for dialysis is a strong predictor
of death. This, of course, is reflected in the high mortality of
patients with renal failure following major vascular surgery.
Having the patient in another hospital where there is no
vascular surgical expertise, however, may result in decisions
being made which might not be the best for the patient.

A ward caring only for vascular surgical patients is of
course the ideal solution. In a number of Danish hospitals
this is the case. These are relatively small units of 14-20
beds staffed with personnel taking care of only vascular
surgical patients. This allows for special training of the
nursing staff, in turn improving the quality of surveillance
and care of vascular surgical patients. These skills include
experience with ischaemic and venous ulcers, supervision
of newly operated patients, ability to measure ankle pres-
sures, evaluate whether or not a bypass graft is patent and
functioning well, experience with the continuous infusion
of thrombolytic agents and management of patients with
high comorbidities. If a unit solely dedicated to vascular
surgery is not attainable, a section within a surgical ward
can be a good start. For nursing staff dedicated to vascular
patients, however, it is vitally necessary in order to main-
tain continued and optimal surveillance and care.

The radiological department should have a dedicated
angio-suite and one or preferably two vascular radiologists
whose duties are mainly vascular. Whether or not access
to an expert radiological vascular service is necessary at
all times is debatable, however, day-to-day contact is.
On the other hand, a round-the-clock facility for computed
tomography (CT) is mandatory. It is also advantageous to
have ultrasound expertise available if the vascular surgeon
cannot perform this examination on his or her own.

Finally, having a vascular laboratory, ideally located
within the vascular surgical unit is of great value. Although,
many emergency vascular cases may utilise the skills of the
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radiological department, some of the complications can be
investigated in the vascular laboratory. The advantages of a
vascular laboratory are discussed further below.

WHAT CAN AN EXPERT UNIT DO?

In addition to treating emergency vascular cases, vascular
surgical staff at an expert unit can also provide elective
services to a region. Units covering an area with
400 000-500 000 inhabitants, staffed by three or four con-
sultants, should generally have an activity level of around
400-600 arterial cases, 75 per cent being open surgical
cases and 25-35 per cent percutaneous transluminal angio-
plasties, although the proportion of the latter may be
higher in some countries. Added to the ‘real’ arterial cases
is an average of 0.2—-0.3 additional, usually secondary oper-
ations per arterial reconstruction, mainly minor amputa-
tions, wound revisions and so on, thereby increasing the
operative caseload by 20-30 per cent.

Vascular surgical activity includes the entire spectrum
of preoperative work-up, diagnostic studies, the operation
itself, the care provided during hospitalisation and finally,
but very importantly, postoperative monitoring and
indeed follow-up. In Denmark, most departments/units
offer 30-day and one-year follow-up for all patients. In
addition, patients undergoing bypass surgery are often also
seen at intervals between the standard re-visits, usually at
6-12-week intervals during the first year. Venous disease,
especially the more complex cases of redo varicose vein sur-
gery, secondary varicose veins and chronic venous obstruc-
tion can also be treated by vascular surgeons. Although not
within the scope of this chapter, we find it increasingly
important that vascular surgeons ensure patients are treated
adequately with respect to secondary prevention.* A special
outpatient clinic dedicated to the organisation of risk factor
reduction by means of lifestyle changes and medication
allows well-trained and supervised vascular nurses to take
the responsibility of improving the total care of the vascular
patient.

The volume of emergency work is of a reasonable size
with an average of 20-25 RAAAs, within a range of 10-35
cases treated per unit depending on the size of the catch-
ment area.

With a staff of at least three or four consultant vascular
surgeons per unit, continuing education of staff is possible
in the knowledge that vascular surgical expertise is always
available during meetings and courses. Given that all vascular
surgical operations in Denmark are performed in the
aforementioned 10 vascular surgical units/departments, it
follows that no Danes are treated by anyone other than
full-time vascular surgical consultants. An organisation in
which all vascular activity is concentrated within a few
centres ensures that vascular surgeons are solely respon-
sible. It may be argued that vascular surgeons should keep

their general surgical skills up to date at all times, but as all
vascular surgical units/departments in Denmark are either
in university hospitals or regional hospitals, where general
surgical staff are also to be found, a gastroenterological or
urological consultant surgeon, for example, can be called
upon if necessary. An indepth devotion to the specialty,
concentrating on vascular cases only, sharpens a consultant’s
expertise and certainly makes for better outcomes.

The surgical throughput in the vascular surgical units
described is sufficient to offer a broad range of experience
in keeping the skills of the consultants and associated staff
up to date. Depending on the size of the unit/department,
it also allows for one or more resident/fellow appoint-
ments. In Denmark, a ‘small’ unit with three or four con-
sultants provides one of the three years of training required
by a fellow for specialisation in vascular surgery. The larger
units, wherein all kinds of vascular surgical treatments are
undertaken, provide the remaining two years of training.
The larger units also offer resident positions for 6 months
which are very important in the recruitment of future vas-
cular surgeons.

A consultant is always on call in support of a vascular
fellow and to whom the trainee has access for advice and
supervision in the management of emergency cases.
During daylight hours, one vascular trainee working under
three or four consultants will generally receive very good
supervision in the management of elective cases.

Large units facilitate the establishment of a vascular
laboratory located within a vascular surgical unit or outpa-
tient clinic which not only means that patients do not have
to attend another clinic but also increases use of expensive
equipment. For instance, a duplex scan is more frequently
performed if it can be done immediately and without the
time-consuming administrative measures in having it per-
formed elsewhere, or even worse, on another day. A vas-
cular laboratory immediately available within a unit also
offers important educational as well as research opportun-
ities for the vascular surgical trainee.

A senior vascular surgical trainee represents the avail-
ability of vascular expertise not only for ‘in-house’ emer-
gencies but also for those in another hospital within the
unit’s intake area. Injured patients brought into the emer-
gency room may turn out to have vascular problems or,
occasionally, an iatrogenic vascular injury may complicate
a non-vascular surgical procedure. If a vascular surgeon is
not available to deal with such cases, the outcome may be
less than favourable.

On approximately 10 occasions annually, vascular sur-
geons at Gentofte University Hospital perform emergency
operations at one of the other three hospitals within
Copenhagen County, which has a population of 630000
inhabitants. For example, the time taken for a vascular sur-
geon to travel to a patient with a ruptured aneurysm in cir-
culatory shock is much less than that needed to stabilise the
patient for transportation and effect the actual transfer of
the patient to Gentofte. Using this strategy, the results of
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emergency RAAA operations performed in other hospitals
on 19 patients from 1996 to 1999 by Gentofte staff show a
30-day survival of 47 per cent.” When compared with the
results in-house at Gentofte or with those of the whole
country, these results are almost as good, despite the fact that
in these particular cases the worst possible outcome might
otherwise have been expected. This raises the question as
to what is most important when treating a ruptured
aneurysm: is time or the organisation of the vascular surgi-
cal unit the key issue? It is well recognised that the patient
with an RAAA represents a challenge for anaesthetists and
it has also been argued that, unless both they and the ICU
staff are experienced, results may suffer. In Copenhagen
County, the patients operated outside Gentofte Vascular
Surgical Department are almost always transferred to
Gentofte Hospital as soon as possible, that is, immediately
after surgery or the day after. Similarly, for trauma cases
dealt within Copenhagen County, the availability of a
‘travelling’ expert is important especially as these other
hospitals are all university hospitals with large teaching
anaesthesia departments and well-equipped ICUs.

It is of course debatable as to whether a ‘travelling ser-
vice’ will produce good results in all cases. For example,
when operating on hypotensive patients with RAAAs in
remote small hospitals inexperienced in major surgical
work the outcome is usually poor. A recent Danish study
from a less densely populated area presented the results of
emergency RAAA surgery undertaken in remote hospitals
by a ‘travelling vascular surgeon’: the 30-day mortality in
this small series was 70 per cent, and although the authors
concluded that such operations were worthwhile, it could
be argued that the results contradicted this view and that
patients should be transferred to the expert unit under all
circumstances.® The experience from southern Sweden
shows that the on-table mortality from RAAA is similar
whether patients are operated in a university hospital (12
per cent) or a county hospital (15 per cent), nevertheless,
there was a difference in the 30-day mortality, being 26 and
41 per cent, respectively.’

The organisation of vascular services in Denmark, in
general, has encouraged good results in treating emergen-
cies, if the 30-day survival of operations for ruptured
aneurysms is taken as an indicator. Looking at the results
of all cases treated over 5 years (1997-2001), a 30-day
mortality rate is 42 per cent in 1190 cases treated (see
Table 1B.1), with only minor variations from one year
to another.’

Comparison between departments is difficult on an
annual basis due to the numbers being treated. Over six
years, however, experience reveals quite similar results in
the 10 Danish centres. The difference between the depart-
ment with the best results and that with the highest
mortality is 14 per cent (39-53), but using 95 per cent con-
fidence intervals this difference is not statistical significant.
Even if it were, the differences in mortality might simply
reflect differences in the performance of the attending
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Figure 1B.1  Thirty-day mortality in 10 Danish vascular surgical
departments over a 6-year period (1996-2001); 95 per cent
confidence intervals are shown. The numbers below the figure
indicate department number and these are kept confidential; each
centre knows its result and what number they are on this figure;
however, they are unaware of other departments’ numbers (source:
www.karbase.dk®)

surgeons, case selection and not necessarily the capabilities
of an individual department or hospital (Fig. 1B.1).

The five-year mortality rate of 42 per cent, derived
from all RAAA surgery undertaken in Denmark, compares
well with similar analyses from other countries. Of the 10
Danish hospitals performing vascular surgery, only five are
university based and the other five are regional hospitals.
In the USA an analysis of 13 887 cases from 20 per cent of a
random sample of all hospital activity during 1996-97
showed an overall RAAA mortality of 47 per cent. A meta-
analysis of all English literature quoting RAAA mortality
during 1995-98 revealed an overall operative mortality of
48 per cent.’

POLITICAL ISSUES

An understanding of the Danish organisation of emer-
gency services is based on the recognition of the following
issues. Almost all healthcare is socialised and paid for by
public services. The country is divided into 19 counties,
each responsible for its own organisation and the econom-
ics of healthcare within it. A central administrative author-
ity is answerable to a political county council elected by the
inhabitants of that county every four years. Virtually all
vascular surgery is performed within public hospitals. The
cost of healthcare in Copenhagen County is paid for by its
inhabitants. In total, Denmark has 19 counties, 10 of which
decided to have their own vascular surgical service.

The decision to establish a specialised unit or not is a
local decision for a particular county. If it chooses not to
have its own specialist unit, it has to transfer vascular sur-
gical patients to a hospital in another county and pay for
their treatment. Given the system of reimbursement
between counties implemented by the year 2000, and using
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diagnosis related groups (DRGs), the price for treating the
individual case is a little higher than the ‘cost’ price, which
makes it fairly attractive to hospitals receiving patients
from another county.

The service a county wishes to provide has a political
dimension. Some counties, despite being relatively small,
may have a political majority favouring the provision of
all medical speciality services and, consequently, in some
small specialties the cost per case may be very high. In other
counties a more pragmatic attitude may be evident where
economical considerations rule decision making.

National health authorities define a disease requiring
specialist attention by, for example, stating that aortic
abdominal aneurysms need vascular surgical attention.
Within vascular surgery itself, certain procedures are con-
sidered so rare that they ought to be concentrated in a few
tertiary units. These cases would include mesenteric and
renal artery obstruction, infected abdominal vascular pros-
thesis and certain supra-aortic emergencies.

LOCATION OF AND DISTANCE BETWEEN
VASCULAR SURGICAL SERVICES

Ideally, in the majority of cases, the time needed to trans-
port a patient from home, or from another hospital lacking
a specialist vascular service, should not exceed 1-2 hours.
In Denmark, this is the case almost anywhere in the
country, with the exception of people living on small
remote islands. Even then the possibility of providing
transport by helicopter exists. In these cases, however, it is
often a matter of transporting a patient to the right hos-
pital rather than just the nearest one. This, of course, is
dependent on someone making the correct diagnosis
which may not happen until the patient is actually in a hos-
pital which has a vascular surgical service.

Conclusion

Vascular surgery is a specialty which benefits from cen-
tralisation, partly with respect to quality of treatment,
but also with regard to cost. This is especially important
with regard to patients presenting as emergency cases in
the care of whom the availability of an experienced vas-
cular surgeon is crucial; equally so is the hospital’s abil-
ity and experience in dealing with emergency vascular
surgical cases.
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THE PROBLEM

Emergency vascular surgery services encompass a wide
variety of disorders, including aortic aneurysm disease,
acute lower limb ischaemia, symptomatic carotid occlusive
disease and vascular trauma, to name but a few. The variety
of disorders encountered in the emergency rooms of hos-
pitals in the USA necessitates familiarity with evaluation
and management of vascular disorders in order that the
patient can be cared for expeditiously.

Delivery of emergency vascular services requires a
diverse group of healthcare professionals including vas-
cular and trauma surgeons, emergency room (ER) phys-
icians, nursing personnel, emergency medical technicians,
radiological and operating room personnel. Organising
services into a co-ordinated functioning unit requires
co-operation between surgery, radiology and emergency
medicine personnel.

This chapter reviews the manner in which vascular ser-
vices are facilitated and organised in the USA using one
large public hospital as an example. The most common
emergency vascular problems are ruptured abdominal
aortic aneurysms (RAAAs), vascular trauma, acute limb
ischaemia and stroke.

EPIDEMIOLOGY

The overall incidence of acute vascular surgical emergen-
cies in the USA is difficult to quantify. Owing to the cata-
strophic consequences of delay in correct diagnosis and
treatment of such acute circulatory problems, numer-
ous patients will succumb to vascular emergencies outside

hospital and remain unaccounted for by our current methods
of medical record keeping. An estimate of activity at our
medical centre may provide some insight in this matter.

The vascular surgery service at Los Angeles County and
University of Southern California (LAC + USC) Medical
Centre annually admits over 250 patients and provides
consultations on over 300 inpatients. Approximately
25 per cent of these admissions are of an emergency nature
and come through the ER or clinic. Over the past three
years, our vascular service has performed an average of 355
operations, 21 per cent of these cases being emergencies.
Interestingly, the same distribution applies to the average
number of surgical hours spent on vascular elective and
emergency operations.

The most common vascular emergency at our institu-
tion is that of acute upper and lower extremity ischaemia,
constituting almost 20 per cent of all emergency vascular
operations undertaken. While the aetiology of ischaemia in
the upper extremity is most frequently due to an embolic
source, acute ischaemia of the lower extremity encom-
passes embolic as well as thrombotic complications in ath-
erosclerotic patients. Given the lower rate of limb salvage
in the latter group of patients, the number of amputations
performed for ischaemic disease may provide a rough esti-
mate of this problem throughout the USA.'~

Despite improvement in care and technological
advancements, the incidence of RAAAs continues to be a
persistent and common problem.*> The relative incidence
of ruptured to elective aortic aneurysm repairs for a partic-
ular medical centre is difficult to quantify given that multi-
ple variables are involved. Referral patterns from primary
care practitioners, technological advancements and indeed
the reputation of surgical staff, all have an impact on the
incidence of elective aneurysms treated at a particular
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institution. Similarly, the urgency of the patient’s condi-
tion and the proximity of the nearest medical facility have
an effect on the incidence of RAAAs seen at each medical
centre. At the majority of large urban hospitals, a ratio of
elective to ruptured aortic aneurysm repairs is approxi-
mately 4:1. Here at LAC + USC Medical Centre, however,
the distribution of major vascular procedures is heavily
weighted towards reconstructions for aortic occlusive dis-
ease. As such, our centre manages an even mix of ruptured
and elective abdominal aortic aneurysm repairs, essentially
unchanged over the past five years.

The management of patients sustaining vascular
injuries caused by firearms and motor vehicle accidents
continues to pose a significant challenge to our institution.
Over the past 10 years, the LAC + USC Trauma Centre has
admitted 967 patients with 1399 vessels injured, a mean
revised trauma score (RTS) of 5.44 and a mean injury
severity scores (ISS) of 23. Most of these patients were
admitted in haemorrhagic shock with a mean systolic blood
pressure of 92. The majority of them underwent operative
treatment of their vascular injuries sustaining a mean esti-
mated blood loss of 3862 mL of blood. Clearly the special
resources at our level I trauma centre contributed to the
excellence in the provision of care for both critically injured
trauma patients as well as for patients presenting with
vascular emergencies.

Cerebrovascular accidents are the third leading cause of
death in the USA. At our medical centre, approximately
750 patients with newly diagnosed strokes are managed
annually. Of these patients, the aetiology of the stroke is
ischaemia in over 60 per cent of cases. This is not to men-
tion the additional number of unaccounted patients experi-
encing transient cerebral ischaemia who are treated and
then discharged from the emergency room. To improve
the timely treatment of this devastating entity, integration
of emergency room personnel, radiology staff, specialty
neurologists and vascular surgeons to form a dedicated
acute stroke team is currently in action at our medical
centre.

REQUIREMENTS

The American College of Surgeons (ACS) founded in 1913,
along with its oldest standing committee, the ACS
Committee on Trauma (ACS-COT) established in 1922,
have been the leaders in the provision and standardisation
of care for injured patients. Amongst some of the most
important steps taken by the ACS-COT was the creation of
a document entitled Optimal Hospital Resources for Care of
the Injured Patient, which, over the years, has evolved with
the contributions of many trauma surgeons into the
monograph Resources for Optimal Care of the Injured
Patient, first published in 1990 and revised in 1993 and
1999.%7 This publication is periodically updated by the

members of the ACS-COT and strives to set guidelines for
the verification of trauma centres. Simultaneously, the des-
ignation of trauma centres by ‘levels” has evolved into the
development of a comprehensive trauma care system, which,
in geographical terms, provides care for injured patients
throughout the USA.

The LAC + USC Trauma Centre is a level I trauma
centre and considered a regional resource facility caring for
the citizens of Los Angeles County, the most populous
county in the USA. It is one of the largest trauma centres in
the USA admitting on a yearly basis between 7500 and 8200
injured patients. Being of level I status, in-house trauma sur-
gery specialists are available 24 hours a day, along with
24-hour availability of operating rooms, surgical intensive
care units and a full complement of other surgical and
non-surgical specialists needed for optimal provision of
trauma care.

The special expertise and resources available to main-
tain a verified level I trauma centre are both easily applic-
able and transportable to the management of vascular
emergencies. Both injured patients and those admitted
with vascular emergencies may arrive at the ER in pro-
found shock and severe physiological compromise, requir-
ing a rapid mobilisation of all resources. This includes
resuscitation, immediate transport to a surgical suite for
definitive lifesaving interventions and immediate availabil-
ity of large quantities of blood. Immediately postopera-
tively, individuals trained in surgical critical care continue
the process of resuscitation and administer advanced tech-
nological support to patients decompensating into single
and/or multiple system organ failure.

Trauma patients and those with vascular emergencies
also may have need for multiple staged procedures which
require ‘bail out/damage control’. Consequently, the pres-
ence of a well established ACS verified level I trauma centre
with its multidisciplinary approach to the management of
complex injuries can also serve a dual purpose in the pro-
vision of excellent care to patients presenting with vascular
emergencies.

Physicians in most emergency rooms make an initial
assessment of a vascular emergency. They provide the ini-
tiative in pursuing an aggressive approach involving
appropriate specialists and the vascular surgeon in particu-
lar. Familiarity with common vascular emergencies and
the ability to perform a thorough vascular examination is
therefore critical to an emergency physician’s expertise in
providing an initial assessment and diagnosis on these
patients.

Emergency physicians are very dependent on emer-
gency services and emergency medical technicians. In the
USA, these individuals are trained to stabilise and move the
patient rapidly from the scene of a non-traumatic problem
to the hospital where treatment can be provided with the
highest degree of sophistication and equipment.

The diagnostic approach to extremity trauma has
changed dramatically over the past few decades. Initially, the



14 Emergency vascular services in the USA

influences from combat experience led to the aggressive
approach of mandatory exploration for all penetrating
trauma to an extremity.®° The application of this policy to
civilian injuries, however, resulted in negative exploration
rates as high as 84 per cent in cases of penetrating trauma.
After intense evaluation at our institution, we currently
recommend angiography only in patients with signs of vas-
cular injury such as a pulse deficit, bruit or an ankle:brachial
index of less than 1.00.51

Colour-flow duplex (CFD) is gaining widespread
acceptance as an initial tool in the diagnostic work-up of
vascular trauma. Being non-invasive and lacking side effects
makes it an extremely attractive tool in evaluating patients
with potential vascular injuries. With improvements in
resolution as well as in operator skills, many authors have
proposed CFD as a replacement or supplement to angio-
graphy. Reported sensitivities and specificities have ranged
from 50 to 100 per cent and 99 to 100 per cent, respectively,
when compared with angiography.!!~!> We are currently
evaluating the role of CFD in the management of patients
with extremity trauma at our institution, accepting that
angiography still remains the gold standard.

In those instances where an RAAA is being considered,
an expedient history and physical examination are neces-
sary. Currently emergency room physicians and trauma
surgeons have the capability of performing fast and rapid
real time ultrasound assessments of the abdominal aorta in
those patients in whom the suspicion of rupture is low but
nevertheless has to be excluded. By the same token ultra-
sound assessment can also provide rapid confirmation of
aneurysm rupture as the patient moves to the operating
room (OR).

Immediate and 24-hour availability of computed tomo-
graphic (CT) scanning and angiography are essential com-
ponents in the management of vascular emergencies.
Technological advances with helical CT scanning configur-
ations have shortened scanning times while providing
enhanced resolution and reconstruction capabilities. At
the LAC + USC Medical Centre, 24-hour availability of
these services provides prompt scanning and feedback on
the presence or absence of many vascular disorders.

The need for a second surgeon to assist the vascular sur-
geon during a complex vascular reconstruction cannot be
underestimated. In those instances where the surgeon is
working within a university construct with resident train-
ing, which may be in general surgery or a combination of
general surgery and vascular surgery, valuable surgical
assistance should readily be available 24 hours a day. For
those surgeons in a community setting, however, the need
for assistance in the operating room is critical when faced
with an entity such as an RAAA. Support from a surgical
partner, trained physician’s assistant, or a certified nurse
first assistant is invaluable. A call schedule ensuring the
availability of such personnel within the community for
support is essential.

OPERATING ROOM

The availability of OR personnel familiar with emergency
vascular procedures, particularly RAAAs, is crucial.
Familiarity with the fundamentals of graft types and vascu-
lar instrumentation is necessary for an expeditious oper-
ation. With level 1 trauma designation, anaesthesiologists
and OR staff are present in the hospital 24 hours a day.
Operating room staff not only include OR nurses and tech-
nicians but also perfusionists in cases where significant
haemorrhage is anticipated. Similarly, an OR, with staft
competent in most areas of management of surgical emer-
gencies, should be accessible 24 hours a day. During the pro-
cedure, care should be taken to ensure maintenance of core
body temperature by warming the OR and by using warm
fluid intravenously or intracorporeally. The anaesthesia
service should also be well versed in the care of the critically
ill patient, able to intubate patients with full stomachs safely
and, in hypotensive patients, provide rapid vascular access
using large bore central venous lines and arterial lines (see
Chapter 7B). In the OR such staffing and policies expedite
surgical treatment of vascular emergencies.

Conclusions

What has been presented above is the ideal set up for
emergency vascular services. In our own institution, ‘level 1’
trauma centre designation has made such provisions pos-
sible. Our medical centre is a very large busy public facility
with the experience of a huge number of ER admissions
and emergency vascular procedures. Even in a city as pop-
ulous as Los Angeles, however, our type of facility is the
exception and not the norm. Hospitals which are smaller
and without trauma centre designation have difficulty
providing and executing care for the critically ill vascular
patient. In these instances, local community hospitals may
attempt to transfer critical vascular patients from their
ER to a hospital facility with 24-hour availability of the
type of resources cited above. Transfers of this nature do
occur but only sporadically due to a variety of factors, the
most important of which is the absence of a recognised
system facilitating transfer. This trauma centre, overseen
by the ACS, is a successful example of such a system.
Expansion of this concept to include vascular surgical
emergencies as well as other acute life-threatening condi-
tions would substantially improve outcomes.

Committee on Trauma. Resources for the optimal care of the injured
patient: 1999. Chicago, IL: American College of Surgeons
1999; 23-26.
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THE PROBLEM Table 2.1  Potential causes of acute vascular insufficiency

Acute vascular insufficiency of the limb is a commonly
encountered surgical emergency. Presenting typically in
elderly patients with widespread atherosclerotic disease, it
threatens not only the viability of the limb but also the life
of the patient if treatment is delayed or unsuccessful. The
incidence of acute limb ischaemia (ALI) has been esti-
mated to be approximately 14 episodes per 100 000 popu-
lation and represents 10-16 per cent of the total vascular
workload.! In most instances the lower limb is affected,
either de novo or against a background of chronic arterial
disease, and therefore failed treatment with subsequent
amputation carries substantial social and economic costs
for the individual and society at large. Despite modern
advances in investigation and treatment, patients present-
ing with ALI have a particularly severe short term outlook
in terms of limb loss, with 30-day amputation rates of
10-30 per cent and mortality rates of around 15 per cent.!
This high mortality reflects the degree of comorbidities and
associated increased risks from coronary and cerebrovas-
cular events in these patients.>” Therefore, when managing
acute vascular insufficiency of the limb, overzealous attempts
at revascularisation in the elderly or infirm must be tem-
pered by the knowledge that they may precipitate systemic
deterioration and fatality (see Chapters 9A and 9B).

AETIOLOGY

Acute vascular insufficiency of the limb is most commonly
caused by thrombosis or embolic occlusion. However, an
extensive range of aetiologies may be involved, especially

Cardiac diseases

Extracardiac arterial diseases

Occlusive atherosclerosis

Atherosclerotic aneurysms

Arteritis and autoimmune diseases

Fibromuscular dysplasia

Clotting factor deficiencies

Antiphospholipid antibodies

Red cell, white cell and globulin
disorders

Malignant diseases

Heparin induced thrombosis
syndrome

Oral contraceptive

Thoracic outlet syndrome

Athletic injuries

Axillary crutch injury

Trauma to the hands and fingers

Arterial catherisation

Anaesthetic arm blocks

Intra-arterial injections

Thrombosed axillofemoral bypass

Irradiation arteritis

Ergotism

Radial artery fistula steal

Intra-arterial narcotic injection

Deliberate self-harm

Blunt injuries

Penetrating injuries

Embolism

Intrinsic arterial diseases

Haematological disorders

Repetitive external
trauma

latrogenic injury

Self-inflicted injury

Acute external trauma

when the presentation is atypical or in a young adult, as
listed in Table 2.1. In this section the important features of
the commonest aetiologies pertaining to acute vascular
insufficiency of the limb are discussed.
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Acute thrombosis

A variety of pathological processes may lead to thrombosis
in the intact vascular system representing the final com-
mon pathway to vessel occlusion (see Chapters 15, 16 and
20). Normal vascular homoeostasis requires integrity of
the vessel wall, a balance between procoagulant and anti-
coagulant factors in the blood and adequate blood flow.
These factors, individually, may each induce thrombosis,
but more often they act in combination, and for the pur-
pose of clarity they are discussed separately as those affect-
ing the wall, the blood and miscellaneous extrinsic factors.

VESSEL WALL FACTORS PREDISPOSING TO THROMBOSIS

Intrinsic arterial disease, most importantly atherosclerosis,
is by far the commonest predisposing factor in acute vas-
cular insufficiency and may have a long progressive sub-
clinical phase prior to acute presentation. Also discussed
here are the much less common cystic medial necrosis and
inflammatory arteritis.

Atherosclerosis and atherothrombosis

Atherosclerosis, previously thought to be the preserve of
old age, is now recognised in increasingly younger individ-
uals, indeed autopsy studies have demonstrated that some
degree of lower limb atherosclerosis is present in most of
the adult population.* By late middle age, almost 8 per cent
of males demonstrate significant disease on non-invasive
testing and 5 per cent experience symptoms related to
lower limb arterial insufficiency in the form of intermittent
claudication.” More seriously, studies of hospital patients
with claudication suggest that 25 per cent ultimately require
bypass surgery or amputation.®’ In the upper limb a simi-
lar pattern exists,® although symptoms requiring surgery
are less frequent.

The central pathology in the development of atheroscler-
osis, namely, the accumulation of plasma lipoproteins,
particularly low density lipoproteins (LDLs) in the arterial
wall, brings about gradual narrowing of the vessel lumen
producing vascular insufficiency. These LDLs undergo oxi-
dation (oxLDLs) and are believed to generate and release
products chemotactic to circulating monocytes and smooth
muscle cells (SMCs) in the vessel wall. Monocytes attracted
to the vessel wall then migrate across the endothelium and
differentiate to macrophages in the tissues, phagocytose the
oxLDLs and become lipid laden foam cells as depicted in
Fig. 2.1. Multiple growth factors, cytokines and other sub-
stances produced by endothelial cells, SMCs, macrophages
and T lymphocytes encourage cellular accumulation, pro-
liferation and inflammatory injury.” The accumulating
atherosclerotic plaque, which is covered by a fibrous cap of
connective tissue (type I and III collagen, elastin and pro-
teoglycans) synthesised by the SMCs, may then extrude
into the vessel lumen compromising cross-sectional diam-
eter and blood flow. Subsequent alterations in blood flow,

® ® ®
Chemokines ®

Atherosclerotic

Figure 2.1  The pathological development of an atherosclerotic
plaque. MCP-1, monocyte chemoattractant protein-1

and consequently vessel wall shear stress, also influence
the occurrence and progression of these atherosclerotic
plaques.'’

Acute ischaemic events appear to be related to plaque
rupture rather than progressive plaque enlargement and
stenosis.!! The vulnerability of a plaque is dependent on a
variety of factors including the size of the lipid pool, the
thickness of fibrous cap, the content and metabolic activity
of lipids'? and finally the activity of macrophages and matrix
metalloproteinases.!® Disruption of advanced plaques with
exposure of the highly thrombotic lipid core, combined
with high intraluminal levels of tissue factor and platelet
derived vasoconstrictors, combine to trigger intravascular
thrombosis.'

Cystic medial necrosis

This relatively rare pathological process primarily affects
the aorta and is characterised by myxoid accumulations in
the aortic media, accompanied by fragmentation of the
elastica, the significance being that cystic medial necrosis
can predispose to intimal tears and so precipitate aortic
dissection. This outcome is thought to represent the end-
point of a variety of injuries but, in particular, is associated
with severe or prolonged hypertension. Interestingly, it
is also observed in Marfan’s disease and may be seen to
represent a connective tissue disorder.

Arteritis, autoimmune and associated disorders

Arteritis includes a range of inflammatory processes, which
affect the arterial system and lead to acute limb ischaemia
(see Chapter 43). These conditions, listed in Table 2.2, are
often broadly subdivided on the basis of the vessel size they
affect, although significant overlap exists. As systemic inflam-
matory disorders they commonly present as a non-specific
‘rtheumatic-like’ illness with features such as fever, weight
loss, malaise, anaemia, arthralgia, myalgia and arthritis.!®
Temporal (giant cell) arteritis, is the commonest of the
arterititides and is characterised by focal granulomatous
inflammation of medium and small arteries, chiefly the
cranial vessels. It most commonly presents clinically in the
temporal arteries of older white women.!® Headache and
ocular symptoms predominate and may be accompanied
by fever, myalgia, and arthralgia, a syndrome known as
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Table 2.2  Some causes of acute vascular insufficiency associated
with arteritis or autoimmune diseases

Disease Vessels involved Distribution

Takayasu's disease  Aorta, arteries Extremities,
head and neck,
viscera

Buerger's disease Arteries, veins, Extremities

nerves
Giant cell arteritis Muscular arteries
Polyarteritis nodosa  Muscular arteries

Cranial arteries
Any extra-pulmonary
site, viscera

Hypersensitivity Small venules, All organs and
angiitis capillaries, tissues

arterioles
Kawasaki's disease  Arteries Coronary arteries

polymyalgia rheumatica. Takayasu’s disease is an idio-
pathic systemic inflammatory disease typically involving
large arteries such as the aorta and its main branches, and
sometimes the coronary and pulmonary arteries. Typically
it affects children and young adults, with a marked female
preponderance and geographically more commonly seen
in the Far East.!” Granulomatous vasculitis progresses to
medial fibrosis with resultant stenosis or occlusion. The
prognosis is poor, with severe hypertension, retinopathy,
aortic regurgitation and aneurysm formation being the
four main complications.'® Kawasaki’s disease (mucocu-
taneous lymph node syndrome) is a disease which is
endemic in Japan, but occurs much less commonly in
Europe. Typically it affects infants and children and pre-
sents with fever, lymphadenopathy, skin rash, oral and con-
junctival erythema and, in 20 per cent of cases, it leads to
coronary arteritis. Morbidity and even mortality is associ-
ated with coronary arteritis, which can lead to aneurysm
formation, thrombosis and acute myocardial injury.

Buerger’s disease or thromboangiitis obliterans is an
inflammatory occlusive disease of the medium- and small-
sized arteries of the extremity presenting with segmental
thrombotic occlusions of multiple distal arteries.'” Its preva-
lence is high in Japan, Israel, and other Asiatic countries
and most commonly affects young males who are smokers.
Angiography reveals the pathognomonic features of tapering
of vessels, abrupt occlusions and classically the corkscrew
configuration of collaterals. The prognosis for the limbs is
generally poor but their chance of survival is improved in
those who stop smoking (see Chapter 42).

Polyarteritis nodosa is a systemic disease characterised
by necrotising inflammation of the medium- and small-
sized arteries throughout the body, sparing the pulmonary
circulation. The lesions are usually sharply demarcated and
often induce thrombosis, causing distal ischaemia. Typically
affecting young adults, especially men, the condition is
accompanied by fever, malaise and weight loss but when
the renal vessels are involved morbidity is severe.

Aneurysmal disease and acute arterial dissection
Acute vascular insufficiency of the limb may result from
dilating and dissecting arterial diatheses. Aneurysms, the
vast majority of which are atherosclerotic in nature, but
occasionally may be mycotic, post-traumatic or congenital,
cause acute vascular insufficiency due to thrombosis,
embolism and rupture. Aneurysms must be considered a
potential source of acute or chronic embolism comprom-
ising the distal circulation, especially if a cardiac source is
not identified. Moreover, acute intra-abdominal catas-
trophes such as ruptured abdominal aortic aneurysm and
the resultant low flow state may be confused with primary
acute limb ischaemia, therefore systemic assessment of the
patient is essential in all cases. The commonest peripheral
aneurysm, that of the popliteal artery, constitutes a limb-
threatening lesion in that it can be the site of acute thrombo-
embolism or the source of chronic low grade embolism
which progressively occludes the distal arterial network.?
Acute aortic dissections often cause life-threatening
ischaemia of peripheral arterial territories and the vital end
organs they supply. Stanford type B dissections, which com-
mence beyond the left subclavian artery origin and extend
distally, affect the iliac vessels either directly by occlusion
of their true lumen or indirectly when a dissecting flap closes
off the origin of the artery. Compromise of the true aortic
lumen by an expanding high pressure false lumen may lead
to the phenomenon of pseudocoarctation resulting in a
resultant low flow state in the distal organs and limbs. Much
more rarely, primary dissections of the iliofemoral seg-
ment may cause acute vascular insufficiency of the limb,
and are usually associated with underlying pathology such
as fibromuscular dysplasia.

BLOOD FACTORS PREDISPOSING TO THROMBOSIS

Hypercoagulability or thrombophilia represents a state
of increased risk of developing arterial or venous throm-
bosis.”! Normally a delicate balance between the natural pro-
coagulant and anticoagulant pathways prevents unwanted
clot formation but a variety of defects, either inherited or
acquired, may disturb that equilibrium and cause acute
thrombosis. Although most available evidence of throm-
bogenesis pertains to the venous system, the same under-
lying defects are thought to be responsible for thrombosis
of the native artery or a bypass graft.

Inherited thrombophilia

Inherited defects, either in the procoagulant, anticoagulant
or fibrinolytic pathways, as shown in Table 2.3, combined
with exposure to common risk factors represent a poten-
tially increased risk for thrombosis. For instance, although
the risk of venous thromboembolism below 40 years of age
is less than 0.5 per cent in the general population, in certain
families, that risk in the same age group rises to 5 per cent.??
One large study of patients with idiopathic venous throm-
bosis found that 18 per cent of affected individuals were
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Table 2.3  The known inherited thrombophilias arising from
defects in the procoagulant, anticoagulant or fibrinolytic pathways

Type Specific defect

Deficiencies Antithrombin
Protein C
Protein S
Plasminogen

Heparin cofactor Il

Antithrombin

Protein C

Protein S

Factor V Leiden (activated protein C
resistance)

Dysfibrinogenaemias

Prothrombin mutation 20210

Thrombomodulin

Defects

Prothrombin

Hyperhomocysteinaemia

Plasminogen inhibitor activator type 1
Histidine-rich glycoprotein

Elevated
procoagulants

heterozygous for factor V Leiden gene point mutation
(activated protein C resistance) and 1.5 per cent of them
were homozygous.?® Much interest has also focused on the
presence of prothrombin mutation 20210, which has been
reported to be present in up to 18 per cent of patients with
thrombosis.>* Once initiated, coagulation must be con-
trolled by the fibrinolytic system if widespread intravascu-
lar thrombosis is to be avoided. Defects in precursor
proteins involved in the generation of plasmin, and indeed
deficiencies in plasminogen and plasmin action, have
been identified. Metabolic defects, such as hyperhomocys-
teinaemia, are known to be associated with an increased
incidence of arterial disease’> and recently have also been
found to be associated with both arterial and venous
thromboembolism.?

Acquired thrombophilia

Several systemic factors, as shown below, are associated
with increased thrombogenicity of the blood, and these
include changes in hormonal metabolism, smoking, hyper-
lipidaemia, hyperglycaemia, disseminated cancer, nephrotic
syndrome, trauma, oral contraceptives, pregnancy and the
postpartum state.?” Increased plasma fibrinogen, in particu-
lar, is an independent risk factor for thrombotic compli-
cations in patients with atherosclerotic disease’® and
trauma.” Diabetic patients may have a range of defects
which increase blood thrombogenicity, due in part to gly-
cosylation of collagen and proteins, increased levels of
plasma fibrinogen and plasminogen activator inhibitor-1°
and platelet hyperaggregability.’! Recently increased levels
of circulating tissue factor antigen have been observed in
patients with cardiovascular disease®? and consumptive
coagulation disorders.>* Thrombosis is also more common

in a variety of hyperviscosity syndromes such as poly-
cythaemia, macroglobulinaemia, cryoglobulinaemia and
sickle cell anaemia.

Acquired thrombophilia

¢ Lupus anticoagulant

* Antiphospholipid antibody

* Myeloproliferative disorders

¢ Malignancy

* Prolonged immobilisation

* Postoperative states

* Nephrotic syndrome

¢ Birth control pills

¢ The known acquired thrombophilias arising from
excessive loss or underproduction of anticoagulant
or fibrinolytic factors or secretion of procoagulant
factors

Phlegmasia caerulea dolens

In certain instances venous thrombosis may directly induce
acute vascular insufficiency. Phlegmasia caerulea dolens, due
to massive iliofemoral deep venous thrombosis, may present
with a suddenly painful swollen leg (see Chapter 20). Arterial
inflow may be so acutely compromised, due to the venous
outflow obstruction, that it threatens the vascular integrity of
the limb as is the case with phlegmasia alba dolens.

MISCELLANEOUS EXTRINSIC FACTORS
PREDISPOSING TO THROMBOSIS

A variety of extrinsic factors which cause acute or chronic
vessel injury and luminal compromise may induce arterial
thrombosis and lead to acute vascular insufficiency. Acute
arterial trauma, perhaps the most dramatic extrinsic injury
caused by either blunt or penetrating injury, is discussed in
detail elsewhere (see Chapter 33). A range of less dramatic
but just as significant chronic injuries, however, may cul-
minate in acute vascular insufficiency and are discussed
here briefly.

Repetitive external trauma

Repetitive vessel injury in a few specific syndromes may
result in acute vascular insufficiency, often against a back-
ground of chronic symptoms.

Thoracic outlet syndrome describes a variable group
of symptoms arising from neurovascular compression
from either bone or soft tissue structures in the root of the
neck, resulting in a clinical picture of chronic pain, neuro-
logical disturbance and, more rarely, vascular symptoms>*
(see Chapter 41). Furthermore, the accompanying post-
stenotic dilation may progress to an aneurysm and either
by embolism or acute thrombosis®™ present clinically as
acute arm ischaemia. Thoracic outlet syndrome may have
acute vascular manifestations due to scalene muscle trauma
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in association with hyperextension arm injuries. Further-
more, repeated external trauma to the axillary artery from a
shoulder crutch, although rare nowadays, may present as
acute thrombosis or secondary thrombosis complicating
aneurysmal change.’® Popliteal artery entrapment syn-
drome describes a developmental defect in which the
popliteal artery, and occasionally the popliteal vein, is com-
pressed either beneath the medial head of the gastrocnemius
muscle, a slip of that muscle or more rarely the popliteus
muscle. The most widely accepted classification recognises
five types of popliteal entrapment.’” It may be responsible
for up to 40 per cent of cases in those patients aged less than
30 years presenting with lower limb claudication.’®

Traumatic vessel injury

Major trauma resulting in acute vascular insufficiency may
be blunt or penetrating and the vessel injury can range
from subclinical intimal injury to complete vessel disrup-
tion. Compounding factors often include associated
multisystem injury, haemorrhage, exposure and delayed
presentation.”® Although acute traumatic vessel injury is
dealt with in subsequent chapters, a few specific situations
require further mention here.

The incidence of iatrogenic injury has matched the
increasing use of invasive monitoring and endovascular
therapy. Catheterisation of a peripheral artery in the critically
ill is standard practice®® and responsible for acute vascular
insufficiency in up to 4 per cent of cases,*' while bleeding
and pseudoaneurysm formation may occur, especially if
coagulopathy coexists. The increasing use of larger diameter
catheters and devices such as intra-aortic balloon pumps has
inevitably heralded a mounting frequency of iatrogenic
problems in the femoral area (see Chapters 38 and 39).

Endovascular therapy such as angioplasty may produce
large areas of intimal-medial dehiscence, commonly at the
site of junction between plaque and disease-free wall.*?
However, only rarely do these dissections result in acute
vessel closure, and if identified early can be remedied by
additional angioplasty or stent placement (see Chapter 39).
Angioplasty also significantly stimulates the production of
hydroperoxy acids, which are known to mediate vessel spasm
and inflammation, in turn leading to arterial thrombosis.*?

Osseofascial compartment hypertension (compart-
ment syndrome) describes a self-propagating cycle, which
occurs within the confines of the osseofascial compartments
of the extremities (see Chapter 33). This syndrome may
complicate limb trauma, with or without arterial injury, as
well as after reconstructive arterial surgery for severe or
prolonged ischaemia.** Following a period of ischaemia,
reperfusion causes capillary endothelial injury which leads
to interstitial oedema and an increase in compartment
pressure, further compounding tissue hypoxia. Untreated
it may lead to permanent neurovascular damage, myoglo-
binuria, renal failure, sepsis and death.*> Patients with
peripheral vascular disease are much more susceptible to
injury from compartment syndrome as their lower resting

Table 2.4 Aetiology of acute arterial embolic occlusion

Source Aetiology

Atrial fibrillation

Myocardial infarction (mural thrombus)
Infective endocarditis (mycotic
vegetations)

Prosthetic valve (thrombus)

Atrial myxoma

Paradoxical embolus (septal defect)

Cardiac

Major vessels Atherosclerotic plaque
Proximal aneurysm

Mycotic aneurysm
Arterial catheterisation

Postangioplasty/stenting
Intra-arterial injection

latrogenic

arterial pressure cannot withstand even small increases in
compartment pressure.

Finally, exertional compartment syndromes may arise
due to severe or unaccustomed exercise, most commonly
involving the lower extremity and, in particular, the anter-
ior compartment of the lower leg. Rarely, an exertional
compartment syndrome may present as an emergency.

Embolic disease

Embolic disease is the second commonest cause of acute
vascular insufficiency of the limb. An embolus is a blood
clot or other foreign body which is formed in or gains
access to the vascular system in one location and is carried
by the flow of blood to another site where it produces vas-
cular obstruction (see Chapters 15, 16 and 21). The lower
extremity vessels are involved approximately five times as
frequently as the upper extremities.** The commonest lower
limb target site is the common femoral bifurcation, which
is also the commonest overall site accounting for 35-50
per cent of instances, whereas the commonest upper limb site
is the brachial artery.*” The majority of emboli originate in
the heart, either in patients with atrial fibrillation or in
those with mural thrombosis complicating recent myocar-
dial infarction. Less common predisposing cardiac causes
are rheumatic heart disease, aortic valve prosthesis, mycotic
emboli from subacute bacterial endocarditis and, rarely,
atrial myxoma (Table 2.4). A significant proportion of
arterial emboli originate from primary arterial diseases
proximal to their site of impaction,*’ and they include ath-
erosclerosis, aortitis and aneurysmal disease.

Once present, the clinical outcome of any embolic event
depends primarily upon the territory of the vessel involved,
the completeness of obstruction and the collateral circula-
tion available. Skeletal muscle is relatively resistant to
ischaemic injury but periods beyond 6 hours will usually
result in progressive permanent injury. The combination of
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a paralysed and insensate limb and the onset of ischaemic
neuropathy are ominous signs and demand immediate
revascularisation if the limb is to be salvaged. The early use
of therapeutic anticoagulation with heparin helps prevent
secondary clotting or clot propagation, a phenomenon
which causes significant deterioration in untreated embolic
occlusions. Furthermore, the clinician must be alert to the
fact that embolic events are often multiple and may involve
several arterial territories. Occult compromise of the
splanchnic circulation must be suspected early in a patient
who deteriorates systemically if an adverse outcome is to
be avoided. A combination of age, high myocardial risk
and late presentation contribute to high rates of amputa-
tion and mortality.**3

Graft failure

Failure of an existing arterial bypass graft is a common cause
of acute vascular insufficiency. Most patients with graft
occlusion present with a recurrence of previous symptoms
and a smaller number are identified by routine graft sur-
veillance;* unfortunately, a significant proportion go on
to develop critical ischaemia. Factors within the wall, in the
blood and extrinsic factors may all contribute to graft fail-
ure. Graft failure can be broadly categorised as immediate
(within 30 days), intermediate (between 1 and 18 months),
and late (after 18 months). Graft failures in the immediate
phase account for 5-20 per cent of cases, and most failures
can be attributed to imperfections in surgical technique
and in patient selection. Occasionally, in low-flow states,
in situ thrombosis reflects the thrombogenicity of the
graft. Intermediate phase graft failures, accounting for 5-10
per cent of cases, are largely caused by neointimal hyper-
plasia. Late failures account for the remaining cases and
are usually the result of progression of atherosclerotic dis-
ease of inflow and outflow vessels (see Chapter 17).

PATHOPHYSIOLOGY OF ACUTE LIMB ISCHAEMIA

Skeletal muscle ischaemia followed by reperfusion produces
several functional and morphological changes including
impaired ability to develop tension, mitochondrial swelling,
disruption of sarcomere organisation, leakage of cytosolic
enzymes into the circulation, endothelial cell swelling and
denudation, and the development of the ‘no-reflow’” phenom-
enon. In sublethal skeletal muscle ischaemia-reperfusion
(I/R) injury most of the tissue abnormalities occur not
during ischaemia but on reperfusion.’® Fortunately, skeletal
muscle is relatively resistant to ischaemic injury for a time
but when it exceeds 2-7 hours,”! the opportunity for sal-
vage diminishes. Chronically ischaemic limbs with peri-
pheral vascular disease will tolerate substantially longer
periods of ischaemia, in part due to collateralisation but also
due to the poorly understood phenomenon of ischaemic
tolerance, a sustained ischaemic preconditioning effect,
which, of course, when induced acutely, can be shown to
prevent reperfusion injury and its systemic effects.>

Ischaemic injury

Adenosine triphosphate (ATP), essential in nearly all body
processes requiring the output of energy, is depleted dur-
ing the period of ischaemia,® and persistently low tissue
levels of ATP can lead directly to cellular death.>* During
the ischaemic period depletion of ATP is associated with
the conversion of xanthine dehydrogenase to xanthine oxi-
dase, provoking elevations in purine metabolites, hypox-
anthine and xanthine, an environment richly conducive to
the production of reactive oxygen species.’>*® With more
prolonged periods of ischaemia severe fibre damage con-
sisting of myofibrillar derangement, loss of organisation of
myofilaments or frank myonecrosis ensues.’’

Oxidative injury

Reperfusion of ischaemic muscle tissue initiates a complex
sequence of events which includes the generation of react-
ive oxygen metabolites, liberation of proinflammatory
mediators and granulocyte adherence, infiltration and acti-
vation, which result in microvascular and parenchymal cell
injury.”® The influx of a large amount of molecular oxygen
at reperfusion generates the production of oxygen-derived
free radicals (OFR) which play an important role in indu-
cing postischaemic tissue injury. Oxygen free radicals,
including superoxide anions (O5 ), hydrogen peroxide and
hydroxyl radicals (OH ™), arise as byproducts of the enzyme
xanthine-xanthine oxidase system, the mitochondrial elec-
tron transport system, and the nicotinamide adenosine
dinucleotide phosphate (reduced form) (NADPH) oxidase
system of neutrophils. These oxygen-free radicals have a
direct lytic effect on cellular membranes through lipid per-
oxidation. Endothelial cell membrane injury is associated
with increased microvascular permeability,” indeed leg
oedema is a common complication after reconstructive
vascular surgery.®® Evidence from animal experiments shows
that skeletal muscle injury following ischaemia is attenu-
ated by hypoxic reperfusion rather than by oxygenated
blood,®! or by the use of free radical scavengers.®*

ANTIOXIDANT DEFENCE AND OXIDATIVE STRESS

Skeletal muscle has several endogenous defences against
oxidative injury caused by reactive oxygen metabolites,
including, but not limited to the intracellular enzymes super-
oxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase. Superoxide dismutase catalyses the dismuta-
tion of superoxide and hydrogen peroxide to water and
molecular oxygen, while glutathione peroxidase can also
reduce hydrogen peroxide by catalysing its reaction with
reduced glutathione (GSH) to form oxidised glutathione
disulphide and water. The protective effect of exogenous
SOD and catalase in attenuating ischaemia-reperfusion
induced skeletal muscle injury has been demonstrated.®*4
Unfortunately, to be clinically effective they must be given
prior to the ischaemic period, which limits their clinical
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Figure 2.2  The interaction between circulating neutrophils and
the endothelial walls leads to transendothelial migration and
inflammatory tissue injury

usefulness.> Antioxidant vitamins, such as C and E, may
also act as free radical scavengers, and have been shown to
prevent experimental ischaemia-reperfusion injury when
given prior to the ischaemic injury.®

POLYMORPHONUCLEAR LEUCOCYTE-ENDOTHELIAL
INTERACTION

The influx of activated polymorphonuclear leucocytes
(PMNs) into postischaemic tissues is one of the hallmarks
of ischaemia-reperfusion injury. Polymorphonuclear leuco-
cyte adherence to the endothelium is a requirement for
these cells to alter the endothelial barrier and so to allow
PMN transmigration to the site of injury. The process of
cell adherence, cell activation and cell migration involves
an interplay between the expression of adhesion molecules
by the endothelial cell, leucocyte activation and local
cytokine activity®”®® as illustrated in Fig. 2.2.

Sequestration of circulating neutrophils in the micro-
vessels of skeletal muscle begins with constitutively
expressed neutrophil L-selectin receptors binding to the
postcapillary venule endothelial P-selectin and E-selectin
receptors. This is the first phase of neutrophil adhesion, and
is manifested by ‘neutrophil rolling’ along the venular lumi-
nal surface. The second phase of neutrophil adhesion occurs
after activation or ‘upregulation’ of the CD11/CD18 inte-
grins and shedding of L-selectin from the neutrophil sur-
face, caused by release of proinflammatory cytokines,
platelet activating factor (PAF) and eicosanoids from the
damaged endothelial cell. This halts neutrophil rolling by
providing strong neutrophil-endothelial cell adhesion
through the interaction of the CD11b/CD18 integrin with
the endothelial receptor, intercellular adhesion molecule-1
(ICAM-1). Finally transmigration occurs, which involves
both chemotactic stimuli, such as interleukin-8, and
binding to the platelet—endothelial cell adhesion molecule-1
(PECAM-1).® Attenuation of neutrophil accumulation in
postischaemic tissues using antibodies directed against the
neutrophil surface adherence complex in skeletal muscle”®
has been successfully demonstrated. After reperfusion of
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Figure 2.3  The process of oxidative cellular injury by an
activated neutrophil chemoattracted to an ischaemia-reperfusion
injured monocyte. CPK, creatine phosphate kinase; GOT, glutamic
oxaloacetic transferase; GPT, glutamic pyruvic transferase; LDH,
lactose dehydrogenase; NADPH, nicotinamide adenosine
dinucleotide phosphate (reduced form)

postischaemic tissue the accumulation of PMN is associated
with severe morphological injuries manifested as large and
numerous intramitochondrial dense bodies, mitochondrial
swelling and intermyofibillar oedema.”’ While adhering to
the endothelium, neutrophils damage endothelial cells
and the basement membrane by releasing superoxide anions
via the NADPH oxidase system, secreting myeloperoxidase
which catalyses the production of hypochlorus acid (HOCL),
and releasing granular enzymes including elastase, collage-
nase and cathepsin G,”> as shown in Fig. 2.3. Enhanced
neutrophil adhesion to endothelium is seen in postcapillary
venules during ischaemia with a more pronounced response
following reperfusion.”

'NO-REFLOW' PHENOMENON

After an extended period of ischaemia in skeletal muscle,
some capillaries fail to perfuse on reinstitution of blood
flow.””> This ‘no-reflow’ phenomenon results in incom-
plete and maldistributed perfusion and contributes to
injury by prolonging hypoxia and exposure of the tissues to
toxic metabolites.”®

Maldistribution of blood flow due to the failure of local
vascular autoregulation is understood to be the cause of the
‘no-reflow’ phenomenon noted after ischaemic injury and
tends to compound ischaemic damage in underperfused
areas. This maldistribution of flow is not simply based on
vasoconstriction but represents a failure of vascular smooth
muscle responsiveness to the usual vasoactive mediators
such as PO,, PCO,, pH, lactate, potassium, adenine nucle-
otides, bradykinin, prostaglandins, nitric oxide and changes
in osmolality.””

Mechanical obstruction of small vessels due to entrap-
ment of enlarged adherent leucocytes ‘plugging’ the capillary
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lumen’* may also contribute to the ‘no-reflow’ phenom-

enon. Oxidative endothelial damage leads to endothelial
cell swelling which reduces the diameter of the vascular
lumen adding to vascular resistance’® and capillary neu-
trophil plugging.”® The adhesion of neutrophils to the
venular endothelial cells in turn increases capillary pres-
sure and fluid filtration, through an already damaged
endothelial barrier, compounding interstitial oedema and
compression of the microcirculatory system.”®

UPREGULATION OF GENE EXPRESSION

As our understanding of the intracellular events during
ischaemia-reperfusion injury improves with advances in
molecular biology, we shall soon understand why different
tissues have such disparate tolerances to ischaemic injury.
Early work has confirm enhanced gene expression or ‘upreg-
ulation’ during ischaemia and perhaps more importantly
in early reperfusion.”” Experimental work is already in
progress exploring the benefits of new genetic therapies in
skeletal muscle ischaemia-reperfusion injury.®’ Improved
understanding of the role of these genes and their sequence
of upregulation may well open a new arena for therapeutic
intervention.

Systemic response to reperfusion

Reperfusion of the acutely ischaemic limb not only causes
local effects but, with revascularization, also carries a var-
iety of proinflammatory stimuli into the systemic circula-
tion. Products of oxidative injury, namely, reactive oxygen
species, arachidonic acid metabolites and hydroperoxides,
interact with activated endothelial cells and leucocytes in
an environment rich in proinflammatory cytokines. These
proinflammatory mediators and activated leucocytes initi-
ate an intravascular cascade of pro- and anti-inflammatory
responses resulting in remote vital organ injury.! This
systemic inflammatory response syndrome (SIRS), which
may lead to multiple organ dysfunction syndrome (MODS),
is dealt with in Chapter 4.

CLINICAL ASSESSMENT OF ACUTE
VASCULAR INSUFFICIENCY

The clinician must interpret the patient’s history and
clinical signs to determine the extent and duration of the
underlying injury, the feasibility of revascularisation and
the wisdom of doing so in a particular setting. A variety of
clinical grading systems aid the clinician in the decision
making process, perhaps the most widely accepted being
that adopted by the Society for Vascular Surgery and the
International Society of Cardiovascular Surgery (SVS/ISCVS)
and given in Table 2.5. These systems, at best, only provide

Table 2.5 The Society for Vascular Surgery/International
Society of Cardiovascular Surgery (SVS/ISCVS) grading system
for limb ischaemia

Grade Description Treatment

Class | Viable leg, without Heparin is given and
impairment of sensory elective treatment,
or motor function and either conservative or
audible Doppler signals interventional, is

arranged

Class lla  Marginally threatened A delay of 9 hours is
with symptoms limited acceptable to attempt
to a mild sensory loss treatment by lysis
(usually in the toes)

Class llb  Immediately at risk Delay is unacceptable
with pronounced and urgent clot
sensory loss, mild to extraction by aspiration
moderate motor loss or embolectomy is
but audible Doppler required
signals Accelerated thrombolysis

may be used

Class Il Absent Doppler flow, Attempts to restore

paralysis, total
sensory loss and
irreversible tissue
damage

blood flow would lead
to hyperkalaemia and
myoglobinuria, so
delayed amputation
should be performed
after resuscitation

guidance because the treatment for each patient has to be
individualised by an experienced vascular surgical team.

Conclusions

It is clear that acute vascular insufficiency is a common
surgical emergency in a high risk patient population
inherently predisposed to cardiovascular and cere-
brovascular risk. Despite advances in management it is a
condition which continues to be associated with high
amputation and mortality rates. Diagnosis and treat-
ment require a multidisciplinary approach involving
interventional radiologists, haematologists, immunolo-
gists, clinical biochemists and vascular technicians under
the supervision of an experienced vascular surgeon.
When revascularisation is indicated the extent and dur-
ation of ischaemia time is the major determinant of out-
come. The clinician must also recognise the settings in
which revascularisation is detrimental to the patient and
in these instances it may be wiser to adopt a suitably pal-
liative approach. The rapid advances in endovascular
therapies and our increasing understanding of genetic
and environmental factors predisposing to acute vascu-
lar insufficiency will combine to ensure that this
remains an interesting and evolving clinical field.
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THE PROBLEM

Intestinal ischaemia in the postoperative period after aor-
toiliac surgery represents a major challenge to the vascular
surgeon. This complication constitutes a lethal threat to
the patient and occurs so frequently that the ability to
manage it will affect the overall outcome.

The cardinal symptoms, namely, early bloody diarrhoea
and peritonitis, are more often absent than present. If the
complication is diagnosed merely on the basis of these clin-
ical symptoms and signs over half of these patients would
suffer an unnecessary and potentially lethal delay in treat-
ment. On the other hand, benign mucosal ischaemic lesions
are common, especially after emergency surgery, and an
unnecessary re-laparotomy in such cases would represent a
threat to the patient. Timely recognition and proper grad-
ing of the ischaemic lesion, therefore, are essential ingredi-
ents for a favourable outcome.

Understanding the pathophysiology of this condition is
helpful if it is to be prevented. The correlation between
intestinal ischaemia, ischaemia-reperfusion injury (IRI)
(detailed in Chapter 2), systemic inflammatory response
syndrome (SIRS) and multiple organ dysfunction syndrome
(MODS) (see Chapter 4) and intra-abdominal hypertension
poses a number of questions regarding the general treatment
of patients after major abdominal surgery or trauma.

INCIDENCE AND GRADING OF THE
ISCHAEMIC LESION

Although colonic ischaemia was reported just a year after
the very first successful repair of an abdominal aortic

aneurysm (AAA),! its true incidence has long remained

unclear. Differences in case-mix may explain why, during
the very same year of 1960, one group” reported an inci-
dence of 10 per cent (12 of 120) while another’ of
0.2 per cent (2 of 931); the latter report from Houston of
operations on a highly selected group of patients has never
been reproduced over the decades right up to the introduc-
tion of endovascular repair (EVAR) and illustrates the
continued failure to recognise the existence of colonic
ischaemia. The largest retrospective study from a single cen-
tre* reported an incidence of 1.1 per cent among 2137
patients, only 147 (6.8 per cent) of whom required surgery
for rupture. The frequency of emergency operations per-
formed and postmortem examinations undertaken, the latter
being included in only three publications,”” has a profound
impact on the reported incidence of the complication.
Colonic ischaemia accounts for approximately 95 per cent
of cases of intestinal ischaemia complicating aortoiliac sur-
gery.®® The resulting ischaemic lesions can be divided into
three grades, namely, mucosal ischaemia, mucosal plus
muscular ischaemia and transmural gangrene (Fig. 3.1).°

Grades of ischaemia

¢ Grade [ — mucosal ischaemia
¢ Grade II — mucosal plus muscular ischaemia
o Grade III — transmural gangrene

Prospective studies, in which all patients were examined
postoperatively by sigmoidoscopy'®'? or by pH;-guided
sigmoidoscopy,™'? reported incidences of colon ischaemia
of 5-11 per cent after elective AAA surgery and 15-60
per cent after operation for rupture. Most of these patients,
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however, had superficial mucosal lesions the clinical
relevance of which is a matter of controversy.

The definition of normal or of pathological appearances
at sigmoidoscopy varies. If the findings of diffuse hyper-
aemia, submucosal haemorrhagic spots and solitary ero-
sions are to be defined as pathological, then no patient
undergoing aortic surgery should be regarded as having nor-
mal colonic mucosa.'* When colonoscopy was combined
with biopsy 1 week after elective aortic surgery (28 for AAA
and 28 for occlusive disease) histological signs of colonic
ischaemia were observed in 30 per cent of patients.'®

The introduction of vascular registries has permitted
analyses of the incidence of colonic ischaemia in large
non-selected patient populations, undergoing surgery for
both elective and ruptured AAA (Table 3.1). In these reports
only those patients with clinically relevant ischaemia were
included, and most of them (80 per cent) had bowel gan-
grene. Patients with grade II lesions often develop
ischaemic strictures and diarrhoea whereas patients with
grade III lesions may advance to the clinically problematic
manifestation of bloody stools.

Figure 3.1 (a) Specimen of resected sigmoid colon showing a grade Il lesion with distinct differences between normal and ischaemic
mucosa. After a combined operation for abdominal aortic aneurysm (AAA) and renal artery stenosis the patient developed colonic ischaemia
and mucosal gangrene was confirmed on colonoscopy postoperatively. When anuria developed on the fifth day, the patient’s sigmoid colon
was resected. (b) Postmortem specimen of the left colon revealing a grade Ill lesion with distinct differences between normal and ischaemic
colon at the left flexure. The 80-year-old patient arrived in shock due to a ruptured AAA and 4 hours after the operation developed bloody
diarrhoea; colonic ischaemia was confirmed at sigmoidoscopy and 2 days later the patient died in multiple organ failure



Figure 3.1 (Cont'd)

Table 3.1 Incidence of intestinal ischaemia after aortic surgery in vascular registries

Incidence (per cent)

Time Number of Elective
Source Registry period patients Overall operation Rupt. AAA
Amundsen etal.'® Al of Norway 1981-1983 444 3.4 2 10
Longo etal."” VA Registry, USA 1987-1991 4957 1.2 ? ?
Bjorck et al® Swedvasc, Sweden 1987-1993 2930 2.8 1.1 5.9
Jarvinen et al.'® Finnvasc, Finland 1991-1993 1752 1.2 0.8 3.1
Norgren* Eurostar 1994-2001 3558 0.2 0.2 -

*L Norgren, personal communication. Data from the Eurostar Registry, August 2001.
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Incidence after endovascular repair

Most reports of series of endovascular stent graft repair
(EVAR) refer to elective rather than ruptured AAA. The
incidence of bowel ischaemia following open surgery is
approximately 1 per cent and more than 5000 patients
would have to undergo EVAR in order to demonstrate a
fall in the complication rate to 0.5 per cent.

By August 2001, nine of 3658 patients in the Eurostar
Registry developed colonic ischaemia, an incidence of 0.2 per
cent (L. Norgren, personal communication; data from the
Eurostar Registry, August 2001), which, within 95 per cent
confidence limits, is lower than the 0.9 per cent (11 cases of
1160 open elective AAA operations) observed in the Swedvasc
Registry.® Nevertheless, it is important to point out that the
Swedvasc data were extensively validated and that the autopsy
rate was 66 per cent; in contrast, such valuable and pertinent
information does not exist in the Eurostar Registry.

Importance

The clinical importance of colonic ischaemia in AAA sur-
gery is evident from an analysis of data available in the
Swedvasc Registry. We found that 9 per cent of the patients
who died after an elective operation and 23 per cent of
those who died after operation of a ruptured AAA suffered
this complication."”

AETIOLOGY AND PATHOPHYSIOLOGY

The aetiology of intestinal ischaemia is complex with con-
founding factors. For instance, operations for ruptured
AAA are associated with prolonged cross-clamping and
substantial bleeding. We studied 62 patients who suffered
the complication in a case—control study nested in a cohort
of 2824 patients.?® For the first time it was possible to study
the risk factors using multivariate analysis. The independ-
ent risk factors identified are shown in Table 3.2.

Risk factors, such as preoperative shock or renal insuffi-
ciency are not easily controlled, while others depend on sur-
gical decision making. Intestinal ischaemia following
surgery was more prevalent in regional than in district hos-
pitals and is probably attributable to the sustained treatment
provided in the former resulting in better survival at 30 days.
However, no difference in survival was noted between the
two groups after 1 year. It appears that in district hospitals
staff are more inclined to withdraw treatment when patients
deteriorate in the early postoperative period.

Patients with an occluded inferior mesenteric artery
(IMA) had an elevated, though insignificant, risk of devel-
oping bowel ischaemia, relative risk (RR) = 1.64 (0.62—4.31),
compared with those whose IMA was ligated at surgery.
In 1978 Ernst et al. published a report’! on 52 patients
undergoing elective AAA surgery, 13 of whom had an
occluded IMA and 39 in whom pre- and post-reconstruction

Table 3.2  Independent risk factors for intestinal ischaemia,
identified by multivariate analysis in a cohort of 2824 patients?°

Risk factor Relative risk/odds ratio
Blood loss >10L 6.3
Patient in shock due to a 3.2
ruptured AAA
Ligation of one or both internal 2.6
iliac arteries
Emergency surgery 2.4
Aorto-bifemoral graft 2.4
Renal insufficiency (creatine 2.3
>150wmol/L)
Operation at a regional hospital 1.9

Hazard rate
Age 3.5% per year

Aortic cross-clamp time 1.2% per minute

Operating time 0.9% per minute

IMA stump pressures were measured. One patient suffered
mild, subclinical, ischaemic colitis diagnosed on routine sig-
moidoscopy which resolved completely by the eighth day.
This patient had the lowest post-reconstruction stump pres-
sure of 33 mmHg, and in nine patients pressures of between
40 and 50 mmHg were recorded. From this single observa-
tion far-reaching conclusions were made: it was claimed that
if the IMA had thrombosed or if IMA stump pressure
exceeded 40 mmHg, ischaemic colitis would not occur and
therefore ligation of the IMA could be safely carried out.

Two other case—control studies'>*? evaluated ligation of
a patent IMA as a risk factor for intestinal ischaemia and
both concluded that it was not a significant factor. In a
prospective study using sigmoid colon pH; measurements,
patients with an occluded IMA prior to surgery had lower
pH; values than those with a patent IMA at all stages, and
the difference became significant on the third post-
operative day.> Occlusion of the IMA was associated with
increasing age, larger aneurysms, longer operations and
greater volumes of blood loss. In conclusion, occlusion of
the IMA prior to surgery is a marker for advanced arterial
disease and there are no data to support reimplantation of
a patent IMA in an attempt to prevent colonic ischaemia.

The fact that the left colon is the segment most liable to
be affected when bowel ischaemia follows aortoiliac sur-
gery is explained by the watershed phenomenon. The
combination of aortic cross-clamping, low cardiac output,
the low priority given to the colon in terms of critical oxy-
gen delivery and the loss of important collateral pathways
due to atherosclerosis or surgical ligation results in the left
colon becoming the segment of that organ most vulnerable
to ischaemia. This mechanism is supported by the actual
findings of preoperative shock in ruptured AAA and the
ligation of internal iliac arteries is strongly associated with
the complication.
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Oxygen delivery to the intestine may become critical as
a consequence of two different primary events. The collat-
eral circulation may well be adequate initially, but oxygen
delivery may become deficient as a result of central events
such as postoperative myocardial infarction. Alternatively,
even though the patient may be haemodynamically stable,
the collateral circulation may be compromised by the degree
of atherosclerosis and/or the level of surgical intervention.
Ischaemic bowel injury is the primary event, and organ
impairment may develop as a result of bacterial transloca-
tion and endotoxin migration through the injured intestinal
wall, but in the clinical situation it is difficult to establish
which mechanism precedes the other.

In this context the effects of different vasoactive drugs
should be evaluated. Patients are subjected to polyphar-
macy after aortoiliac surgery, especially after operation for
ruptured AAA. In a randomised trial,”> patients treated
with low dose dopamine had significantly lower sigmoid
colon pHi values than controls.

In the knowledge that ischaemic intestine is vulnerable
to undue pressure, trauma from retractors, especially of
the self-retaining variety, should be avoided.

Although first described by paediatric surgeons in the
1940s** the importance of intra-abdominal hypertension
and of the abdominal compartment syndrome (see Chapters
4 and 6) has received little recognition until recently.>>~*
We monitored intra-abdominal pressure in all patients
operated on for aortoiliac disease since 1998 and there are
indications of a correlation between intra-abdominal
hypertension and colonic ischaemia.

Aectiology of bowel ischaemia after
endovascular repair

The pathophysiological mechanism of colonic ischaemia
in the first reported case history after the advent of EVAR?
was attributed to multiple embolism to the foot and via the
internal iliac artery, sometimes designated ‘trash colon’.
The latter is a rare cause of bowel ischaemia having been
identified as a possible cause in only one of 63 cases of
embolism following aortoiliac surgery.® Although
embolism may be more common after EVAR than after
open repair it does not seem to raise the overall incidence
of intestinal ischaemia (L. Norgren, personal communica-
tion; data from the Eurostar Registry, August 2001).
Sigmoid colon pH; fell less after EVAR than after open
repair in one prospective study,” probably because
haemodynamic impairment using the endovascular tech-
nique is less of a problem. As EVAR becomes increasingly
used in the treatment of patients with ruptured AAA,
in whom the retroperitoneal haematoma remains
unevacuated, it would be wise to monitor the
intra-abdominal pressure. Whether the incidence of
colonic ischaemia rises or falls as EVAR continues to be
applied to patients with ruptured AAA remains an open
question.
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Figure 3.2  Frequency of presenting symptoms of intestinal
ischaemia (Swedvasc)®

DIAGNOSIS

Clinical

The classic clinical triad of intestinal ischaemia is early
bloody diarrhoea and signs of peritonitis. Very few publi-
cations report on sufficient numbers of patients to permit
meaningful discussion on the prevalence of presenting
symptoms and signs. Longo et al.,'” reporting to the national
Veterans Administration (VA) Registry on the outcome in
4957 patients, identified 49 with bowel ischaemia. The
predominant symptom was postoperative hypotension
(<90 mmHg) in 15 patients, diarrhoea in 14, bloody stools
in 11, fever in eight and abdominal pain in one. Thus, in 23
patients (47 per cent), none of the three classic symptoms
was a predominant feature.

In a report from Swedvasc® the picture was similar
(Fig. 3.2). A third of the patients lacked all three classic
symptoms and signs. In a five-year prospective study we
identified six patients with bowel ischaemia and in two of
them the clinical triad was absent altogether.” Signs of peri-
tonitis develop late, at which point the patients may be
beyond salvage. It is also difficult to evaluate the abdomen
in the postoperative period, especially if epidural anaesthe-
sia has been used. Therefore, if one relies on clinical symp-
toms and signs alone, many patients will be lost.

Investigations

Many different investigations have been recommended
in the detection of colonic ischaemia during the primary
surgical intervention. The problem, however, is that colonic
ischaemia usually manifests itself in the postoperative period
and is a product of the depth and duration of the ischaemic
insult. Of the 63 patients identified in the Swedvasc study®
only five (8 per cent) of the cases of ischaemic bowel were
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evident at the primary operation, all these patients having
been in deep shock due to a ruptured AAA. In a study involv-
ing pH measurements of the distal colon in 34 patients
undergoing aortoiliac surgery’ the lowest pH; values, repre-
senting the most severe degree ischaemia, were observed, not
during the operation, but 4-24 hours postoperatively.

An elevated concentration of plasma lactate
(>2.5mmol/L) has been shown to be a sensitive indicator
of bowel gangrene,*® but the specificity was very low. In
one study D-lactate was more specific than r-lactate.’!
It has been hypothesised, though never been tested in this
specific context, that sustained high lactate levels, some-
times referred to as lact-time, might be a better pointer to
bowel gangrene. An elevated D-dimer was found to have a
good sensitivity and specificity in a preliminary study on
patients suspected of having acute thromboembolic occlu-
sion of the superior mesenteric artery,>? but it has not been
investigated in patients operated on for aortoiliac disease.
Leucocytosis is prevalent early in the development of bowel
gangrene and is followed by leucocytopenia, but these are
non-specific indicators. That coagulopathy in general, and
thrombocytopenia in particular, are more common among
patients with this complication,®® is probably a result of
confounding risk factors such as major bleeding and pre-
operative shock. When taken as a whole the above estima-
tions can be of some value in the sense that a patient with
normal lactate, D-dimer and white cell count is unlikely to
have developed bowel gangrene.

Perioperative intestinal mucosal blood flow has been
measured using a laser Doppler probe®* and theoretically, if
the probe is left inside the colon with its light beam in close
contact with the mucosa, it can be monitored postopera-
tively, but bowel movement and faecal content represent
major practical problems.

Colonoscopy is eminently repeatable and the findings
have been extensively reported'* but caution is required to
avoid perforation and abdominal hypertension due to
excessive gas insufflation. Faecal contents constitute a prac-
tical problem, especially after emergency operations. The
flushing of large amounts of saline may be necessary to visu-
alise the mucosa. The investigation should be performed by
an experienced endoscopist, but it is important that the vas-
cular surgeon is present in order to evaluate the findings.
The distribution of lesions on endoscopy among the 63
patients studied® is illustrated in Fig. 3.3; an isolated small
bowel ischaemic lesion was present in only one case but the
left colon and/or rectum were affected in 95 per cent of
cases. Colonoscopy up to the left flexure would have been
diagnostic in most cases. It must be acknowledged, however,
that although colonoscopy will pick up ischaemic lesions, it
cannot differentiate transmural from mucosal ischaemia.*

Sigmoid colon pH; monitoring, developed by Fiddian
Green et al. (see Schiedler et al.,'®) relies on the use of a gas-
permeable balloon placed in contact with the mucosa of
the sigmoid colon where it detects increased carbon dioxide
production caused by ischaemia. The original method of

Figure 3.3  Distribution of ischaemic lesions in the colon and
rectum in 63 patients studied.® As more than one segment of the
colon can be affected in the same patient the sum exceeds 100
per cent. In 95 per cent of patients some part of the left colon
and/or rectum was affected

saline-filled balloons has been displaced by continuous air
tonometry (Tonocap; Datex-Ohmeda, Helsinki, Finland)
offering practical online measurements.*®*” Several inves-
tigators have studied this diagnostic method in elective
aortoiliac surgery, a situation in which bowel ischaemia
occurs in only 1 per cent of cases and, not surprisingly, no
conclusion on its validity been made. On the other hand,
three studies of patients operated for ruptured AAA,>"!3
did include patients who developed the complication.

It is hardly justifiable to monitor sigmoid colon pH;
after routine elective surgery. Since 1992 we have used pH;
monitors on all patients operated for ruptured AAA,
occlusive or aneurysmal disease of the internal iliac arteries
or in those carrying potentially high risk factors for colonic
ischaemia.” In addition to monitoring perfusion of this
very vulnerable organ, pH; monitoring can be used to prevent
further ischaemic injury and when it occurs to recognise
it in time and properly grade it so as to avoid unnecessary
re-laparotomies.

MANAGEMENT

Management options in the prevention of bowel ischaemia
are summarised below and the sequence of actions to be
taken when ischaemia is suspected is illustrated in Fig. 3.4.
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Colonic ischaemia suspected
Early bloody diarrhoea and signs of peritonitis
Deterioration with circulatory instability, oliguria, etc

v

Prevent further ischaemic injury
Prevent or treat hypovolaemia
Avoid vasoconstriction and abdominal hypertension

v

Exclude or confirm colonic ischaemia
Colonoscopy to the left splenic flexure
Repeat examinations may be necessary

A4

Grade the depth of the ischaemic lesion
Colonoscopy/pH; measurements/colonoscopy

A 4

Transmural ischaemic lesion is found
Resection with wide margins and colostomy

Figure 3.4  Algorithm for management of suspected colonic
ischaemia after aorto-iliac surgery

Of course, when this complication has occurred, timely
confirmation and grading of the lesion are prerequisites
to a successful outcome. Effective collaboration with
anaesthetists and the staff in the intensive care unit is
important. Excessive fluid administration will lead to pro-
longed mechanical ventilation and increased abdominal
pressure, effects which are as dangerous to a vulnerable
colonic circulation as are hypovolaemia and the indiscrim-
inate use of inotropic drugs. Once the complication has
manifested itself as transmural gangrene of the colon, the
choice is clear, namely, immediate bowel resection with
wide margins and colostomy.

Measures to prevent colonic ischaemia in
aortoiliac surgery

* Intraoperative measures
— Avoid excessive blood loss, prolonged cross-
clamping and operating time
— Avoid aortobifemoral reconstruction
— Preserve blood flow to the internal iliac arteries
— Avoid embolisation to the internal iliac arteries
— Avoid pressure on the colon from retractors
* Postoperative measures
— Prevent hypovolaemia and hypotension
— Avoid unnecessary vasoactive drugs
— Prevent or treat intra-abdominal hypertension

RESULTS

In retrospective reviews from single centres the mortality
among those who develop bowel ischaemia has varied
between 50 and 100 per cent. When reviewing this compli-
cation within the Swedvasc Registry we found that among
those who suffered the complication in a mixed group of
patients who underwent emergency or elective aortoiliac
surgery, the overall 30-day mortality had risen from 12 to
41 per cent, and the one-year rate from 18 to 59 per cent.®
In this group of patients institutional mortality or one-year
mortality are far more valid measures of outcome than
classic surgical mortality. Among patients with transmural
colonic gangrene following surgery for ruptured AAA, the
one-year mortality had reached 90 per cent. Results from a
prospective study with pH; monitoring suggest that mor-
tality can be reduced by timely recognition and treatment.’

Conclusions

Colonic ischaemia is a major complication of open
repair of a ruptured AAA. A reduction in its incidence
will improve the overall survival in this group of
patients. After elective open repair the frequency is
approximately 1 per cent, but 9 per cent of the patients
who die after elective surgery will have suffered the com-
plication. The incidence may be lower after elective
endovascular repair. Shock, major blood loss and the
sacrifice of blood flow to the internal iliac arteries are
the most important risk factors. Investigations per-
formed during the operation offer no solution because
90 per cent of patients develop colonic ischaemia in the
postoperative period. The classic clinical triad of early
bloody diarrhoea and signs of peritonitis cannot be relied
upon, all these three cardinal features being absent in a
third of patients. Colonoscopy up to the left flexure will
identify colonic ischaemia in 95 per cent of patients
affected, and therefore it is an investigation which should
be carried out liberally. Sigmoid colon pH monitoring
offers the advantages of possible prevention, timely
recognition and proper grading of the ischaemic lesions.
Treatment of transmural gangrene is immediate resection
with wide margins and colostomy.

Bjorck M, Broman G, Lindberg F, Bergqvist D. pH;-monitoring of the
sigmoid colon after aortoiliac surgery. A five-year prospective
study. EurJ Vasc Endovasc Surg 2000; 20: 273-80. This study
shows that pH;-monitoring can detect the complication early
and grade the ischaemic lesion properly. Despite that six
patients suffered colonic ischaemia, no mortality was
associated with the complication.
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Bjorck M, Troéng T, Bergqvist D. Risk factors for intestinal

ischaemia after aortoiliac surgery. A combined cohort and
case-control study of 2824 operations. EurJ Vasc Endovasc
Surg 1997; 13: 531-9. In this combined cohort and case-
control study independent risk-factors are identified by
multivariate analysis.

Bjorck M, Bergqvist D, Troéng T. Incidence and clinical presentation

of bowel ischaemia after aortoiliac surgery - 2930 operations
from a population-based registry in Sweden. EurJ Vasc
Endovasc Surg 1996; 12: 139-49. This study analyses the
incidence and clinical presentation in a non-selected
population.

Moore SW. Resection of the abdominal aorta with defect replaced

by homologous graft. Surg Gyn Obst 1954; 99: 745-55. In this
first intelligent case report, the basis of scientific medicine,
the clinical picture is described and many of the risk factors
are identified.

Soong CV, Halliday MI, Barros D'Sa AAB, et al. Effect of low-dose

dopamine on sigmoid colonic intramucosal pH in patients
undergoing elective abdominal aortic aneurysm repair. Br

J Surg 1995; 82: 912-15. This well performed, randomised,
controlled trial shows that routine administration of dopamine
results in sigmoid colon ischaemia.
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INTRODUCTION inflict a substantial mortality of 10-20 per cent.* Although

The humoral and cell-mediated immune responses to tissue
injury represent the first stages of repair, but if it is excessive
local tissue injury may extend to a potentially lethal systemic
inflammatory response syndrome (SIRS). In certain individ-
uals a heterogeneous variety of insults, including trauma,
haemorrhage, major surgery and ischaemia-reperfusion
injury (IRI), may provoke an overwhelming inflammatory
response ultimately leading to multiple organ dysfunction
syndrome (MODS), organ failure and, ultimately, death.
While the inflammatory response to tissue injury bears many
similarities to the sepsis syndrome, a septic focus is not a
prerequisite to SIRS. Paradoxically, when systemic inflam-
mation becomes established, the essentially sterile IRI often
exhibits a septic component which plays a crucial role in
the propagation rather than the resolution of inflamma-
tion. In this chapter the pathophysiological processes
involved in the evolution of SIRS and MODS in vascular
patients are discussed.

THE PROBLEM

Despite modern advances in perioperative care, emergency
vascular surgery continues to exact a severe toll on this
patient population in terms of morbidity and mortality. In
its most florid presentation, surgery for a ruptured abdom-
inal aortic aneurysm (AAA), despite initial success, continues
to register in-hospital mortality rates of 50-75 per cent in
specialist units.' Of greater concern, however, is the fact
that emergency limb salvage procedures in patients pre-
senting with acute vascular insufficiency of the limb also

the majority of early deaths in these patients is due to car-
diovascular disease, which reflects the systemic nature of
atherosclerosis, late deaths are mostly due to MODS, which
remains the leading cause of death in surgical intensive
care units® (see Chapters 9A and 9B).

Clinical implications of premorbid risk factors

Perhaps the most important factor influencing outcome in
emergency cases is the recognition that vascular surgical pro-
cedures typically involve the elderly patient in whom either
occult disease or overt signs of pre-existing organ dysfunc-
tion raise the likelihood of perioperative morbidity and mor-
tality. It is now recognised that peripheral vascular disease is
a strong pointer to systemic atherosclerosis and therefore
coronary and cerebrovascular events occur much more fre-
quently in vascular patients.>” Renovascular disease, associ-
ated with diabetes, hypertension or atherosclerotic renal
artery stenosis, is relatively more likely to precipitate post-
operative renal dysfunction in vascular patients, and once
established it substantially heightens the risk of mortality,
especially after AAA repair.® Although, advanced chrono-
logical age is predictive of high mortality in some patients,’
good results can be achieved even in octogenarians if they are
otherwise physiologically healthy.® Local ischaemic injury to
the limb can, under certain circumstances, evolve into SIRS
potentially leading to MODS and death.

ISCHAEMIA-REPERFUSION INJURY

Lower limb IRI is a common clinical sequela of throm-
boembolism, trauma, bypass surgery and low-flow states,



40 Ischaemia-reperfusion injury, SIRS and MODS

classically observed in ruptured AAAs. A vascular emer-
gency becomes life threatening if accompanied by physio-
logically stressful situations: haemorrhage in association
with a ruptured AAA, multisystem injuries in cases of vascu-
lar trauma, pre-existing vital organ dysfunction especially
in the elderly arteriopath. Deoxygenation (ischaemia) and
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Systemic inflammatory
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S Multiple organ failure
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Figure 4.1  Pictorial representation of the evolution of systemic
inflammation and multiple organ dysfunction after limb
ischaemia-reperfusion injury
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N endotoxaemia

Acute respiratory
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reoxygenation (reperfusion) of the tissues is characterised
by local endothelial activation, membrane lipid peroxida-
tion, cellular oedema, capillary leak and leucocyte recruit-
ment, activation and tissue infiltration. This local tissue
injury develops into a systemic phenomenon as metabolic
byproducts, oxygen reactive species, arachidonic acid deriva-
tives, cytokines, mediators and activated leucocytes are
flushed into the systemic circulation where they can be
harmful to vital organ systems, as depicted in Fig. 4.1. The
pathophysiology of acute limb vascular insufficiency, and
IRI which accompanies it, is covered elsewhere (see
Chapter 2), and therefore the discussion here is focused on
systemic inflammation and organ dysfunction which
evolve in this setting.

SYSTEMIC INFLAMMATORY RESPONSE
SYNDROME

As proinflammatory mediators overcome native anti-
inflammatory pathways a SIRS ensues. Products of oxida-
tive injury, namely, reactive oxygen species, arachidonic
acid metabolites and hydroperoxides, interact with acti-
vated endothelial cells and leucocytes in an environment
rich in proinflammatory cytokines causing vital organ injury.
In response to IRI the complex cascade of proinflammatory

IRI
Inflammatory stimulus

|

! l

Endothelial activation
PAF, TGF-B, nitric oxide
and bradykinin

Neutrophil activation
Aggregation, degranulation,
release of O, radicals

Monocyte/macrophage
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Activation of coagulation Arachidonic acid
and complement systems metabolism
Tissue factor release, Thromboxane A,
fibrinolytic activity prostaglandins, leucotrienes
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aggregation
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/ and IFN-y
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Figure 4.2 The development of the systemic inflammatory response syndrome (SIRS) after the inflammatory stimulus of ischaemia-
reperfusion injury (IRI) represents a complex cascade of proinflammatory mediator and immune cell interactions, which may be further
complicated by the development of a sepsis syndrome. IL, interleukin; IFN, interferon; PAF; platelet activating factor; TGF, transforming

growth factor; TNF, tumour necrosis factor
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mediator and immune cell interactions leads to the devel-
opment of SIRS, and not infrequently it is complicated by
the sepsis syndrome, as illustrated in Fig. 4.2.

Intravascular response to reperfusion

At its most severe the intravascular response to limb IRI
involves the establishment of cytokine and immune cell
interactions propagating an inflammatory cascade which
causes generalised capillary dysfunction and ultimately
leads to organ failure. Major vascular surgery has been
shown to initiate a systemic inflammatory response char-
acterised by increased plasma levels of proinflammatory
cytokines'® and circulating polymorphonuclear (PMN)
leucocyte, or neutrophil, activation.!! Experimental stud-
ies have shown that activated neutrophils accumulate
within remote organs in proportion to the severity of tissue
injury'»" caused by an acute microvascular insult.!*""7
Plasma factors augment neutrophil and endothelial cell
activation after revascularisation of ischaemic tissue by the
activation, or ‘upregulation’, of neutrophil surface adhe-
sion receptor integrins (CD11b/CD18) and endothelial cell
adhesion molecules (ICAM-1),'® in turn leading to
degranulation and tissue injury.'?

Antioxidant defence mechanisms, normally protecting
tissues against harmful oxygen reactive species created as
byproducts of metabolism, respiration or immune medi-
ated microbial killing are overwhelmed by uncontrolled
oxidant production. Consumptive systemic depletion of
antioxidants has been demonstrated both during ischaemia
and after reperfusion in AAA repair.!® The resultant oxida-
tive cell membrane injury leads to the creation of
eicosanoids such as prostaglandins, thromboxanes and
leucotrienes, which are oxygenated products of 20-carbon
fatty acids such as arachidonic acid. Agonist-receptor medi-
ated activation of membrane phospholipase A, leads to
specific release of arachidonic acid, the substrate for cyclo-
oxygenase or lipoxygenase enzymes. Thromboxane (TX) A,,
a potent vasoconstrictor and platelet aggregator, is a product
of the cyclo-oxygenase initiated pathway and is produced
rapidly following aortic clamp release at which point it is
related, temporally, to the onset of pulmonary hyperten-
sion.”’ Leucotriene (LT) B, a product of the lipoxygenase
initiated pathway is derived from neutrophils, mast cells,
macrophages and endothelial cells. Both these eicosanoids
have been shown to be highly chemotactic for neutrophils
contributing to their endothelial adherence and transmi-
gration.”! Nitric oxide, normally produced in basal amounts
by the vascular endothelium is critical to normal vascular
homoeostasis,”** by mediating vascular smooth muscle
relaxation and inhibiting platelet aggregation and neu-
trophil adherence.”? Endothelial cell production of nitric
oxide is decreased during reperfusion,?* and that is com-
pounded by superoxide anion induced inactivation of
nitric oxide.?* This intravascular proinflammatory milieu

then converts the local inflammatory injury into a systemic
inflammatory response.

Definition of systemic inflammatory response
syndrome

Despite the varied initiating stimuli, SIRS, once established,
follows a common, if often chaotic, pathway leading to
widespread increased microvascular permeability and organ
injury. The systemic inflammatory response to injury
essentially represents a spectrum of responses which can be
mild and self-limiting or severe, leading rapidly to multiple
organ failure (MOF) and death. This is reflected in the
descriptive criteria shown in Table 4.1 proposed by Baue.?®
It is recognised, however, that the more innocuous first insult
is often aggravated by another in the form of sepsis eventu-
ally ushering in MOF and death.?’

SIRS: the propagation or resolution of
inflammation

A complex cascade of events depicted in Fig. 4.3 leads from
the initial inflammatory stimulus to MOF, which is lethal.
Bone?® classifies SIRS further into the compensatory anti-
inflammatory response syndrome (CARS) and the mixed
antagonistic response syndrome (MARS), which suggests
that weighting the process in one direction or the other
decides the outcome. As Baue?® points out, however, that
despite the desire to represent inflammation as an orderly
response, it is in fact neither organised and sequential, nor
coordinated but a rather chaotic process. While the early
rise in circulating cytokine concentrations could be benefi-
cial to the host by initiating the acute phase response, their
uncontrolled production undoubtedly contributes to the
development of MODS.? Paradoxically, depression of the
cytokine response does not improve outcome; indeed, it is
associated with increased mortality.”® Systemic inflamma-
tory response syndrome, once established, is propagated by

Table 4.1  Criteria for the determination of the systemic
inflammatory response syndrome (SIRS) *

Condition* Criterion

Temperature A temperature lower than 36 °C or higher
than 38°C

Cardiac A heart rate more than 90 beats per minute

Pulmonary A respiratory rate more than 20 breaths

per minute or a PaCO, less than 32 mmHg,
which usually means hypoxic hyperventilation
A white blood cell count more than

12.0 X 10°/L or less than 4.0 X 10%/L or the
presence of greater than 10 per cent
immature or band forms

Haematological

*Data from Baue.?®
*SIRS requires two or more of the conditions be met.
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Figure 4.3 A schematic representation of the progressive spiral
from a severe inflammatory stimulus to lethal multiple organ
failure. CARS, compensatory anti-inflammatory response
syndrome; MODS, multiple organ dysfunction syndrome;

MOF, multiple organ failure; IRI, ischaemia-reperfusion injury;
SIRS, systemic inflammatory response syndrome

a variety of mediators, perhaps most importantly by the
balance between pro- and anti-inflammatory cytokines.
Similarly, the development of a secondary septic injury or
sepsis syndrome, from either exogenous or endogenous
bacterial pathogens, is often a grave indicator of relentless
progression to organ failure and death.

CYTOKINES

Cytokines, originating from monocytes, neutrophils, mast
cells, lymphocytes, tissue macrophages and vascular
endothelial cells®! have myriad pro- and anti-inflammatory
properties and play a key a role in an evolving SIRS.
Postischaemic extremities have been shown to exhibit the
immediate release of tumour necrosis factor alpha (TNF-a).*?
In animal studies TNF elicits many key features of SIRS
including fever, proteolysis, shock and organ dysfunction.*
This is in part due to its role in upregulating neutrophil
surface adhesion receptors (integrin CD11b/CD18).3

The interleukin (IL) family of cytokines has a variety of
pro- and anti-inflammatory effects. Interleukin-13 is an
early proinflammatory cytokine, often synergistically potenti-
ating TNF-a effects, and is produced by macrophages,
monocytes and vascular endothelium.?® Interleukin-6 is a
pleiotropic cytokine, produced by a wide variety of immune
reactive cell types®® and found in high concentrations in
association with morbidity after AAA repair;*’ post-
traumatic elevated IL-6 levels also correlate closely with injury
severity scores (ISS) and mortality.”® In an experimental

model of lower limb IRI we have shown that high plasma
levels of IL-6 are associated with MOF and high mortality.*
In vitro studies have shown that IL-6 delays PMN apop-
tosis, which may explain why PMNs may exhibit increased
functional longevity and a potential for oxidative tissue
injury.*® However, IL-6 also has an important immun-
omodulatory role — by directly inhibiting expression of
proinflammatory TNF-a and IL-18* and stimulating
macrophage expression of IL-1f3 receptor antagonist and
soluble TNF-a receptor. Interleukin-8, produced by a var-
iety of cell types, is a potent leucocyte chemoattractant and
activator*! and highest levels of this interleukin have been
recorded in patients who developed MOF after trauma.*?
In addition IL-8 has been demonstrated in the bron-
choalveolar lavage fluid of patients with acute respiratory
distress syndrome (ARDS).* Interleukin-10 is produced
by immunoregulatory cells* and has the potential to
inhibit the production of various cytokines, including TNF-«
and IL-6.*° Despite this an increase in plasma IL-10 levels
has been associated with septicaemia.*®

GASTROINTESTINAL BARRIER DYSFUNCTION

The concept of gut origin sepsis, in which dysfunction of
the intestinal barrier results in the passage of bacteria and
their toxins from the lumen to normally sterile extraintesti-
nal sites, is attributable to Fine.*” Intestinal barrier failure has
been implicated in the pathogenesis of complications
following thermal injury,*® trauma*’ and major vascular
surgery.*

Bacterial translocation

The gastrointestinal tract is normally inhabited by a large col-
lection of microbial species most notably Gram-negative
bacteria.>® Corson et al.’! showed a link between limb IRI,
remote gut injury and increased systemic endotoxin concen-
trations. Increased intestinal permeability was demonstrated
after major vascular surgery.’® Subsequently, at our centre,
lower limb IRI was confirmed to be associated with remote
gut mucosal injury and increased permeability.”? Indeed,
research has shown that bacterial translocation can be pro-
voked by a variety of injurious stimuli including burns,*
endotoxaemia® and haemorrhage.” Predisposing factors
include bacterial overgrowth,> gut mucosal barrier disrup-
tion®® and abnormal host defences.”’

Endotoxaemia

Abdominal aortic aneurysm repair is associated with portal
and systemic endotoxaemia.’®>? Endotoxin, a lipopolysac-
charide (LPS) component of the cell wall of Gram-negative
bacteria, is a potent stimulus to cytokine generation, coagu-
lation and complement activation®® as well as leucocyte
activation.®! In humans endotoxin has been implicated in
the pathogenesis of SIRS and the development of acute
lung injury®"? but its precise role after vascular surgery
remains controversial.®> In experimental studies at our



Multiple organ dysfunction syndrome 43

centre it has been demonstrated that lower limb IRI is asso-
ciated with endotoxaemia® and that the resulting SIRS is
associated with a rise in mortality.®

Colonic ischaemia

Colonic ischaemia is a feared complication of aortic sur-
gery, with an incidence ranging from 7 per cent after repair
of a ruptured AAA to 0.6 per cent after bypass for aortoiliac
occlusive disease.®® The inferior mesenteric artery, the main
blood supply to the left colon, is often sacrificed at AAA repair
and important collateral channels from the hypogastric ves-
sels may be lost if internal iliac arteries are excluded during
the implantation of a bifurcated aortic graft. The combin-
ation of vascular interruption, hypotension and prolonged
aortic clamp time magnify the risk to the colon.®” The dam-
age may range from mild self-limiting mucosal ischaemia
to frank ischaemic infarction, perforation and sepsis.

HEPATIC RETICULOENDOTHELIAL DYSFUNCTION

The vast hepatic sinusoidal network is lined with fixed tis-
sue macrophages, or Kupffer cells, which are strategically
located to interact with gut derived endotoxin. In addition
to clearing bloodborne endotoxin (LPS)%® the Kupffer cells
are a rich source of inflammatory mediators such as TNF,
interleukins, platelet activating factor (PAF), and arachi-
donic acid metabolites. Accordingly, the intestinal-hepatic
axis may be crucial in the development of systemic inflam-
mation in patients undergoing major vascular surgery. In
the critically ill, impairment of Kupffer cell function is
associated with overwhelming sepsis and poor prognosis.

Sepsis syndrome

The sepsis syndrome, defined in Table 4.2, results from
activation of the host’s defence mechanisms in response to
invading microorganisms and their products, including
endotoxin.®’ The development of sepsis syndrome is a grave
prognostic indicator, regardless of the origin of the bacter-
ial pathogen, whether from an endogenous source such as
the intestine or exogenous foci such as ventilatory acquired
pneumonia or intravascular catheter sepsis. Severe sepsis is
amajor cause of death in patients admitted to the intensive
care unit (ICU) and continues to be responsible for the
high mortality of 25-58 per cent.”

MULTIPLE ORGAN DYSFUNCTION SYNDROME

Classical definitions of MOF as an ‘all-or-nothing’ phe-
nomenon,’! have been displaced by the consensus view
that MOF, the criteria for which are shown in Table 4.3, is
more accurately portrayed as an extension of MODS.” It
remains the leading cause of death in the surgical ICU,

Table 4.2  Criteria for determination of sepsis syndrome.*
Patients clinically suspected to be septic fulfilled the following
criteria for sepsis syndrome

System Criteria®
Temperature Hyperthermia (>38°C)
Hypothermia (<35.5°C)
A proved site of infection
Heart rate Tachycardia (>90 beats per minute in the

absence of B-blockade)
Respiratory rate  Tachypnoea (>20 breaths per minute)
A requirement for mechanical ventilation
Evidence of dysfunction of one or more
end organs, defined as follows:
(a) Plasma lactate greater than
1.2 mmol/L, base deficit greater than
5mmol/L, or systemic vascular
resistance less than 800 dyne.s.cm™®;
(b) PaO,/fraction inspired oxygen less
than 30kPa or Pa0, less than 9.3 kPa;
(c) Less than 120 mL urine output during
4 hours; or
(d) Glasgow Coma Scale score less than
15 in the absence of a neurological lesion.

Organ function

*Data from Bone.?®
*Each category requires one or more criteria.

with overall mortality rates exceeding 70 per cent,”* the rate

rising with the number of organs failing.”! Clinical studies
have shown that all patients undergoing aortic reconstruc-
tion suffer transient organ dysfunction affecting the lung,
gut and kidney.”> Mortality rates of 5 per cent after elective,
and 50 per cent after ruptured AAA repair, are still com-
mon’® and at least 20 per cent of these deaths are attributable
to MODS.”” In the past MODS was assumed to be a com-
plication of uncontrolled infection or a manifestation of an
occult septic focus, but it is now clear that it can develop in
the absence of an identifiable focus of infection.”® This sup-
ports the hypothesis that bacteria or endotoxin from the
gut lumen may translocate into the circulation at times of
systemic stress and drive the inflammatory response.” As
described, an uncontrolled SIRS is implicated in the aeti-
ology of MODS.® The common cellular abnormality in all
these organs is increased microvascular permeability with
sequestration of activated inflammatory cells in the
microvessels of systemic organs.

Immune system

Deficiencies of the immune system after surgery, burns and
trauma are well documented and may occur in a variety of
ways. Adverse postinjury events include:

* inhibition of the phagocytic cellular response®!

¢ decreased lymphokine (particularly IL-2) generation®”
* increased complement activation®?
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Table 4.3  Criteria for the determination of multiple organ failure *

Organ system Criteria*

Heart rate <54 beats/min

Mean arterial blood pressure

<49 mmHg

Ventricular tachycardia or fibrillation
Serum pH <7.24 with PaCO,

<49 mmHg

White blood cells <1.0 X 10%/L
Platelets <20.0 X 10°/L
Haematocrit <0.20

Prothrombin time >4 seconds over control
(in the absence of anticoagulation)
Bilirubin >103 pwmol/L (>6 mg/dL)
Central nervous Glasgow Coma Scale <6

system (in the absence of sedation)

Renal Urine output <479 mL/24 hours
(<159 mL/8 hours)

Urea nitrogen >35.7 mmol/L
(>100mg/dL)

Creatinine >309 pwmol/L (3.5 mg/dL)
(excluding long term dialysis)
Respiratory rate <5 or >49/min
PaCO, >50 mmHg

Alveolar-arterial oxygen difference
>350 mmHg

Ventilator dependence >3 d with
another organ failed

Cardiac

Haematological

Hepatic

Pulmonary

*Data from Knaus et al.”?
*Each category requires one or more criteria.

o raised prostaglandin production (PGE,)%

* appearance of immunosuppressive serum factors®

e alterations in T cell functions including decreased
proliferation®’

o relative increase in suppressor cells®®

e alterations in B cell functions such as decreased
immunoglobulin production.®

4

These effects, in combination, render the patient more sus-
ceptible to sepsis and associated complications which con-
tribute to the general proinflammatory milieu.

Haematological system

Critical illness is associated with various haematological
abnormalities, a mild anaemia being common along with
abnormalities in red cell deformability,” a high or inappro-
priately low leucocyte count and in some cases even an
absolute lymphopenia. Reductions in platelet count are
common in patients undergoing elective repair of an AAA3®
and perhaps more dramatically that of a ruptured AAA.%’
Later, patients develop hyperfibrinogenaemia and throm-
bocytosis, which may persist for several weeks.®® Activation
of the fibrinolytic system, haemorrhage, hepatic dysfunc-
tion and massive blood transfusion contribute to the risk of

coagulopathy.®” Another important haematological path-
way activated after major vascular surgery is that of the
complement system, the creation of small antigen—
antibody complexes in the circulation and the appearance
of altered cell surface epitopes which activate the classic and
alternative complement pathways, respectively. Activated
products of the complement pathway are potent inflamma-
tory mediators with myriad effects that include alteration of
blood vessel permeability and tone, leucocyte chemotaxis
and the activation of multiple inflammatory cell types.

Cardiovascular system

Depressed cardiac function is common in the critically ill
and contributes to global hypoperfusion. Supraventricular
arrhythmia and impaired myocardial contractility are the
most readily evident alterations in cardiac function in the
critically ill. Right ventricular function is particularly affected
as a consequence of increased pulmonary vascular resist-
ance’ and an interplay of multiple depressive influences,
including catecholamine excess, hypoxia, acidosis® and
myocardial depressant factors.”>** A dilated peripheral vas-
cular bed coupled with widespread capillary leakage aggra-
vates cardiac workload and may ultimately leads to
myocardial ischaemia. This added cardiovascular strain may
be critical in those with pre-existing coronary artery disease.

Respiratory system

Acute non-cardiac pulmonary oedema after major vascular
surgery, in particular aneurysm repair, is well recognised.
Experimental lower torso ischaemia-reperfusion induces
acute pulmonary injury which is characterised by increased
microvascular permeability and neutrophil infiltration,” a
phenomenon which can be effectively prevented experi-
mentally by neutrophil depletion.”> Damage to the capil-
lary endothelium resulting in leakage of fluid and protein
is produced by an interaction of inflammatory cells and
mediators including leucocytes, cytokines, oxygen radicals,
complement and arachidonate metabolites. The picture is
clinically inseparable from ARDS, which can be of varying
intensity as shown in Table 4.4, and is characterised by dif-
fuse pulmonary capillary leak, a common complication in
the critically ill. The lungs become stiff and less compliant,
lung volumes are reduced and as a consequence of alveolar
atelectasis an extreme level of intrapulmonary shunting
occurs with characteristic bilateral pulmonary interstitial
infiltrates on chest X-ray. Pulmonary hypertension is asso-
ciated with ARDS? and may be improved, in part, by
locally delivered vasodilators such as nitric oxide. Septic
patients are at greater risk of developing ARDS,”” indeed
experimental infusion of LPS elicits a syndrome of acute lung
injury which closely resembles ARDS.”® Abdominal disten-
sion contributes to the loss of pulmonary compliance,
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Table 4.4  Postinjury acute respiratory distress syndrome socre (ARDS)

Variables Grade 1

Grade 2

Grade 3 Grade 4

A Pulmonary/radiographic Diffuse, mild interstitial

markings/opacities

B Pa0,/Fi0, (mmHg) 175-250

C  Minute ventilation (L/min) 11-13 14-16
D  PEEP (cmH,0) 6-9 10-13
E  Static compliance 40-50 30-39

Diffuse, marked interstitial/
mild air space opacities

125-174

Diffuse, severe air
space consolidation

Diffuse, moderate air
space consolidation

80-124 <80
17-20 >20
14-17 >17
17-20 <20

ARDS SCORE = A + B + C + D + E when PCWP <18 mmHg or when there is no clinical reason to suspect hydrostatic pulmonary oedema.

PEEP, peak end expiratory pressure; PCWP, Pulmonary capillary wedge pressure.

compounding respiratory failure in those who have sus-
tained acute intra-abdominal catastrophes.”

Renal system

Acute renal failure (ARF) complicates both emergency and
elective aortic aneurysm surgery.'” Renal parenchymal
ischaemic injury is a common sequela of suprarenal aortic
clamping and is exacerbated in some by atheroembolism.!!
Postoperatively, renal hypoperfusion brought about by pref-
erential shunting and falling central arterial blood pressure
compounds the effects of renal ischaemia. Furthermore, the
release of oxygen free radicals, systemic vasoconstrictors,
toxic metabolites, myoglobin and activation of neutrophils
as a consequence of limb reperfusion, act in concert to pro-
duce acute tubular dysfunction.'” Common radiological
contrast agents also induce renal dysfunction in all too many
vascular patients. Despite advances in providing support for
the critically ill patient the development of ARF remains
quite common and carries a grave prognosis with a mortal-
ity of around 45 per cent, and in those with sepsis it may be
as high as 75 per cent.!”®

Hepatic system

The liver may sustain direct ischaemic injury during supra-
coeliac aortic clamping and also indirectly in association with
perioperative hypotension. Hepatocellular injury impairs the
liver’s ability to manufacture clotting factors necessary to sat-
isfy the demands of a hypercoagulopathy, to produce albu-
min sufficient to maintain intravascular volume in the
presence of capillary leak and finally to metabolise mediators
and metabolic byproducts in the presence of ongoing inflam-
mation. Although transient moderate rises in hepatocellular
enzymes are common after major aortic surgery, a large or
sustained rise must be regarded as a grave sign.

Gastrointestinal tract

A variety of factors contribute to gut injury including direct
ischaemia by supracoeliac aortic clamping and remote

injury mediated by inflammatory mediators, activated leuco-
cytes and hypoperfusion.® The crucial role of gut ischaemia
in the pathogenesis of MODS is indicated by the improved
survival of shocked patients in whom gut ischaemia, as
determined by gastric tonometry, can be reversed.!*
Naturally, the gut has been described as the ‘motor’ driving
the systemic inflammatory response.?” Sustained acidosis
of the gastric and sigmoid mucosa has been shown to be a
highly sensitive predictive indicator of mortality and mor-
bidity in elective and emergency AAA surgery patients.'®
For this reason the clinician must remain vigilant to the pos-
sible development of non-occlusive mesenteric ischaemia
(see Chapters 3 and 29). Furthermore, gut mucosal atro-
phy during critical illness damages its absorptive ability,
though that can be prevented, in part, by early enteral
feeding.

Neuroendocrine system

Plasma catecholamine concentrations increase during con-
ventional surgery,'% and during open AAA repair are asso-
ciated with cardiovascular instability.!” The acute phase
response to injury brings with it a catecholamine surge as
the body tries to maintain its essential functions. Glucocorti-
coids initially provide a welcome anti-inflammatory
response, inhibiting the production of cytokines TNF-«a!%®
and 1L-6,'% but their influence, if prolonged, becomes
deleterious. Failure to satisfy the sustained hypermetabolic
demands of critical illness is associated with a poor
outcome.!'!?

General metabolism

The systemic inflammatory response brings with it a hyper-
catabolic state and as the immune system and major organs
attempt to cope with that increased demand the body
switches from aerobic to anaerobic respiration on a mas-
sive scale. If tissue hypoxia persists, markers of intermediary
metabolism, such as ketone body ratio, point to a process
of decompensation heralding MOF and mortality in the
critically ill.'!! Postoperative hypermetabolism, as estimated
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by an increase in baseline oxygen consumption, is mani-
fested experimentally by higher circulating levels of endo-
toxin, TNF and IL-6.!!? Paradoxically, cytokines such as
IL-6 also have a role in depressing cellular metabolic activ-
ity and that will induce cachexia.!'?

MONITORING OF ORGAN DYSFUNCTION
IN SIRS

Although mortality rates from MODS remain high, histor-
ical comparisons of critically ill surgical patients suggest
the incidence of ARF, ARDS, gastrointestinal stress haem-
orrhage and abdominal abscess formation have decreased.
The key reason for organ dysfunction in the critically ill is
global tissue hypoxia. Central shunting attempts to main-
tain vital organ perfusion, often at the cost of sacrificing
splanchnic and peripheral circulation. Historically, clin-
icians have directed their treatment so as to avert oxygen debt
by optimising systemic haemodynamics and tissue oxy-
genation. Shoemaker et al.!'* have gone further and pro-
posed targeted therapy to achieve ‘supranormal’ oxygen
delivery in critically ill patients to improve survival.

Monitoring of global haemodynamics

The pulmonary artery catheter, introduced by Swan et al.,'!>
remains the clinical standard for monitoring macrohaemo-
dynamic variables such as cardiac output, pulmonary
artery occlusion pressure, mixed venous oxygen saturation
and derived variables of oxygen delivery. However, concerns
have been raised since Connors et al.'!® showed a rise in
mortality, prolonged stay in intensive care and increased
treatment costs for those being monitored invasively.
Non-invasive methods for assessing cardiac output remain
largely experimental and include transthoracic and tran-
soesophageal bioimpedance monitoring, carbon dioxide
and soluble gases rebreathing methods and Doppler
echocardiography.

Monitoring of tissue oxygenation

Falls in either cardiac output or arterial oxygen content lead
to an imbalance whereby oxygen consumption exceeds oxy-
gen delivery. This tissue hypoxia in the critically ill patient
is compounded by a heightened catabolic state and anaer-
obic metabolism ensues. Therefore careful assessment of
the quality of tissue oxygenation in these patients is essen-
tial. Global tissue oxygenation is often assessed indirectly
by measuring plasma lactate levels which rise in response
to excessive anaerobic metabolism. Elevated lactate levels,
however, may reflect either impaired elimination, due to
hepatic failure and renal failure, or increased production,

as observed in a variety of conditions such as sepsis, myelo-
proliferative disease, pancreatitis, short bowel syndrome
or induced by drugs such as catecholamines, biguanides,
methanol, ethanol and ethylene glycol. In the critically ill, high
lactate levels have been shown to be predictive of morbidity
and mortality.'!’

INDICATORS OF REGIONAL TISSUE OXYGENATION

Hollow viscus tonometry is increasingly used to monitor
the adequacy of splanchnic tissue perfusion either via the
gastric or the sigmoid route.''® Sustained acidosis of intes-
tinal mucosa has been shown to be highly sensitive in pre-
dicting mortality and morbidity in elective and emergency
aortic aneurysm surgery.'%

MONITORING PULMONARY GAS EXCHANGE

Arterial blood gas samples with a known fraction of inspired
oxygen remains the clinical standard for monitoring pul-
monary gas exchange. Pulse oximetry is useful but does not
detect impaired tissue oxygenation attributable to a left-
ward shift of the oxygen—haemoglobin dissociation curve.
The continued development of fibreoptic blood gas and
pH sensors, at present still experimental, may further refine
continuous monitoring of high risk patients.

Monitoring of renal function

Diuresis and creatinine clearance currently represent the
clinically most important variables in monitoring global
renal function. The goal must be to detect and correct renal
hypoperfusion before the development of overt signs of
renal failure such as anuria, hyperkalaemia, acidaemia and
azotaemia. In general, renal blood flow is hard to predict
using simple systemic haemodynamic variables because of
complex renal-based blood pressure maintaining compen-
satory mechanisms, namely, sympathetic activity and the
renin—angiotensin—aldosterone system. Unfortunately, newer
imaging techniques such as greyscale and duplex ultrasono-
graphy and magnetic resonance imaging provide little
assistance in predicting ARF in the critically ill patient.!

Predictive scores in critically ill vascular
patients

Vascular surgery patients with marked atherosclerotic dis-
ease and underlying comorbidities represent a high risk
group when compared with most other patients undergoing
surgery. In many reports over half of those patients under-
going elective AAA repair suffer one or more atherosclerosis
related complications.!”® Multiorgan failure is the most
important cause of late death,'?"!?? the mortality rising with
increasing number of failing organ systems.”? Postoperative
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complications have been attributed to preoperative risk
factors such as advancing age, poor ventricular function,
ischaemic heart disease, chronic pulmonary disease, renal
failure and diabetes mellitus.”®!'?* Therefore, extensive
efforts are being made, using scoring systems, to predict
the risk of morbidity and mortality in patients prior to
commitment to a surgical procedure.

THE APACHE SCORE

Acute Physiology And Chronic Health Evaluation
(APACHE) II score’? is perhaps the most widely accepted
predictive score used to assess the severity of critical illness
in ICUs. It is based on 12 physiological and laboratory based
factors (temperature, mean arterial pressure, heart rate,
respiratory rate, PO,, arterial pH, serum sodium, serum
potassium, serum creatinine, haematocrit, white cell count
and Glasgow Coma Score), as well as on age and previous
health status. In general, APACHE Il is a good predictor of
outcome in ruptured AAA repair but its power to predict
outcome in any individual patient is limited.'*

THE POSSUM SCORE

Physiological and Operative Severity Score for the
enUmeration of Mortality (POSSUM) was designed specif-
ically for patients undergoing surgical intervention. It is
based on 12 readily available physiological and laboratory
variables (age, cardiac signs, respiratory history, systolic
blood pressure, pulse rate, Glasgow Coma Score, haemo-
globin, white cell count, urea, serum sodium, serum potas-
sium electrocardiogram) as well as on six operative severity
parameters. The original POSSUM!® failed to predict out-
come sufficiently reliably after ruptured AAAs,'** but the
modified Portsmouth POSSUM or P-POSSUM'?® would
appear to have greater relevance to vascular patients.

Therapeutic strategies in MODS

The management of the critically ill patient with SIRS, sep-
sis and evolving MODS is complex and best undertaken in
the ICU. The aim of initial resuscitation and supportive
therapies is to achieve and maintain adequate tissue oxy-
genation. Hypoxaemia should be managed by increased
inspired oxygen, where appropriate, to assist non-compliant
and failing lungs by means of mechanical ventilation and
regular monitoring by blood gas analysis. Cardiovascular
support using a combination of intravenous fluid, inotropes
and vasoconstrictors may require invasive haemodynamic
monitoring. Antibiotic therapy should be instituted early
where signs of sepsis exist, initially with broad spectrum
antibiotics, and then in a more focused manner depending
on microbiological results. Renal support can be achieved
by optimising renal perfusion, and where this fails, by
means of haemodialysis. Nutrition should be maintained

during this intensely catabolic process, and ideally via the
enteral route. Recent advances in molecular biology have
enhanced our understanding of the various actions and
interactions which represent the systemic inflammatory
response to tissue injury. Beyond standard support of the
critically ill patient, attention has focused on the use of
either natural or synthetic therapeutic agents aimed at pro-
moting or inhibiting various components of the inflamma-
tory response. These are outlined in Table 4.5 and are
discussed briefly below.

Anticytokine therapies

The balance between pro- and anti-inflammatory cytokines
is crucial to the promotion or resolution of inflammation.
Therapeutic interventions have ranged from purified con-
centrates of natural endogenous antibodies and stimulated
donor hyperimmune globulins to monoclonal antibodies
directed against specific cytokines. In both animal experi-
ments and human trials attention has focused on modula-
tion of the potent proinflammatory cytokine TNF-a.
Its normal biological activity is usually counterbalanced by

Table 4.5 Novel potential therapeutic targets for the modula-
tion of systemic inflammatory response syndrome (SIRS) and
prevention of multiple organ dysfunction syndrome (MODS)

Potential mode of

Therapies Target action

Cytokine TNF-a and receptor
IL-18, 6, 8, and 10

and receptors

Anti-inflammatory
Anti-inflammatory

Gut decontamination
LPS binding protein

Antiendotoxin Reduced septic challenge

Improved endotoxin

(LBP) clearance
LPS Direct inhibition
endotoxin

BPI, recombinant BPI  Reduced inflammatory

response to endotoxin

Immune cell  Leucocyte integrins Inhibits leucocyte
adhesion
Endothelial ICAM-1 Inhibits leucocyte
adhesion
Steroids Anti-inflammatory
Complement  C1, sCR1 Inhibits classical
pathway
C3 Inhibits alternative
pathway
C5, C5a, C5aR Inhibits leucocyte
activation
C5b-9 (MAC) Inhibits cytolysis

TNF, tumour necrosis factor; IL, interleukin; LPS, lipopolysaccharide;
BPI, bactericidal permeability increasing protein; ICAM, intercellular

adhesion molecule.
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natural inhibitors known as TNF-a binding proteins and
identified as soluble forms of extracellular fragments of the
TNF-a receptors.'?” In high risk patients early postoperative
rises in plasma levels of soluble TNF-a receptors, a hallmark
of excessive TNF-a production, are associated with a high
complication rate and a poor prognosis.'?® Despite encour-
aging animal studies showing a lowering of mortality from
sepsis,'?? in one phase II trial a dose dependent increase in
mortality was reported using the potent antagonist soluble
TNF p75 receptor.'*® Another proinflammatory cytokine
and potential target is [L-13, but animal experiments here
are also inconclusive with antibodies directed against its
receptor: in small doses protecting those animals from
Klebsiella pneumoniae but in larger doses increasing the
lethal power of those organisms.!*! The pleiotropic cytokine
IL-6 has also been investigated, and the monoclonal anti-
bodies directed against both IL-6 and its receptor having
been shown to protect against lethal injury from TNF-q,
LPS and sepsis.'*>!* Interestingly, plasma levels of an anti-
inflammatory cytokine IL-10 also rise in patients with septic
shock!* and are correlated with an adverse outcome.'?
Currently, IL-10 inhibition therapy is being explored in a
phase I study in patients undergoing thoracoabdominal
aneurysm repair,'*® the results of which are awaited.

Antiendotoxin therapy

The sepsis syndrome, secondary to bacteraemia or endo-
toxaemia, remains a leading cause of morbidity and mor-
tality, despite antibiotics and intensive care support. Gut
decontamination has been shown to cause a dramatic
reduction in colonisation and effectively prevents bacterial
translocation from the gut, but it does not significantly
reduce the mortality rate or hospital stay in critically ill
patients.!%”

Lipopolysaccharide binding protein (LBP) is an essen-
tial factor in the immune system responsible for meeting
bacterial or septic challenges. Initial optimism based on the
finding that mice, injected with high concentrations of LBP,
could survive an otherwise lethal septic challenge'*® was
tempered by studies in LBP-knockout mice which showed
that they fare no worse than their wild-type littermates
in response to septic challenge.'” Antiendotoxin immuno-
globulins have also been explored in several studies which
demonstrated that normal pooled y-globulin or immuno-
globulins can improve outcome in sepsis related condi-
tions.!" The Escherichia coli J5-immune plasma and
v-globulin study'! revealed some benefit using immune
plasma but it was minimal when immune +y-globulin was
used.'*? There was more convincing evidence of protection
from exogenous y-globulins in a clinical study using ‘nat-
ural’ antiendotoxin antibodies.'*> Endotoxin neutralising
protein antilipopolysaccharide factor isolated from the
amoebocytes of horseshoe crabs, Limulus polyphemus and
Limulus tachypleus, is known to bind various endotoxins,'**

and is protective in animal models of meningococcal
sepsis'*® and E. coli sepsis.'*® Bactericidal/permeability-
increasing protein (BPI) prevents LPS induced PMN acti-
vation, TNF-a production and, in addition to its ability to
neutralise LPS, BPI has been shown to alter bacterial mem-
brane permeability and kill Gram-negative organisms.'47:148
Recently, recombinant BPI has been shown to attenuate
systemic inflammation and acute lung injury after experi-
mental lower limb IRL.!4-151

Modulation of immune cell function

As the key effectors of tissue injury, and the source of many
of the proinflammatory mediators present in SIRS, immune
cells or leucocytes represent an obvious therapeutic target.
Polymorphonuclear leucocyte depletion has been shown
in animal studies to reduce reperfusion injury effect-
ively.”#>152 In humans, however, global inhibition of leuco-
cyte function is not a viable clinical option so that attempts
to reduce their endothelial interaction and transmigration
seem a more realistic goal than limiting tissue injury.
Inhibition of PMN leucocyte adherence and migration,
using monoclonal antibodies directed against the 3-chain of
the CD11/CD18 glycoprotein adherence complex, decreases
PMN adherence to the endothelium and attenuates the
microvascular dysfunction associated with reperfusion of
skeletal muscle.'™ More recently anti-CD18 monoclonal
antibodies have been used to reduce multiple organ injury in
an animal model of ruptured AAA.'>*

Complement inhibition

The complement system is activated in a range of inflam-
matory states and has various potentially deleterious
vasoactive and inflammatory effects. However, it also has
many beneficial effects, especially in the ability of the host
to resist septic challenge, and therefore, in order to be
effective, inhibition must be targeted. Encouraging results
have been obtained using anti-C5 antibody, and C5a
receptor (C5aR) antagonist, and the results of ongoing
human trials are awaited.

Genetic therapies

Quite recently it has become apparent that genetic poly-
morphisms to many of the previously described cytokines
and inflammatory mediators do exist. Some of these poly-
morphisms are functional in that it is possible to demon-
strate differing cytokine responses to a standard stimulus.
This would suggest the possibility of genetic predisposition
to increased mortality from sepsis or SIRS in some individ-
uals. The first such polymorphism to be described in this
field was in relation to TNF, but they have also been noted
in regard to IL-13, IL-1 receptor antagonist and IL-10.!>°
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Conclusions

The lack of improvement in mortality rates in those vas-
cular patients who develop MODS probably reflects an
increase in the number and complexity of vascular
interventions in an increasingly elderly and unfit patient
population rather than a failure of modern intensive
care support. It is expected that a more enlightened
understanding of the mechanisms involved in the devel-
opment of IRI and its progression via SIRS to MODS
will contribute to improve outcomes. Finally, it cannot
be sufficiently emphasised that prevention of MOF by
optimising tissue oxygen delivery at all stages is crucial
to achieving better results. Careful assessment of a
patient’s general medical condition and risk factors
allows suitable patient selection and preventive treat-
ment strategies to be put in place.

Baigrie RJ, Lamont PM, Whiting S, Morris PJ. Portal endotoxin
and cytokine responses during abdominal aortic surgery.
Am J Surg 1993; 166: 248-51.

Baue AE. Multiple organ failure, multiple organ dysfunction
syndrome, and systemic inflammatory response syndrome.
Why no magic bullets? Arch Surg 1997; 132: 703-7.

Groeneveld AB, Raijmakers PG, Rauwerda JA, Hack CE. The
inflammatory response to vascular surgery-associated
ischaemia and reperfusion in man: effect on postoperative
pulmonary function. Eur J Vasc Endovasc Surg 1997; 14:
JB1=E)

Halpern VJ, Kline RG, D'Angelo AJ, Cohen JR. Factors that affect
the survival rate of patients with ruptured abdominal aortic
aneurysms. J Vasc Surg 1997; 26: 939-45.

Marshall JC, Christou NV, Meakins JL. The gastrointestinal tract.
The ‘undrained abscess' of multiple organ failure.

Ann Surg 1993;218: 111-19.

REFERENCES

1 Adam DJ, Mohan IV, Stuart WP, et al. Community and hospital
outcome from ruptured abdominal aortic aneurysm within the
catchment area of a regional vascular surgical service. J Vasc
Surg 1999; 30: 922-8.

2 Campbell WB, Ridler BM, Szymanska TH. Current management of

acute leg ischaemia: results of an audit by the Vascular Surgical
Society of Great Britain and Ireland. BrJ Surg 1998; 85:
1498-503.

3 Henderson A, Effeney D. Morbidity and mortality after abdominal

aortic surgery in a population of patients with high
cardiovascular risk. Aust N ZJ Surg 1995; 65: 417-20.

4 Go LL, Healey PJ, Watkins SC, et al. The effect of endotoxin on
intestinal mucosal permeability to bacteria in vitro. Arch Surg
1995; 130: 53-8.

20

21

22

23

Campbell WB, Collin J, Morris PJ. The mortality of abdominal
aortic aneurysm. Ann R Coll Surg Engl 1998; 68: 275-8.
Dormandy J, Heeck L, Vig S. The natural history of

claudication: risk to life and limb. Semin Vasc Surg 1999; 12:
123-37.

Leng GC, Lee AJ, Fowkes FG, et al. Incidence, natural history
and cardiovascular events in symptomatic and asymptomatic
peripheral arterial disease in the general population. Int

J Epidemiol 1996; 25: 1172-81.

Halpern VJ, Kline RG, D'Angelo AJ, Cohen JR. Factors that affect
the survival rate of patients with ruptured abdominal aortic
aneurysms. J Vasc Surg 1997; 26: 939-45.

Hardman DT, Fisher CM, Patel MI, et al. Ruptured abdominal
aortic aneurysms: who should be offered surgery? J Vasc Surg
1996; 23: 123-9.

Groeneveld AB, Raijmakers PG, Rauwerda JA, Hack CE. The
inflammatory response to vascular surgery-associated ischaemia
and reperfusion in man: effect on postoperative pulmonary
function. EurJ Vasc Endovasc Surg 1997; 14: 351-9.

Barry MC, Kelly C, Burke P, et al. Inmunological and
physiological responses to aortic surgery: effect of reperfusion
on neutrophil and monocyte activation and pulmonary function.
BrJ Surg 1997; 84: 513-19.

Welbourn CR, Goldman G, Paterson IS, et al. Pathophysiology of
ischaemia reperfusion injury: central role of the neutrophil.
BrJSurg 1991; 78: 651-5.

Salzman AL, Wang H, Wollert PS, et al. Endotoxin-induced ileal
mucosal hyperpermeability in pigs: role of tissue acidosis.

Am J Physiol 1994; 266: G633-46.

Anner H, Kaufman RP Jr, Valeri CR, et al. Reperfusion of ischemic
lower limbs increases pulmonary microvascular permeability.

J Trauma 1988; 28: 607-10.

Welbourn R, Goldman G, Kobzik L, et al. Role of neutrophil
adherence receptors (CD 18) in lung permeability following lower
torso ischemia. Circ Res 1992; 71: 82-6.

Gadaleta D, Fantini GA, Silane MF, Davis JM. Neutrophil
leukotriene generation and pulmonary dysfunction after
abdominal aortic aneurysm repair. Surgery 1994; 116:

847-52.

Klausner JM, Anner H, Paterson IS, et al. Lower torso ischemia-
induced lung injury is leukocyte dependent. Ann Surg 1988;
208:761-7.

Barry MC, Wang JH, Kelly CJ, et al. Plasma factors augment
neutrophil and endothelial cell activation during aortic surgery.
Eur J Vasc Endovasc Surg 1997; 13:381-7.

Murphy ME, Kolvenbach R, Aleksis M, et al. Antioxidant depletion
in aortic crossclamping ischemia: increase of the plasma alpha-
tocopheryl quinone/alpha-tocopherol ratio. Free Radic Biol Med
1992; 13: 95-100.

Paterson IS, Klausner JM, Goldman G, et al. Thromboxane
mediates the ischemia-induced neutrophil oxidative burst.
Surgery 1989; 106: 224-9.

Doukas J, Hechtman HB, Shepro D. Endothelial-secreted
arachidonic acid metabolites modulate polymorphonuclear
leukocyte chemotaxis and diapedesis in vitro. Blood 1988;
71:771-9.

Kuo PC, Schroeder RA. The emerging multifaceted roles of nitric
oxide. Ann Surg 1995; 221: 220-35.

McMillen MA, Huribal M, Sumpio B. Common pathway of
endothelial-leukocyte interaction in shock, ischemia, and
reperfusion. Am J Surg 1993; 166: 557-62.



50

Ischaemia-reperfusion injury, SIRS and MODS

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Summers RW, Hayek B. Changes in colonic motility following
abdominal irradiation in dogs. Am J Physiol 1993; 264
G1024-G1030.

McCall TB, Boughton-Smith NK, Palmer RM, et al. Synthesis of
nitric oxide from L-arginine by neutrophils. Release and
interaction with superoxide anion. Biochem J 1989; 261:
293-6.

Baue AE. Multiple organ failure, multiple organ dysfunction
syndrome, and systemic inflammatory response syndrome.

Why no magic bullets? Arch Surg 1997; 132: 703-7.

Moore FA, Moore EE. Evolving concepts in the pathogenesis of
postinjury multiple organ failure. Surg Clin North Am 1995; 75:
257-77.

Bone RC. Immunologic dissonance: a continuing evolution in our
understanding of the systemic inflammatory response syndrome
(SIRS) and the multiple organ dysfunction syndrome (MODS)
[see comments]. Ann Intern Med 1996; 125: 680-7.

Froon AH, Greve JW, Van der Linden CJ, Buurman WA. Increased
concentrations of cytokines and adhesion molecules in patients
after repair of abdominal aortic aneurysm. Eur J Surg 1996; 162:
287-96.

Roumen RM, Hendriks T, van der Ven-Jongekrijg J, et al. Cytokine
patterns in patients after major vascular surgery, hemorrhagic
shock, and severe blunt trauma. Relation with subsequent

adult respiratory distress syndrome and multiple organ failure.
Ann Surg 1993; 218: 769-76.

May LT, Santhanam U, Tatter SB, et al. Phosphorylation of
secreted forms of human beta 2-interferon/hepatocyte
stimulating factor/interleukin-6. Biochem Biophys Res Commun
1988; 152: 1144-50.

Sternbergh WC 3rd, Tuttle TM, Makhoul RG, et al. Postischemic
extremities exhibit immediate release of tumor necrosis factor.
J Vasc Surg 1994; 20: 474-81.

Tracey KJ, Lowry SF, Fahey TJ 3rd, et al. Cachectin/tumor necrosis
factor induces lethal shock and stress hormone responses in the
dog. Surg Gynecol Obstet 1987; 164: 415-22.

Witthaut R, Farhood A, Smith CW, Jaeschke H. Complement and
tumor necrosis factor-alpha contribute to Mac-1 (CD11b/CD18)
up-regulation and systemic neutrophil activation during
endotoxemia in vivo. J Leukoc Biol 1994; 55: 105-11.

Abraham E. Effects of stress on cytokine production. Methods
Achiev Exp Pathol 1991; 14: 45-62.

Biffl WL, Moore EE, Moore FA, Peterson VM. Interleukin-6 in the
injured patient. Marker of injury or mediator of inflammation?
Ann Surg 1996; 224: 647-64.

Baigrie RJ, Lamont PM, Whiting S, Morris PJ. Portal endotoxin
and cytokine responses during abdominal aortic surgery.
Am J Surg 1993; 166: 248-51.

Svoboda P, Kantorova I, Ochmann J. Dynamics of interleukin 1, 2,
and 6 and tumor necrosis factor alpha in multiple trauma
patients. J Trauma 1994; 36: 336-40.

Yassin MM, Harkin DW, Barros D'Sa AAB, et al. Lower limb
ischaemia-reperfusion injury triggers a systemic inflammatory
response and multiple organ dysfunction. World J Surg 2002;
26:115-21.

Ulich TR, del Castillo J, Yin SM, Egrie JC. The erythropoietic
effects of interleukin 6 and erythropoietin in vivo. Exp Hematol
1991; 19: 29-34.

Shalaby MR, Halgunset J, Haugen OA, et al. Cytokine-associated
tissue injury and lethality in mice: a comparative study.

Clin Immunol Immunopathol 1991; 61: 69-82.

42

43

44

45

46

47
48

49

50

51

52

53

54

55

56

57

58

59

60

61

Botha AJ, Moore FA, Moore EE, et al. Early neutrophil
sequestration after injury: a pathogenic mechanism for multiple
organ failure. J Trauma 1995; 39: 411-17.

Cohen AB, MacArthur C, Idell S, et al. A peptide from alveolar
macrophages that releases neutrophil enzymes into the

lungs in patients with the adult respiratory distress syndrome.
Am Rev Respir Dis 1988; 137: 1151-8.

Nickoloff BJ, Fivenson DP, Kunkel SL, et al. Keratinocyte
interleukin-10 expression is upregulated in tape-stripped skin,
poison ivy dermatitis, and Sezary syndrome, but not in psoriatic
plaques. Clin Immunol Immunopathol 1994; 73: 63-8.

Bogdan C, Vodovotz Y, Nathan C. Macrophage deactivation by
interleukin 10. J Exp Med 1991; 174: 1549-55.

Marchant A, Bruyns C, Vandenabeele P, et al. Interleukin-10
controls interferon-gamma and tumor necrosis factor production
during experimental endotoxemia. EurJImmunol 1994; 24:
1167-71.

Fine J. Endotoxaemia in man. Lancet 1972; ii: 181.

LeVoyer T, Cioffi WG Jr, Pratt L, et al. Alterations in intestinal
permeability after thermal injury. Arch Surg 1992; 127: 26-9.
Pape HC, Dwenger A, Regel G, et al. Increased gut permeability
after multiple trauma. BrJ Surg 1994; 81: 850-2.

van Deventer SJ, ten Cate JW, Tytgat GN. Intestinal endotoxemia.
Clinical significance. Gastroenterology 1988; 94: 825-31.
Corson RJ, Paterson IS, O'Dwyer ST, et al. Lower limb ischaemia
and reperfusion alters gut permeability. EurJ Vasc Surg 1992;
6: 158-63.

Yassin MMI, Barros D'Sa AAB, Parks TG, et al. Lower limb
ischaemia-reperfusion injury alters gastrointestinal structure
and function. BrJ Surg 1997; 84: 1425-9.

Deitch EA, Maejima K, Berg R. Effect of oral antibiotics and
bacterial overgrowth on the translocation of the Gl tract
microflora in burned rats. J Trauma 1985; 25: 385-92.

Deitch EA, Ma L, Ma WJ, et al. Inhibition of endotoxin-

induced bacterial translocation in mice. J Clin Invest 1989;
84:36-42.

Deitch EA, Bridges W, Baker J, et al. Hemorrhagic shock-induced
bacterial translocation is reduced by xanthine oxidase inhibition
or inactivation. Surgery 1988; 104: 191-8.

Ambrose NS, Johnson M, Burdon DW, Keighley MR. Incidence of
pathogenic bacteria from mesenteric lymph nodes and ileal
serosa during Crohn's disease surgery. BrJ Surg 1984; 71: 623-5.
0'Gorman RB, Feliciano DV, Matthews KS, et al. Correlation of
immunologic and nutritional status with infectious
complications after major abdominal trauma. Surgery 1986;
99: 549-56.

Soong CV, Blair PH, Halliday M, et al. Endotoxaemia, the
generation of the cytokines and their relationship to
intramucosal acidosis of the sigmoid colon in elective abdominal
aortic aneurysm repair. EurJ Vasc Surg 1993; 7: 534-9.
Woodcock NP, Sudheer V, el Barghouti N, et al. Bacterial
translocation in patients undergoing abdominal aortic aneurysm
repair. BrJ Surg 2000; 87: 439-42.

van Deventer SJ, Buller HR, ten Cate JW, et al. Experimental
endotoxemia in humans: analysis of cytokine release and
coagulation, fibrinolytic, and complement pathways. Blood 1990;
76:2520-6.

Foulds S, Cheshire NJ, Schachter M, et al. Endotoxin related
early neutrophil activation is associated with outcome after
thoracoabdominal aortic aneurysm repair. BrJ Surg 1997;
84:172-7.



References 51

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

Roumen RM, Frieling JT, van Tits HW, et al. Endotoxemia after
major vascular operations. J Vasc Surg 1993; 18: 853-7.
Roumen RM, Hendriks T, Wevers RA, Goris JA. Intestinal
permeability after severe trauma and hemorrhagic shock is
increased without relation to septic complications. Arch Surg
1993; 128: 453-7.

Yassin MM, Barros D'Sa AAB, Parks TG, et al. Lower limb
ischaemia-reperfusion injury causes endotoxaemia and
endogenous antiendotoxin antibody consumption but not
bacterial translocation. BrJ Surg 1998; 85: 785-9.

Yassin MM, Barros D'Sa AAB, Parks TG, et al. Mortality
following lower limb ischemia-reperfusion: a systemic
inflammatory response? World J Surg 1996; 20: 961-7.

Van Damme H, Creemers E, Limet R. Ischaemic colitis
following aortoiliac surgery. Acta Chir Belg 2000; 100:

21-7.

Welch M, Baguneid MS, McMahon RF, et al. Histological study
of colonic ischaemia after aortic surgery. BrJ Surg 1998; 85:
1095-8.

Dobbins WO, lll. Gut immunophysiology: a gastroenterologist's
view with emphasis on pathophysiology. Am J Physiol 1982;
242:G1-8.

Glauser MP, Zanetti G, Baumgartner JD, Cohen J. Septic shock:
pathogenesis. Lancet 1991; 338: 732-6.

Bone RC. Why sepsis trials fail. JAMA 1996; 276: 565-6.

Fry DE, Pearlstein L, Fulton RL, Polk HC, Jr. Multiple system
organ failure. The role of uncontrolled infection. Arch Surg
1980; 115: 136-40.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II:
a severity of disease classification system. Crit Care Med 1985;
13:818-29.

Bone RC. The sepsis syndrome. Definition and general approach
to management. Clin Chest Med 1996; 17: 175-81.

Carrico CJ, Meakins JL, Marshall JC, et al. Multiple-organ-
failure syndrome. Arch Surg 1986; 121: 196-208.

Paterson IS, Klausner JM, Pugatch R, et al. Noncardiogenic
pulmonary edema after abdominal aortic aneurysm surgery.
Ann Surg 1989; 209: 231-6.

Huber TS, Harward TR, Flynn TC, et al. Operative mortality rates
after elective infrarenal aortic reconstructions. J Vasc Surg
1995; 22: 287-93.

Harris LM, Faggioli GL, Fiedler R, et al. Ruptured abdominal
aortic aneurysms: factors affecting mortality rates. J Vasc Surg
1991; 14:812-18.

Goris RJ, te Boekhorst TP, Nuytinck JK, Gimbrere JS. Multiple-
organ failure. Generalized autodestructive inflammation? Arch
Surg 1985; 120: 1109-15.

Marshall JC, Christou NV, Meakins JL. The gastrointestinal tract.

The 'undrained abscess' of multiple organ failure. Ann Surg
1993;218: 111-19.

Deitch EA. Multiple organ failure. Pathophysiology and potential
future therapy. Ann Surg 1992; 216: 117-34.

Bjornson AB, Bjornson HS, Altemeier WA. Serum-mediated
inhibition of polymorphonuclear leukocyte function following
burn injury. Ann Surg 1981; 194: 568-75.

Rubin BB, Smith A, Liauw S, et al. Complement activation

and white cell sequestration in postischemic skeletal muscle.
Am J Physiol 1990; 259: H525-H531.

Wood JJ, Grbic JT, Rodrick ML, et al. Suppression of interleukin
2 production in an animal model of thermal injury is related to
prostaglandin synthesis. Arch Surg 1987; 122: 179-84.

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

Hakim AA. An immunosuppressive factor from serum of
thermally traumatized patients. J Trauma 1977; 17: 908-19.
Munster AM. Post-traumatic immunosuppression is due to
activation of suppressor T cells. Lancet 1976; 1: 1329-30.
Munster AM, Hoagland HC, Pruitt BA Jr. The effect of thermal
injury on serum immunoglobulins. Ann Surg 1970; 172: 965-9.
Hurd TC, Dasmahapatra KS, Rush BF Jr, Machiedo GW. Red
blood cell deformability in human and experimental sepsis.
Arch Surg 1988; 123: 217-20.

Bradbury A, Adam D, Garrioch M, et al. Changes in platelet
count, coagulation and fibrinogen associated with elective
repair of asymptomatic abdominal aortic aneurysm and aortic
reconstruction for occlusive disease. EurJ Vasc Endovasc Surg
1997; 13: 375-80.

Davies MJ, Murphy WG, Murie JA, et al. Preoperative
coagulopathy in ruptured abdominal aortic aneurysm predicts
poor outcome. BrJ Surg 1993; 80: 974-6.

Hoffman MJ, Greenfield U, Sugerman HJ, Tatum JL.
Unsuspected right ventricular dysfunction in shock and sepsis.
Ann Surg 1983; 198: 307-19.

Levison M. Myocardial failure. Surg Clin North Am 1982; 62:
149-56.

Lefer AM. Role of a myocardial depressant factor in the
pathogenesis of circulatory shock. Fed Proc 1970; 29:
1836-47.

Haglund U. Systemic mediators released from the gut in critical
iliness. Crit Care Med 1993; 21: S15-S18.

Klausner JM, Anner H, Paterson IS, et al. Lower torso ischemia-
induced lung injury is leukocyte dependent. Ann Surg 1988;
208:761-7.

Korthuis RJ, Grisham MB, Granger DN. Leukocyte depletion
attenuates vascular injury in postischemic skeletal muscle.
Am J Physiol 1988; 254: H823-H827.

Leeman M. Pulmonary hypertension in acute respiratory
distress syndrome. Monaldi Arch Chest Dis 1999; 54: 146-9.
Parsons PE, Worthen GS, Moore EE, et al. The association of
circulating endotoxin with the development of the adult
respiratory distress syndrome. Am Rev Respir Dis 1989; 140:
294-301.

Wollert PS, Menconi MJ, O'Sullivan BP, et al. LY255283, a novel
leukotriene B4 receptor antagonist, limits activation of
neutrophils and prevents acute lung injury induced by
endotoxin in pigs. Surgery 1993; 114: 191-8.

Gilroy RJ Jr, Lavietes MH, Loring SH, et al. Respiratory
mechanical effects of abdominal distension. J Appl Physiol
1985; 58: 1997-2003.

Barratt J, Parajasingam R, Sayers RD, Feehally J. Qutcome of
Acute Renal Failure Following Surgical Repair of Ruptured
Abdominal Aortic Aneurysms. Eur J Vasc Endovasc Surg 2000;
20: 163-8.

Gelman S. The pathophysiology of aortic cross-clamping and
unclamping. Anesthesiology 1995; 82: 1026-60.

Grace PA. Ischaemia-reperfusion injury. BrJ Surg 1994; 81:
637-47.

Neveu H, Kleinknecht D, Brivet F, et al. Prognostic factors in
acute renal failure due to sepsis. Results of a prospective
multicentre study. The French Study Group on Acute Renal
Failure. Nephrol Dial Transplant 1996; 11: 293-9.

Gutierrez G, Palizas F, Doglio G, et al. Gastric intramucosal

pH as a therapeutic index of tissue oxygenation in critically ill
patients. Lancet 1992; 339: 195-9.



52 Ischaemia-reperfusion injury, SIRS and MODS

105 Bjorck M, Hedberg B. Early detection of major complications 124 lazarides MK, Arvanitis DP, Drista H, et al. POSSUM and
after abdominal aortic surgery: predictive value of sigmoid APACHE Il scores do not predict the outcome of ruptured
colon and gastric intramucosal pH monitoring. BrJ Surg 1994; infrarenal aortic aneurysms. Ann Vasc Surg 1997; 11: 155-8.
81:25-30. 125 Copeland GP, Jones D, Walters M. POSSUM: a scoring system

106 Derbyshire DR, Smith G. Sympathoadrenal responses to for surgical audit. BrJ Surg 1991; 78: 355-60.
anaesthesia and surgery. BrJ Anaesth 1984; 56: 725-39. 126 Prytherch DR, Whiteley MS, Higgins B, et al. POSSUM and

107 Thompson JP, Boyle JR, Thompson MM, et al. Cardiovascular Portsmouth POSSUM for predicting mortality. Physiological and
and catecholamine responses during endovascular and Operative Severity Score for the enUmeration of Mortality and
conventional abdominal aortic aneurysm repair. EurJ Vasc morbidity. BrJ Surg 1998; 85: 1217-20.

Endovasc Surg 1999; 17: 326-33. 127 Seckinger P, Isaaz S, Dayer JM. A human inhibitor of tumor

108 Zuckerman SH, Bendele AM. Regulation of serum tumor necrosis factor alpha. J Exp Med 1988; 167: 1511-16.
necrosis factor in glucocorticoid-sensitive and -resistant rodent 128 Pilz G, Kaab S, Kreuzer E, Werdan K. Evaluation of definitions
endotoxin shock models. Infect Immun 1989; 57: 3009-13. and parameters for sepsis assessment in patients after cardiac

109 Ray A, LaForge KS, Sehgal PB. On the mechanism for efficient surgery. Infection 1994; 22: 8-17.
repression of the interleukin-6 promoter by glucocorticoids: 129 Tracey KJ, Fong Y, Hesse DG, et al. Anti-cachectin/TNF
enhancer, TATA box, and RNA start site (Inr motif) occlusion. monoclonal antibodies prevent septic shock during lethal
Mol Cell Biol 1990; 10: 5736-46. bacteraemia. Nature 1987; 330: 662-4.

110 Slag MF, Morley JE, Elson MK, et al. Free thyroxine levels in 130 Fisher CJ Jr, Agosti JM, Opal SM, et al. Treatment of septic
critically ill patients. A comparison of currently available shock with the tumor necrosis factor receptor:Fc fusion protein.
assays. JAMA 1981; 246: 2702-6. The Soluble TNF Receptor Sepsis Study Group. N Engl J Med

111 Ozawa K. [Clinical and biological significance of arterial blood 1996; 334: 1697-702.
ketone body ratio in hepatic surgery] (Article in Japanese). 131 Mancilla J, Garcia P, Dinarello CA. The interleukin-1 receptor
Nippon Geka Gakkai Zasshi 1983; 84: 753-7. antagonist can either reduce or enhance the lethality of

112 Oudemans-van Straaten HM, Scheffer GJ, et al. Oxygen Klebsiella pneumoniae sepsis in newborn rats. Infect Immun
consumption after cardiopulmonary bypass - implications of 1993; 61: 926-32.
different measuring methods. /ntensive Care Med 1993; 19: 132 Libert C, Vink A, Coulie P, et al. Limited involvement of
105-10. interleukin-6 in the pathogenesis of lethal septic shock as

113 Oldenburg HS, Rogy MA, Lazarus DD, et al. Cachexia and the revealed by the effect of monoclonal antibodies against
acute-phase protein response in inflammation are requlated interleukin-6 or its receptor in various murine models.
by interleukin-6. Eur J Immunol 1993; 23: 1889-94. EurJImmunol 1992; 22: 2625-30.

114 Shoemaker WC, Appel PL, Kram HB. Tissue oxygen debt as a 133 Gennari R, Alexander JW. Anti-interleukin-6 antibody
determinant of lethal and nonlethal postoperative organ treatment improves survival during gut- derived sepsis in a
failure. Crit Care Med 1988; 16: 1117-20. time-dependent manner by enhancing host defense. Crit Care

115 Swan HJ, Ganz W, Forrester J, et al. Catheterization of the heart Med 1995; 23: 1945-53.
in man with use of a flow-directed balloon-tipped catheter. 134 Derkx B, Marchant A, Goldman M, et al. High levels of
N Engl J Med 1970; 283: 447-51. interleukin-10 during the initial phase of fulminant

116  Connors AF Jr, Speroff T, Dawson NV, et al. The effectiveness of meningococcal septic shock. J Infect Dis 1995; 171: 229-32.
right heart catheterization in the initial care of critically ill 135 Neidhardt R, Keel M, Steckholzer U, et al. Relationship of
patients. SUPPORT Investigators. JAMA 1996; 276: 889-97. interleukin-10 plasma levels to severity of injury and clinical

117 Shoemaker WC, Appel PL, Kram HB. Tissue oxygen debt as a outcome in injured patients. J Trauma 1997; 42: 863-70.
determinant of lethal and nonlethal postoperative organ 136 Huber TS, Gaines GC, Welborn MB 3rd, et al.
failure. Crit Care Med 1988; 16: 1117-20. Anticytokine therapies for acute inflammation and the

118 Fiddian-Green RG, Amelin PM, Herrmann JB, et al. Prediction systemic inflammatory response syndrome: IL-10 and
of the development of sigmoid ischemia on the day of aortic ischemia/reperfusion injury as a new paradigm. Shock 2000;
operations. Indirect measurements of intramural pH in the 13:425-34.
colon. Arch Surg 1986; 121: 654-60. 137 Blair P, Rowlands BJ, Lowry K, et al. Selective decontamination

119 Mucelli RP, Bertolotto M. Imaging techniques in acute renal of the digestive tract: a stratified, randomized, prospective
failure. Kidney Int Suppl 1998; 66: S102-S105. study in a mixed intensive care unit. Surgery 1991; 110:

120 Crawford ES, Saleh SA, Babb JW 3rd, et al. Infrarenal abdominal 303-9.
aortic aneurysm: factors influencing survival after operation 138 Lamping N, Dettmer R, Schroder NW, et al. LPS-binding
performed over a 25-year period. Ann Surg 1981; 193: protein protects mice from septic shock caused by LPS or
699-709. Gram-negative bacteria. J Clin Invest 1998; 101: 2065-71.

121 Gloviczki P, Pairolero PC, Mucha P Jr, et al. Ruptured abdominal 139 Jack RS, Fan X, Bernheiden M, et al. Lipopolysaccharide-binding
aortic aneurysms: repair should not be denied. J Vasc Surg protein is required to combat a murine Gram-negative
1992; 15:851-7. bacterial infection. Nature 1997; 389: 742-5.

122 Harris KA, Ameli FM, Lally M, et al. Abdominal aortic aneurysm 140 Pilz G, Appel R, Kreuzer E, Werdan K. Comparison of early
resection in patients more than 80 years old. Surg Gynecol IgM-enriched immunoglobulin vs polyvalent IlgG administration
Obstet 1986; 162: 536-8. in score-identified postcardiac surgical patients at high risk for

123 Bjerkelund CE, Smith-Erichsen N, Solheim K. Abdominal aortic sepsis. Chest 1997; 111: 419-26.
reconstruction. Prognostic importance of coexistent diseases. 141 Ziegler EJ, Fisher CJ Jr, Sprung CL, et al. Treatment of Gram-

Acta Chir Scand 1986; 152: 111-15.

negative bacteremia and septic shock with HA-1A human



References 53

142

143

144

145

146

147

148

monoclonal antibody against endotoxin. A randomized, double-
blind, placebo-controlled trial. The HA-1A Sepsis Study Group.
N Engl J Med 1991; 324: 429-36.

Cometta A, Baumgartner JD, Lew D, et al. Prospective
randomized comparison of imipenem monotherapy with
imipenem plus netilmicin for treatment of severe infections in
nonneutropenic patients. Antimicrob Agents Chemother 1994;
38: 1309-13.

Fomsgaard A, Baek L, Fomsgaard JS, Engquist A. Preliminary
study on treatment of septic shock patients with
antilipopolysaccharide IgG from blood donors. Scand J Infect
Dis 1989; 21: 697-708.

Muta T, Miyata T, Tokunaga F, et al. Primary structure of anti-
lipopolysaccharide factor from American horseshoe crab, Limulus
polyphemus [published erratum appears in J Biochem (Tokyo)
1987; 102:443]. J Biochem (Tokyo) 1987; 101: 1321-30.

Alpert G, Baldwin G, Thompson C, et al. Limulus
antilipopolysaccharide factor protects rabbits from
meningococcal endotoxin shock. J Infect Dis 1992; 165: 494-500.
Saladino RA, Stack AM, Thompson C, et al. High-dose
recombinant endotoxin neutralizing protein improves survival
in rabbits, with Escherichia coli sepsis. Crit Care Med 1996; 24:
1203-7.

Marra MN, Wilde CG, Griffith JE, etal.
Bactericidal/permeability-increasing protein has endotoxin-
neutralizing activity. J Immunol 1990; 144: 662-6.

Weiss J, Elsbach P, Shu C, et al. Human
bactericidal/permeability-increasing protein and a recombinant
NH,-terminal fragment cause killing of serum-resistant gram-
negative bacteria in whole blood and inhibit tumor necrosis

149

150

151

152

153

154

155

factor release induced by the bacteria. J Clin Invest 1992; 90:
1122-30.

Harkin DW, Barros D'Sa AAB, Yassin MM, et al. Recombinant
bactericidal/permeability-increasing protein attenuates

the systemic inflammatory response syndrome in lower

limb ischaemia-reperfusion injury. J Vasc Surg 2001;

33: 840-6.

Harkin DW, Barros D'Sa AAB, McCallion K, et al.
Bactericidal/permeability-increasing protein attenuates
systemic inflammation and acute lung injury in porcine lower
limb ischaemia-reperfusion injury. Ann Surg 2001; 234:
233-44.

Harkin DW, Barros D'Sa AAB, Yassin MM, et al. Gut mucosal
injury is attenuated by recombinant bactericidal/permeability-
increasing protein in hind limb ischaemia-reperfusion injury.
Ann Vasc Surg 2001; 15: 326-31.

Belkin M, LaMorte WL, Wright JG, Hobson RW. The role of
leukocytes in the pathophysiology of skeletal muscle ischemic
injury. J Vasc Surg 1989; 10: 14-18.

Carden DL, Smith JK, Korthuis RJ. Neutrophil-mediated
microvascular dysfunction in postischemic canine skeletal
muscle. Role of granulocyte adherence. Circ Res 1990; 66:
1436-44.

Boyd AJ, Rubin BB, Walker PM, et al. A CD18 monoclonal
antibody reduces multiple organ injury in a model of ruptured
abdominal aortic aneurysm. Am J Physiol 1999; 277:
H172-82.

Vincent JL. Microvascular endothelial dysfunction: a renewed
appreciation of sepsis pathophysiology. Crit Care 2001;
5(suppl 2): S1-5.



This page intentionally left blank



Pathophysiology of Stroke

HARVEY J CHANT

The problem 55
Rationale for acute treatment of ischaemic stroke 56
The pathogenesis of cerebral infarction: cell death 56

and apoptosis

The concept of the ischaemic penumbra 57
Clinical consequences of reperfusing ischaemic brain 50
Logistical problems 61
References 62

THE PROBLEM

Stroke can be defined as a rapid onset neurological deficit
of presumed vascular origin lasting for more than 24 hours
and which may result in death.! Each year in the UK, over
100 000 people are affected by this disease? and on a world-
wide scale, it is estimated that there are 4.5 million deaths
from stroke per year.’ Furthermore, with the increasing size
of the elderly population anticipated over the next few years,
this number is likely to rise.>* The prevalence of stroke is
dependent upon case fatality and incidence. In the USA,
stroke affects 550 000 people per year; of these 150 000 die,
approximately 350 000 are disabled and there are an esti-
mated 3 million survivors from stroke.” A study of the
pathophysiology of stroke suggests that it is likely that both
the survival and the quality of life of stroke survivors might
be improved by early reperfusion of the area of brain
immediately adjacent to the core of cerebral infarction.
The aetiology of stroke depends on the age of the patient
so that although stroke in the young is rare, and stroke caused
by atherosclerosis is exceedingly rare. However, with increas-
ing age, it becomes the predominant cause and because of the
greater number of strokes occurring in the elderly, athero-
sclerosis overtakes all other causes of stroke.’ It can be diffi-
cult to establish the cause of cerebral infarction and in up to
40 per cent of cases a cause is never identified. Furthermore,
the relative contribution of each risk factor is difficult to
ascertain, for example ischaemic heart disease and atrial fib-
rillation often coexist making the diagnosis unclear.® Cerebral
infarction accounts for approximately 85 per cent of strokes
and the mechanism of infarction is small and large vessel ath-
erosclerosis (45 per cent), cardiogenic embolism (20 per
cent), and cryptogenic and unusual causes (35 per cent).”

The Oxfordshire Community Stroke Project (OCSP)
investigated incidence and cause of first-time strokes and
transient ischaemic attacks (TIAs) in the community.?
Using clinical assessment this project classified ischaemic
stroke into four groups: total anterior circulation infarc-
tion (TACI), partial anterior circulation infarction (PACI),
lacunar infarction and posterior cerebral infarction. This
classification system is a valuable tool for the studies of stroke
subtype and incidence. In a large epidemiological survey
based in Manchester, UK, Mead et al.® investigated the
prevalence of carotid atherosclerosis in the four OCSP
stroke categories. Of 305 patients with cerebral infarction,
201 (66 per cent) were classified as either PACI or TACL
Furthermore, in the TACI group (100 patients) four
patients had ipsilateral severe (70-99 per cent) internal
carotid artery (ICA) stenosis and 25 had ipsilateral ICA
occlusion. In the PACI group, 16 had ipsilateral severe ICA
stenosis and 11 had ICA occlusion.® ICA atherosclerosis is
a well recognised cause of stroke.” Mead’s study quantifies
the contribution of severe ICA stenosis and ICA occlusion to
the epidemiology of stroke and confirms ICA disease as a
major target for stroke prevention and treatment (Fig. 5.1).

In patients surviving stroke, the personal cost is often
considerable. In the OCSP, 92 of 543 patients with cerebral
infarction were classified as TACIs. Of this subgroup only
4 per cent of patients were independent and 56 per cent
were still dependent at 30 days following stroke.!® The num-
ber of patients remaining independent was unchanged at
one year. Although stroke is primarily a disease of the eld-
erly, a significant proportion of cases occur in patients
under retirement age. For example in an American study
the annual incident rate for first ever or recurrent stroke in
men between the ages of 55 and 64 years was 458 per
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Figure 5.1 Relative proportions of patients presenting with
ischaemic stroke associated with carotid disease

100 000.!! This puts great strain on patients and relatives,
with loss of earnings, possible change in lifestyle and
dependency on others. In 1988, Isard and Forbes estimated
that the cost to the health service in Scotland for one stroke
was £6000 but they only considered the cost to the hospital
and local doctors.'? This is similar to a more recent European
study finding the total cost per patient treated in London
of approximately £5000.'*> However, when other associated
factors are included, such as community care and loss
of productivity, the cost, in the USA, is estimated to be the
equivalent of £70000 at 1990 prices.!* The difficulties in
assessing the cost of stroke to the community are perhaps
a reflection of the protean manifestations of this disease,
and that patients often present with other pathologies that
may compound the problems of stroke.!> Overall, it is esti-
mated that 4 per cent of UK National Health Service
resources are consumed in treating and managing stroke
each year.!® The NHS budget for 2002—2003 was in excess
of £60 billion and therefore the total expenditure on stroke
can be estimated to total some £2.4 billion.

RATIONALE FOR ACUTE TREATMENT OF
ISCHAEMIC STROKE

Until recently stroke was considered the least treatable of all
neurological conditions, however, it has become increasingly
recognised that in certain circumstances, appropriate therapy
instituted promptly will reduce the overall impact of
stroke. There are three mechanisms by which this may occur:

Measures to reduce the impact of
acute stroke

* by preventing further strokes
by salvaging ischaemic but not infarcted brain
* by limiting the damage caused by stroke.

It is well recognised that carotid stenosis predisposes to
recurrent stroke”!” and there are series that suggest patients
with severe carotid stenosis may be at a particularly high
risk of early stroke recurrence.'® % The potential benefit of
early carotid surgery in preventing acute stroke has now
been demonstrated in a trial of 25 patients with PACI and
carotid stenosis (70-99 per cent) randomised to surgery
either within 1 week of stroke or at 2 months. The reinfarction
rate was significantly lower in the group undergoing urgent
surgery.’! (See Chapters 12 and 13.)

In carotid artery occlusion the situation is less clear. It has
previously been assumed that once an ICA has occluded it
will be unlikely to cause further embolisation. It is clear,
however, that such patients do have an increased risk of
subsequent stroke either from extension of the original
thrombus/embolus or by ‘watershed infarction’. Studies of
the natural history of ICA occlusion are complicated by the
fact that it may present as a unilateral or bilateral phenom-
enon. Furthermore, there is a variable contribution to cere-
bral blood flow arriving via the vertebral arteries and other
collaterals.”»** There is evidence to suggest that embolism
occurs distal to an occluded segment of the ICA?* but it is
not easy to determine whether the emboli originate from
the thrombus or arrive via the collateral circulation. In
the Joint Study of Extracranial Arterial Occlusion, of 368
patients identified as having unilateral ICA occlusion and
having survived the initial stroke, new strokes occurred in
at least 25 per cent within the ensuing 44 months.”® Several
other studies confirm these findings and not surprisingly
the outlook for bilateral ICA occlusion is worse.”® However,
all of these studies are subject to selection bias towards poor
collateral circulation as many patients with good collateral
circulation may not present to clinicians in the event of ICA
occlusion.

In the remainder of this chapter, the pathophysiology of
cerebral reperfusion will be described in relation to the
problems faced by clinicians attempting to provide a cere-
bral reperfusion service (see Chapters 12 and 13).

THE PATHOGENESIS OF CEREBRAL
INFARCTION: CELL DEATH AND APOPTOSIS

‘Ischaemia’ implies complete cessation of blood flow, but
in stroke, blood flow is rarely completely absent. The
infarction occurs in a nebulous area which ranges between
hypoxia and total ischaemia. In the following discussion the
term ischaemia will be used to denote a reduction in the sup-
ply of oxygen and nutrients of sufficient severity and dur-
ation to cause cerebral infarction. Furthermore, cerebral
infarction involves pan-necrosis where all the elements of
neural tissue, glial and endothelial cells as well as neurones,
are involved. Complicating the issue of cerebral infarction
is the fact that the extent of injury is dependent on both the
degree and the duration of hypoxia. In the following sections
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the mechanisms of cell death will be briefly described fol-
lowed by a discussion of the effects of depth and duration
of ischaemia. This sets the scene for the introduction of the
concept of the ischaemic penumbra.

The brain is extremely sensitive to reductions in oxygen
delivery as it depends almost entirely on oxidative phos-
phorylation for energy production. An impairment in the
supply of oxygen (and other nutrients, especially glucose)
leads to a failure in maintenance of ionic homoeostasis.
This is followed by cellular depolarisation and the release
of excitatory amino acid transmitters from presynaptic
terminals. This damage in turn leads to an increase in
cytosolic sodium and chloride producing intracellular
oedema followed by brain swelling and further reductions
in cerebral perfusion. In addition, a rise in intracellular cal-
cium concentration causes the activation of proteolytic
enzymes and the generation of free radical species by cyclo-
oxygenase and phospholipase A,. Further structural cellu-
lar damage follows and eventually cell death ensues.”” The
above events describe the process of cell necrosis, however,
some cells are killed by a different mechanism termed
apoptosis. This is an active process of cell death charac-
terised by the maintenance of cell membrane and mito-
chondrial integrity. The cells reduce in volume and
become susceptible to phagocytosis. This occurs prior to
membrane rupture and prevents the content of the cell
from being discharged into the surrounding milieu.?® Both
apoptosis and necrosis occur in the brain: it appears
that necrosis occurs with catastrophic reductions in blood
flow, but at times of more controlled flow reduction, or
‘relative ischaemia’, apoptosis occurs as a method of ‘dam-
age limitation’.

Brief periods of cerebral ischaemia lasting a few minutes
cause little or no evidence of histological damage. Ischaemia
lasting more than 5 minutes but less than 1 hour results
in the progressive death of selectively vulnerable neurones.
Certain groups of neurones are more sensitive than others;
hippocampal CA1 neurones and cerebellar Purkinje fibres
are more vulnerable to ischaemia compared with other
cells, as demonstrated by their susceptibility to even brief
periods of cardiac arrest.”’ The process whereby some
brain tissue dies before other areas has been called ‘select-
ive neuronal necrosis’. However, after 1 hour, depending
upon the species, infarction ensues within the zone of
lowest blood flow progressively enlarging to a maximum
volume over 3—4 hours in rodents,>® and 6-8 hours in
non-human primates.’! Until recently it has been hard to
define this critical time interval in humans. Observations
of anaesthetised patients undergoing carotid surgery and
neurosurgery can be misleading as general anaesthetic
reduces cerebral metabolic activity. This has the potential
of increasing neuronal survival times. Moreover, with the
advent of trials of thrombolysis it seems clear that in
certain circumstances normal brain function and mor-
phology can be restored up to and possibly beyond a
3-hour time window.*?

As well as the duration of ischaemia, several studies
have demonstrated thresholds of cerebral blood flow upon
which neuronal function and survival are critically depend-
ent. These are referred to as the threshold of electrical
failure and the threshold of membrane failure, respect-
ively. The former refers to the rate of blood flow at which
neuronal function ceases and the latter to the point at
which neuronal death ensues.

The threshold of electrical failure

In primates, normal cerebral blood flow is in the range
of 50-60mL per 100 g of brain per minute.”® As flow is
gradually reduced, the threshold of electrical failure is
approached and physiological function is impaired. In a
cat model of reversible middle carotid artery (MCA) occlu-
sion, Heiss et al. simultaneously recorded single (neuronal)
cell activity and local blood flow and were able to demon-
strate that spontaneous electrical activity ceased at flow
levels of about 18 mL per 100 g per minute and that normal
function returned after restoration of flow.***> In the
baboon, Branston et al. demonstrated that evoked cortical
responses disappeared at similar flow thresholds and
reappeared on reperfusion.’®” These findings were subse-
quently corroborated by the results of clinical studies on
patients undergoing carotid surgery.’®* Because elec-
troencephalographic activity in the patients undergoing
carotid endarterectomy returned to precross-clamp levels
following restoration of blood flow, it was assumed that
the neurones were not irreversibly damaged. Clearly, how-
ever, these results need to be interpreted in the light of the
fact that anaesthetic agents reduce cerebral metabolic
requirements.

The threshold for membrane failure

The lower limit for cell survival, the threshold for mem-
brane failure, was initially estimated by recording the
extracellular potassium concentration at varying flow
rates.***! Elevation of extracellular potassium, indicative
of the collapse of transmembrane potentials, pointed to
membrane failure at flow rates below 10-12mL/100g per
minute. The demonstration that hypoxic cell death involved
the coupled uptake of calcium and efflux of potassium at
similar low flow rates was taken as further evidence indica-
tive of membrane failure.*> These thresholds are slightly
higher in rats and gerbils perhaps correlating with the higher
cerebral metabolic rate of these animals.*

THE CONCEPT OF THE ISCHAEMIC PENUMBRA

From the preceding discussion it is clear that focal cerebral
infarction is highly dependent upon both the duration and
severity of ischaemia. The studies of ischaemic thresholds
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Figure 5.2  Schematic representation of the ischaemic
penumbra - a central core of cerebral infarction surrounded by
an area of hypoperfused but viable brain

discussed above have important implications in the devel-
opment of cerebral infarction in humans. In 1981, Astrup
suggested that the ischaemic core of focal infarction is
surrounded by a rim of tissue with reduced blood supply,
sufficient to maintain transmembrane potentials but insuf-
ficient to maintain electrical activity.** It was suggested
that the cells in the central core of an infarct were dead but
were surrounded by a zone of cells in a twilight zone
between electrical failure and membrane failure. The term
‘ischaemic penumbra’ was based on the Greek word for
partial shadow (Fig. 5.2).*

Since this initial description, the ischaemic penumbra
has become the focus of intense research efforts, both in
establishing its existence and in verifying it as a target for
therapeutic intervention in stroke. Evidence for the exist-
ence of the penumbra came originally from animal studies
and later from human studies.

Animal studies

Several animal studies have shown that the tissue sur-
rounding a core of infarction is biochemically distinct
from both the normal brain and the infarct. In a rat model
of focal reversible ischaemia, Kristian et al. demonstrated
that calcium homoeostasis is abolished soon after the
insult at the core of the infarction but takes up to 6 hours
to disappear at the periphery.*> Positron emission tomo-
graphy (PET) is a useful tool in the study of brain pathol-
ogy as it enables direct measurement of cerebral blood flow
and metabolic parameters such as cerebral glucose, oxygen
consumption and cerebral oxygen extraction. In a non-
reversible feline model of MCA occlusion, Heiss et al.
performed serial PET scans up to 24 hours following occlu-
sion.*® At the onset of infarction the oxygen extraction was
greatest at the centre of the focus of ischaemia but as
the central cells gradually died, oxygen extraction fell at the
centre and then increased towards the periphery of the
lesion. This process took up to 24 hours suggesting that in

this model the cells in the penumbral region took up to 24
hours to die.*® In a shorter term experiment using perman-
ent ischaemia in rats, Kohno et al. compared reductions
in blood flow, measured by diffusion-weighted magnetic
resonance imaging (DWI), with areas of biochemical
abnormality, manifested by acidosis and adenosine triphos-
phate (ATP) depletion: after 30 minutes of ischaemia the
area of acidosis and low perfusion was larger than the area of
ATP depletion.*” Over the following two hours, however,
ATP depletion progressed towards the periphery of the
lesion. The authors interpreted this finding as a gradual
depletion of energy in the zone surrounding a central
infarction core of established infarction.

Patient studies

Computed tomography (CT) is commonly used in the
clinical investigation of stroke and is able to demonstrate
haemorrhage, oedema and parenchymal necrosis.
Unfortunately, it lacks sensitivity for the structural changes
in the acute stage of stroke. For this reason, and unless
haemorrhage has to be excluded, CT scanning is usually
delayed for 24 hours or more to ensure a hypodense, i.e.
visible, infarct is identified if present. Olsen et al. per-
formed CT and xenon clearance studies on patients with
acute stroke, demonstrating that blood flow abnormalities
make up a significantly larger area than that measured by
CT.*® They interpreted this finding as evidence that the tis-
sue surrounding an infarct, i.e. the penumbra, may not
take on the CT appearances of infarction but is physiolo-
gically abnormal and, importantly, a potential therapeutic
target.

Using single photon emission computed tomography
(SPECT) Wise et al. studied the metabolic changes occur-
ring in the tissue surrounding an infarct and found that
there was evidence of continuing neuronal death up to
1 week following infarction.*” More comprehensive PET
studies, using a shorter time interval, have subsequently
confirmed these findings demonstrating metabolically
active tissue at 17 hours following infarction. In the absence
of treatment, this tissue subsequently became metabol-
ically inert.”® In a more comprehensive study, Baron
described three patterns of blood flow in untreated stroke
patients in whom an ischaemic penumbra was present.’!
Firstly, some patients develop early extensive cortical dam-
age, indicated by a rapid decline in the cerebral metabolic
rate of oxygen, and have no evidence of recovery. A second
group showed evidence of hyperperfusion, with preserved
cerebral metabolic rate of oxygen, indicating complete or
almost complete recovery. In the third pattern, patients
develop severe cortical ischaemia with a relatively well pre-
served cerebral metabolic rate of oxygen, consistent with
the two threshold flow rates already discussed. These
patients have a very variable outcome consistent with the
presence of hypoperfused but viable tissue.>!
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Conventional magnetic resonance imaging (MRI) meas-
ures alterations in tissue water content. This makes the tech-
nique of limited value in the early investigation of stroke as
urgent treatments should aim to prevent damage which
results in fluid shifts. However, there are several modifica-
tions of the technique that have provided a valuable insight
into the existence of the ischaemic penumbra. Diffusion-
weighted magnetic resonance imaging measures the diffu-
sion of water in ‘regions of interest’ and in areas of cerebral
ischaemia there is a detectable reduction in the rate of
diffusion of water molecules. In patients with stroke of
less than 2 hours duration, well circumscribed lesions
relating to the decrease in molecular water diffusion have
been demonstrated.’? Contrast studies also appear useful.
Perfusion-weighted scanning obtains images (PWI) by
measuring the rate of appearance of contrast in a volume
of brain tissue. Because the rate of appearance of contrast is
dependent on blood flow, this technique accurately meas-
ures blood flow at the capillary level. By combining PWI
and DWT it is possible to measure the volume of the initial
infarction (using DWI), the volume of hypoperfused brain
(PWI) and the final infarction volume (using conventional
MRI). Fisher and Garcia used this technique to show that
the volume of hypoperfused brain is larger than the vol-
ume of infarcted brain, as would be expected with an
infarct surrounded by penumbra, and that the eventual
infarction volume corresponds to the volume of hypoper-
fused brain, as would be expected if the penumbra slowly
died to become complete infarction.>

Finally, magnetic resonance spectroscopy studies com-
plement all of the above studies: with this technique serial
measurements of various key metabolites can be taken
throughout the time course of stroke. Lactate (a marker
of anaerobic metabolism), N-acetylaspartate (a neuronal
marker) and creatinine/phosphocreatinine ratio (present in
both glia and neurones) can be measured spectroscopically.
Abnormal or ischaemic regions can be compared with con-
tralateral healthy brain, and it can be demonstrated that
neurones die faster than glia. Furthermore, this technique
provides evidence of neuronal death occurring up to 10 days
following the initial insult,”* in agreement with the earlier
findings of Wise et al. in 1983.%

It is clear from the above studies that there is strong evi-
dence for the existence of an ischaemic penumbra. It appears
to be a dynamic process which, with time, eventually dis-
appears and is replaced by infarction. Although many of
these studies have indicated that the penumbra may last for
up to several days, it would appear, intuitively, that prompt
treatment would salvage more brain.

However, in order to accept the premise that the presence
of the penumbra justifies attempts at cerebral reperfusion, we
require proof that reperfusion alters the nature of the
penumbra; in other words, that restoration of blood flow
converts inactive neurones at risk of death back to elec-
tronically functional tissue. There is, in fact, a wealth of
evidence to indicate that early reperfusion reduces the

eventual infarction volume, however there are comparatively
few data confirming the restoration of normal homoeo-
stasis in tissue which was previously ‘penumbral’.

The quiescent cells within the penumbra are precariously
balanced and in the absence of reperfusion the cells eventu-
ally die. An increase in local blood flow or perfusion pressure
may be sufficient to restore function but an increase in adja-
cent energy demand or an increase in intracranial pressure
may reduce the supply of oxygen and glucose to a level below
that required to maintain transmembrane potentials.>®

Clearly the reperfusion of the brain must be set against
the disadvantage of delayed reperfusion causing ‘reperfu-
sion injury’. This phenomenon is well described in the
peripheral vascular system (see Chapter 4) and is now
known to be highly relevant in the brain.>®

When brain becomes ischaemic, there is an initial eleva-
tion in intracellular calcium, activating proteases and
phospholipases which in turn lead to the breakdown of
membrane lipids and the production of damaging reactive
oxygen species. In the absence of reperfusion, much of the
initial damage occurs in this fashion. However, following
reperfusion and the restoration of oxygen supply the pro-
duction of free radicals is greatly increased. This allows the
production of further free radicals by a process of amplifica-
tion from several intracerebral sources: the sudden upsurge
in mitochondrial activity following restoration of blood
flow brings about the production of arachidonic acid
released by the phospholipases activated during ischaemia.
This fatty acid is converted by cyclo-oxygenase generating
free reactive oxygen species. These molecules cause lipid
peroxidation, leading to neuronal, glial and endothelial
membrane dysfunction. The blood-brain barrier becomes
more permeable and results in the development of ‘vaso-
genic’ oedema (see Chapter 13). The neurones, glia and
endothelial cells develop ‘cellular’ oedema as a result of cell
wall dysfunction. Furthermore, the breakdown of the
blood-brain barrier allows the migration of macrophages
into the cerebral extravascular space and this induces a fur-
ther cascade of neurotoxic events.”” The understanding of
these events at cellular level is helpful in the interpretation
of findings from clinical studies of cerebral reperfusion.

CLINICAL CONSEQUENCES OF REPERFUSING
ISCHAEMIC BRAIN

There are several features of cerebral physiology and
anatomy which make the reperfusion of the brain a com-
plex process. These factors include the blood-brain bar-
rier, the collateral blood supply, the ventriculo-cisternal
system containing cerebrospinal fluid, the skull and dura
forming a rigid external boundary, the high metabolic rate
of brain tissue and its almost total dependence upon aer-
obic metabolism. Each factor has a crucial impact on the
specific problems associated with cerebral reperfusion.



60 Pathophysiology of stroke

Complications of reperfusing ischaemic
brain

* Haemorrhagic stroke
o Ischaemic stroke
o Cerebral oedema

In broad terms however, there are two pathological
processes that can complicate the reperfusion of ischaemic
brain: oedema and haemorrhage. Both have been demon-
strated to contribute to the mortality and morbidity of
stroke in the presence of physiological (i.e. spontaneous)
and therapeutic reperfusion.

Cerebral oedema

Cerebral metabolic disturbances caused by ischaemia and
subsequent reperfusion can lead to the development of
both cellular and vasogenic oedema.

Cellular oedema is similar to that seen in other organs.
Maintenance of the normal cell volume is an energy
dependent mechanism based on the ‘pump-leak’ model.*”
Both neurones and glia control their volume by the active
extrusion of sodium ions against a concentration gradient
favouring inward flux of sodium. Failure of the energy sup-
ply results in a net increase in intracellular sodium fol-
lowed by osmotically obliged water, leading to an increase
in volume. The increase in volume may be clinically
unnoticed (compensated for by a reduction in extracellular
fluid volume) but is physiologically desirable (i.e. glial
swelling in compensation for increased local neuronal
activity), or it may be manifested as a mass effect.

Vasogenic oedema occurs when the integrity of the
blood-brain barrier is interrupted; the flux of water from
the plasma into the cerebral extracellular fluid results in
tissue oedema and consequent brain swelling. The causes
of blood-brain barrier disruption are not clear: at the cel-
lular level free radicals, bradykinin and histamine have been
implicated, as have infection, cranial trauma and stroke.”®
In practice, vasogenic and cellular cerebral oedema often
coexist and in the context of stroke, this is usually the case.
Vasogenic oedema necessarily involves an increase in flow of
plasma from the blood. This contains many substances toxic
to the brain, such as glutamate and potassium, and that in
turn leads to further cerebral damage. As damage con-
tinues to progress, the microcirculation is disrupted, the
tissue swells further to the point at which intracranial pres-
sure rises and cerebral perfusion is compromised. As the
mass expands, the cerebrospinal fluid (CSF) and venous
volume decrease and healthy parts of brain become com-
pressed to accommodate the expanding oedematous mass.
Once these compensatory mechanisms fail, the contents of
the cranial vault become non-compliant and intracranial

pressure increases. Eventually, cerebral tissue is forced
through the openings of the skull and, in the absence of
treatment, the brainstem is forced through the foramen
magnum, so called ‘coning’, and death rapidly ensues.

Haemorrhagic transformation of ischaemic
infarction

Between 10 and 20 per cent of strokes are primarily due to
subarachnoid or intraparenchymal haemorrhage. However,
some ischaemic strokes may undergo haemorrhagic trans-
formation.*® This phenomenon ranges from a few petechial
haemorrhages across the surface of the brain to extensive
intracranial haematoma formation.*’ Postmortem studies
give high rates of haemorrhagic transformation, presum-
ably because they are biased towards more severe strokes.
However, prospective radiological studies of patients pre-
senting with stroke tend to underestimate the incidence of
such transformation because, at the time when the research
was carried out, many scanners did not have the resolution
to identify the smaller bleeds.®® Furthermore, to investigate
the possibility that haemorrhagic transformation may be
underdiagnosed, and hence primary haemorrhage overdiag-
nosed, Bogousslavsky ef al. describe a series of 15 patients
with an admission CT demonstrating no cerebral haemor-
rhage; subsequent clinical deterioration and CT scanning
within 18 hours revealed the appearances of intracranial
haemorrhage arising as haemorrhagic transformation.®!
Although they did not state the size of the population from
which the sample was taken, the work suggests that studies
of the aetiology of haemorrhagic stroke may overestimate
the incidence of primary haemorrhage as the cause.

Clearly, the timing of the CT scan is important, and the
use of serial CT scanning has now enabled researchers to
establish the rate of haemorrhagic transformation over time
after onset of stroke. Okada et al. found that of 160 patients
with well documented cerebral embolism, 65 (41 per cent)
underwent haemorrhagic transformation within one
month of the ictus.®? In a series of 65 patients Hornig et al.
reached similar conclusions; 28 patients (43 per cent)
developed haemorrhagic transformation within four weeks
of stroke with a peak incidence during the second week.%
Although there are no reports of studies in this area it seems
possible that late spontaneous reperfusion may result in an
increased risk of haemorrhagic transformation.

The aetiology of haemorrhagic transformation is not
well understood but the theory proposed by Fisher and
Adams in the 1950s is generally accepted: an embolus lodges
in a vessel causing downstream infarction. Subsequently,
the embolus autolyses, fragments and, with the force of the
blood behind it, is driven downstream exposing the
ischaemic vessels to blood flow at high pressure which
ruptures the vessel and causes bleeding.%* This hypoth-
esis appears applicable to haemorrhagic transformation,
both spontaneous and that complicating stroke therapies.
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In favour of this theory is the fact that cardioembolism
increases the rate of haemorrhagic transformation.®® This
suggests that emboli from the heart are able to undergo
lysis and migrate distally as opposed to thromboembolic
causes of occlusion.

Two studies have found that haemorrhagic transform-
ation is significantly more frequent in large areas of infarc-
tion and in patients with severe neurological deficits.>*
Furthermore, Okada et al. found that elderly patients (over
70 years) were especially at risk.%? Interestingly, in both of
the above studies hypertension was not related to the risk of
haemorrhage whereas the two available animal studies,
designed to assess the role of hypertension in haemorrhagic
transformation, both found that increased blood pressure
was related to an increase in cerebral haemorrhage.*®¢
Unfortunately, the species differences between cats, rabbits
and humans make direct comparison of these results
impossible. Bowes et al. used a rabbit model of stroke and
simply controlled the hypertension caused by induction of
stroke®® whereas Saku et al. induced hypertension by aortic
occlusion.®”

latrogenic haemorrhage

The risk of drug induced haemorrhagic transformation is
relevant to potential new therapies because until the advent
of thrombolysis for stroke, haemorrhagic transformation
held little significance. Now, however, it is seen as a major
risk factor for thrombolysis and consequently a great deal
of research effort has been channelled into to the cause of
haemorrhagic transformation following deliberate cerebral
reperfusion.

In a baboon model of reperfusion, del Zoppo et al. found
that there was no difference in the incidence of haemorrhage
and volume of infarction and that none of the three doses of
recombinant tissue plasminogen activator (rtPA) given in
the study had any increased tendency to haemorrhage
when given at three hours.®® In a Cochrane review of ran-
domised controlled, mainly intravenous, trials of throm-
bolysis for stroke, death and dependency are reduced at the
expense of an increased risk of intracerebral haemorrhage.*
However, the important principle from the thrombolysis
experience seems to be that the risk of bleeding increases
with the time delay to reperfusion, again supporting the
rationale of early reperfusion, by whatever means (see
Chapters 12 and 13).

Cerebral haemorrhage is a feared complication of carotid
reconstruction for stroke and many studies of emergency
carotid surgery for stroke include carotid endarterectomy
and thromboendarterectomy. The conclusions of early
studies lean towards avoiding surgery in patients with
extensive neurological deficits, and it was inferred that the
mechanism for haemorrhagic transformation in these
patients is similar to that proposed by Fisher and Adams.**
However, most of these studies were from the pre-CT era

where patients underwent reperfusion regardless of the
possibility that they had presented with a cerebral haemor-
rhage. Most of the later studies of emergency carotid sur-
gery for stroke use CT in the selection criteria to exclude
haemorrhage and find surgery advantageous.”®

Future directions in cerebral reperfusion

o Strategies to reduce the time delay between stroke
and treatment
o Strategies to avoid the complications of reperfusion

The extent of injury following cerebral reperfusion clearly
relates to the duration and severity of the initial ischaemic
insult, such that the sooner reperfusion is established the
less severe the injury. The twofold rationale for early reper-
fusion of brain following stroke is therefore clear: first,
blood flow must be promptly restored in order to salvage
viable penumbral brain tissue, and second, the extent of
reperfusion injury avoided or reduced.

LOGISTICAL PROBLEMS

All of the above evidence suggests that the traditional, dog-
matic stance against the treatment of acute stroke is no
longer tenable. There is a wealth of evidence both from
animal and human studies to indicate that timely reperfu-
sion of the brain is possible and may bring reductions in
morbidity and mortality from this disease. However, cere-
bral reperfusion carries significant risks and approaches to
reperfusion have been hampered by difficulties in delivering
the care, the complications of which can be catastrophic.
From the onset of stroke, cerebral tissue is dying and as time
progresses the risks associated with reperfusion appear to
increase. Safe and effective cerebral reperfusion requires
detailed consideration of the following important stages:
recognition of the stroke by the patient, rapid transfer to
hospital, investigation and treatment.

Many studies have investigated the pre-hospital delay of
patients presenting with stroke. Clearly, patients living
alone and unable to make contact to seek help are in a grim
position. Suffering a stroke in the presence of people with a
knowledge of stroke decreases the time delay from stroke
to hospital’"’? whereas the involvement of primary care has
been associated with increased delays in arrival at hos-
pital.”>”> Education appears to be the key issue here and
efforts to increase stroke awareness have reduced stroke-
to-hospital times in some American centres.’*

The mode of transport to hospital is important. In the
UK, unpublished audits from Bristol and Manchester
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showed that the transport used by stroke patients attend-
ing hospital ranged from emergency ambulance transfer to
the local bus service! Emergency ambulance ‘blue light’
transfer in the UK takes less than 8 minutes in 75 per cent
of patients. If all patients attended via such a service the
delay may be minimised but there are other potential ‘spin-
offs’. A recent study has demonstrated that ambulance para-
medics have a high diagnostic accuracy for strokes.”
Paramedics are in an ideal position to forewarn hospital
staff of the imminent arrival of patients who may benefit
from early stroke treatment.

A major delay in the management of stroke patients is in
the availability of appropriate investigations. Over the last 20
years CT scanning has become commonplace in the man-
agement of stroke. However, outside the setting of clinical
trials in which strict protocols are observed, there is great
variability of access to scanning for stroke patients. This is, in
part, due to the differences in opinion about the usefulness
the timing of the scans. An early CT scan, i.e. within 24 hours,
is of value in excluding haemorrhagic stroke, but it can also
identify thrombus in the middle cerebral artery. The extent
of infarction, however, is not clear at this stage and later
scans are required to define the boundaries of infarction,
seen as hypodense areas on CT. Other reasons for delay in
CT scanning are a simple lack of resources and, importantly,
a pessimistic attitude as to the value of the investigation.

More sophisticated scanning modalities such as MRI
and PET are more sensitive in detecting early ischaemic
changes but are even less available than CT scanning.
Assuming that patients have reached hospital rapidly and
have been imaged immediately, they then require access to
treatment. Again, outside the context of major trials this is a
problem: emergency carotid endarterectomy or thrombo-
endarterectomy is possible, as is thrombolysis, but both
involve the use of intensive care or high dependency facili-
ties which, in many countries, are scarce. Furthermore, the
entire population of the UK is not currently served by vas-
cular specialists willing to undertake such complex cases.
These problems should be set against the broader picture
of stroke care: an increase in stroke-free or independent
stroke survivors has clear long term benefits for both
society and the individual.

Conclusions

Acute ischaemic stroke is common and has wide ran-
ging implications for the individual and society. The bene-
fit of early treatment of selected patients by intravenous
thrombolysis has been established and, contrary to the
nihilistic surgical attitude in most quarters, surgery may
also have a role to play. This is a developing area and
technical advances will need to be paralleled by
improvements in the treatment of stroke patients at all
levels from primary to tertiary care.
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THE PROBLEM

Successful surgical intervention depends on striking a
balance between the potential benefit from the procedure
and the possibility of harm. The majority of elective vascu-
lar operations are performed to prevent possible adverse
events from lesions which may be asymptomatic or may
have only caused transient symptoms. Elective abdominal
aortic aneurysm surgery is performed to prevent rupture,
and the majority of patients will have no symptoms related
to their aneurysm. Similarly, internal carotid artery stenoses
may have caused amaurosis fugax or transient ischaemic
attacks (TIAs) which have no lasting effect on the patient,
but may well be the portent of a major stroke. The oper-
ations of abdominal aortic aneurysm repair and carotid
endarterectomy are both associated with life-threatening
complications such as death and stroke, and therefore some
assessment has to be undertaken to identify the risk:benefit
ratio. Unfortunately, there is a scarcity of good quality
publications on this very important subject. The majority
of papers which can be used for such an analysis come
from randomised clinical trials which almost always involve
elective operations. Very few vascular and endovascular
non-elective procedures are performed on the basis of
level 1 evidence, indeed, such trials may be unethical.

THE CONCEPT OF RISK:BENEFIT RATIO

Randomised clinical trials have a great advantage in that
the risk involved in one treatment can be compared with
another, or indeed with the natural history of the disease
under investigation. Vascular surgery usually lends itself

well to clinical trials because of the clearly defined nature of
the clinical endpoints such as death, stroke or limb loss.
Comparison of the outcome following the experimental
event rate and the control event rate allows the absolute risk
reduction rate to be calculated. The number of patients
‘needed to treat’ is defined as the number of patients who
would have to be treated over a specific period of time to
prevent one bad outcome and this is the inverse of the
absolute risk reduction.!

The concept has been well demonstrated in the case of
surgery for symptomatic carotid stenoses with regard to
any disabling stroke, fatal stroke or death from any cause
following surgery. The impact of surgery on outcome has
been shown by both the European Carotid Surgery Trial
(ECST) and the North American Symptomatic Carotid
Endarterectomy Trial (NASCET).>? The results have recently
been combined in a meta-analysis which showed that for
internal carotid artery stenoses causing a diameter reduc-
tion of between 70 and 99 per cent there is an absolute risk
reduction of 6.7 per cent with a 95 per cent confidence
limit of 3.2 to 10 per cent when surgery is compared with
best medical therapy.* The number needed to treat is
therefore 15, with confidence limits between 10 and 31.
The concept is easy to understand: 15 patients have to
undergo carotid endarterectomy in order to prevent one
from having a stroke. The converse is therefore obvious: 14
patients will have no benefit from the procedure. The
paper also showed that patients with 50-69 per cent diam-
eter reduction had an absolute risk reduction of 4.7 per cent
(confidence limits 0.8 to 8.7) with the number needed to
treat being 21 (confidence limits 11 to 125). Finally, those
with a stenosis of less than 49 per cent had an absolute risk
increase of 2.2 per cent (confidence limits 0 to 4.4) and
the number needed to harm was 45 (confidence limits 22
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to infinity). This last category showed that surgery was
harmful in this group of patients, and gives an example of
an intervention which is associated with a worse outcome
than those patients treated medically. Such an increase is
termed the absolute risk increase, and the number needed
to harm is the number of patients, who if they had surgery,
would lead to one additional patient being harmed (i.e. the
inverse of the absolute risk increase).

There were other factors which were found to be import-
ant in assessing the risk:benefit ratio of surgery. In the
NASCET study group of patients with 70-99 per cent
stenoses, those who were male had an increased benefit as
did those over 70 years of age. Other groups who derived
more benefit from surgery were those with hemispheric
symptoms compared with those who had retinal events,
and those with angiographic evidence of plaque ulceration.
The ECST data showed that patients with lacunar infarcts,
which may not be due to embolism from the internal
carotid artery plaque, had a relative risk increase from sur-
gery of 22 per cent (confidence limits 51 to 200 per cent).

This chapter will concentrate on the evidence for assess-
ing risk in the three index operations for arterial surgery:
carotid endarterectomy, abdominal aortic aneurysm repair
and lower limb arterial reconstruction. In the absence of
good evidence an attempt will be made in each case to
extrapolate valid conclusions from the elective to the emer-
gency situation.

Index operations

* Carotid endarterectomy
° Abdominal aortic aneurysm repair
* Lower limb arterial reconstruction

CAROTID ENDARTERECTOMY

There are many other factors which influence the reported
outcome following carotid endarterectomy® and these are
elaborated elsewhere (see Chapters 12—14). The following
summary gives an indication of the difficulties encoun-
tered in an emergency situation. These include the number
and specialty of the surgeons, the type of hospital in which
the operation takes place and the number of operations
performed by both the hospital and the surgeon each year.
However, the presenting symptoms and the findings on
preoperative computed tomography (CT) scans have also
been found to be predictive of outcome.®

There is some evidence on the factors involved in poor
outcome after carotid endarterectomy undertaken for urgent
indications (see Chapter 13). One paper has shown that
urgent surgery for crescendo transient ischaemic attacks
(TIAs) has a worse outcome compared with elective oper-
ation.” The comparison of the final outcome, however, can

be difficult, as the comparator may be a patient who is not
neurologically normal. Operations undertaken for acute
strokes have this difficulty. Should the final outcome be the
status of the patient before the stroke occurred or that
immediately before surgery? As some recovery after stroke
is not unusual, should the comparison be made between
two groups of patients with stroke, one of which had under-
gone carotid surgery and the other not? This question
clearly muddies the waters in that clearly defined endpoints
are not being used.

There is some evidence on the minimum number of
operations which should be undertaken either by a hospital
or by an individual surgeon each year in order to achieve
low morbidity and mortality from carotid endarterectomy.
A retrospective study of 9918 carotid operations under-
taken in Maryland, USA, over 6 years was reported by
Perler et al.® In this series hospitals which performed more
than 10 but fewer than 50 operations per year had a mortal-
ity of 1.1 per cent and a neurological event rate of 1.3 per cent
per year. This compared favourably with hospitals per-
forming 50-100 procedures per year with a death rate of
0.8 per cent but a slightly higher neurological event rate
of 1.8 per cent. Those hospitals performing fewer than
10 carotid endarterectomies per year had a mortality of
1.9 per cent but a neurological event rate of 6.1 per cent.
Another review of 1280 carotid endarterectomies per-
formed by eight hospitals in Toronto looked at the number
of cases performed per surgeon each year.” If more than 12
operations were performed the death rate was 1.2 per cent,
the stroke rate 4.2 per cent and the stroke and death rate
5.4 per cent. The equivalent figures for those surgeons per-
forming between six and 12 operations per year were
4.2 per cent, 3.8 per cent and 8 per cent, respectively. Those
surgeons doing fewer than six cases per year had no deaths
but a high stroke rate of 18.4 per cent. Figures of 10-50
carotid endarterectomies per year and the individual vas-
cular surgeon responsible for over 12 of these are probably
better than most vascular surgeons would have predicted.
One further piece of evidence suggests that operations per-
formed by board certified surgeons carry a 15 per cent
lower risk of death or complications compared with those
undertaken by uncertified surgeons.'® A review of 45744
carotid endarterectomies in Florida, USA, also suggests that
a doubling of the operative workload reduced the adverse
event outcome by 4 per cent.

The technique of carotid endarterectomy is probably
important in reducing complications. Most of the data come
from elective operations, as there is so little evidence from
non-elective procedures. In a large meta-analysis patching
was found to be important in reducing ipsilateral stroke,
perioperative carotid thrombosis, and ipsilateral stroke
and death during follow-up.!! The evidence for shunting was
less strong.'? The importance of avoiding carotid occlusion
is well known to surgeons performing the operation as was
shown by Radak et al.'® reporting a series of 2250 operations:
41 patients had an intraoperative stroke with a mortality of
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49 per cent whereas 18 had a postoperative stroke and a
mortality of 22 per cent.

Why not, therefore, patch all patients undergoing
carotid endarterectomy? First, vein patches can rupture;
second, synthetic patches can become infected; third,
the operation takes longer; and finally patching may not
abolish technical error. Up to 12 per cent of patched vessels
have major problems, detectable by duplex scanning, which
require revision.!* The carotid arteries of women seem to
be more likely to restenose following primary closure, and
therefore may benefit more from patch angioplasty.'?
Duplex has the advantage of revealing both anatomical and
functional lesions which may require revision,'® and is very
useful as a teaching tool in making instant feedback avail-
able to junior staff.!” Some authorities rely on other forms
of completion imaging such as arteriography or inspection
by angioscopy.'®

The replacement of routine preoperative angiography
by duplex scan, the abandonment of the routine preopera-
tive CT brain scan and the use of high dependency nursing
rather than intensive care postoperatively and early dis-
charge, within 24 hours, even after general anaesthesia, can
all be achieved without compromising patient safety.'® These
then are the complicated issues relating to risk—benefit
analysis in the elective situation. Generalisations about
these issues in the emergency situation, therefore, are even
more difficult. Any understanding of the subject will largely
depend on carefully documented series from busy units
such as the Cleveland Clinic in which a series of 314 patients
had undergone non-elective carotid endarterectomy.?’
Unfortunately the definition of ‘non-elective’ was wide
and included asymptomatic patients (9 per cent). Only
14 per cent had completed strokes and a further 2 per cent
developed unstable strokes. The median interval between
presentation and surgery was 2 days with 48 per cent of
operations being performed within 24 hours. The best results
were in the asymptomatic group with a combined stroke
and mortality rate of 3.4 per cent; the worst results of
14 per cent were found, predictably, in those patients with
unstable strokes. Women were more likely to have ipsilat-
eral strokes in the follow-up period (risk ratio 2.38, 95 per
cent confidence limits 1.02 to 5.56). Unfortunately, this
study typifies the poor quality of papers on vascular emer-
gencies and the inclusion of asymptomatic patients within
a non-elective group is difficult to comprehend.

ABDOMINAL AORTIC ANEURYSM REPAIR

The Small Aneurysm Study performed in the UK, showed
that there was no benefit from early surgery for infrarenal
abdominal aortic aneurysms (AAAs) measuring between
4cmand 5.5 cm on ultrasound.?! This study was conducted
on elective patients, and one of the criteria used to remove
patients from the surveillance arm was the development of
symptoms such as tenderness over the aneurysm and the

development of back pain. Unfortunately, there is no good
randomised trial of treatment for symptomatic aneurysms
and the natural history of such aneurysms is unknown.
Traditional teaching suggests that infrarenal AAAs associ-
ated with pain should be operated on within 24 hours.
Experienced vascular surgeons know that many patients
who have tender aneurysms have a contained retroperi-
toneal haematoma. Others may have oedema present in
the surrounding tissues and some turn out to be inflam-
matory in nature. Current smoking and poor lung func-
tion were associated with an increased risk of rupture and
a higher mortality following surgery in the Small Aneurysm
Study.?!

The Vascular Surgical Society of Great Britain and Ireland
produced a national outcome audit report which attempted
to predict outcome based upon the patient’s risk factors,
the degree of urgency and the vascular procedure.”? The
most important factor in determining outcome was the
degree of urgency of the admission, with emergency oper-
ations carrying the most risk. The patient’s physiology
seemed to be of more importance than the factors encoun-
tered at surgery. The ability to compare vascular units and
individual vascular surgeons is likely to be based upon such
analyses. The Portsmouth group devised P-POSSUM
(Portsmouth predictor modification of the Physiological
and Operative Severity Score for the enUmeration of
Mortality and morbidity) for determining outcome fol-
lowing arterial surgery.”> When this methodology was
developed further (V-POSSUM) and applied to the
Vascular Surgical Society database it accurately predicted
both mortality and morbidity.?* Further analysis, however,
suggests that different models should be used to predict
outcome following elective and ruptured AAAs,? as there
was a failure of prediction of outcome in ruptured AAAs
using both the P-POSSUM and the V-POSSUM models.

Other studies have looked at specific aspects of the emer-
gency situation. For example, a prospective study of AAA
repair found a high incidence of multiple sequential organ
failure and colonic ischaemia in non-elective operations?®
(also see Chapters 3 and 4). A randomised study on the
effect of dopexamine on colonic mucosal ischaemia after
elective aortic surgery suggests that it may provide signifi-
cant histological protection to the colonic mucosa.”” Further
studies are required to see if this drug can improve the
mortality in non-elective AAA surgery. There is some evi-
dence that the placement of pulmonary artery catheters and
the use of goal directed therapy may adversely influence
the outcome after non-elective AAA surgery.”® In another
report a consecutive series of patients was admitted to two
different hospitals under the care of a single vascular
surgeon: one unit used pulmonary artery catheters in
96 per cent of patients and large volumes of fluid to achieve
specified targets. The other used catheters in only 18 per
cent of cases and achieved a significantly lower mortality
and a lower incidence of acute renal failure. There has
been, therefore, a move away from goal directed therapy
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in many intensive care units. A randomised study showed
that the use of pulmonary artery catheters with optimisa-
tion of the patient’s haemodynamic status provided no
benefit in terms of outcome in patients undergoing elective
vascular surgery.”

Various other factors may be important in predicting
outcome following ruptured AAA surgery and these include
the avoidance of raised intra-abdominal pressure. This
increased pressure is associated with oedema of the bowel,
retroperitoneum and the abdominal wall and is recognised
as the abdominal compartment syndrome®® (see Chapters
3, 4 and 23). Closing the abdominal wound with a mesh
and delayed primary closure of the wound has been found
to be associated with a better outcome. The incidence of
multiple sequential organ failure is lower, but the definitive
trial has not yet been performed. A recent non-randomised
study has confirmed that patients who had a mesh-based
early abdominal closure had a better outcome than those
requiring a second operation for abdominal compartment
syndrome following primary closure.®! This is an important
aspect of management which deserves consideration in
Chapter 23.

Factors which have been associated with a poor out-
come after ruptured AAA repair include soluble tumour
necrosis factor (TNF) receptors,® a low platelet count at
the end of the operation® and low endothelin-1 levels*
(see Chapters 3 and 4). A study of coagulation and fibri-
nolysis factors showed that rupture is associated with an
inhibition of systemic fibrinolysis and the generation of
thrombin.>® This procoagulant state has been postulated to
be the cause of myocardial infarction, multiple organ
failure and thromboembolism following surgery.

Age has been postulated to be a factor in poor outcome
after a ruptured AAA but there is some evidence that good
results can be obtained if biological rather than chrono-
logical age is used to determine fitness for surgery.*® The
distance travelled by patients remains a controversial sub-
ject. Patients surviving the journey to the regional centre
performing the surgery are likely to survive the operation,
while those who are at higher risk select themselves out by
dying en route, as was clearly shown in a Northern Ireland
series.”” Distance, therefore probably does not make a huge
difference to the outcome.™

The role of endovascular repair for elective infrarenal
AAA is currently under investigation in the EndoVascular
Aneurysm Repair (EVAR) trials being performed in the
UK. The use of an aorto-uni-iliac device has been shown to
reduce the mortality of rupture significantly, although this
view is based on small numbers.*® Control can be achieved
by the use of aortic occlusion balloons or by the deploy-
ment of the proximal stent into the neck of the aneurysm.
Revascularisation of the contralateral limb is carried out
by a femoro-femoral crossover bypass graft. The problems
with this technique include the availability and durability
of stent grafts and the logistical difficulties of mobilising
both radiological and surgical staff.

LOWER LIMB ARTERIAL RECONSTRUCTION

A number of risk factors need to be considered in patients
presenting with acute lower limb ischaemia who require
urgent reconstruction. The viability of a limb must be
established before any attempt is made to revascularise it.
The absence of capillary return or the presence of fixed
staining of the tissues are features indicative of irreversible
ischaemia. Severe neurological damage sustained in an acci-
dent also causing ischaemia may be a relative contraindi-
cation to vascular surgery. The duration of ischaemia
and ischaemia-reperfusion injury (IRI) is crucial to out-
come (see Chapter 2). The tolerance of different tissues to
ischaemia also determines outcome, for instance, periph-
eral nerves and muscle have less resistance than skin to
ischaemia. Muscle which has been completely ischaemic
for 4-6 hours is probably damaged irreparably. The
presence of a collateral circulation, however, may help in
extending the period of ischaemia.

Local changes may impair restoration of normal flow
after the circulation has been restored. This has been called
the ‘impaired reflow’ or ‘no-reflow’ phenomenon (see
Chapter 2). Swollen cells occluding the lumen, capillary
spasm and the trapping of red and white cells all contribute
to occlusion of the microcirculation. Restoration of the cir-
culation following acute ischaemia leads to the formation
of free radicals and other metabolites which then pass into
the systemic circulation where they can damage normal
tissues by the activation of neutrophils.** These neutro-
phils interact with the endothelium and cause damage to
distant organs, such as the lungs and kidneys through the
release of free radicals and proteases. Cytokines, including
TNF and interleukins (ILs) such as IL-1, IL-6 and IL-8, are
thought to be implicated in the development of multiple
organ failure in vascular patients (see Chapter 4). Thera-
peutic measures to counteract these changes include the
administration of free radical scavengers such as mannitol
and allopurinol*"*? (see Chapters 2, 4 and 33).

Unfortunately, many compounds effective either in
theory or in the experimental situation do not translate
into the clinical scenario. Monoclonal antibodies against
IL-1 were shown to be ineffective in a randomised con-
trolled trial despite initial enthusiasm.*’ Experimental
studies which may help in managing the clinical situation
in future include the use of technetium-99m-glucarate to
identify muscle damage,** prostaglandins and iloprost to
enhance muscle blood flow,* and the technique of thermal
preconditioning does seem encouraging.*® There is some
human evidence supporting the use of ischaemic precon-
ditioning in the prevention of IRL.*” There is currently
much interest in the use of recombinant human activated
protein C for severe sepsis.*® In a randomised, double blind,
placebo controlled multicentre trial, patients with systemic
inflammation and organ failure secondary to sepsis had a
significantly lower mortality when treated with drotrecogin
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alfa (activated) (activated protein C) with an absolute risk
reduction of 6.1 per cent.

The use of thrombolysis is contraindicated in the patient
with multiple injuries, but may be useful in the acutely
ischaemic limb, especially if it is secondary to graft throm-
bosis, but the risk:benefit equation must take into account the
serious complications associated with thrombolysis. These
include a 3-5 per cent risk of death, a 2 per cent risk of stroke
and an incidence ranging from 5 to 12.5 per cent of major
haemorrhage.**=>* The use of thrombolysis for claudication
is contraindicated because of an adverse risk:benefit ratio.
The incidence of major amputation of 7 per cent, deaths 14
per cent and major haemorrhage 5 per cent in a reported
series is much worse than the natural history of claudica-
tion.” Age is also associated with a poor outcome for patients
with acute limb ischaemia treated with thrombolysis.>*

There is evidence that techniques which re-establish blood
flow to ischaemic tissues are beneficial and this is clearly
important in acute limb ischaemia caused by trauma. Plastic
shunts placed in both arteries and veins in order to arrest tis-
sue hypoxia have been shown to be effective in the Northern
Ireland experience® (see Chapter 33). Experimental studies
at that centre have confirmed the importance of restoring
venous outflow when both artery and vein are damaged.”®

Acute limb ischaemia occurring in a young patient
without an obvious cause should arouse concern. Hyper-
coaguable states may well be responsible, and any attempt
at reconstruction may result in amputation. Deficiencies of
protein C, protein S, activated protein C or antithrombin
III are all responsible for the hypercoaguable state.’” The
presence of antiphospholipid antibodies and the pro-
thrombin gene variant (20210 G to A) are also causes of
arterial thrombosis. Hyperhomocysteinaemia has also
been associated with poor outcome in arterial reconstruc-
tion.*®~®° The risk:benefit ratio can be altered in favour of a
successful outcome if conditions such as these are diagnosed
and treated before arterial intervention is undertaken.

Conclusions

All interventions carry a risk, particularly those involv-
ing the arterial circulation in the emergency setting.
Surgeons must be aware of the risk:benefit ratio involved
in treating patients with vascular emergencies. The clin-
ical picture is often complex and the outcome is depend-
ent upon many factors, some of which may be within
the control of the surgeon. Inevitably, others will have
been established well before the surgeon is involved, and
will remain outside the therapeutic sphere. Surgeons
who deal with such emergencies need to be up to date
with the latest literature to optimise patient care. The
evidence for the efficacy of various interventions is slowly
being accrued but there is much scope for further trials
to produce convincing evidence in the treatment of
vascular emergencies.
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THE PROBLEM

Vascular teams are frequently confronted by patients who
are rapidly losing blood or have already lost it. Ruptured
aortic aneurysms or trauma involving major vessels are
obvious examples but the bleeding may be iatrogenic, for
example, vascular injury during interventional radiological
procedures. This chapter concerns immediate resuscita-
tion of the shocked patient, blood transfusion and compon-
ent therapy, intraoperative autotransfusion and blood
management in the perioperative period.

Intensive care units (ICUs) and high dependency units
(HDUs) may improve outcomes for patients with a wide
variety of surgical conditions. Recent data suggest that high
risk surgical patients who receive such care prior to surgery
may have reduced mortality rates and a shorter hospital stay.

A number of current topics, including the choice of
fluids, timing of surgery, estimation of cardiac output and
B-blockade are relevant and important. The postoperative
care of patients after emergency vascular surgery will also
be considered in this chapter. These problems represent the
most vexing issues for the surgical team and suggestions
for dealing with them will be discussed.

INITIAL MANAGEMENT

Attention to the airway, breathing and circulation must be
emphasised. The shocked patient has undergone profound

peripheral vasoconstriction and venous access may be dif-
ficult to obtain. The best way to be certain is to anticipate
and to insert wide bore cannulae before initiating proced-
ures which may be associated with unexpected blood loss
such as thrombolysis.

During the management of major trauma lines should
not be inserted in the lower half of the body. There are good
reasons for this, such as occult venous injury in the pelvis or
the need to use lower limb veins for bypass grafting. Most
texts recommend the use of arm veins for emergency venous
access, but modern catheter systems allow central venous
lines to be inserted with speed and reliability (see Chapter
7B). Cannulation of the internal jugular vein with the
patient in a head-down tilt avoids the risk of pneumothorax
and is the best approach in patients who are already pro-
foundly hypovolaemic. A large introducer sheath may then
be used for volume resuscitation or a central venous or pul-
monary artery catheter may be inserted. Once intravenous
access is established a urinary catheter should be inserted.

‘PREOPTIMISATION' OF EMERGENCY
VASCULAR PATIENTS

High dependency units and ICUs provide a level of treatment
not available on the majority of general wards, so-called ‘aug-
mented care’, requiring a number of resources. Improved
staffing, often a 1:1 staff to patient ratio is crucially import-
ant. Invasive monitoring, such as measurement of left atrial
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filling pressure and cardiac output, is also essential. More
recently, mixed venous oxygen saturation (SvO,) monitor-
ing has been used as an early detector of changes in cardiac
output and haemoglobin concentration following aortic
surgery.! This technique is also useful in critically ill
patients following cardiac surgery.? The use of complex
ventilatory strategies, including invasive and non-invasive
ventilation, makes a significant difference to the quality of
care afforded to these patients. Inevitably, the development
of these modern units will prove to be of great benefit.

Features of ‘augmented care'

e 1:1 staff: patient ratio
¢ Invasive monitoring
¢ Advanced ventilatory strategies

There has been considerable debate as to the cost-
effectiveness of such units, but augmented care may
improve outcome and shorten hospital stay.? The problem
is to select those who will benefit and whether time is avail-
able to do that. The ruptured aneurysm is usually too
urgent a condition to allow anything other than transfer to
theatre, even though patients with leaking/expanding
aortic aneurysms could be considered good candidates.
Compared with general surgical emergencies, these
patients have a higher incidence of cardiovascular disease,
spend a prolonged time in theatre and are at risk of renal
and cardiac complications.

There is no agreement on the best method of selecting
patients who might benefit from ‘preoptimisation’. Echo-
cardiography, either resting or during induced stress, has the
advantage that it is quicker and less invasive than thallium
perfusion scans and is effective in detecting wall motion
defects in patients with vascular disease.* Dobutamine
echocardiography is a good predictor of cardiac risk.>® An
alternative is the use of a scoring system such as POSSUM
(Physiological and Operative Severity Score for the
enUmeration of Mortality and Morbidity).” In London, 101
preoperative general/vascular surgical patients were stud-
ied. They were ill enough to warrant admission to ICU, but
resources did not permit it. The outcome was predicted by
POSSUM, and the actual outcomes in those admitted to ICU
preoperatively were compared with those admitted post-
operatively: mortality was reduced in patients admitted
preoperatively.®

Which therapies are beneficial in the HDU/ICU? Most
studies are difficult to interpret; and even in emergency
vascular surgery mortality is low, so that the study size
needs to be large. However, a theme emerges. Measurement
of right or left heart filling and improvement in oxygen tis-
sue delivery may confer benefit. Berlauk et al. showed that
preoperative improvement of haemodynamic variables

reduced cardiac morbidity and graft thrombosis in peripheral
vascular surgery.’ Others, however, were unable to support
this finding.!? Ziegler et al. studied 72 patients undergoing
aortic or limb salvage surgery.!! All were admitted to ICU
preoperatively and randomised to treatment or control.
The 32 patients in the treatment group had their physio-
logical variables adjusted to improve their SvO, to above
65 per cent after pulmonary artery catheter insertion. The
control group had a similar catheter inserted, but no
attempt was made to adjust their SvO,. Mortality was 9
per cent in the treatment group and 5 per cent in the control
group, there being no significant difference. It is difficult to
draw conclusions from this small series and there is a
pressing need for a large well-powered study to guide the
use of such expensive preoperative care.

PERIOPERATIVE CARDIAC PROTECTION

Vascular surgery involves changes in systemic vascular
resistance (SVR), resulting in alteration in cardiac output.
A rise in SVR increases afterload against which the left
ventricle has to contract may induce left ventricular failure.
Conversely, a reduction in SVR may lead to diastolic
hypotension, precipitating myocardial ischaemia in patients
with narrowed coronary arteries. Thus, the manipulation
of SVR and cardiac output may be beneficial for emer-
gency vascular surgery patients, particularly those with low
intravascular volume.

The gold standard over the past two decades for the
estimation of cardiac output has been the Swan-Ganz
pulmonary artery catheter which uses thermodilution to
estimate cardiac output and software to calculate SVR and
other variables. Recent work, however, indicates that the
pulmonary artery catheter may not improve outcome and
may actually contribute to morbidity.!>!

There has been recent interest in non-invasive measure-
ment of cardiac output. Doppler ultrasound probes do not
require central venous cannulation, but their accuracy may
be more operator dependent. Nevertheless, there is good
correlation between values obtained from a pulmonary
artery catheter and those calculated by Doppler.!* The
probe is passed into the oesophagus until a mark on the
sheath reaches the teeth. The sheath is then adjusted until
the ‘best’ signal of descending thoracic aortic velocity is
obtained. To reduce operator error some machines will
assist in indicating when that has occurred.

Transoesophageal Doppler measures stroke volume,
cardiac output and systolic flow time corrected for heart
rate (FTc), which is an indication of contractility. The
majority of studies have looked at the improvement in FTc
using fluids and/or inotropes. In patients undergoing
elective cardiac surgery, Mythen and Webb aimed to show
that fluid optimisation would be better using Doppler, as
demonstrated by better gut perfusion.!” Patients were
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randomised to a control group receiving standard fluid
therapy or to the protocol group in which therapy was based
on Doppler derived variables. The protocol group had a
shorter ICU and hospital stay with no serious complications,
though six in that group did suffer some complications.
Gan et al. studied 100 patients predicted to have a blood loss
of greater than 500 mL.!® All underwent Doppler probe
insertion and were then randomised to standard or therapy
groups. The standard group received fluid boluses according
to deviations from baseline variables not measured by the
Doppler. The therapy group received fluid based on their
stroke volume and FTc. The therapy group had a shorter
stay, earlier time to diet and less nausea and vomiting.
Although this work has not been repeated in vascular sur-
gery specifically, the lower complication rate associated with
Doppler makes it an attractive option in high risk cases.

There is great interest in the use of -adrenergic blockade
to reduce the risk of perioperative myocardial infarction in
vascular surgery. Following several positive observational
studies, Poldermans reported a randomised trial in 112
patients undergoing aortic reconstruction, who had a posi-
tive dobutamine stress test and were not already taking a
B-blocker. Fifty-nine were randomly assigned to treatment
with bisoprolol and 53 to standard care. The combined car-
diac death/non-fatal myocardial infarction rate was 3.4 per
cent with bisoprolol compared to 34 per cent with standard
care (P =0.001)."7 A prospective trial is underway, but
many surgeons are already convinced.

INITIAL RESUSCITATION

The precise fluid used for resuscitation is relatively unim-
portant. Colloidal solutions, which are starch or gelatin
derivatives, are relatively expensive and contain potential
allergens. Hydroxyethyl starch has an average molecular
weight of 450000 and a half-life of 26 hours. Polygelines
have a molecular weight of 35000 and a half life of 2.5
hours. Hetastarch is the most effective when packed cells are
transfused in view of its longer half-life. Albumin is no longer
regarded as a suitable plasma expander in view of cost and
the danger of transmissible disease. With regard to clear
fluids, normal saline contains an excess of chloride, so that
there is a theoretical risk of hyperchloraemia; also Ringer’s
solution contains lactate which may worsen acidosis.

The ‘crystalloid versus colloid’ argument is based on
highly controlled experiments where subjects, usually dogs
or pigs, were venesected to induce hypotension and then
resuscitated. It has now become clear that shock increases
microvascular permeability allowing large molecules to
cross into the interstitial space. During recovery they may
be difficult to remove and may exert an osmotic effect
which draws fluid from the intravascular compartment.

The fashion then swung to high volume crystalloid
resuscitation. Experimental studies involving a more ‘realistic’

bleed caused by an aortic tear,'® however, demonstrated
the detrimental postoperative effects of high volumes of
saline.

The redistribution of crystalloids through the extravas-
cular compartment means that they are usually required in
volumes five times that of colloid. This ratio increases further
in situations of trauma including ruptured aneurysms."’
This redistribution, or ‘third spacing’, is more common
after crystalloid rather than colloid use and can lead to pul-
monary oedema.?’ Hydrostatic pressure is more important
than colloid osmotic pressure in the movement of water
across the pulmonary capillary membrane.

There is little evidence to indicate that colloids reduce
mortality or morbidity, despite their theoretical advantages.
Indeed, doubts were expressed that the use of albumin
solutions in critically ill patients might be associated with a
higher mortality. A meta-analysis, however, showed that
albumin was not associated with alteration in survival.’!
The studies included in the analysis were not all surgical,
but a more complex meta-analysis from the Australian
Cochrane Centre looked at colloid solutions in patients with
trauma, burns or after surgery.?? The authors concluded
that there was no benefit attributable to any of the colloids
over crystalloids and it was suggested that their extra cost
could not be justified.

A recent Australian study adds further uncertainty as to
the choice of fluid type. The Saline versus Albumin Fluid
Evaluation (SAFE) study used a multicentre prospective
randomised trial method to allocate patients to receive
either 4 per cent albumin or saline for fluid resuscitation.?®
The chosen fluid was employed exclusively during the 28-
day study period for intravascular resuscitation of 6997
patients recruited, of whom 3497 received albumin. The
results showed that there were 726 deaths in the albumin
group as against 729 in the saline group (risk ratio 0.99;
95 per cent confidence interval 0.91 to 1.09; P = 0.87).
Further, there was no significant difference between the
number of days spent in the ICU (P = 0.44), days in
hospital (P = 0.30) or days of renal replacement therapy
(P =0.41). The power of this study is sufficiently great
to justify the conclusion that in a broad cross-section
of ICU patients there is a similar outcome following the use
of either 4 per cent albumin or saline as a resuscitation
fluid.

The vascular team is faced with a wealth of data that does
not support one fluid type over the other. Until a large-
scale trial favours one type of fluid, it is likely that personal
or institutional preference will predominate.

RESUSCITATION FLUIDS: HOW MUCH IS
ENOUGH?

The Advanced Trauma Life Support (ATLS) scheme and
the American College of Surgeons Committee on Trauma
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emphasise the importance of aggressive volume resuscitation
in hypotensive patients, and this has been amplified by
recent reports in patients with ruptured abdominal aortic
aneurysms.’* Nevertheless, as long ago as 1928, Canon et al.”®
concluded, ‘Haemorrhage in the case of shock may not
have occurred to a marked degree because blood pressure
has been too low and flow too scant to overcome the obs-
tacle offered by a clot. If the pressure is raised before the
surgeon is ready to check any bleeding that may take place,
blood that is sorely needed may be lost’.

The ‘leaky bucket’ syndrome, where injudicious resus-
citation leads to further bleeding by disrupting haemostatic
clots within constricted vessels has been demonstrated
by Blair et al. who showed an increased rate of re-bleeding
after upper gastrointestinal haemorrhage in transfused
patients.”® Aggressive resuscitation was questioned by
Kaweski et al.?’ who studied 6855 trauma patients and
found no correlation between survival and preoperative
fluid resuscitation in patients with similar probabilities of
survival as assessed by TRISS criteria, TRISS being a
trauma scoring method based on a combination of the
Revised Trauma Score (RTS) and the Injury Severity Score
(ISS). Although hypotension was an overall predictor of
poor outcome, the administration of fluids had no influ-
ence on it. Further evidence that intravenous fluids may
not be beneficial, but could be harmful, was provided by
Bickell et al.?® A total of 300 consecutive patients with gun-
shot or stab wounds with a systolic blood pressure of
90mmHg or less were randomised to either immediate
intravenous resuscitation by a paramedic team (n = 96) or
delayed resuscitation (n = 81). The latter received no
intravenous fluid until ‘knife to skin’. There were no differ-
ences in the rate of postoperative complications, but if the
data are analysed to only include strict protocol adherents,
i.e. absolutely no fluid resuscitation, there was a survival
advantage.

In conclusion, there is convincing evidence against the
use of routine blood pressure elevation by the aggressive
administration of intravenous fluids before surgical
haemostasis in patients with trauma.?

INTRAOPERATIVE VOLUME REPLACEMENT

Loss of 20 per cent of the blood volume can generally be
replaced with clear fluids (Table 7A.1), but in the emer-
gency situation it may be impossible to estimate blood loss
on clothing or drapes and since rapid haemorrhage involves
simultaneous loss of red cells and plasma, the peripheral
venous haemoglobin concentration or haematocrit do not
fall immediately.

Pulse, blood pressure and urine output reflect the high
pressure side of the circulation, which contains only a frac-
tion of the blood volume and is maintained by well-known
neurohormonal reflexes. The greatest part of the intravas-
cular volume resides in the venous capacitance vessels of
the splanchnic circulation. Adrenergic venoconstriction
leads to contraction of this compliant reservoir to maintain
right atrial filling pressure. Thus, central venous pressure
may not reflect the state of the blood volume. In the venti-
lated patient, even pulmonary artery wedge pressure may
be difficult to determine if positive end expiratory pressure
is used and may not reflect left ventricular filling pressure.*
In shocked patients the vascular space is contracted and is
not re-expanded even by large quantities of clear fluid and
blood. This was demonstrated well by Simmons et al.’! in
29 combat victims, >'Cr-labelled autologous red cells were
used to estimate red cell mass and plasma volume was
measured using !*I-labelled albumin. '*°I albumin leaves
the circulation in shocked patients and therefore blood vol-
umes were overestimated. Despite this, 13 of the 29 patients
had significantly reduced red cell volume after they had
been ‘adequately’ resuscitated by conventional criteria;
reductions in the red cell volume did not correlate well with
haemodynamic measurements in shocked patients.

In practice, clinical judgement, in other words ‘edu-
cated guesswork’, and a combination of ‘hard’ measure-
ments must be used to gauge the volume required to be
transfused. A good technique is to assess the effect of a fluid
challenge by rapidly infusing boluses of 200 mL and moni-
toring the effect on various parameters.

Table 7A.1  Pathophysiological features of hypovolaemia
Class | Class Il Class IlI Class IV
Per cent loss <15 15-30 30-40 >40
Volume (mL) 750 750-1500 1500-2000 >2000
Systolic Unchanged Normal Reduced Low
Pulse (beats per minute) <100 >100 >120 >140
Diastolic Unchanged Raised Reduced Very low
Capillary fill Normal Slow Slow Undetectable
Respiratory rate (per minute) 14-20 20-30 30-40 >40
Urine output (mL) >30 20-30 30-40 >40
Mental Apprehensive Anxious Confused Lethargic
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RED CELL TRANSFUSION

Red cell transfusion restores oxygen carrying capacity to
maintain tissue oxygen delivery. Red cells should not be
used for volume expansion and indeed the adage that
blood loss must be replaced with whole blood is simplistic
and dangerous.

As with all other aspects of trauma management, com-
munication is vital. The haematology technician on call
must be notified of the arrival of the patient and given an
estimate of blood which will be required and of the time
scale involved. He or she will usually be involved with
other patients and must plan their laboratory work accord-
ingly. Adequate samples should include 5mL of blood in
EDTA for full blood count and preferably two 10 mL plain
glass tubes for crossmatch. If there is any doubt regarding
pre-existing coagulopathy, a 5mL citrate sample should be
sent. Coagulopathy is a poor prognostic indicator in patients
with ruptured abdominal aortic aneurysm® and this prob-
ably applies to other cases of vascular trauma. Results of
coagulation tests may guide early and appropriate compon-
ent therapy.

Accurate labelling is vital, especially in the emergency
situation. The name, date of birth and hospital number
should be checked with wrist band identification whenever
possible, as clerical error is still the leading cause of fatal
transfusion reactions. It is helpful if previous potentially
sensitising episodes such as blood transfusion and preg-
nancy are mentioned on the request form.

Blood volume replacement

¢ Clear fluid infusion — crystalloids versus colloids?
How much?

* Whole blood transfusion — type specific/O Rhesus
negative (Rh—ve) in an emergency

* Red cell transfusion — packed cells

o Component therapy — platelets/fresh frozen plasma/
cryoprecipitate

» Autologous blood transfusion

It is well known that group O Rh—ve blood is the uni-
versal donor but there is a reluctance to use it>* despite
prospective studies demonstrating its effectiveness.** As
anti A, B or AB antibodies are present in plasma, packed
cells are safer than whole blood.

In a rapidly bleeding patient, the transfusion of uncross-
matched blood is not nearly as important as the speed of the
transfusion. The compatibility of uncrossmatched ran-
domly selected blood is 64 per cent. If blood is ABO com-
patible, this rises to 99.4 per cent, only autologous red cells
being 100 per cent compatible. Thus, type specific blood is

very safe in an emergency. O Rh—ve blood is not always
available and it is permissible to give male patients O Rh+ve
blood and accept the risk of seroconversion. If female
Rh—ve patients are given Rh+ve blood they can be given
anti-D serum if they plan to have children in the future. The
principal reason for avoiding universal group O transfusion
in trauma is that group O blood is often in short supply.
There is often a surplus of group A blood; group AB patients
can be transfused with group A or B blood, especially if this
is in the form of packed cells.

Crossmatching detects reactions between an antibody
present in the recipient’s blood and rare antigens present
on donor cells. It takes 15-20 minutes to crossmatch blood
using modern techniques and it is almost always possible
to wait before transfusion. Testing of the donor serum
against the patient’s red cells is no longer necessary, espe-
cially if plasma-reduced blood is transfused.

Red cell concentrates are now cleared of most of
their leucocyte content by a process of sedimentation and
may be further leucodepleted by filtration. This is to
reduce the possibility of transmitting leucocyte-associated
viruses such as cytomegalovirus, other DNA herpes viruses
and the human T cell group. At the time of writing it is
known that prion protein has been demonstrated on
lymphocytes, monocytes and platelets and so there is a
theoretical risk of transmission of variant Creutzfeldt—
Jakob disease by blood transfusion. The message for surgi-
cal practice is that blood transfusion is life saving but
should be carefully monitored to avoid undue exposure to
infective risk.

Blood should be infused through sterile giving sets
containing a standard 170 pm filter. The set is calibrated
so that there are 20 drops of blood to 1mL. Further
filtration of blood is unnecessary. In trauma, rapid trans-
fusion is probably more important than the benefits of
filtration.

Intraoperative transfusion

The decision to transfuse blood must be taken with regard
to the overall clinical picture, especially the presence of
coexisting cardiac and respiratory disease, and whether
bleeding is continuing. The optimum haemoglobin level
for tissue oxygen delivery is 10 g/dL because blood viscos-
ity falls with the haematocrit and intracapillary red cell
flow increases.

Portable devices such as the Stat-Crit (Unipath Ltd,
Bedford, UK) or Haemocue (Angelholm, Sweden) enable
repeatable, rapid haematocrits or haemoglobin concentra-
tions to be determined in theatre to guide blood transfu-
sion (Fig. 7A.1). The accepted teaching that a single unit
transfusion is anathema has been challenged by the use of
this equipment. Repeated estimations enable the response
to a single unit transfusion to be measured; if the agreed
trigger is exceeded, transfusion is stopped.
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Figure 7A.1  Haemocue device (Angelholm, Sweden) for in-theatre
haemoglobin estimations can be used to direct blood transfusions.
Seen here next to the Cobe BRAT Il cell salvage equipment (Cobe
Cardiovascular, Arvada, CO, USA) during aneurysm repair

Postoperative transfusion

Two important factors lead to an artificially low haemo-
globin level after operation. ‘Preloading’ the circulation with
clear fluid dilutes the red cells and epidural anaesthesia leads
to sympathetic blockade in the lower half of the body.
Subsequent vasodilation increases intravascular volume,
which is filled by fluid shift from the interstitial space and by
exogenous fluid transfusion. In the postoperative period this
excess intravascular fluid is excreted and redistributed, result-
ing in a rise in the haemoglobin concentration of 1.5-2.0 g/dL.
In trauma the true preoperative haemoglobin concentra-
tion is unknown and the red cell mass can only be estimated
from body mass. In the clinical situation hypovolaemic
anaemia can be identified by assessing the response to red
cell transfusion. Hypovolaemic patients accommodate both
resuscitation fluids and red cells so that the proportion of
red cells, that is the haematocrit, and the concentration of
haemoglobin do not change significantly. If blood volume is
normal, transfused blood raises the red cell mass and the
plasma volume. Redistribution and subsequent diuresis of
the ‘excess’ plasma raises both the haematocrit and haemo-
globin concentrations. Laboratory determination of these
parameters may be inaccurate if performed too soon after
transfusion, i.e. before redistribution has taken place.
Guidelines for red cell transfusion are available on several
websites such as http://transfusionguidelines.org.uk and all
follow the general recommendations given in the box below.

Guidelines for red cell transfusion

No transfusion if haemoglobin >10 g/dL
Transfuse if haemoglobin <7 g/dL

Haemoglobin 8-10 g/dL is safe if euvolaemic, even
with cardiopulmonary disease

Transfuse symptomatic anaemic patients

Chronic anaemia is well tolerated when there are no other
complicating factors. Patients with renal failure frequently
have haematocrits between 20 and 30 per cent and patients
with hookworm infestations have survived haematocrits
below 10 per cent. Czer and Shoemaker investigated peri-
operative mortality based on pretransfusion haematocrit: ata
haematocrit of less than 21 per cent, 68 per cent of a group of
94 critically postoperative patients died; at a haematocrit of
between 27 and 33 per cent, 87 per cent survived, and yet at a
haematocrit of greater than 33 per cent only 50 per cent sur-
vived.® In a case—control study of 125 Jehovah’s Witnesses,
operative mortality was inversely related to preoperative
haemoglobin level.*® Mortality was 7.1 per cent for patients
with haemoglobin levels above 10 g/dL but rose sharply to
61.5 per cent for those with levels below 6 g/dL. Mortality was
also, not surprisingly, related to perioperative blood loss. In
this study no patient with a haemoglobin above 8 g/dL and
an operative blood loss below 500 mL died.

At haematocrit levels greater than 25 per cent the heart
rate is normal. Stroke volume and therefore cardiac output
increase as long as normovolaemia is maintained. Coronary
blood flow increases due to coronary vasodilatation and
increased blood fluidity. Direct electrode studies have
shown that the tissue oxygen concentration of the gut, kid-
ney, muscle, brain and heart remains normal at haem-
atocrits greater than 20 per cent. Both in animals and
patients wound healing is not impaired by haematocrits of
15-20 per cent provided that blood volume is normal and
tissue perfusion is kept at near normal levels.’” In practice
this means that it is probably safe to err on the side of
undertransfusion and to use repeated haematocrit estima-
tions to guide careful replacement of operative blood loss.

This strategy of conservative postoperative transfusion,
studied by Hebert et al.®® showed that both a survival
advantage as well as a lower complication rate could be
anticipated in ICU patients.

PROBLEMS ASSOCIATED WITH MASSIVE
TRANSFUSION

There are serious problems associated with high volume
blood transfusion (also see Chapter 4). Incompatibility
and volume overload have been discussed. Hypothermia is
common if blood is used straight from the refrigerator.
Countercurrent heat exchangers such as the Level 1 device
(Level 1, Inc., Rockland MA, USA) enable fluid to be
infused rapidly at near normal temperature.

A unit of blood contains 67.5mL of citrate but only
35mL is required to chelate calcium to prevent coagulation.
Thus, in cases of rapid transfusion, free citrate may be present
and may cause myocardial irritability and even ventricular
fibrillation in hypothermic patients. Calcium gluconate is
used if transfusion is very rapid.

As greater volumes of bank blood are transfused, mixed
venous oxygen tension falls as a consequence of the increased
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Table 7A.2  Blood components for the bleeding patient; indications and doses. Remember to warm the patient and
transfuse fluids

Blood component Indication Dose

Platelets Platelet count <50 X 10° and bleeding 250 X 10° (adult)
Count <100 X 10° and serious bleeding
>1.0 blood volumes transfused

INR >1.5 and continued bleeding

Only if fibrinogen <1.0g/L

Use fresh frozen plasma first

Fresh frozen plasma four packs for average adult (15 mL/kg)

Cryoprecipitate 10 units initially

INR, international normalised ratio.

oxygen affinity of bank blood. This is manifest as a decrease
in the in vivo Ps. Although animal experiments have always
shown that this does not affect myocardial performance,
Weisel et al. demonstrated that arteriopaths are unable to
increase cardiac index due to their impaired heart muscle
function. The mechanism may involve decreased inorganic
phosphate or decreased ionised calcium associated with
blood transfusion.*

Coagulopathy following massive transfusion generally
occurs after more than 15 units have been given. Miller et al.
studied the effect on battle casualties in Vietnam and
observed only one episode of clinical bleeding before 20
units were given.*’ All of their patients developed coagu-
lopathy after 30 units. The mechanism was multifactorial
and bleeding was corrected by fresh blood and platelets but
not fresh frozen plasma.

Following massive transfusion some patients develop
coagulopathy whereas others do not. The volume of blood
transfused does not always correlate with the extent of the
coagulopathy but it does correlate very well with the dur-
ation and depth of the shock period.*! It is the disease,
namely, hypoperfusion, and not the treatment, i.e. transfu-
sion, that causes coagulopathy. Even after an exchange
transfusion, clotting factor levels remain at 30 per cent of
their original value and several studies emphasise the rela-
tive unimportance of fresh frozen plasma transfusion.*?

Septicaemia remains one of the greatest challenges in
the postoperative patient. Patients who have undergone
emergency vascular surgery are at particular risk, because
of associated gut ischaemia and also because of acute lung
injury/adult respiratory distress syndrome complicating
massive transfusion. The recognition that some patients
with septic shock may have low levels of protein C resulted
in the introduction of recombinant human activated
protein C, drotrecogin alpha. This recent advance in
biotechnology has provided some impressive results in the
reduction of mortality from septic shock, and it is gaining
rapid acceptance in ICU practice.

One of the most recent evaluations, under the acronym
ENHANCE US (Extended evaluation of recombinant
human activated protein C United States Trial), compared
the effect on mortality of activated protein C with that in

previous studies.* The study was a prospective single arm
multicentre trial in the USA and Puerto Rico, and looked at
the 28-day all-cause mortality in patients receiving activated
protein C. The study recruited 273 patients and showed
that the 28-day mortality was 26.4 per cent. This was 6
per cent lower than the mortality of the placebo group in
the Protein C Worldwide Evaluation in Severe Sepsis
(PROWESS) and Secretory Phospholipase A2 Inhibitor
(sPLA2I) trials, two trials studying similar groups of
patients who had been randomised to activated protein C
or placebo. Further, the PROWESS trial had a treatment
group mortality of 24.4 per cent, similar to the figure for
the ENHANCE study. The ENHANCE trial serves to con-
firm previous data and suggests that activated protein C is
a beneficial therapy in patients with septic shock. The
major side effect with reference to vascular patients is that
of excessive bleeding, and the current advice is that acti-
vated protein C should not be given until 12 hours following
surgery. Further, if unexpected surgery is required during
treatment, the infusion should be stopped, and recom-
menced 12 hours after return from the operating theatre.

COMPONENT THERAPY

The separation of blood into its components of red cells,
plasma and platelets has enabled clinicians to undertake
specific therapy aimed at the treatment of deficiencies of
any one of these factors. The indications are summarised in
Table 7A.2.

Platelet concentrates are either prepared from whole
blood, with a volume of 50-70 mL and platelet count of
0.5-1.1 X 10'!/L, or by using a continuous flow cell separ-
ator which yields a volume of 20-500 mL and a platelet
content of 2.6-3.0 X 10'!/L. Indications for platelet trans-
fusion in surgical patients are either dilutional thrombo-
cytopenia or acquired platelet dysfunction. Dilutional
thrombocytopenia secondary to massive transfusion
should be treated with platelet transfusions only if the
platelet count is less than about 50 X 10%/L in association
with active oozing from capillaries. Platelet function is
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highly dependent on temperature and it may be necessary
to warm the patient to achieve adequate haemostasis.

Ideally, ABO and Rh specific platelet concentrates
should be transfused but in an emergency incompatible
platelets may be given for the reasons discussed above in
relation to red cell transfusion. Giving group O platelet con-
centrates to group A or B subjects may result in an acute
haemolytic reaction and rhesus sensitisation is possible via
red cells present in platelet concentrate.

During cardiopulmonary bypass and high volume sal-
vage autotransfusion, platelet function is depressed due to
platelet activation in the extracorporeal circuit. Platelet
transfusion may be necessary in these situations.

There are very few indications for fresh frozen plasma
transfusion. In the surgical patient it is useful for emer-
gency reversal of oral anticoagulants. There is no evidence
to support the routine use of fresh frozen plasma in severe
liver disease, disseminated intravascular coagulation (DIC)
and notably massive transfusion. There is no justification
for the use of plasma as a volume expander as colloids
are more effective, cheaper and much safer. When trans-
fusion exceeds 1-1.5 blood volumes and there is clinical
non-surgical bleeding, plasma may be required.

The haemostatic system is extraordinarily resilient to
loss of clotting factors during haemorrhage. Counts et al.
studied 27 massively transfused patients prospectively dur-
ing resuscitation, using modified whole blood which had
the platelets and cryoprecipitate removed.** Despite high
volume haemorrhage and transfusion, it was unusual for
measured coagulation factors to decrease to dangerous
levels. Non-surgical bleeding was found to be due to
thrombocytopenia and also DIC. There was no justification
for the routine administration of supplemental plasma in
this and other studies.

AUTOLOGOUS BLOOD TRANSFUSION

The perceived dangers of third party blood transfusion and
the cost of screening donor blood have rekindled interest
in blood conservation. Autologous blood can be pre-
deposited, withdrawn using isovolaemic haemodilution in
the anaesthetic room, salvaged during surgery with imme-
diate reinfusion or collected from wound drains. The last
two techniques are relevant to trauma surgery.

Blood which collects in serosal cavities such as the chest
or peritoneum is exposed to tissue plasminogen activator,
undergoes clotting and then lysis. Reinfusion of chest
drainage in trauma patients with haemothoraces was first
reported in 1917.* This technique is still useful if chest
drains are inserted while in the field. The blood can be
reinfused during transfer to the trauma centre.

Postoperatively, blood which has been collected from
wound drains may be reinfused without processing. Despite
theoretical worries about the consequence of infusing

activated clotting and other factors, there have been no
reports of adverse consequences using this method. The
Solcotrans orthopaedic system (CR Bard, NJ, USA) uses a
moderate vacuum to drain blood and is useful following
arthroplasty. Various devices such as the Sorensen system
can be used to collect chest drain or mediastinal drainage
blood for reinfusion. The utility of these devices depends
on the rate of bleeding and the haematocrit of the salvaged
blood. If blood loss is rapid it has no time to be lysed and
therefore clots. If blood loss is very slow the transfusate is
mainly tissue fluid with a low red cell content.

During the Vietnam war, Klebanoff and Watkins
developed a roller pump technique to reinfuse blood aspir-
ated from the surgical field.*® Unfortunately, reports of air
embolism led to its withdrawal from the market. The Cell
Saver was a descendent of centrifugal blood separators used
to produce y-globulin and albumin from whole blood for
the treatment of burns. Originally the process was discon-
tinuous but the invention of a rotary seal by Latham in 1947
enabled continuous flow separation to be used. The operat-
ing principle of the Cell Saver (Haemonetics UK Ltd, Leeds,
UK) is now well known: a centrifuge is used to separate the
red cells while anticoagulant and plasma are eluted. The
technique is particularly useful in trauma (Fig. 7A.2a)
because the patient does not have to be heparinised. Modern
equipment can be set up in minutes and the equipment does
not require a specialised perfusionist (Fig. 7A.2b).

There are few studies reporting the use of cell centrifuge
devices in trauma. Goulet et al. reported a 42 per cent
reduction in homologous blood requirement for revision
hip arthroplasty and found that autotransfused patients
who had sustained spinal trauma required 33 per cent less
blood than historical controls.*’” Cell salvage devices are
very useful in ruptured aortic aneurysm surgery, but, hav-
ing said that, small contained retroperitoneal ruptures may
result in a hypercoagulable state. Platelets and clotting fac-
tors have not been consumed to a great degree and the
patient has activated platelets and elevated factor VIII as a
result of the stress. This may make salvage impossible as
the machinery fills with clot. If, on the other hand, there
has been a large bleed and platelet and clotting factors have
been consumed the patient becomes auto-anticoagulated
and salvage is particularly useful.

A further area of concern is the use of cell washing in a
contaminated field. Although the process does not elim-
inate bacterial contamination, reinfusion of contaminated
blood has been reported without significant complica-
tions.*® In trauma surgery intraoperative autotransfusion
combined with broad spectrum antibiotic cover can be life
saving if no other source of blood is available. The only
absolute contraindication to cell saving is faecal contam-
ination because of the danger of physical blockage of the
filters. There is no evidence that the use of intraoperative
autotransfusion devices leads to acquired bleeding tenden-
cies either due to thrombocytopenia or disseminated
intravascular coagulopathy.*
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Figure 7A.2  Life-saving cell salvage devices can be life saving in
vascular emergencies (a) A motor cyclist in a road accident
presented with a right kidney avulsed at the renal artery and vein
and tearing the vena cava. (b) Six litres of blood were recycled
during surgery and he made a good recovery

PHARMACOLOGICAL AGENTS

There are no clear data to support the use of pharmacological
agents in the reduction of traumatic blood loss. However,

there has been a surge of interest in the serine protease
inhibitor, aprotinin (Trasylol, Baylor, UK). Although apro-
tinin reduces blood loss following cardiopulmonary bypass,
a double blind placebo-controlled study showed it to be
ineffective during elective aortic surgery.”® A similar trial in
ruptured aortic aneurysm patients failed to show benefit’!
and it is likely that aprotinin is only of benefit in hyperfibri-
nolytic states. Recombinant factor VII is at present undergo-
ing randomised clinical trials and although there are a few
anecdotal case reports from enthusiasts there is no convinc-
ing evidence to support this very expensive drug.

REGIONAL BLOCK OR NOT FOR VASCULAR
EMERGENCIES

The role of regional blocks in elective vascular surgery is
either as an adjunct to general anaesthesia or as the sole
method of anaesthesia for limb surgery or carotid endarterec-
tomy. Regional techniques are just as applicable to emergency
as well as elective situations, provided that time and normal
coagulation variables permit. Two questions have to be con-
sidered in the application of regional anaesthesia:

o Is there a benefit of regional block in addition to
general anaesthesia?

* How does abnormal coagulation influence the timing
of such blocks?

Yeager et al. studied 53 high risk patients undergoing
elective vascular surgery: they were randomised to receive
either general anaesthesia + epidural (n = 28) or general
anaesthesia + postoperative intravenous opiates (1 = 25).%?
Patients were matched for surgical risk and there were no
other major differences between the groups. The epidural
group had a lower incidence of postoperative complica-
tions, cardiac failure, major infectious complications and
lower hospital costs; all differences were significant at
P < 0.05. Subsequent studies have confirmed improved
cardiovascular and pulmonary function in patients receiv-
ing epidural analgesia following vascular surgery but have
not shown an improvement in morbidity. This may be
because of an inadequate number of small studies, which
prevented closer interpretation by meta-analysis.”> However,
a large-scale trial currently in progress is addressing the
question of cardiac morbidity and mortality with epidural
analgesia.

There are other benefits of epidural anaesthesia, either
as a sole technique or combined with general anaesthesia.
A meta-analysis showed that patients undergoing surgery
for hip fracture had a lower incidence of venous throm-
boembolism under regional block, than with general
anaesthesia alone.”* However, this benefit did not extend
to reduced mortality. In lower limb revascularisation pro-
cedures, there is a reduction in early graft thrombosis in
patients receiving epidural analgesia.”>>°
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Abdominal procedures are complicated by deterior-
ation in pulmonary function in the postoperative period.
Epidural analgesia reduces this problem and improves
oxygenation.”” A large meta-analysis of randomised con-
trolled trials found that an opioid/local anaesthetic mix-
ture via a thoracic epidural decreased atelectasis, pulmonary
infection and hypoxaemia when compared with systemic
opioids.

The dilemma with the emergency vascular patient is
no longer whether an epidural be performed, but when.
In ruptured aortic aneurysms, those patients who are
unstable and require volume expansion should have their
epidural insertion delayed until after surgery has been
completed. All others should have a brief explanation
about the benefits and disadvantages of epidural analgesia,
and if agreed, an epidural catheter should be placed before
surgery.

The issue with those who have not had an epidural
catheter placed before surgery relates mostly to placement
and coagulopathy. This is particularly relevant in emergency
vascular patients, who may have received large volumes of
fluids and heparin intraoperatively. No large-scale trial has
considered this issue and it is unlikely that such a trial would
be feasible because of the low incidence of the most feared
complication, namely, epidural haematoma. An audit 0of 912
vascular patients with an indwelling epidural catheter, and
who received full anticoagulation peroperatively, found no
occurrence of symptomatic epidural haematomas.”® The
main criticisms of this study, apart from the design and
small sample size, are that the catheter was already sited and
also that asymptomatic haematomas were not excluded. A
second study in patients who had received low molecular
weight heparin thromboprophylaxis prior to spinal or
epidural analgesia found no cases of epidural haematoma,>
and concluded that the practice was safe.

In emergency practice the patient will usually require an
epidural after surgery. The evidence suggests that this is still
likely to be very safe, but platelet function and coagulation
studies should be normalised before the introduction of
such a block. This may delay extubation after surgery, but it
is justified by the benefits of epidural analgesia.

Conclusions

Recent studies have provided new evidence that closely
monitored limited early resuscitation, early surgical
control of bleeding and careful use of blood transfusion
can improve the outlook in patients with massive bleed-
ing. Preoptimising patients, if time allows, and the use
of HDU/ICU is essential. Epidural anaesthesia and tech-
niques for avoiding postoperative coagulopathy, espe-
cially warming, and the use of autologous blood, are
further refinements which should be part of routine
emergency surgical practice.
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THE PROBLEM

Intravenous (IV) catheters have become essential tools in
the management of hospital patients. Over the years,
developments in catheters and insertion techniques have
allowed reliable and rapid access to the central venous sys-
tem. Techniques have become simplified to the point that
bedside insertions are now commonplace. Indications for
central line access have evolved to encompass parental
nutrition, administration of irritating or caustic solutions,
haemodynamic monitoring and temporary haemodialysis.
The ability to attain rapid central access without the need
for operating suites makes these types of access useful tools
during medical and surgical emergencies. In spite of the
simplified techniques and the high frequency with which
we use them, complications ranging from minor to fatal
can occur.'™ Respect for central access and understanding
its limitations remain essential when seeking central access.

The subject of emergency vascular access encompasses a
wide array of clinical settings. During a critical injury where
the priority of IV access ranks second only to securing air-
way, two large-bore peripheral IVs are often sufficient. In
the setting of a hypotensive patient in vascular collapse
peripheral IVs can be challenging. These patients require
two large calibre central catheters, one on either side of the
diaphragm to facilitate resuscitation. Similarly, patients who
require rapid fluid resuscitation may require multilumen
central catheters to accommodate multiple IV medications.
In these circumstances the central venous catheter may be
inserted in any available site. Haemodialysis patients, on the
other hand, require additional considerations. When these
patients present for emergency access, strategic planning is

required to preserve potential access sites. A poorly planned
‘quick fix’ in these patients can ruin an entire limb for future
dialysis.

In this chapter we will discuss the vascular access
options available during emergencies. Selected procedures,
particularly central line placements along with the inser-
tion techniques and the management of their complica-
tions will be discussed. Emergency vascular access for the
purpose of haemodialysis requires specific evaluation and
this subject deserves special consideration.

THE HAEMODIALYSIS PATIENT

Chronic renal insufficiency: patients
anticipating haemodialysis

The chronic renal failure patient who anticipates haemodial-
ysis is usually referred by nephrologists and is frequently
encountered in outpatient settings. These patients are
medically stable and do not commonly require immediate
access. They will, however, require a permanent arteriove-
nous (AV) fistula. The preferred site is the non-dominant
distal upper extremity, typically the radial artery to the
nearest suitable vein. Whenever possible, an autologous
fistula of the Brescia—Cimino type is preferred over the
synthetic polytetrafluoroethylene (PTFE) graft because of
its superior primary patency and lower revision rate'’
(see Chapter 41). Since native vein shunts typically require
a 2—4-week maturation period, autologous fistulae fre-
quently require the simultaneous placement of an indwelling
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haemodialysis catheter in the contralateral internal jugular
vein. This allows the patient to undergo haemodialysis
while the fistula matures. The catheter can be removed
after the functional status of the Cimino fistula is established.
In the event that the native vein fistula is not possible due
to a small calibre or tortuous radial vein, a PTFE straight
graft from the radial artery to the antecubital vein should
be considered. Given that PTFE grafts do not customarily
require a maturation period, the simultaneous placement
of a temporary catheter is not necessary.

Acute renal failure and the thrombosed
arteriovenous graft

End stage renal patients require lifelong haemodialysis.
Unfortunately, AV grafts do not last a lifetime. There are a
number of modalities available to address failed AV grafts,
but none can be considered superior. Interventional radi-
ology offers a variety of percutaneous techniques which
achieve satisfactory thrombolysis and thrombectomy under
fluoroscopic guidance. In appropriate circumstances, inter-
ventional radiologists can perform percutaneous translumi-
nal (balloon) angioplasty of compromised outflow or inflow
vessels. Several series report promising results which rival
surgical outcome.'"!? Secondary patency rates, however,
remain similar. For many patients with acutely thrombosed
AV grafts, this modality offers a minimally invasive alterna-
tive to surgical revisions. Grafts with multiple revisions or
extensive intimal hyperplasia require surgical intervention.
When these patients present for surgical repair it is
important to determine the relative urgency of the matter.
In the presence of fluid overload, uraemic encephalopathy
or hyperkalaemia, the need for AV access should be con-
sidered as an emergency. The proper evaluation of patients
in this condition mandates a thorough history and physical
examination. Important historical elements include a his-
tory of previous central catheter placements, hypercoagula-
ble states, immune compromise conditions and the date
of the last dialysis. A thrombosed graft identified 1 day after
effective dialysis would not require emergency repair
whereas one identified 3 days later may do so. Physical
examination must include the patient’s vital signs, weight,
mental status and neurological status. If a new graft involving
the radial artery is contemplated, an evaluation of the ipsilat-
eral ulnar artery supply is warranted. A weak or absent ulnar
artery can be demonstrated by Allen’s test (see Chapter 41).
A graft involving the radial artery in the presence of a weak
or absent ulnar pulse may result in a steal phenomenon
causing ischaemia in the ipsilateral hand. Fever and leuco-
cytosis are signs of infection precluding the placement of a
PTEFE graft. A thrombosed AV graft site should be examined
for evidence of infection necessitating graft removal. The
ipsilateral extremity should be examined for evidence of
venous hypertension, the presence of which warrants a
duplex ultrasound of the axillary—subclavian venous system

to evaluate outflow obstruction. In the presence of proximal
stenosis a distal AV graft will be at risk for early failure. Some
vascular surgeons advocate a duplex ultrasound study
whenever an AV graft in the distal extremity thromboses.

Pertinent laboratory studies include a basic metabolic
panel and a complete blood count. Marked elevation in
blood urea nitrogen can result in uraemic encephalopathy
as well as platelet dysfunction. The latter may be an import-
ant consideration when contemplating surgery or tempor-
ary catheter placement. Marked fluid overload or severe
hyperkalaemia requires emergency haemodialysis. This
may be necessary prior to the availability of a functional
graft. In these circumstances, the placement of a temporary
haemodialysis catheter is appropriate. The site for perman-
ent access should be assessed prior to percutaneous can-
nulation. When using the internal jugular vein for
temporary access, the catheter should be inserted con-
tralateral to the site of the planned permanent access."

In general, acute vascular access can be accommodated
in one of two ways: a double lumen central venous catheter
and a bridge graft AV shunt. Whereas the former is appro-
priate for haemodialysis commencing immediately, the
latter can be available for dialysis commencing within 24
hours. If dialysis is deemed an emergency, and will be
needed for two or more weeks, a soft tunnelled silastic
catheter with a Dacron cuff should be used. A soft catheter
carries a lower incidence of vein stenosis and the Dacron
cuff decreases the likelihood of line sepsis by serving as a
barrier against bacterial migration. Whereas bridge graft
AV shunts must be placed in the operating room (OR), the
percutaneous and tunnelled catheters can be inserted in
the OR or in the interventional radiology suite. Only the
percutaneous catheter can be inserted at the bedside.

INDICATIONS FOR HAEMODIALYSIS

With the exception of complete renal failure, no two
patients have the same degree of renal insufficiency.
Furthermore, the susceptibility to renal failure complica-
tions varies from patient to patient. One factor which can
be fatal in all renal failure patients, however, is hyper-
kalaemia. The elderly patient with pre-existing heart
disease may be more susceptible to cardiac arrhythmias
from hyperkalaemia than one without a cardiac history.
Additionally, a patient with chronic renal failure may tol-
erate a higher degree of hyperkalaemia than one in acute
renal failure (ARF). Consequently, there is no consensus
on the laboratory values which ought to trigger emergency
haemodialysis. Most physicians will agree that symptom-
atic uraemia or abnormal potassium levels along with elec-
trocardiographic (ECG) changes warrant urgent dialysis.
Frequently, medical management of hyperkalaemia must be
initiated while awaiting haemodialysis. This is particularly
important in the hyperkalaemic patient with metabolic
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acidosis. This combination is potentially fatal and necessi-
tates immediate intervention.

When failing kidneys lose the ability to excrete bodily
acids, blood pH must be maintained by other compensa-
tory means. One mechanism involves the uptake of excess
extracellular hydrogen in exchange for intracellular potas-
sium; the result is homoeostatic pH at the expense of worsen-
ing hyperkalaemia. This can be further exacerbated in an

Table 7B.1  Electrocardiographic (ECG) changes in
hyperkalaemia

ECG changes Potassium levels

T waves tenting 5.7-6.9 mEq/L
P wave amplitude decreases, 7.0-8.3 mEq/L
widen PR interval

P wave flat 8.4-8.9 mEq/L
QRS widening 9.0-11 mEq/L
Ventricular fibrillation >12mEq/L
Table 7B.2  Signs and symptoms of uraemia

Signs Symptoms

Pericardial friction rub Nausea/vomiting

Refractory pulmonary oedema Anorexia
Metabolic acidosis Fatigue
Foot/wrist drop Diminished sensorium

Asterixis

Table 7B.3 Indications for haemodialysis

Relative indications Absolute indications

Blood urea nitrogen >100 mg/dL Volume overload

Total parental nutrition or blood
transfusions in acute renal failure

Hyperkalaemia

Uraemic coagulopathy Metabolic acidosis

Drug intoxication Uraemia

Table 7B.4 Types of catheters

intubated patient who cannot compensate for metabolic
acidosis by respiratory efforts. The threshold for arrhyth-
mia arising from hyperkalaemia depends on the patient
and can occur abruptly without uraemic symptoms. Thus,
dialysis access in these patients may be more urgent than
symptoms would suggest. The priority of management in
these patients must be directed toward protecting the
heart. An ECG must be obtained to evaluate hyper-
kalaemia induced changes. Table 7B.1 lists the ECG signs
of hyperkalaemia. Calcium infusion must be administered
to stabilise the myocardium. Serum potassium can be
reduced by the following manoeuvres: intravenous admin-
istration of glucose and insulin, intravenous bicarbonate
and enteral Kayexalate. The use of loop diuretics, such as
furosemide, can often be effective, but may not be useful in
the setting of renal failure. These therapeutic options are
initiated in addition to establishing vascular access in
preparation for haemodialysis.

Table 7B.2 lists signs and symptoms of uraemia. Table
7B.3 lists absolute and relative indications for haemodialy-
sis. In general, chronic dialysis therapy is indicated when
glomerular filtration rate falls belowlOmL/min. More
acute indications include fluid overload, congestive heart
failure, hyperkalaemia, metabolic acidosis, hypertension
uncontrolled by conservative measures and uraemia induced
conditions such as encephalopathy, neuropathy, pericard-
itis and bleeding diathesis. Occasionally a fluid-restricted
anuric patient requires blood transfusions or parenteral
feeds. Haemodialysis may be the only means of removing
excess fluids in these patients. Patients with ARF who may
not require haemodialysis are those developing ARF from
reversible conditions. Such conditions include dehydra-
tion, urinary tract infection, urinary obstruction, hyper-
catabolic states, hypercalcaemia and low cardiac output
states. The decision to initiate haemodialysis therapy
requires an evaluation of the patient’s clinical condition as
well as of serum potassium levels. The urgency with which
dialysis is required will determine whether temporary or
permanent access is more appropriate.

Types of catheter

Table 7B.4 lists the various types of central venous catheter
and their sizes. There are a multitudes of catheters avail-
able and not all are appropriate for haemodialysis.

Type Indications

Insertion site Size

Cordis, triple lumen
HD Catheter
HD Catheter
HD Catheter

Acute blood loss, dehydration
Haemodialysis
Haemodialysis
Plasmaphoresis

Femoral, internal jugular, subclavian
Femoral
Internal jugular vein

Femoral

9 Fr cordis/7 Fr triple lumen
12-13 Fr/16-19cm
12-13 Fr[13-16cm
12-13 Fr/[16-19cm
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Figure 7B.1  Algorithm for acute
vascular access for haemodialysis.
Temporary catheters are appropriate
for haemodialysis commencing
immediately. A bridge graft
arteriovenous (AV) shunt should

be placed if dialysis commences in

24 hours. If the immediate need for
haemodialysis is anticipated to exceed
two weeks, a soft tunnelled silastic
catheter with a Dacron cuff should be
used. In asymptomatic patients, serum
potassium (K] levels of 6 mEq/L or
greater requires immediate medical
intervention in the form of Kayexalate,
insulin/glucose infusion or bicarbonate.
Potassium levels between 5 and 6 mEg/L
may be treated medically. More than
one dose may be necessary. Refractive
hyperkalaemia (=6 mEq/L) necessitates
immediate dialysis. IR, interventional
radiography
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When contemplating a temporary catheter for haemodialy-
sis, both diameter and length must be considered. The unit
known as French (Fr) describes the catheter diameter, and
three Fr units are equivalent to 1 mm. The length of central
venous catheters is measured in centimetres. Catheters
specifically designed for haemodialysis are typically 12 or 13
Fr (4mm). Whereas the femoral vein can accommodate a
long catheter, the internal jugular catheter length is limited
by the position of the heart. In the femoral vein a 16-19 cm
catheter is required whereas in the internal jugular vein a
13—-16 cm catheter would be appropriate for most patients.
On an upright chest X-ray the internal jugular catheter tip
situated at the junction of the superior vena cava (SVC) and
the right atrium would be considered ideal.

Figure 7B.1 provides an algorithm for acute vascular
access for haemodialysis.

ACUTE ACCESS

At the bedside, central access is attained percutaneously. This
method relies on anatomical landmarks to identify suitable
veins. Occasionally, anatomical variation or pre-existing
thrombosis makes the ‘blind’ insertion of central catheters

exceedingly difficult and even dangerous. In recent years,
portable real time ultrasound has made the identification of
suitable targets easier and increased the rate of successful
cannulation. Not surprisingly, central line placement under
ultrasound guidance is associated with fewer complica-
tions.!*!” When central access is contemplated for patients
with previous multiple central lines, real time ultrasound is
recommended.

SELDINGER TECHNIQUE

In principle, the Seldinger technique provides a reliable
method for locating and percutaneously cannulating a ves-
sel. This method makes use of a soft guidewire threaded
through an 18 gauge needle placed in a vein. The wire then
serves as a guide over which a softer catheter can be
inserted. As with any procedure, proper preparation helps
to minimise complications. The site of insertion must be
prepped widely with povidone iodine. The patient as well
as the surrounding work area is draped with sterile towels.
The physician is capped, masked, gowned and gloved in a
sterile fashion. All components of the catheter must be
confined to a sterile field and readily accessible.
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The skin and subcutaneous tissue at the insertion site
are anaesthetised with 3-5mL of 1 per cent lidocaine
(Xylocaine) using a 25 gauge needle. A thin walled 18
gauge needle is introduced into the vein guided by land-
marks and/or real time ultrasound. The needle enters at a
45 degree angle with the skin, aspirating as the needle
advances. The return of dark non-pulsatile blood indicates
venepuncture. The syringe is then removed with the needle
still in place. The hub of the needle should be covered at this
point to avoid introducing air into the vascular system. A
sterile guidewire is passed into the vein through this needle
which is then removed over the wire. A number 11 scalpel
blade extends the insertion site by 2—3 mm at the skin. A
dilator is passed over the wire through the cutaneous tissue
into the vein and subsequently removed. A catheter is then
placed over the wire into the vein. The wire is withdrawn
with the catheter still in place. The functions of all ports are
evaluated by withdrawing blood from each of them, fol-
lowed by a sterile heparinised saline flush. The catheter is
ultimately sutured in place and dressed in sterile fashion.

FEMORAL VEIN

The femoral vein lies medial to the usually palpable
femoral artery located in the femoral triangle (Fig. 7B.2).
The insertion site is approximately 1cm medial to the
femoral artery and 3—4cm below the inguinal ligament.
The patient is positioned supine with the lower extremity
slightly externally rotated. The Seldinger technique is then
used to complete the insertion. Resistance at the femoral
site suggests either that the wire has failed to enter the vein
or that the patient is not supine. In the former case, the
wire must be withdrawn and the femoral vein is sought
again with a needle and syringe, whereas in the latter the
patient is repositioned lying supine but avoiding flexion at
the hip so that the wire does not have difficulty negotiating
a bend. Ascites can sometimes cause resistance at the
femoral site. In no circumstances should the wire be
forced. An alternative site should be considered if resist-
ance persists despite the above manoeuvres.

Advantages of the femoral site

The femoral veins are relatively far from the heart and lungs.
This makes the femoral site ideal when a central line is
required during cardiopulmonary resuscitation (CPR). From
a technical viewpoint, the femoral vein is easily accessible and
its landmarks are readily apparent. Alternative sites such as
the internal jugular or subclavian vein increases the risk of
pulmonary injury. Thus, patients with poor ventilation, pul-
monary oedema or congestive heart failure may be better
served with femoral line access.”” The femoral catheter
does not require a postprocedural X-ray to verify position.
A successfully placed femoral line is therefore immediately
functional and extremely useful during emergencies.

/ Inguinal ligament

Femoral vein
insertion site

f

Adductor
{ “

Femoral
nerve, artery
and vein

rtori
Sartorius longus

Figure 7B.2  The femoral triangle is defined by the inguinal
ligament superiorly, the sartorius muscle laterally and the
adductor longus medially. The femoral nerve, artery and vein
course through this triangle. The femoral vein lies medial to the
artery. The palpable artery in this triangle helps to identify the vein.
The arrow indicates site of catheter insertion

Disadvantages of the femoral line

The femoral site is in close proximity to the rectum and
genitalia. Bacteria migration facilitated by bodily fluids from
this region increases the likelihood of line infections. In
non-emergency settings, femoral access may interfere with
mobility and is itself thrombogenic. Nonetheless, femoral
lines are used in ambulatory dialysis settings and have been
reported safe and effective for as long as 14 days.'* In the set-
ting of trauma where hip fracture is a possibility the femoral
site may not be the best choice. Local oedema and tender-
ness interfere with proper positioning and exposure. If the
line is placed for the purpose of haemodialysis, the femoral
site is not always practical. The sitting position produces a
bend in the femoral catheter thereby reducing flow during
dialysis. The patient is thus required to remain supine for
the duration of the haemodialysis session lasting 2—4 hours.
Furthermore, the femoral IV can be particularly cumber-
some in the OR because anesthesiologists, positioned at
the head of bed, may find it difficult to gain access to the
catheter.

Complications associated with femoral access

While the placing of femoral lines is technically simple, and
provides a rapid means of establishing vascular access, it is
not without complications. Femoral pseudoaneurysms
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can result from attempted femoral vein catheterisation and
is attributed to inadvertent artery puncture, the risk being
higher in the anticoagulated patient (see Chapter 38). The
patient commonly presents with local pain with an associ-
ated palpable mass at the site of puncture. Auscultation
over the mass may reveal a bruit. Ultrasound shows
extravasated blood contained within the surrounding tis-
sues. Direct pressure usually results in total resolution but
can be painful and may take up to 37 minutes to
resolve.’*?! In a small percentage of cases, compression
therapy fails, requiring ultrasound guided thrombin injec-
tion. Obliteration of these false aneurysms with thrombin
injections is reportedly immediate and pain free. Failure of
thrombin therapy may be related to the size of the
pseudoaneurysm. The principal concern is the rupture of
the pseudoaneurysm resulting in uncontained blood loss.'?
Surgical repair may be necessary.

Another femoral catheter complication is the formation
of an AV fistula (see Chapter 38). Diversion of blood from
artery to vein has the potential of causing ipsilateral venous
hypertension, distal arterial insufficiency and high output
heart failure.'® A possible mechanism involves inadvertent
arterial puncture during attempts at central access. The
subsequent venepuncture on the ipsilateral side sets up an
AV communication. Duplex ultrasound is often diagnostic
but an angiogram may be warranted in the presence of
arterial insufficiency and inconclusive ultrasound. Large
symptomatic fistulae usually require surgical repair.

Another reported complication of the femoral catheter
is the entanglement of the guidewire with an existing infer-
ior vena cava (IVC) filter?? (see Chapter 20). Careful atten-
tion to the history helps avoid this particular complication.
Guidewire entanglement with an IVC filter has also been
reported during catheter placement in the right internal jugu-
lar vein® and subclavian vein.?>~?® The interventional radi-
ologist can, under fluoroscopic guidance, facilitate removal
of the wire. In the presence of an IVC filter, it is probably
best to perform central access under fluoroscopic guidance.

Potential complications at sites used
in venous access

¢ Femoral
— Pseudoaneurysm
— AV fistula
— Guidewire entanglement in IVC filter
¢ Internal jugular
Pneumothorax
Arrhythmias
Thrombosis
— Guidewire migration
¢ Subclavian
— Stenosis
— Venous hypertension and thrombosis

THE INTERNAL JUGULAR VEIN

Catheterising the internal jugular vein is also achieved by
the Seldinger technique. When possible, the patient should
be adequately sedated, and placed under external cardiac
monitoring. The patient is place in a 15-20 degree Trende-
lenburg position with the head turned away from the inser-
tion side. A towel roll placed horizontally behind the
shoulders extends the neck and accentuates landmarks. The
internal jugular can be accessed either by a middle or poster-
ior approach? (Figs 7B.3 and 7B.4). The safest method to
locate the IJ vein is by way of a 25 gauge seeker needle. Once
found, an 18 gauge needle can be introduced into the vein
following a course parallel to that of the seeker needle.

Sternocleido- Carotid
mastoid artery
(SCM)

Internal
External jugular
]ugular vein
vein

Sternal
head of
SCM

_g—
Subclavian !

=
vein Clavicular head \\
of SCM

svC

Figure 7B.3  Muscles and vasculature of the neck. The vessel
coloured red represents the carotid artery whereas those coloured
blue represent the internal jugular vein, the subclavian vein and
the superior vena cava (SVC). The clavicular and sternal heads

of the sternocleidomastoid (SCM) join superior to the clavicle

and serve as a landmark in locating the internal jugular vein.

The clavicle and suprasternal notch are landmarks for the
subclavian approach
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The middle approach

The internal jugular lies deep to the sternocleidomastoid
(SCM), approximately 1 cm posterolateral to the palpable
internal carotid artery, coursing most superficially between
the clavicular and sternal heads of the SCM? (see Figs 7B.3
and 7B.4). The middle approach cannulates the internal
jugular at this site. With one finger on the carotid pulse
and a 25 gauge needle attached to a 5ml syringe in the
opposite hand, the internal jugular vein is sought by pene-
trating the skin lateral to the pulse in the direction of the
ipsilateral nipple, aspirating as the needle advances. If redir-
ection is required, the needle should be withdrawn and
reinserted in a more lateral direction. Once found, the

Posterior
approach Middle

approach

Subclavian approach

Figure 7B.4  Central line insertion sites at the neck. The arrows
indicate sites of insertion. Two widely used sites for the internal
Jjugular vein are illustrated, namely, the middle and the posterior
approach. The middle approach uses the most superficial segment
of the internal jugular vein, which lies at the junction of the two
heads of the sternocleidomastoid (SCM). The posterior method
approaches the internal jugular from behind the lateral edge of the
SCM just superior to its junction with the external jugular vein.
Whereas risks of arterial puncture are higher from the posterior
approach, the middle approach is associated with a higher
incidence of pneumothorax. Also illustrated is the subclavian site.
The risk of pneumothorax is greatest with this approach

syringe is removed with the needle remaining in place. An
18 gauge thin wall needle then follows a parallel course
entering the skin at a 30-45 degree angle. When dark non-
pulsatile blood returns, the Seldinger technique is used to
complete catheter insertion.

The posterior approach

The posterior approach enters the internal jugular from the
posterior edge of the SCM superior to the point where it
meets the external jugular vein. A seeker needle is directed
deep to the SCM and towards the suprasternal notch. Once
located, an introducer needle follows the course of the seeker
needle in parallel fashion. The internal jugular vein can then
be cannulated as described by the Seldinger technique.

An upright chest X-ray is essential to verify catheter tip
position and to rule out pulmonary injury. The preferred
tip position is in the SVC approximately 1-2 cm above the
SVC-atrium junction. Most catheters have depth markers
that help guide proper placement. In a 70 kg patient, the
catheter should be inserted to the 17 cm mark from the left
internal jugular vein. When cannulating the right internal
jugular vein, the catheter should be inserted to the 14 cm
mark. Soft catheters can be placed as far as the right atrium.
Stift catheters such as those used for temporary haemo-
dialysis will irritate the myocardium causing arrhythmia.!

Advantages of the internal jugular catheter

In the vast majority of cases the internal jugular site is read-
ily accessible. The landmarks are readily apparent, and the
carotid artery can be easily compressed should it be nicked
during the search for the vein. Central catheters in this
position are well tolerated. Mobility of the neck is min-
imally affected, and the patient may walk without affecting
the function or position of the catheter. Being relatively
remote from the rectum and genitalia keeping this site
clean is less problematic than it is for femoral catheters,
thus allowing the line to be kept in place for a relatively
longer period of time. The right internal jugular leads
directly to the SVC without much curvature so that a rigid
catheter can be placed easily without provoking the stenos-
ing effect associated with subclavian central lines.!=1327:28

Disadvantages of internal jugular catheters

Insertion of a large bore needle into the anterior triangle of
the neck in search of a carotid sheath structure carries inher-
ent risks. Local injuries ranging from haematomas, infec-
tions and nerve injuries to ipsilateral lung collapse are all
documented complications. In addition, there are a variety
of conditions that can make the internal jugular vein virtu-
ally inaccessible. In the trauma setting, a hard cervical collar
often precludes the placement of a central line at this site. In
an obese patient with a short neck the anatomical landmarks
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may be distorted making identification of the internal jugu-
lar vein difficult. A patient in pulmonary oedema or conges-
tive heart failure would not tolerate the Trendelenburg
position required for the cannulation of vessels in the neck.
Cardiopulmonary resuscitation in progress, particularly
chest compressions, makes it virtually impossible to place
a line in the internal jugular vein. Compared with other
central sites, the internal jugular carries the highest rate of
anatomical variability resulting in difficult venous access. In
a patient without previous central lines, anatomical variabil-
ity can be as high as 5 per cent.! In a patient who has not pre-
viously had a central line inserted thrombosis or variability
ranges from 16 to 27 per cent.!3%141517 Whereas real time
ultrasound can guide the operator toward a suitable vein in
41 per cent of these cases, in the remaining cases the veins
were found to be either too small for cannulation, throm-
bosed or nonexistent.” When confronted with a difficult
access it is important to keep in mind the fact that the risk of
pneumothorax increases with the number of attempts. An
ultrasound guided technique may therefore be helpful.

Complications of internal jugular catheters

The lung apex is in the direct path of the introducer needle
as it penetrates the internal jugular from either side and
therefore pneumothorax represents an inherent risk of
internal jugular vein catheterisation. The rate of this com-
plication in association with internal jugular insertions is
within the range of 0 to 1.8 per cent,! occurring much more
frequently with the middle approach.? Pneumothorax may
be recognised during the procedure by the aspiration of air,
respiratory distress and decreased ipsilateral breath sounds.
Contralateral tracheal shift and hypotension are signs of a
tension pneumothorax requiring immediate decompres-
sion. An upright chest X-ray confirms the diagnosis, and in
most patients, particularly those on positive pressure venti-
lation, air has to be evacuated via thoracostomy tubes.

The risk of pneumothorax can be minimised by attention
to a few technical considerations. First, the introducer nee-
dle should enter the skin at a 30—45 degree angle to the neck,
particularly when using the middle approach. A lower angle
places the needle in the direct path of the lung apex. Second,
the incidence of pneumothorax rises with the number of
attempts. Given the high anatomical variability and abnor-
mality in patients, repeated blind attempts are never recom-
mended. Real time sonographic guidance can be a useful
adjunct when landmarks fail.

Cardiac problems are not infrequently encountered dur-
ing attempts at central access on patients in the intensive
care unit. Continuous cardiac monitoring reveals premature
ventricular contractions which occasionally lead to ventricu-
lar tachycardia. The cause is often myocardial irritation
caused by the guidewire. When this occurs, the wire is par-
tially withdrawn until the arrhythmia subsides. Sometimes,
infusion of 1 mg/kg of injectable lidocaine is necessary to
abort this arrhythmia. Consequently, some institutions

advocate continuous cardiac monitoring during all internal
jugular and subclavian central access procedures.

Central vein thrombosis and thrombosis within the
atrium have been described in association with central
venous catheters.! Although not often symptomatic, central
vein thrombosis presents with swelling of the ipsilateral
extremity with associated pain and tenderness. Ultrasound
venography is diagnostic and the treatment is catheter
removal and anticoagulation. A thrombus in the right
atrium is rare but life threatening. Removal of the catheter
under real time sonography with lytic therapy may be neces-
sary to avoid large scale pulmonary embolism.!

A less frequent but real complication of the internal
jugular line is losing control of the wire and allowing it to
be dislodged entirely into the vascular system.? Retrieval
requires the help of interventional radiology using real time
ultrasound guidance. Migration of the ‘out of control’ wire
into the heart can result in fatal arrhythmias. The inability
to remove the inciting factor quickly in this situation is
potentially life threatening. The solution is prevention and
therefore the wire must be kept under control at all times.

SUBCLAVIAN LINE PLACEMENT

The union of the cephalic and axillary veins marks the
beginning of the sublcavian vein. It enters the thorax, cours-
ing deep to the clavicle and superficial to the anterolateral
aspect of the first rib. The subclavian artery lies deep to the
vein. The anterior scalene muscle separates the two vessels,
and the lung apex lies medial and posterior to the sub-
clavian vein. Landmarks for subclavian vein access include
the clavicle, acromioclavicular joint and suprasternal notch?
(see Figs 7B.3 and 7B.4).

The patient is placed in a 20-30 degree Trendelenburg
position with the head turned away from the side of inser-
tion. A towel roll is placed vertically between the scapulae
to accentuate landmarks. The insertion site is widely
prepped with antiseptic solution and the surrounding
work area is draped in a sterile fashion. As with any central
access procedure, the physician is capped, gowned and
gloved in sterile fashion.

The insertion site is 1-2 cm below the inferior margin
of the clavicle at the junction of its distal and medial thirds.
The skin, subcutaneous tissue and the clavicular perios-
teum are anaesthetised with 1 per cent lidocaine using a 25
gauge needle. With the index finger on the sternal notch
and the thumb on the clavicle, an 18 gauge introducer nee-
dle enters the anaesthetised skin with the bevel cephalad,
aiming at the sternal notch and intentionally hitting the
clavicle. When the clavicle is encountered, march down the
clavicle until the needle is flush with the inferior surface of
the clavicle. The needle is advanced slowly with the needle
‘hugging’ the inferior margin of the clavicle and aspirating
simultaneously. When dark non-pulsatile blood returns,
the needle is rotated 180 degrees so that the needle bevel
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now faces caudal to facilitate guidewire insertion. The
Seldinger method is used to complete the cannulation.

Advantages of subclavian catheters

Although potentially dangerous and clearly requiring skill,
many physicians favour the subclavian site because it offers
constant anatomy. The clavicle serves as a landmark regu-
larly directing the physician to the subclavian vein. This
landmark is usually palpable even in obese patients, regard-
less of the length of the neck. In the trauma setting where
cervical collars preclude internal jugular placement, sub-
clavian catheterisation remains a viable option. Once in place,
the catheter can be secured below the clavicle, hidden away
from visible areas. The mobility of the patient is entirely
unaffected, and this site can be kept clean with relative ease.

Disadvantages of subclavian catheters

Along with the many advantages of subclavian catheters,
there are definite pitfalls. Like internal jugular lines, sub-
clavian catheters are difficult if not impossible to place during
chest compressions. Like the internal jugular site, subclavian
line placements are most successful when patient is in the
Trendelenburg position. Patients unable to tolerate the flat
or head-down position may not be suitable candidates for
subclavian central lines. Also as with internal jugular
catheterisation, pneumothorax is an associated risk. The risk
of pneumothorax is higher during subclavian line placement
(2-5 per cent)? compared with that that of internal jugular
catheterisation. In addition, the clavicle is an effective rigid
barrier over the subclavian vessels making direct compres-
sion impossible should the subclavian artery be punctured
inadvertently.

Complications of subclavian catheters

Subclavian and internal jugular access procedures share
many common complications but those unique to the sub-
clavian catheter deserve separate discussion. Subclavian
haemodialysis catheters are associated with subclavian vein
stenosis ranging from 42 to 50 per cent.">*" Significantly,
the same type of catheter in the internal jugular site is asso-
ciated with a markedly reduced internal jugular stenosis
rate (0 to 10 per cent),"*>?! thought to be attributable to
stresses exerted by the rigid haemodialysis catheter on the
subclavian vein as it negotiates the brachiocephalic trunk.
The point of insertion becomes a focal point of stress
aggravated by transmitted irritation from the beating
heart’> and endothelial irritation eventually developing
into a stenotic lesion. The relatively direct path from the
right internal jugular vein to the SVC requires no bend in
the catheter. The result is that less stenosis is observed with
haemodialysis catheters at the internal jugular vein.!

This is particularly important to the chronic renal dialy-
sis patient whose continued dialysis depends on availability

of vascular access. Stenosis at this central site can comprom-
ise outflow from the ipsilateral arm. Consequently, AV
shunts distal to the lesion ultimately fail secondary to
venous hypertension. This observation led to a strategic
approach in the management of dialysis patients who
require temporary catheters. Clearly, the first choice for a
temporary catheter site should be the right internal jugular
vein. Equally clear is the site of last resort, namely, the sub-
clavian vein. Choices falling in between are the left internal
jugular and the femoral site. Whereas the left internal jugu-
lar has a tortuous path to the SVC, the femoral veins are
associated with higher risks of line infection.

Conclusions

The need for emergency vascular access is encountered in
awide array of clinical settings. In recent years, temporary
venous catheters have become indispensable tools within
hospital. The ease of insertion has made these devices use-
ful during resuscitation efforts in cases of trauma, dehy-
dration, haemorrhage and ‘code blue’ situations. For
patients requiring emergency haemodialysis, these
catheters have become life-saving temporising measures.

In spite of the many short term advantages, immediate
and life-threatening complications such as haemopneu-
mothorax, haemorrhage, infection, arterial laceration, as
well as the long term consequences of thrombosis and
stenosis are associated with temporary catheters. These
complications can occur even in the hands of experienced
physicians. Respect for the potential complications and
an understanding of the physician’s own limits are essen-
tial when seeking central access.
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INTRODUCTION establishing priorities, particularly if an imaging procedure

Vascular imaging techniques have improved significantly
in the past decade and a wide range of invasive and non-
invasive modalities are now available to the clinician. It should
be remembered that when dealing with vascular emergencies,
time is of critical importance in preventing life-threatening
haemorrhage and restoring vascular continuity and tissue
perfusion. Although there has been an overall reduction in
the time required to obtain high quality images, significant
delays during investigations still occur which may have a dis-
astrous consequence for the patient. Liberal use of radio-
logical investigations is never a substitute for good clinical
acumen. A careful history and detailed examination should
facilitate selection of the appropriate imaging technique.

In certain situations, unstable patients in the accident
and emergency department benefit from direct transfer to
the operating room for life- or limb-saving surgery. Recent
developments in endovascular surgery have improved the
quality and range of imaging techniques available in the
operating room for such patients.

Alternatively, following diagnostic imaging, some patients
may benefit from radiological intervention such as vessel
embolisation or stent placement. In this situation it is
important that patients are monitored appropriately in
the imaging suite while retaining easy access for possible
anaesthetic and surgical intervention. A patient presenting
with a vascular emergency is best served by the early involve-
ment of both a senior vascular surgeon and radiologist. In
addition to established skills in performing complex inter-
ventional procedures an experienced radiologist can often
detect subtle signs from initial plain films or non-invasive
tests. Similarly, during an evolving vascular emergency, the
presence of an experienced vascular surgeon will help in

has to be abandoned and the patient taken to the operating
theatre expeditiously.

As a result of recent endovascular developments, some
centres have excellent imaging facilities in the operating
theatre. This can reduce delays and facilitate endovascular
intervention.

It is important that a good working relationship is main-
tained between vascular surgeons and radiologists and that
multidisciplinary guidelines based on local resources and
clinical expertise are agreed and implemented in the man-
agement of vascular emergencies.

This chapter provides a broad overview of the range of
imaging techniques available in managing vascular emer-
gencies. The advantages and disadvantages of imaging
techniques in specific anatomical areas are discussed.
Individual authors outline their preferred imaging tech-
niques in managing specific vascular emergencies in the
relevant chapters of this volume.

VASCULAR IMAGING TECHNIQUES

Digital subtraction angiography

The modern angiographic suite is equipped with a large
diameter image intensifier which offers excellent real time
fluoroscopic image quality with a minimised radiation
dose. Many strategies are employed to keep the radiation
dose to the operator to a minimum such as pulsed fluo-
roscopy, last image hold, undertable lead curtains and ceiling
hung lead glass which can be positioned optimally for each
acquisition. The suite will often provide an operating the-
atre environment with at least 20 air exchanges per hour,
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quality floor and wall coverings and a minimum of hori-
zontal surfaces. Image acquisition can be achieved at high
frame rates, typically up to 12 frames per second with a
1024 matrix. Postprocessing tools such as automatic pixel
shift, rewindow and remask will often enable diagnostic
images to be retrieved from series acquisition even follow-
ing significant patient movement. An example of a periph-
eral leg run-off study is shown in Fig. 8.1a.

Duplex ultrasound

Duplex ultrasonography is the combination of grey scale
ultrasound imaging with Doppler sonography allowing an
evaluation of vessel morphology and blood flow character-
istics. The technique is particularly useful in the diagnosis
of carotid artery disease and deep vein thrombosis (DVT).
The modality is somewhat operator dependent, however,

and some detailed vascular studies can be time consuming,
thus limiting its role in emergency situations. Its advan-
tages include the lack of ionising radiation, the relatively
low cost of equipment and its mobility. The recent devel-
opment of small portable scanners is likely to increase the
role of emergency duplex sonography.

Computed tomography

Computed tomography (CT) is widely available and in the
context of vascular imaging is relatively easy to carry out
and to interpret. Imaging is performed in the arterial phase
following intravenous injection of contrast (approximately
20-50 seconds). Multiplanar reconstruction and various
display techniques such as surface shaded display and max-
imum intensity projection provide different formats with
which to view the acquired data. Computed tomography

Figure 8.1  Normal lower limb
angiogram: (a) digital subtraction
angiogram, (b) computed
tomography angiogram and

(c) magnetic resonance angiogram
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provides superb contrast resolution and visualisation of
adjacent non-vascular structures thus giving a multisystem
evaluation from one acquisition and is particularly useful
in the evaluation of a trauma patient. The development of
multislice technology has further expanded the indications
for CT angiography (CTA) as accurate images of run-off
vessels (Fig. 8.1b) are now also available with the advan-
tages of reduced examination time, reduced contrast load
and increased contrast and spatial resolution.! There is a
radiation dose penalty but advances in detector technology
have minimised this disadvantage. The occasional draw-
backs are the requirement for long and cumbersome post-
processing and the presence of calcified plaques which
further complicate the evaluation.?

Magnetic resonance angiography

Magnetic resonance imaging (MRI) has some drawbacks
in the acute setting: emergency access is limited in many
institutions due to a large scheduled workload; it may be
difficult to determine the presence of any contraindica-
tions to imaging for each patient; transfer of the intubated
patient into the magnetic field requires MRI compatible
anaesthetic equipment.’ Intravenous injection of gadolin-
ium-based contrast reduces the T1 value of blood so that
short TR (time of repetition) imaging results in high signal
from the blood, providing excellent contrast resolution.*
Most sequences used are three-dimensional gradient
recalled echo techniques with heavy T1 weighting. Low
TR values ensure suppression of background structures,
while high intra-arterial concentration of contrast material
ensures good vessel-to-background contrast.” Short imag-
ing sequences obtained during a single breath-hold min-
imise respiratory artefact. The use of contrast to directly
image the blood avoids the limitations encountered when
the imaging signal is derived from blood flow, such as long
imaging times, in-plane saturation effects and loss of signal
at sites of stenosis due to turbulent flow.® This last limitation
often results in an overestimation of the degree of vessel
stenosis, although the presence of occlusion is detected very
accurately by both methods. When higher doses of gadolin-
ium are used results can match those of intra-arterial digi-
tal subtraction angiography (DSA), even for the clinically
important stenoses of 70-99 per cent.’

Additional techniques are being developed constantly
to improve image quality. Several authors have reported the
value of image subtraction, comparable to DSA, in which
an image is obtained immediately before administration of
gadolinium and used as a mask image to subtract from that
obtained after gadolinium 1is injected (Fig. 8.1c). Thus
background tissues, in particular fat, are removed and as a
result the quality of the image is improved.®? Magnetic res-
onance angiography (MRA) has replaced invasive preoper-
ative imaging in many centres, and it has been used as the
imaging modality for planning endovascular interventions.”

IMAGING IN SPECIFIC VASCULAR
TERRITORIES

Head and neck

The gold standard technique for imaging the carotid and
vertebral arteries is selective angiography. The most import-
ant complication of cerebral angiography is stroke occurring
as a result of emboli dislodged from atherosclerotic plaques
or the accidental injection of thrombus or air. The incidence
of permanent cerebral ischaemic episodes is approximately
0.5 per cent.!? Other complications include vessel dissection
and puncture site haematoma.

Duplex ultrasonography of the extracranial carotid arter-
ies provides exquisite images of the carotid bifurcation but
falls short in the evaluation of high internal carotid artery
lesions and in characterising very high grade stenoses.
Recent advances in MRA have resulted in high quality,
high resolution, non-invasive imaging which is likely to
replace catheter directed angiography.

Imaging of thoracic vessels

The thoracic aorta can be studied using a catheter passed to
the level of the ascending aorta. Several images per second
should be obtained using a number of radiographic projec-
tions, in particular the steep right posterior oblique which
unfolds the aortic arch and the great vessels best (Fig. 8.2).
Complications (1-3 per cent) are rare and are most

Figure 8.2  Flush arch angiogram in right posterior oblique
projection demonstrating the aortic arch and origins of great vessels
in a patient with blunt chest trauma. There is a pseudoaneurysm
indicating injury of the proximal innominate artery
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commonly seen at the puncture site. Others include arte-
rial dissection, embolisation resulting in cerebral ischaemia
and major artery thrombosis. In general terms, inexperi-
ence on the part of the operator and prolonged procedure
times compound the risk of complications.

Transoesophageal echocardiography (TOE) in the man-
agement of the critically injured patient is of value in
detecting possible injury to the thoracic aorta and in exclud-
ing the presence of blood in the pericardial sac. This is a
particularly useful investigation in unstable patients in the
operating room or intensive care unit who cannot be trans-
ported to the radiology suite.

Spiral CT images, derived during the pulmonary arter-
ial phase in a single breath-hold following the administra-
tion of intravenous contrast, have been shown to be useful
in the diagnosis of pulmonary embolism.!! The options for
reconstruction and display, and the more rapid imaging
afforded by multislice scanning, will no doubt increase the
utility of this modality in coming years. Magnetic reso-
nance imaging can also be used to visualise the pulmonary
arteries, (Fig. 8.3) and, in addition, MR velocity mapping
can confirm reverse diastolic flow in patients with pul-
monary hypertension.

Pulmonary angiography today is a safe and simple pro-
cedure and is still considered the gold standard for imaging
these vessels. Access is usually obtained via a femoral vein
although the jugular or brachial routes are alternatives.
Complications are rare and usually involve cardiac
arrhythmias while the catheter is within the heart. Acute
cor pulmonale may occur in patients with pulmonary

Figure 8.3 Three-dimensional gadolinium-enhanced magnetic
resonance angiogram of the chest demonstrating pulmonary and
systemic vessels (courtesy of Siemens Medical Imaging)

hypertension but the overall mortality from this complica-
tion is around 0.3 per cent.

Abdominal aorta

Where possible angiography of the aorta is performed via a
transfemoral approach, although in the situation of aortic
stenosis or occlusion a 4 Fr catheter placed via the brachial
or axillary artery is effective. In current practice direct
translumbar aortography is very rarely performed.

Volumetric CT scanning is the most commonly used
technique in the evaluation of aortic aneurysms as it pro-
vides accurate information concerning the size of the
aneurysm and in cases of rupture by demonstrating with
high sensitivity the presence of retroperitoneal haemor-
rhage. The use of multiplanar reconstruction allows accur-
ate measurement of aneurysm dimensions essential in
planning for aortic stent grafting.

In the assessment of aortic aneurysms MR imaging can
provide excellent depiction without the requirement for
iodinated contrast, again multiplanar reformatting is pos-
sible providing advantages similar to those with CT scan-
ning. Ultrasound is useful particularly in screening for aortic
aneurysms; its sensitivity in the detection of retroperi-
toneal haemorrhage, however, is significantly less than that
of CT scanning. The use of Doppler ultrasound, particu-
larly when combined with ultrasound contrast agents, has
been shown to be extremely sensitive in the detection of
endoleaks post-aortic stent grafting.'?

Renal arteries

The renal arteries can be assessed angiographically by the
placement of a flush catheter within the aorta just above
their origins. More than one view is normally obtained as
renal arteries have a variable site of origin from the aortic
wall. Carbon dioxide is a useful adjunct to the procedure in
a setting in which the patient has renal impairment and
where radiographic contrast is relatively contraindicated.
Contrast-enhanced MRA now offers an alternative. Early
sequences using time-of-flight (TOF) methods or phased-
contrast techniques were unfortunately limited by poor
spatial resolution and in-plane flow saturation. Three-
dimensional acquisitions using gadolinium enhancement
with a single breath-hold overcome these problems and allow
satisfactory imaging in most instances (Fig. 8.4). Sensitiv-
ities of 95-100 per cent have been regularly reported.'

Visceral aortic branches

Angiography is still the gold standard for assessment of the
coeliac axis and mesenteric arteries. Vessel origins are best
displayed using a lateral or lateral oblique projection of a
flush aortogram. Selective injections can be undertaken,
particularly when looking for distal pathology such as acute
bleeding (Fig. 8.5). A variety of precurved catheters are
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available for this purpose and the optimal choice will depend
on the configuration of a vessel. Very distal positions within
the mesenteric or coeliac territories can be achieved using
coaxial catheters where, for example, a 3 Fr catheter is
passed through the lumen of the 4 or 5 Fr catheter placed in
the origin of the vessel. This technique is particularly use-
ful where acute distal bleeding points are identified in var-
ious settings: trauma, acute gastrointestinal haemorrhage
and wherever embolisation is contemplated.

Doppler ultrasound can be used to assess the volume of
flow in the superior mesenteric artery by measuring the
luminal area and the mean velocity of flow. In general, the
waveform in this vessel demonstrates high impedance flow
with reversal of flow in diastole. Doppler ultrasound is

Figure 8.4 Three-dimensional gadolinium-enhanced magnetic
resonance angiogram of renal arteries (courtesy of Siemens
Medical Imaging)

particularly useful in the assessment of the portal vein,
angiographic definition of which is generally achieved
indirectly. It is also useful in the assessment of hepatic
arterial flow volumes and in liver transplantation where
stenosis of the hepatic arterial anastomosis can lead to loss
of the graft.

Computed tomography arteriography is also useful and
the various methods of image reconstruction described
above can be used to demonstrate very adequately the prox-
imal branches of the superior mesenteric artery and coeliac
axis. Distal active bleeding points can also be detected as a
blush of contrast extravasation. Mesenteric occlusive disease
can also be assessed using MR angiography. A single breath-
hold, three-dimensional gradient echo sequence using
intravenous gadolinium can be used to avoid the artefacts
produced using older techniques. In addition, real time
imaging of up to 20 images per second can be achieved.'
Quantification of blood flow is also achievable using
several MR techniques.

Pelvic imaging

Haemorrhage is a common complication of pelvic trauma.
Computed tomography can very adequately delineate
pelvic haematoma and with dynamic scanning extravasa-
tion of contrast will point to an arterial bleeding source.
Frequently CT fails to show the exact source of bleeding
but that objective is best achieved using arteriography.
Flush angiography from a site just above the aortic bifurca-
tion will frequently demonstrate an actively bleeding source
in the pelvic vessels (Fig. 8.6). Should that fail, selective

Figure 8.5 Selective arteriogram of distal jejunal arcade in a
patient with acute gastrointestinal haemorrhage. Note active
extravasation from a jejunal bleeding point

Figure 8.6 Flush arteriogram in a patient with multiple pelvic
fractures. Note extravasation from an actively bleeding right
obturator artery
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injection, particularly of both internal iliac arteries, will be
helpful using a variety of precurved catheters. This should
allow identification of bleeding sites and subsequently
haemorrhage control by transcatheter embolisation using
a variety of embolic materials.'®

The decision to attempt pelvic embolisation can be
extremely difficult and requires an informed discussion
between the clinicians involved. It is important to exclude
other sources of abdominal haemorrhage and to achieve
some form of pelvic bony stability before embarking on
attempts at embolisation.

Lower limb vessels

The imaging gold standard for the assessment of lower limb
arteries is probably angiography (Fig. 8.7). A non-invasive
method of assessment is duplex ultrasonography. This
technique is time consuming and requires considerable
experience, but it has a sensitivity and specificity exceeding
90 per cent in the detection of arterial lesions.'®

A wide variety of MR angiographic pulse sequences can be
used to demonstrate adequate blood flow. Two-dimensional
time-of-flight imaging (with saturation banding) can be
employed to detect flow in a single direction but it normally
takes a relatively long time and currently gadolinium-
enhanced three-dimensional angiography is preferred in
many centres. The latter technique, however, demands the
exact timing of contrast enhancement and a moving table
is also necessary. Magnetic resonance angiography may well
replace catheter directed angiography but to do that it must

Figure 8.7 Arteriogram of the left femoral arteries. Note abrupt
‘cut-off' of the profunda femoris artery due to transection by a
bullet

provide equivalent, if not superior, diagnostic information.
Studies have shown comparable, or in some cases, slightly
better visualisation of distal vessel patency using MR
angiography.'”

Upper extremity

Angiographic studies of the upper extremity are normally
performed via a transfemoral approach. Injection in the
aortic arch is necessary for the evaluation of the origins of
the subclavian arteries. In order to visualise the more distal
vasculature, selective catheterisation of the artery and its
branches can be carried out. Direct catheterisation is asso-
ciated with a higher complication rate.

The distal vasculature of the upper extremity, superfi-
cially located as it is, is eminently suited to Doppler ultra-
sound examination. The peripheral arteries of the arm
show the same triphasic pattern as the lower extremity
arteries. Magnetic resonance angiography using various
techniques can provide excellent images of the upper
extremity, including detailed angiography of the hand and
wrist. In addition, in the diagnosis of thoracic outlet syn-
drome, MRI offers the capability of providing angio-
graphic imaging as well as useful anatomical detail of
cervical ribs or bands and the associated deviation or dis-
tortion of the brachial plexus and subclavian artery.

VENOUS IMAGING

Lower limb deep venous thrombosis

The two commonly used imaging methods for identifying
lower limb DVT are ascending venography and ultrasound.

Ascending venography

Ascending venography is a method of delineating the
venous anatomy of a territory by opacifying the vessels
with iodinated contrast, typically a low osmolar water-
soluble contrast agent. After placing a tourniquet around
the ankle, a vein on the dorsum of the foot is cannulated
with a 21 gauge needle and a further tourniquet is
placed above the level of the knee. The function of
both tourniquets is to divert venous return from the super-
ficial veins into the deep veins so as to opacify them with
contrast.

The patient is placed on a tilting fluoroscopic table and
50 mL of contrast is injected. Fluoroscopic imaging of the
leg is performed from the level of the ankle joint, through
the knee, thigh and then the pelvis. The progress of the
contrast is screened and ‘spot-films’ are taken; in normal
circumstances the veins opacify uniformly. When veins are
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Figure 8.8 Leg venogram: thrombus within the femoral vein

thrombosed a small track of contrast is seen at the margins
of the vessel while the central thrombosed section of the
vessel remains unopacified, an appearance which is termed
‘tramlining’ (Fig. 8.8).

As a rule the imaging proceeds cranially to the level of
the iliac vein and the lower part of the inferior vena cava.
Streaming of contrast at the level of the iliac vein can
reduce resolution and therefore a key observation in the
diagnosis of iliac thrombosis is the demonstration of an
extensive collateral network from the affected side across
to the contralateral normal side as small venous channels
enlarge to permit venous drainage.

Contrast ascending venography is still recognised as the
gold standard for obtaining images of lower limb DVT but
it requires patient exposure to ionising radiation in addition
to intravenous injection of iodinated contrast. Consequently,

ultrasound is now routinely used as the primary imaging
method for suspected DVT.

Ultrasound venography

Ultrasound imaging utilises the production of high fre-
quency sound waves, typically of megahertz frequency, to
identify tissue planes spatially within the body. Ultrasound
is particularly effective in the evaluation of non-osseous,
non-gaseous soft tissues and also fluid-filled structures.
These attributes render it particularly effective in the evalu-
ation of venous anatomy. A piezoelectric crystal is used
to generate the sound waves and the image generated can
be displayed on a television monitor, providing a two-
dimensional view of the veins: this is known as real time or
B-mode sonography. Not only can the physical dimensions
of veins be estimated but, using the principle of Doppler
ultrasound, information on the presence, speed, and direc-
tion of blood flow can also be derived.

The Doppler principle utilises red blood cells as reflec-
tors of pulses of sound waves emitted and received by the
ultrasound probe. The blood’s speed and direction can be
encoded as either a spectral trace or a colour image. In the
latter case the colour denotes the direction of blood flow
away from or towards the probe and the hue and bright-
ness correspond to the speed of the flow. Absence of
colour-coded flow or persistent underfilling of a venous
segment with isoechoic or echogenic thrombus is clear
evidence of thrombus.!®

The combination of the real time image and spectral
trace or colour map represents duplex ultrasound and all
three appearing on the same image is known as triplex
ultrasound.

Ultrasound imaging in deep venous
thrombosis

Essentially, two components are incorporated in the ultra-
sound evaluation of the lower limb with DVT. The first of
these is venous compression, and the second, a series of
adjunctive manoeuvres to provide supplementary infor-
mation based on the phasic flow of blood in the veins.

VEIN COMPRESSIBILITY

When the soft tissues overlying normal healthy veins are
compressed with an ultrasound probe, their thin walls are
brought together obliterating the vein lumen completely.
The walls of an artery, however, being more muscular,
cannot be easily compressed, which is a useful differentiat-
ing feature.

In the presence of thrombosis the vein lumen will
not compress fully (Fig. 8.9), and this failure is an import-
ant finding. Although established thrombus is echogenic
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and easily visualised, a recent thrombus may be sonolu-
cent, i.e. black, and, on real time ultrasound examination,
may be indistinguishable from normal sonolucent blood
within a vein. The normal vein is, of course, easily
compressible.

Imaging begins at the level of the groin. Three vessels,
the long saphenous vein, common femoral vein and common
femoral artery are identified as three black overlapping
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circles (Fig. 8.10). This makes a convenient reference
point. The two veins should compress freely but the artery
will not.!” Transverse compression is therefore applied
from the level of the groin to the knee at 1 cm intervals.
Cranial to the level of the knee joint, the femoral vessels
enter the adductor canal and move posteriorly. Direct
compression in this area can be problematic. It may be
necessary to turn the patient into the decubitus or erect
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Figure 8.9 Transverse ultrasound of
groin: deep venous thrombosis
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Figure 8.10 Transverse ultrasound
image of groin: normal vascular
structures
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position to evaluate the venous segments in the adductor
canal and indeed the popliteal fossa.

The sensitivity for diagnosing venous thrombus from the
popliteal venous level upwards is of the order of 98 per cent.?
Studies have demonstrated that the sensitivity falls below
popliteal level and therefore calf veins are not often formally
evaluated with ultrasound. Currently there is significant
inter-physician variability on the treatment algorithm for
infrapopliteal DVT and, in addition, because of the lack of
ionising radiation, it is perfectly feasible to perform serial
ultrasound examinations of the lower limb to exclude the
possibility of thrombus propagation extending from the
calf into the popliteal veins.?!

SUPPLEMENTARY ULTRASOUND TECHNIQUES

Unlike the pulsatile arterial system, flow within the venous
system is phasic, i.e. flow which varies with the phases of
respiration. This phasic flow can be observed by imaging a
venous segment and using Doppler ultrasound to identify
either colour or spectral frequency changes as the patient
breathes normally.

Clearly, if cessation of normal phasic activity can be
demonstrated, for example, by asking the patient to breath-
hold, this will demonstrate that there is no obstruction to
normal venous return between the area being evaluated,
e.g. the groin, and the right side of the heart. It is therefore
possible to indirectly ascertain whether or not there is
occlusion of the inferior vena cava and iliac veins. In add-
ition, if the patient actively increases intra-abdominal pres-
sure, e.g. with a Valsalva manoeuvre, further proof is
provided that there is no venous obstruction or throm-
bosis proximally.

When the deep veins are imaged between the femoral
and popliteal levels and the calf is squeezed distally by the
sonologist, blood is propelled forward in a cephalad direc-
tion. This sudden relatively high velocity venous blood
is detectable again either by using colour flow or spectral
Doppler. Confirming a normal calf squeeze response indi-
cates that there is a patent venous system distal to the point
of the ultrasound probe. The inclusion of the calf squeeze
and Valsalva manoeuvres allows the complete evaluation
of the venous system from the level of the calf veins to the
inferior vena cava.

Venous thrombosis in the upper limbs

ISOLATED ARM VEIN THROMBOSIS

Once again the same imaging methods are used. With con-
trast venography, a tourniquet is placed at the level of the
elbow to occlude the superficial cephalic vein and allow
the contrast to be directed preferentially through the deeper
upper limb veins. With Doppler sonography, compressibility,

augmented by demonstration of phasic flow, will exclude
significant thrombus.

CENTRAL AND CAVAL THROMBUS

In a significant number of cases thrombosis of the superior
vena cava and brachiocephalic veins is associated with
sinister underlying pathology. Lymphadenopathy and neo-
plasia, particularly bronchogenic carcinoma and lymphoma
should be excluded. Formal evaluation of the frontal chest
radiograph is essential to ensure that the mediastinal con-
tours are normal.

When the superior vena cava and the brachiocephalic
veins are being evaluated, ultrasound has only a very limit-
ed role. The imaging method of choice is contrast venog-
raphy. To opacify the brachiocephalic veins and the superior
vena cava, synchronous injections of contrast are performed
by simultaneously injecting 50 mL of water-soluble contrast
medium through 21 gauge needles positioned at the level
of the elbow. Fluoroscopic evaluation of the veins is then
performed and spot images taken.

Cross-sectional imaging in central venous
thrombosis

COMPUTED TOMOGRAPHY

Computed tomography is very accurate at identifying
mediastinal masses which are causing compression or
effacement of the superior vena cava. Low attenuation within
the SVC, however, can result from the mixing of contrast
enhanced blood draining from the arm which has been
cannulated, and unopacified blood from the contralateral
limb. This artefact can be mistaken in normal individuals
for thrombus. The presence of delayed or collateral venous
filling provides further evidence of central thrombus. Com-
puted tomography also has the added advantage in that if
an associated underlying malignancy is present, it can be
accurately staged simultaneously.?

Helical and multidetector CT angiography enable
volumetric acquisition of data in a single breath-hold
and this reduces motion artefact and respiratory mis-
registration, improving accuracy of detection of venous
thrombosis.>

MAGNETIC RESONANCE ANGIOGRAPHY

Magnetic resonance angiography has an increasing role in
the first line investigation of vascular pathology — MR has
the advantages of multiplanar imaging and does not use
ionising radiation. Like CT, MRA can also delineate the
underlying aetiological process.

Magnetic resonance venography may also permit the
assessment of vascular flow patterns and thereby determine
the evolution of thromboembolic events.*
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Conclusions

Imaging of vascular disease continues to evolve. Increas-
ingly non-invasive alternatives to percutaneous angio-
graphic and venographic techniques such as duplex
ultrasound, CT and MRI are used in the management of
vascular emergencies and are gaining acceptance in most
vascular centres. It is likely that these imaging modalities
will eventually replace invasive diagnostic imaging, the
latter being largely reserved for therapeutic intervention.
The principles, advantages and drawbacks of these tech-
niques when applied to specific anatomical areas have to
be considered. In addition, the field of vascular radiology
is evolving and now exercises a rapidly expanding thera-
peutic role. Continued innovation can only be of benefit
to patients and those involved in the treatment of vascu-
lar diseases.
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INTRODUCTION

The results of elective arterial procedures are well docu-
mented, but that is not the case in emergency vascular
surgery. Yet, out-of-hours operating constitutes a large
proportion of the workload of a vascular surgeon, in con-
trast to the other specialties grouped under ‘general sur-
gery’. Reports are sparse because the data are harder to
collect. It is generally believed that the outcome from
emergency arterial surgery is worse than for elective oper-
ation which might explain the natural reluctance to detail
those results. Much of the emergency surgery in the UK
and Ireland used to be performed by trainees, though this
is changing as a result of recent training reforms.

Arterial surgery falls into three broad categories: carotid
disease, which is seldom performed urgently, aortic
aneurysms, where up to 50 per cent of the workload of an
individual unit may include urgent or ruptured aneurysms,
and the management of leg ischaemia, the traumatic causes
of which will not be discussed here. The management of
acute leg ischaemia represents one of the most difficult
challenges for a vascular surgeon. Management decisions
are complex and treatment selection can significantly affect
outcome, which is often poor, with high amputation and
mortality rates. Although a large proportion of vascular
operations are performed out of hours, it is often possible
to avoid doing so under emergency conditions. Only true
ruptured aortic aneurysms and acute total leg ischaemia
demand immediate intervention; other conditions may
permit a period of observation and semi-elective surgery.
Although this sounds attractive and suggests that a vascular

surgeon may plan to deal with urgent operations in day-
light hours, the fact is that they often have to be squeezed
into a schedule that is already busy. In many hospitals
where the vascular services are under pressure, it could be
argued that emergency patients receive less than ideal care.

In the UK, arrangements for the care of vascular patients
remain varied. Increasingly vascular surgeons are gather-
ing into major units where 24-hour cover is offered with
on-call specialist staff. This has only been possible in large
conurbations with populations of over 600 000, where four
or five surgeons can manage an on-call rota. Other models,
including cross-cover between adjacent units, have enabled
an increasing number of vascular on-call rotas.' This does
mean that a patient with a vascular emergency may need to
travel some distance for specialist treatment. For most vas-
cular patients, the delay is immaterial; indeed several studies
have suggested that even for those with a ruptured aortic
aneurysm, there is no correlation between distance trav-
elled to hospital and outcome.> Many surgeons believe that
this is a process of natural selection, because only those
likely to survive the operation survive the journey.

There is some evidence that the outcome of vascular
surgery is better when carried out by a specialist, particu-
larly for acute leg ischemia, the results of which improved
with the establishment of a regional vascular unit.® In the
UK, there remain a number of units with insufficient sur-
geons to man an on-call vascular rota. Although most elect-
ive arterial operations in the UK are performed by trained
vascular surgeons, the arrangements for emergency cover
are variable. In some hospitals, dedicated vascular sur-
geons provide ad hoc cover, but in others, general surgeons
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provide emergency care. As might be expected this can exag-
gerate the variation in the outcome from emergency vascu-
lar surgery, though this may not simply be the result of
surgical skill. In a study from Wales, the outcome of patients
with a ruptured aneurysm was similar if they had surgery
by a general or a vascular surgeon, but general surgeons
were more likely to turn a patient down for operation.*

RESULTS OF EMERGENCY ARTERIAL
SURGERY IN THE BRITISH ISLES

Most publications on outcome derive from the practices of
enthusiasts or major centres. In general, only good results
are reported and that imparts a degree of bias to the true
outcome for any disease or treatment. Outcomes derived
from prospectively collected data, preferably from several
sources in a multicentre trial, or results from ran-
domised trials are more likely to be nearer the truth. Some
Scandinavian countries have large incident databases from
which both process and outcome data can be obtained
(Swedvasc and Finnvasc). In the UK, a few multicentre
studies have been carried out. The Audit and Research
Committee of the Vascular Society of Great Britain
and Ireland (VSGBI) has conducted prospective and
retrospective audits on some of the principal vascular
operations.

Carotid surgery

Most carotid surgery is done electively. In the audit per-
formed by the VSSGBI, there were no emergency pro-
cedures.’ Urgent carotid endarterectomy for recent stroke
became unpopular in the 1970s following the publication
of dismal results.® This may be explained by the fact that a
proportion of the operations were done on patients with
cerebral hemorrhage rather than embolic disease. Recently,
it has been argued that a more selective approach using
computed tomography to identify appropriate patients
with a thromboembolic stroke means that more patients
could be offered urgent surgery. In a pilot trial, however,
few suitable patients were identified (16 from 593 reviewed),
although surgical results were reasonable.” Perhaps the
most frequent indication for emergency intervention is when
a patient develops a stroke after carotid endarterectomy
(see Chapter 14). Most surgeons reoperate for an early
carotid occlusion as it is felt intuitively that this should
improve outcome. There is little evidence, even in recent
studies, that this is the case.?

Aortic surgery

Although ruptured aortic aneurysm is the most frequent rea-
son for an emergency vascular operation, it is very difficult

to define a clear outcome for this condition. One reason is
that most patients never actually reach hospital, and once
there, a significant number are rejected as unfit. It is
estimated that only 15 per cent of patients with a ruptured
abdominal aortic aneurysm (AAA) survive. Surgeons may
have less influence over the outcome of the condition than
they think. It is often difficult to obtain complete data on
patients with a ruptured AAA. Those who die in the acci-
dent and emergency department or in the preoperative bay
usually end up with scanty hospital records and the data
somehow never seem to reach a surgical database.

Classification difficulties can also confuse the issue.
A shocked patient with a ruptured aneurysm is a clear clinical
entity, however, some patients with a contained rupture may
remain well for hours or even days. Some patients present
with a tender aneurysm and have an urgent operative repair.
It is clear that there is a spectrum of outcomes for these dif-
ferent situations. Surgeons may influence the results they
report by choosing which groups to include.” For example,
the best results for aortic surgery are obtained by including
only patients who have an elective admission and operation.
Results for emergency AAA repair can be improved by
counting all those who have an out-of-hours operation,
including patients with a tender non-ruptured aneurysm.

There are few good reports of outcome from ruptured
AAA. Meta-analysis of all English language publications
suggested that the average mortality rate was 48 per cent
and that the results have improved slowly over the last
50 years.!? In the UK, the VSGBI pilot national database
included 276 patients who had AAA surgery, but only
43 who had emergency surgery. The mortality rate was
23 per cent for urgent AAA repair and 51 per cent for rup-
ture.!’ In Wales a prospective audit of operations per-
formed by both general and vascular surgeons revealed a
survival rate of only 36 per cent.* The results for the two
groups were similar, though vascular surgeons operated on
82/92 (89 per cent) of patients admitted under their care
with a 39 per cent survival rate, compared with general sur-
geons who operated on 51/141 (36 per cent) patients with
a 31 per cent survival rate.* Longitudinal data from large
vascular units such as the one in Edinburgh have shown little
change in survival over the last 20 years.!?> Mortality rates
after ruptured AAA actually rose in the second decade
from 35 to 40 per cent.

Operative outcome can be improved by case selection.
The more unfit patients are refused surgery, the better will
be the results of an individual surgeon. Surgeons have agon-
ised about the indications for repair of a ruptured AAA in
an unfit patient. Hardman et al. described a number of cri-
teria that can help make this difficult decision.!® There is
also the possibility that the Physiological and Operative
Severity Score for the enUmeration of Mortality and mor-
bidity (POSSUM) physiology scoring could give a preoper-
ative prediction of outcome.'* The Portsmouth POSSUM
model was developed from 213 emergency aneurysm repairs,
with a mortality rate of 40 per cent.'
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As the published results have barely changed in a gener-
ation, it may be time to think of alternative means of
reducing the community mortality of aneurysm disease.
One way would be to commence a screening programme
to detect AAAs while asymptomatic and to perform elec-
tive repair before rupture occurs.'® An alternative might be
to consider endovascular repair for ruptured AAAs. Small
series reports of this treatment exist,!” but regular inter-
ventions would require an investment in infrastructure
and a change in culture. On the other hand, that might be
the only way of bringing about a significant improvement
in outcome for ruptured AAAs.

Acute leg ischaemia

A prospective audit of acute leg ischaemia in Gloucestershire
suggested that a county with a population of half a million
would treat approximately 75 patients a year.'® The overall
30-day outcome was limb salvage 67 per cent, amputation
7 per cent and deaths 26 per cent. A number of patients
were not suitable for intervention and when they were
excluded, the results for patients treated actively were limb
salvage 78 per cent, amputation 6 per cent and deaths
16 per cent.'

The VSGBI also completed a prospective audit on acute
ischaemia: 539 episodes were reported in 474 patients.'” At
30 days 70 per cent of legs were definitely viable, 16 per cent
had been amputated and the overall mortality was 22 per
cent, these results confirming the high risk attached to the
treatment of acute leg ischaemia.'” A subsequent paper
demonstrated the poor intermediate term outcome for this
condition, a further 35 per cent of initial survivors having
died within 2 years.?” Recurrent leg ischaemia and subse-
quent amputation risk appeared to be reduced by warfarin
anticoagulation. The study also highlighted the variety of
different methods of treatment available. This difficult
condition requires decisions to be taken at senior level,
such as making the choice between surgery or throm-
bolytic therapy. An easy embolectomy can be done by an
experienced trainee, but when the operation is not pro-
ceeding well a consultant’s experience is needed, particu-
larly if a full range of vascular procedures may have to be
considered. Thrombolytic therapy is a high risk option and
demands the active involvement of trained radiology staff
(see Chapters 8, 16 and 39).

The Thrombolysis Study Group has collected data on
intra-arterial thrombolysis over the past decade.”! Over
1000 episodes of lysis have been evaluated. The initial
outcome after intra-arterial lysis was a complete lysis
rate of 41 per cent, a partial lysis rate of 28 per cent, and
a failed lysis, or lysis but no run-off, rate of 29 per cent.
At 30 days the outcome was amputation-free survival in
75.2 per cent, major limb amputation 12.5 per cent and
deaths 12.4 per cent. Although most of this work has been
observational, the Group is now in a position to try to

define the patients most likely to benefit from throm-
bolytic therapy. Factors affecting amputation-free survival
included the severity of leg ischaemia and the type of ves-
sel occluded, namely native artery (72 per cent) or graft
(78 per cent). The main anxiety in thrombolysis is the risk
of stroke which occurred in 2.4 per cent of patients on the
database although only half of these were haemorrhagic,
and many occurred several days after initiating thrombolysis.

TOWARDS A NATIONAL VASCULAR
DATABASE IN THE UK AND IRELAND

With the exception of Northern Ireland, which has had a
vascular database (Northern Ireland Vascular Registry or
NIVASC) for the last seven years, surgeons in the rest of
the UK have looked enviously at the well ordered national
databases of Scandinavian countries. There remains a
problem of scale, however, in that expectations of collecting
routine data from over 400 individual consultant members
of the VSGBI would require resources beyond any current
medical organisation. Existing databases, however, have
really only collected data on process and mortality, and
surgeons in tertiary referral centres or deprived inner city
areas may feel disadvantaged if their clinical performance
were to be judged solely on the basis of crude mortality
rates. In fact such assessments might influence the surgeon
offering surgical treatment to a patient. A surgeon worry-
ing about personal results may be reluctant to operate on a
high risk patient. Finally, there is the problem of verifica-
tion. Most registries rely on the honesty of their partici-
pants. A follow-up of patients who had surgery but were
not included in the database, whether accidentally or delib-
erately, revealed that these are a very high risk group.?

The VSGBI has adopted the attitude that any national
database should take account of the case-mix of patients.
For the past few years there has been an investigation into
various scoring systems that could be used to incorporate
an allowance for case-mix into a comparison of outcomes
among individual surgeons. UK vascular surgeons have
performed two large trials collecting POSSUM data items
on their patients. POSSUM scoring involves 12 preopera-
tive physiological data items and eight operative items.
It has been shown that both POSSUM and Bayes analytical
techniques used on this dataset can predict outcome. The
first VSGBI study involved nearly 1500 patients from 121
surgeons in 93 hospitals.”® They collected data on consecu-
tive arterial procedures over a two-month interval in 1998.
The statisticians introduced a new POSSUM regression
equation, known as V-POSSUM, which predicted outcome
across the range of arterial procedures and hospitals. Indeed
it was possible to do so based on the preoperative physi-
ology scores alone, meaning that in future, a preoperative
outcome prediction might be possible for an individual
patient.”
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Table 9A.1

Results of POSSUM analysis on abdominal aortic aneurysms (AAA) from the Vascular

Surgical Society of Great Britain and Ireland (VSGBI) Pilot National Vascular Database 2001

Per cent range Mean per cent

predicted risk predicted risk No. Predicted Reported X2
(a) All abdominal aortic aneurysms*

Mortality: V-POSSUM physiology and operative scores

>0to=7 3.84 352 14 19 2.33
>7to=<15 10.61 204 22 31 4.52
>15to <30 20.91 118 25 31 2.05
>30 to <100 48.47 99 48 35 6.82
>0 to <100 13.95 773 108 116 15.72
x> = 15.720 P(4df) = 0.00 Evidence of lack of fit

Mortality: V-POSSUM physiology only scores

>0to =<7 3.89 446 17 48 56.42
>7to=<15 9.91 196 19 31 7.67
>15to <30 20.54 85 17 16 0.15
>30 to <100 43.15 46 20 21 0.12
>0to <100 9.58 773 74 116 64.36
X2 = 64.360 P(4 df) = 0.00 Evidence of lack of fit

(b) Ruptured abdominal aortic aneurysms*

Mortality: physiology data only

>0 to <30 22.61 30 7 1 3.39
>30 to <40 35.01 34 12 16 2.17
>40 to <50 45.04 23 10 11 0.07
>50 to <100 64.93 35 23 19 1.74
>0to <100 42.44 122 52 57 7.37
¥ = 7.369 P(4df) = 0.12 No evidence of lack of fit

Mortality: physiology data only

>0 to <30 24.20 24 6 10 3.99
>30 to <40 34.22 31 11 1 0.02
>40 to <50 44.54 24 11 13 0.90
>50 to <100 64.33 43 28 23 2.20
>0 to <100 44.89 122 55 57 7.12
x2=17.117 P(4df) = 0.13 No evidence of lack of fit

*Using the V-POSSUM score, statistical analysis shows ‘lack of fit', i.e. the method does not predict outcome accurately.
*Analysed using Portsmouth ruptured AAA equation (Portsmouth data excluded from VSGBI data). There is no

'lack of fit', i.e. the method predicts outcome accurately.

POSSUM, physiological and Operative Severity Score for the EnUmeration of Mortality and Morbidity.

These results were translated into a second phase. It was
decided to refine the data collection to include just three
index vascular procedures — carotid endarterectomy, aortic
aneurysm repair (divided into ruptured and non-
ruptured) and infrainguinal bypass. Participating vascular
surgeons were asked to include all patients having these
procedures under their care. A decision was made to col-
lect data only electronically using the POSSUM dataset.
Although electronic data collection has limited the number
of surgeons able to participate thus far, a package of
supporting devices including an Access database, Excel
spreadsheet and bespoke data collection software has been
made available to encourage them. The most recent work
involved over 12000 procedures collected from 149 VSGBI

surgeons.”* The analysis has shown that it is possible to
predict outcomes for individual surgeons performing quite
small numbers of index procedures; data from the 1999
registry indicate that the average VSGBI member performs
71 index procedures per annum (18 carotid endarterec-
tomies, 25 aneurysms (9 ruptured, 16 non-ruptured) and
28 infrainguinal bypass procedures). The best models for
predicted versus expected outcome were gained by using
procedure specific databases and formulae. For example,
formal POSSUM analysis worked best for ruptured
aneurysms using a specific POSSUM regression equation
developed in Portsmouth'> (Table 9A.1). Mortality for the
122 ruptured aneurysms in this latest series was 47 per cent.
It was also possible to produce comparative data for all
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SMRs for AAAs using V-POSSUM physiology
and operative probability as the predictor for
consultant performing >14 procedures (n = 371)
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Figure 9A.1  Data from the Pilot National Vascular Database
of the Vascular Society of Great Britain and Ireland (2001).
Standardised mortality ratios (SMRs) for individual consultant
vascular surgeons who have entered at least 14 procedures
onto the Database. Includes both ruptured and non-ruptured
aneurysms. If the vertical error bars include the SMR of one, the
individual surgeon'’s results are not significantly better or worse
than the whole group. AAA, abdominal aortic aneurysm

aneurysms, both ruptured and non-ruptured, using Bayes
analysis of the same dataset. Cardiac surgeons in the UK
currently publish an annual report including outcomes
after cardiac surgery,” and this could soon also be done by
vascular surgeons (Fig. 9A.1).

Conclusions

Results of emergency vascular procedures are worse than
for elective operations. It might be anticipated that this
is where the skill of a vascular surgeon could make a real
difference. However, these are often sick patients, near-
ing the end of life and decisions as to whether to inter-
vene or not are complex. More data are required so that
patients and their surgeons can make informed choices
about management.

A good surgeon guide has already been published in a
UK national newspaper using nationally available statis-
tics. Cardiac units were ranked by outcome. Indeed, it
has also been possible to do this analysis for aortic sur-
gery.?® Unless surgeons are closely involved in data col-
lection and analysis, comparison among surgeons and
units will be done using crude mortality rates based on
unreliable hospital information systems. In the UK, sur-
geons can now submit their data for central comparison
against their peers and expect to receive a formal
acknowledgement from their Vascular Society.

The system should prove invaluable for surgeons who
wish to pass this information on to their patients. It is
suspected that the results of some procedures are worse

than those commonly quoted in the scientific literature.
These figures are often used to justify surgical proce-
dures. Accurate data about the general risks of surgery can
help place the value of a procedure to society. Accurate
data about the specific risks of surgery to an individual
are crucial to obtaining informed consent from a patient.
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INTRODUCTION: VASCULAR SURGERY AND Denmark
VASCULAR REGISTRIES IN SCANDINAVIA
WORKFORCE

Norway, Finland and Sweden are countries characterised
by widely varying regional population densities, which has
implications for the organisation of vascular surgical ser-
vices. That is less true of Denmark where the population is
more evenly distributed. Another Scandinavian feature is
the ageing population: in Denmark on New Year’s Day
2001, 1.06 million (19.8 per cent) were over 60 years of age
with a projected increase of 18.5 per cent to 1.25 million by
2010. The corresponding figures for those over 65 years of
age in Finland are 0.77 rising to 0.90 million by 2010 and
1.35 million by 2030. Table 9B.1 presents selected data on
demographics and organisation of vascular registries.

Table 9B.1 Vascular surgery in Denmark, Finland and Sweden
Denmark Finland Sweden

Population (million) ~ 5.35 5.19 8.9
Vascular centres 1M 23 50
Vascular surgeons* 41 42 130
Registrars 12 12 NA
Monospecialty 1983 1999 -
Registry initiated 1990 1989 1985
Registry covering 1996 1991-1995 1994

the whole country

*In Finland mostly thoracic and vascular surgeons; in Sweden general
surgeons with a vascular profile; in Denmark all are specialists in vascular
surgery.

NA, data not available.

Vascular surgery was recognised as a monospecialty in
1983. Currently, serving in the 11 services of vascular sur-
gery, are 41 specialists in vascular surgery employed as
consultants supported by four staff specialists and 12
senior registrars or vascular fellows (see Chapter 1B).

VASCULAR REGISTRY

The Danish Vascular Registry (Karbase) has been oper-
ational since 1990. Complete national data are available
from 1996 onwards: in 1996, 5798 procedures were carried
out of which 4129 (71.2 per cent) were primary operations
and 484 (8.3 per cent) reoperations. The corresponding
figures for 2000 were: 6508 procedures, 4106 (63.1 per cent)
primary and 545 (8.3 per cent) reoperations, which trans-
lates into a frequency of 77 primary procedures in a popu-
lation of 100000 (77/10°).

Arterial reconstructions are not performed outside vas-
cular surgical departments and in 2000 were responsible
for 891 venous procedures. During that year one depart-
ment with a single surgeon performed 49 procedures while
other institutions, staffed with three to five consultants,
had an arterial and endovascular surgery volume ranging
from 303 to 998. Also during 2000, Karbase registered
1107 percutaneous transluminal angioplasties (PTAs) and
192 arterial thrombolysis treatments. The number of index
procedures in 1999 as defined by the European Board
of Vascular Surgery' has been published,” the contribu-
tors being those with established registries, namely the
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Scandinavian countries, Northern Ireland, Slovakia, New
Zealand and single regions in Spain and Russia.

Finland

WORKFORCE

Finland has 21 central hospital regions served by five uni-
versity and 16 central hospitals. Within central hospital
regions there are a number of district hospitals but their
role as active vascular units is diminishing; currently,
23 hospitals provide an arterial surgery service.

In conjunction with harmonising Finnish specialist
training within the European Union, the previously allied
specialty of thoracic and vascular surgery was divided into
independent specialties, namely, vascular surgery and car-
diothoracic surgery. The vascular workload is borne by
36 thoracic and vascular surgeons, 29 of them with a strong
vascular profile, six formally trained vascular surgeons,
three staff specialists and 12 vascular surgical trainees.
In smaller centres most of these surgeons also perform lung
surgery while others also practice general surgery. At the
end of year 2003 there were six formally trained vascular
surgeons and 12 vascular surgical trainees. The anticipated
population growth by 2010 will demand an estimated
increase in the number of vascular surgeons to 60 and an
expansion of resources required for the diagnosis and
treatment of venous disease.

VASCULAR REGISTRY

The Finnvasc registry commenced in 1989 and a pilot
scheme progressing to systematic data collection was initi-
ated in 1991. All hospitals with a vascular surgical service
participated fully in this exercise up to 1995, but thereafter
their involvement fluctuated between 68 and 81 per cent.
The diminution in interest is attributable to the extra work-
load for which there was no remuneration, no support
from health authorities and data collection and reporting
were delayed. Most significantly, the very strict interpret-
ation of the new personal registry law at the beginning of
2000 paralysed this important activity. At present, registra-
tion practices are being reviewed with the aim of establish-
ing computerised real time recording and reporting systems,
at least at local level.

In comparing Finnvasc registry figures with those from
hospital records the mean percentage of missing vascular
procedures in the former was 19 per cent.’ Similarly, a
comparison of data from Statistics Finland, the national
statistical bureau, and the Finnvasc registry showed that
18 per cent of patients operated for ruptured abdominal
aortic aneurysm (RAAA) and subsequently died were
missing from the Finnvasc registry.*

The vascular units were staffed with between one and
eight consultants with an annual arterial and endovascular
throughput ranging from 12 to 1755. According to the

1999 data from registries and other sources 11835 oper-
ations were performed for peripheral vessels, both arteries
and veins, and 4846 day-case procedures for simple venous
problems. As for endovascular activity, 4160 procedures
were recorded in 2000, 292 of these being thrombolysis
treatments.

Sweden

WORKFORCE

Vascular surgery used to be performed in 92 units, but the
number of vascular centres has fallen to 50. Sweden has
nine university hospitals and four of these have separate
departments of vascular surgery or combined cardiovascu-
lar departments. The 22 county hospitals all have vascular
surgical units. There is also vascular activity in some 15 of
the smaller district hospitals. Vascular surgery is not a spe-
cialty in its own right in Sweden as it is in Denmark and
Finland; it remains the responsibility of 130 general sur-
geons with a vascular profile of whom around 30 are
accredited as vascular surgeons by the Swedish Society for
Vascular Surgery.

VASCULAR REGISTRY

Sweden has pioneered the development of vascular regis-
tries in Scandinavia. Inspired by American experiences
during the 1970s the planning for a regional vascular registry
began in southern Sweden in late 1985.°

The aims of the registry were to monitor practice,
changes and outcomes of vascular surgery undertaken in
the routine care of a population, to safeguard a high level of
data quality, to establish a basis and a starting point for sci-
entific studies, and to develop techniques for quality devel-
opment. An additional aim was to compare the results of
emerging vascular units in county hospitals with those of
established centres at university level.

After a year of preparation, including a month of pilot
testing, the Vascular Registry in Southern Sweden (VRISS)
started regular activities in January 1987 in the South Health
Care Region of Sweden and some neighbouring areas. The
initial 17 participating centres, including two university,
six county and nine district hospitals, covered a population
of 1.9 million.

Over the years increasing numbers of surgeons found it
useful to participate but by 1990, when half the country’s
surgeons had joined in, the registry was renamed the Swedish
Vascular Registry (Swedvasc). From early 1994 surgeons at
all 50 hospitals performing peripheral vascular surgery were
members of the registry, covering practically the whole
Swedish population of 8.8 million and included the 10
university/regional centres and the 25 county hospitals in
the country. Around 130 surgeons take part regularly
in this completely volunteered, professional and non-
authoritarian exercise. The day to day work of the registry
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is led by a steering committee representing both academic
and community hospitals. Each year more than 9000 pro-
cedures are registered and, to date, close to 100000 cases
have been registered.

EMERGENCY ANEURYSM SURGERY

Denmark

During the 5-year period 1996-2000, a total of 1242
patients were admitted to Danish specialist departments
with RAAA and underwent surgery. This corresponds to
an operation frequency of 4.9 per 10° inhabitants of all
ages per year. The male:female ratio was 7:4 (1094 men,
88.1 per cent; 148 women, 11.9 per cent) and the median
age was 72 years (range 29-91). Although a total of 1276
patients were recorded with this diagnosis, most centres
had excluded patients who had not been operated. Not all
patients with RAAA were admitted to hospitals with vascu-
lar surgical departments, especially those in whom the
diagnosis was unclear, and there were cases where, in con-
sultation with a vascular surgeon, the emergency pro-
cedure was deemed unreasonable or hopeless.

The circumstances associated with the admission of a
RAAA do not permit detailed preoperative questioning of
risk factors, comorbidities and social circumstances, and in
around a quarter or more of all admissions this information
is not available. Given that limitation the data elicited were
as follows: cerebrovascular history 29.6 per cent, hyperten-
sion 52.3 per cent, cardiac problems 51.3 per cent, pul-
monary complaints 41.5 per cent, smoking 9.3 per cent,
retired, old age pensioners or on sick leave 66.0 per cent,
previous vascular surgery 8.9 per cent, previous amputa-
tion 1.1 per cent.

Statistics on the operation itself were as follows: a mid-
line laparotomy was used in 91.4 per cent, duration of pro-
cedure was 164 minutes (maximum 480 minutes), blood
loss 4.6 L (maximum 42 L), hospital stay 10.3 days (range
0-119). In terms of outcome these were the figures: total
hospital mortality 55 per cent, 30-day operative mortality
43 per cent (Table 9B.2). The causes of death were judged
to be: cardiac 15.3 per cent, cerebrovascular 0.5 per cent,
renal 1.1 per cent, haemorrhage 8.6 per cent, multiorgan
failure 10.5 per cent, bowel ischaemia 1.2 per cent, other
1.8 per cent, unknown 15.7 per cent.

The complications directly related to the operation were:
amputations 1 per cent, wound infection 6.2 per cent (deep
1.8 per cent), bleeding necessitating a further procedure 7.5
per cent, wound dehiscence 3.3 per cent, intestinal obstruc-
tion 1.1 per cent, bowel ischaemia requiring surgery 5.7 per
cent, surgery for peripheral embolisation 2.3 per cent. In all,
23.2 per cent of patients had a complication demanding
operative treatment. General complications observed were:
cardiac (myocardial infarction, pump failure, arrhythmia)

Table 9B.2  Emergency aneurysm surgery in Scandinavian
vascular registry data

Denmark Finland Sweden

Data from years 1996-2000 1991-1997  1996-2001
Number of patients 1242 1152 1905
Mortality (per cent)

Symptomatic but  NA 11.6 7.6

not ruptured

RAAA/stable NA 24.8 22.0

RAAA/shock NA 59.8 45.7

30-day mortality 43 46 38

Total hospital 55* 68* NA

mortality

*Includes 2.5 per cent of non-operated patients from Denmark and
30 per cent non-operated patients from Finland.
NA, data not available; RAAA, ruptured abdominal aortic aneurysm.

14 per cent, pneumonia or atelectasis 12.5 per cent, assisted
ventilation for more than 2 days 9.9 per cent, double or
higher rises in creatinine 9.5 per cent, dialysis required 8.0
per cent and intensive care unit stay of more than 3 days
11.1 per cent. A ‘re-do’ or additional surgical procedure or
arterial reconstruction was necessary in 17.7 per cent. Half
of the patients were discharged to their own homes and the
other half to another institution.

Finland

In Finland, the reporting format allowed differentiation
between three categories of emergency AAAs: emergency,
stable with rupture and unstable or in shock with rupture. In
the seven years from 1991 to 1997, the 30-day mortality rates
were as follows: 474 symptomatic cases without confirma-
tion of rupture, 55 deaths (11.6 per cent); 270 with stable
rupture, 67 deaths (24.8 per cent); 418 patients with shock
due to rupture, 250 deaths (59.8 per cent) (see Table 9B.2).
The exact frequency of the various conditions expressed in
per cent per population unit per year, however, is difficult to
estimate for this 7-year period due to decreasing and varying
reporting activity from 1996 and 1997. Based on the 1995
figures, which cover the entire country, the frequency of
procedures per 10° inhabitants per year for the three presen-
tations was 1.6 symptomatic non-ruptured, 0.9 ruptured
and stable, and 1.2 ruptured and shock, or 3.7/10° in all.

A detailed analysis of mortality in RAAA for the years
1991-94 was undertaken as a cross-sectional study based
on Finnvasc and the national cause of death registry.*
A total of 610 emergency repairs for RAAA were identified
in Finnvasc corresponding to 2.9 procedures per 10°
inhabitants per year (2.9/10° per year). Of these, 454 opera-
tions were for rupture (2.2/10° per year) and 156 for emer-
gency cases without rupture (0.8/10° per year). In addition,
it was possible to identify 293 operations for rupture in an
additional 18 of the 23 hospitals performing operations for
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rupture. The true frequency of surgery for rupture was
found to be around 3.6-3.8/10° per year, accounting for 75
per cent of the activity in Denmark. A projected increase of
at least 50 per cent in RAAA interventions can be expected
in Finland during the next two decades.®

The 30-day postoperative mortality as registered in
Finnvasc was 46 per cent after surgery for rupture and 13.5
per cent for acute non-ruptured cases. Based on national
statistics, the mortality was 54 per cent. Total hospital
mortality including all patients brought alive to the emer-
gency unit was 68 per cent. The total number of deaths
from rupture based on national statistical information was
1004, and as 245 had survived rupture, the overall survival
frequency was 19.6 per cent. The death rate of rupture was
4.9/10° per year. If the 1.2/10° per year patients surviving
from Finnvasc are added, the total incidence of RAAA
comes to 6.1/10° per year. It is noteworthy that there was
no correlation between hospital volume and operative
mortality in rupture repair, but there was an inverse asso-
ciation between hospital volume and total hospital rupture
mortality. The operative activity of RAAA ranged from 37
to 88 per cent among Finnish centres.*

The quality of life (QoL) after survival following repair
of a RAAA has been an issue. A recent study by Korhonen
et al.” showed that survivors after repair of RAAA had
almost the same QoL as the norms of an age and sex adjusted
general population. This further justifies an aggressive
operative policy in RAAA. The Glasgow Aneurysm Score,
as a potential predictor of the immediate outcome after
surgery for RAAA, could only provide information which
is supplementary to clinical decision making.®

Sweden

The total number recorded in Swedvasc increased rapidly
during 1987-93, but during 1994-98 that figure stayed at a
fairly constant level with the 1999 data. It is noteworthy that
since Swedvasc began, emergency procedures, as a propor-
tion of all operations for AAAs, have, with some regional
variations, remained unchanged at around 40 per cent.
Interestingly, postoperative mortality has not improved sig-
nificantly since 1994 when all centres had become partici-
pants of Swedvasc (Fig. 9B.1).

The clinical features and outcomes of emergency surgery
for AAAs registered during 1996-2001 are presented in
detail in Tables 9B.2-9B.6. For two decades AAAs in Sweden
treated by surgery have been classified according to
Eriksson.’ Elective procedures can be done for asymptomatic
or for symptomatic aneurysms. Emergency procedures are
done for non-ruptured, ruptured without shock, or rupture
including shock. These five groups differ considerably in
terms of postoperative 30-day mortality.

The 30-day mortality for non-ruptured cases was
8.7 per cent and it rose with the degree of complexity of the
graft implanted: aortic tube graft 6.3 per cent, aortoiliac
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Figure 9B.1  Mortality within 30 days in emergency abdominal

aortic surgery in Sweden

Table 9B.3  Characteristics of patients operated for aortic
aneurysms as emergency procedures in Sweden. Except for age all
data are percentages

Emergency RAAA

not -
ruptured stable shock
Males 78.1 84 85.6 P=0.002
Median age,
years
Males 72 73 74 NS
Females 76 77 77 NS
Cerebrovascular 15.3 11.6 13.6 NS
disease
Diabetes 6.4 6.4 5.8 NS
Cardiac disease 51.4 454 44.8 NS
Hypertension 46.1 51.7 389 001
Hyperlipidaemia 6.1 4.6 4.3 NS
Pulmonary disease  16.0 19.9 13.1 P=0.003
Renal disease 9.7 10.6 11.4 NS
Previous vascular 16.3 11.2 9.7 P=0.002
surgery
Recorded smoker 31.0 349 25.0 P < 0.001

NS, not significant. RAAA, ruptured abdominal aortic aneurysm;

graft 12.5 per cent, aortobifemoral graft 20 per cent; for
rupture without shock it was 20 per cent and for the three
types of graft 19.1, 11.5 and 45.5 per cent, respectively; for
rupture with shock it was 40.1 per cent and the breakdown
was 37.6, 34.9 and 54.2 per cent, respectively. It is obvious
that the clinical presentation has an important bearing on
the outcome and this dimension of case-mix ought to be
included in comparisons between centres.

Patient characteristics differ little among these groups
but in the more urgent cases such data are often missing;
interestingly, women seem to arrive in time for surgery
before AAA rupture more frequently than do men.
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Table 9B.4 Complications after emergency aneurysm surgery in
Sweden as related to the severity of the preoperative state (per cent)

Emergency RAAA

not e

ruptured stable shock
Any surgical 15.8 243 324 P < 0.0001
complications
Any general 25.4 415 70.4 P <0.001
complication
Any non-vascular 59 9.3 14.3 P<0.001

reoperation

RAAA, ruptured abdominal aortic aneurysm.

Table 9B.5 Complications after emergency surgery in Sweden

Complications Per cent
Most common surgical complications
Haemorrhage/haematoma 9.0
Intestinal ischaemia 3.2
Occlusion/thrombosis 2.5
Superficial infection 2.2
Wound rupture 1.7
Deep/graft infection 1.2
Distal embolisation 0.9
Most common general complications
ICU >5 days 14.3
Cardiac 12.7
Multiorgan 11.13
Pulmonary 10.8
Renal 8.8
Cerebrovascular 2.2
Sepsis 1.9
Most common non-vascular reoperations
Intestinal resection 3.2
Laparotomy 3.1
Fasciotomy 2.8
Amputation (above knee) 0.9
Amputation (below knee) 0.2

ICU, intensive care unit.

Complications are common after emergency AAA sur-
gery (Tables 9B.4 and 9B.5), and are clearly associated with
the severity of presentation (Table 9B.4). A targeted analy-
sis of 1999 data disclosed 336 patients who had open
repairs, of whom 182 presented with shock, 85 without
shock and 69 without rupture. The total 30-day mortality
was 28.6 per cent and the corresponding subgroup mor-
tality rates were: non-rupture 8.7 per cent, rupture without
shock 20 per cent, and rupture with shock 40.1 per cent.

Table 9B.6 The age distribution of 30-day mortality
expressed in per cent in Sweden, 1999

Fo RAAA

(years) No rupture stable shock
50-59 33.3 10.0
60-69 10.5 20.8 20.0
70-79 5.0 15.0 46.2
80-89 333 27.8 55.0

RAAA, ruptured abdominal aortic aneurysm.

These outcomes were further affected by age (Table 9B.6).
The results are better than those in other Scandinavian
reports, but the total hospital mortality is not available.

SURGERY FOR ACUTE ISCHAEMIA

Denmark

The database structure allows identification of patients who
were admitted to the specialist departments and underwent
surgery for acute ischaemia. During the 5-year period
1996-2000, 2808 patients were admitted 3438 times for
various procedures (Table 9B.7). The male:female ratio
was 0.98 (male 1390 (49.5 per cent):female 1418 (50.5 per
cent)) with a median age of 70 years (2-100) and an inci-
dence of 11.0/10° per year.

In contrast to patients with RAAA, information on risk
factors and social history for acute ischaemia was elicited in
over 95 per cent of cases: diabetes 15.4 per cent, cerebrovas-
cular disease 17 per cent, hypertension 33.2 per cent, car-
diac disease 47.2 per cent, pulmonary disease 25.1 per cent,
previous vascular surgical procedures in 42.5 per cent, pre-
vious amputation 3.7 per cent, smoking 77.6 per cent,
retired or old age pensioners 73.6 per cent. The median
delay from admission to procedure was 1.2 days (0-76) and
median length of hospital stay was 7.1 days (0-101).

The most frequent procedure was embolectomy/
thrombectomy in 47.2 per cent of cases: 14.8 per cent in
previously implanted grafts and 85.2 per cent in native
arteries. The 30-day occlusion frequency was 14.8 per cent
in grafts and 10.6 per cent in native arteries. Amputation
was necessary in 5.9 per cent of those with occluded grafts
and 3.8 per cent of those with blocked native arteries. The
other outcomes of graft thrombectomy were: wound prob-
lems 11.3 per cent, wound infection 3.5 per cent, vascular
surgical complications 2.3 per cent, general complications
8.6 per cent; 30-day mortality was 5.5 per cent. Similarly,
outcomes of operations on native arteries were: wound
problems 4.1 per cent, wound infection 0.9 per cent, vas-
cular surgical complications 2.3 per cent, general compli-
cations 10.1 per cent; 30-day mortality was 16.6 per cent.
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Table 9B.7  Characteristics of patients treated for acute limb ischaemia in Denmark and Sweden.
The Danish data are from 2808 patients treated during 1996-2000 and underwent 3438 procedures.
The Swedish data are from 7496 primary lower limb procedures carried out during 1987-2000. All

data are percentages except for age

Denmark Sweden
7.8

Number of procedures/ Comparison between
100000 per year 11.0 Embolism  Thrombosis Swedish E v T data
Males 49.5 43.1 55.7 P < 0.0001
Median age 70 years 80 years 75 years P < 0.0001
Cerebrovascular disease 17 26.4 17.7 P < 0.0001
Diabetes 15.4 16.6 19.5 P =0.002
Cardiac disease 47.2 76.6 55.9 P < 0.0001
Hypertension 33.2 35.0 37.8 P=0.014
Hyperlipidaemia - 3.0 4.5 P < 0.0001
Pulmonary disease 25.1 10.3 11.2 NS
Renal disease - 5.7 7.1 P=0.013
Previous vascular surgery 42.5 14.8 39.6 P < 0.0001
Previous amputation 3.7 - -
Recorded smoker 77.6 15.1 34.7 P < 0.0001

NS, not significant.

Arterial thrombolysis was the second most common
procedure accounting for 488 treatments (13.4 per cent)
with the following outcomes: 30-day occlusion 13.1 per cent,
amputations 11.3 per cent, wound complications 6.8
per cent, wound infection 0.4 per cent, vascular surgical
complications requiring surgery 3.5 per cent, general com-
plications 8.4 per cent; 30-day mortality was 4.9 per cent.
Percutaneous transluminal angioplasty was the primary
procedure in 4.8 per cent carrying a 30-day occlusion rate
of 14.9 per cent, an amputation rate of 10.3 per cent and a
30-day mortality of 4.6 per cent.

Finland

A total of 2108 surgical revascularisations were performed
for acute ischaemia in Finland during 1991-97 with a
mean annual throughput of 387 cases with complete data
(7.6/10° per year). These cases represented 9.8 per cent of
the total vascular surgical workload. At the same time only
363 endovascular procedures, mainly thrombolysis, were
performed which represent 3.2 per cent of the endovascular
workload. The use of thrombolysis, however, has increased
threefold during the last five years. Operations most often
missing from the Finnvasc database were emergencies and
endovascular procedures;’ detailed analysis of Finnish data
on acute ischaemia would therefore be misleading.

Sweden

Patients treated for acute ischaemia of the leg constitute a het-
erogeneous group. Most patients treated for acute arterial

occlusion are old and often have other complicating dis-
eases. The traditional distinction between embolic and
thrombotic occlusion has been questioned but the clinical
classification used by surgeons seems to define disparate
populations with differences between countries.

The frequency of occurrence of risk factors in patients
defined as having had an embolus on the one hand and
thrombosis on the other differs significantly in several
aspects (see Table 9B.7).

The classic treatment for acute ischaemia is an emer-
gency thromboembolectomy. Around 20 per cent of
arterial occlusions occur in the upper extremity, and a
small proportion involve the visceral arteries; in both
instances surgical embolectomy still appears to be the first
option. The choice of procedure in the lower extremity,
however, has changed considerably during the past decade
with endovascular techniques, notably thrombolysis, being
chosen increasingly (Fig. 9B.2). During the five years
1996-2000, 28 per cent of the procedures used were
endovascular with a significant difference between indica-
tions for treatment: embolism 16.9 per cent, thrombosis
34.7 per cent. It also appears as if different therapeutic
techniques were chosen for different patient groups (Table
9B.8). According to an analysis using logistic regression of
risk factor differences, the endovascular technique was
preferred in younger patients with a lower prevalence of
cerebrovascular disease. In patients with thrombosis the
picture is more complex in that individual risk factors have
distinct influences, for example, age was less important
while a history of previous vascular surgery was of greater
significance.
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Techniques used for arterial embolism (per cent)

100 -
90 A
80 A
70
60 -
50 A
40
30 1
20
10
0 -
(@) \q%% ’909

™ © % o
12 o} o S )
K F S K S

—&— Bypass
— Other

—— Embolectomy
—a&— Thrombolysis

Techniques used for arterial thrombosis (per cent)
100

0 T T T T
o) Q v > ©
Ce) ) ) O )
(b) N N\ O 9 R

T
N} Q
%) \)
NS

—&— Bypass
—— Other

—— Embolectomy
—a— Thrombolysis

Figure 9B.2  Proportions (per cent) of different therapies for (a)
arterial embolism and (b) arterial thrombosis in Sweden

Not surprisingly, outcome in the short term is also dif-
ferent between the two groups (Table 9B.9). The 30-day
outcome was better (P < 0.001) after endovascular inter-
vention in managing embolism and thrombosis. Most
impressive, however, is the difference in mortality: in both
groups the risk is at least halved when the endovascular
technique is used. Whether this is a true difference in
outcome, or simply due to differences in patient selection
or degrees of operative trauma, remains to be studied. In
those patients for whom thrombolysis is considered pos-
sible or suitable, the outcome is certainly not worse than
that after open surgery.

VASCULAR TRAUMA

The incidence and spectrum of vascular trauma has
changed in Scandinavia during the past 10 years. The rising
rate of iatrogenic vascular injuries is directly related to the
mounting number of interventional vascular procedures,
and, to a lesser degree, of laparoscopic techniques. The
majority of blunt injuries are caused by traffic accidents. In
penetrating trauma the most common wounding agents
are knives and shards of glass, gunshot wounds being rare
in Scandinavia, whereas in Finland at least, most patients
when injured are under the influence of alcohol.'

A striking feature in Scandinavian practice is that most
surgeons on call handling emergency vascular trauma
have little or no experience in vascular surgery. This is
true of all hospitals with the exception of those in Swedish
and Finnish university hospitals and larger vascular
centres.

Table 9B.8 Univariate comparison of risk factors among patients presenting with acute ischaemia and

treated by different techniques in Sweden

Embolism Thrombosis

Endo Open Difference Endo Open Difference
Number 428 2108 1114 1861
Males 49.1 39,5 51.1 53.9
Median age, years 78 81 75 74
Cerebrovascular disease 19.2 26.8 0.001 15.5 18.9 0.02
Diabetes 16.4 14.9 NS 20.8 17.3 0.018
Cardiac disease 76.2 77.7 NS 54.3 56.0 NS
Hypertension 425 37.4 0.048 41.0 34.8 NS
Hyperlipidaemia 5.1 3.6 NS 7.1 5.0 0.018
Pulmonary disease 9.1 10.6 NS 10.0 13.6 0.004
Renal disease 6.5 6.0 NS 4.8 8.2 0.0001
Previous vascular surgery 19.6 23.2 NS 39.4 57.3 0.0001
Recorded smoker 18.5 13.5 0.007 33.6 326 NS

Endo, endovascular; NS, not significant; open, open surgery.
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Table 9B.9  30-day outcome in patients presenting with acute ischaemia in Sweden (per cent)

Embolism

Thrombosis

Open surgery

Endovascular

Open surgery

Endovascular

Alive, improved 65.5 77.1 54.7 69.2
Alive, unchanged 16.9 13.8 20.4 17.6
Alive, amputated 4.2 2.3 10.5 6.6
Dead 13.4 6.8 14.4 6.6
Number 2108 428 1863 114
Table 9B.10 Mechanisms of vascular injuries in Finland and Sweden
No. of Trauma mechanism (per cent)

Country Years patients Penetrating Blunt latrogenic

Finland 1991-1999 503 39 19 42

Sweden 1987-2000 1000 31 23 46

Denmark

Arterial trauma is rare and during the five-year period
1996-2000, 140 patients (male 100 (71.4 per cent), female
40 (28.6 per cent), median age 35 years (3-90)), 57.3
per cent actively employed, underwent 146 treatment pro-
cedures, and taking all ages together represented an inci-
dence of only 0.5/10° per year; the median hospital stay was
3.6 days and 89.5 per cent survived.

Finland and Sweden

The accuracy of emergency case data in the Finnish and
Swedish vascular registries is limited by underreporting,’
a fact especially true of vascular injuries which are not
always treated by vascular surgeons. Based on Finnvasc
covering the years 1991-99, the annual incidence of vascu-
lar injuries was 1.3/10° per year (range 0.9-2.0). During the
past 30 years the total incidence in Sweden had increased
from 1.1 to 2.26/10° per year, mainly due to the rise in
iatrogenic vascular injuries.!!

In many European countries iatrogenic injuries, as a
proportion of vascular trauma, exceeds 40 per cent.!? In
Sweden, the increase in iatrogenic vascular trauma seems
to be associated with the introduction of PTA." No iatro-
genic injuries were reported in Helsinki in 1985, that being
the preangioplasty era,'’ but 10 years later the incidence
was 42 per cent.!” The incidence of iatrogenic vascular
injuries in gynaecological interventions was found to be
0.76/10% per year for laparotomies and 0.93/10* per year for
laparoscopies, together responsible for 3 per cent of all vas-
cular injuries in Sweden during the reported period.'*

The incidence of penetrating trauma exceeds blunt
injuries in both Finland (39 v 19 per cent) and Sweden

(31 v23 per cent) (Table 9B.10). In Scandinavia, aortic and
inferior vena cava injuries are caused by stabbing rather
than by gunshot wounds, in Finland three times more
commonly.!>1¢

The anatomical location of vascular injuries in Finland
and Sweden was similar (Table 9B.11). The relative distri-
bution of injuries of vessel injuries was: lower and upper
extremity arteries 45 per cent and 33 per cent, respectively;
great thoracic vessels 4 per cent; abdominal vessels includ-
ing the iliac arteries 10 per cent; cervical vessels 3 per cent;
veins of the limbs and neck 7 per cent.

The five most common vascular repairs according to
Finnvasc (n = 597) were suture repair or ligation 41 per cent,
interposition graft 21 per cent, end-to-end anastomosis
10 per cent, thromboembolectomy 6 per cent, patch repair
4 per cent. The corresponding figures for Swedvasc (n = 999)
were 32, 33,9, 6 and 8 per cent, respectively. The mortality
rates for Swedvasc (n = 931) were: penetrating trauma
1.7 per cent, blunt 1.4 per cent, iatrogenic injuries 4.5 per cent.
The overall mortality in Finnvasc (n = 503) was 2.8 per cent.

In Finland the majority of patients with vascular injuries
are managed by vascular surgeons in university and central
hospital emergency departments, by general surgeons in
smaller hospitals and by cardiothoracic or vascular sur-
geons in larger hospitals. In Finland the historic association
of orthopaedics and traumatology might have hampered
the recognition of vascular injuries and caused delay in
treatment. A new training programme initiated at the
University of Helsinki Medical School is aimed at produc-
ing general surgeons capable of managing traumatic and
other surgical emergencies of soft tissues. The trend in
Sweden, applying the generally accepted Advanced Trauma
Life Support (ATLS) concept, is to centralise management
of major trauma in county or university hospitals, a princi-
ple also valid for endovascular procedures. Only university
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Table 9B.11  Anatomic location of civilian vascular injuries in
Finland and Sweden. Data are number (per cent)

Finland Sweden Total
(n =510) (n = 998) (n = 1508)

Carotid artery 17 (3) 29 (3) 46 (3)
Vertebral artery - 2 (0.2) 2 (0.1)
Axillary artery 23 (5) 39 (4) 62 (4)
Brachial artery 53 (10) 138 (14) 191 (13)
Radial or ulnar 65 (13) 107 (11) 172 (11)
artery

Thoracic great 17 (3) 37 (4) 54 (4)
vessel

Abdominal great 13 (3) 29 (3) 42 (3)
vessel

lliac artery 33 (6) 83 (8) 116 (7)
Femoral artery 159 (31) 304 (30) 463 (31)
Popliteal artery 32(7) 84 (8) 116 (8)
Crural artery 56 (11) 41 (4) 97 (6)
Venous injuries 42 (8) 90 (9) 132 (9)
Miscellaneous - 15 (2) 15 (1)

hospitals have specialised vascular surgeons on call, but by
voluntary agreements, surgeons who have vascular experi-
ence can be summoned to the emergency departments of
county hospitals when vascular trauma is encountered.

In recent years vascular trauma, in some instances, has
been the subject of malpractice claims. Most of these cases
have concerned vascular occlusion or disruption associated
with orthopaedic or endovascular interventions, the injury
having been either overlooked or a diagnosis delayed.

Conclusions

Scandinavian vascular registries depend on information
voluntarily submitted and managed by committees
under national vascular societies. Contributing vascular
surgeons are, in principle, civil servants employed by
hospital authorities, and although the legal position of
ownership of and access to the database has to be clari-
fied, it remains open to scrutiny by national data inspect-
orates. Although national reporting formats differ, data
conforming to index procedures, as defined by the
European Board of Vascular Surgery (Eurovasc),' can be
extracted. The new collaborative working group, Vascunet,
representing established registries in Europe,> should
contribute to a convergence of structures and formats as
essential requirements for scientifically valid compara-
tive studies.

Data collection on risk factors in RAAA are prone to
be erroneous and incomplete but that on operative pro-
cedures and outcome are much more reliable. The true
efficacy of surgery in these cases cannot be assessed if

data on the fate of patients not reaching the operating
theatre are omitted from the registries. Overall case
fatality, that is including all patients with RAAA, was
80 per cent in Finland,* 67 per cent in Viborg County,
Denmark, and 88 per cent in Sweden.!” Total hospital
mortality, which includes patients entering the emer-
gency room alive, is an objective indicator of the ability
of any given hospital to handle RAAA. Finland’s high
volume centres with an active repair policy had better
results than did smaller units. Similarly, the Danish
experience!® of improved results with RAAAs reflects
the establishment of vascular centres, centralised emer-
gency vascular services and standard criteria for RAAA
repair. The potential of mass AAA screening in improv-
ing overall mortality is dominating the literature.

Endovascular techniques have improved outcome
and lowered short term mortality in comparison with
open surgery in acute ischaemic states. Whether this is
the effect of patient selection or of thrombolysis, with or
without PTA, remains to be seen. In differentiating
between embolic and thrombotic aetiology Swedvasc
data may be overdiagnosing embolism; this is not
attempted in Karbase. From a clinical point of view,
acute ischaemia should be assumed to be thrombotic
unless proved otherwise, and that stance is reflected in
the increased use of thrombolysis.

Almost half of the vascular injuries in Scandinavia are
iatrogenic, affecting older patients with complex coex-
isting diseases, and carry a higher mortality (4-5 per cent)
than injuries from other causes (1-2 per cent). It under-
lines the need for better teamworking between vascular
surgeons and interventional radiologists.
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INTRODUCTION

There has been a burgeoning of medico-legal activity in the
UK! and Europe in recent years, which has followed, but by
no means caught up with, a similar trend in the USA. This
has affected vascular surgery rather less than many other dis-
ciplines such as obstetrics, and these differences are reflected
in professional insurance premiums. The area of vascular
work most often associated with medico-legal problems is
the treatment of varicose veins,>* but such cases are invari-
ably elective, rather than emergencies, and have often been
dealt with by surgeons who are not vascular specialists.*
Arterial surgery is associated with substantial numbers
of adverse events, and these often follow emergency or urgent
presentations. In the USA, the Harvard Medical Practice
Study,” involving 30 121 hospital records, found a higher
proportion of adverse events in vascular surgery, largely arter-
ial, than any other specialty (16 per cent), although a smaller
percentage of these were judged to be due to negligence
than in other specialties (18 per cent). A study of 15000
hospital admissions in Utah and Colorado,® documented
aortic aneurysm repair and lower limb bypass grafting as
the two operations with the highest adverse event rates of
all, 19 per cent and 14 per cent, respectively, with 8 per cent
and 11 per cent of these adverse events judged as prevent-
able. In Australia, the Quality in Australian Healthcare Study’
on 14000 admissions claimed that 49 per cent of the adverse

events observed in vascular surgical practice were poten-
tially preventable. Despite the variation in these figures,
there is a clear message that many clinical problems after
arterial operations may be preventable.

With regard to the incidence of medico-legal claims,
collated figures from the National Health Service Litigation
Authority (which has indemnified Health Service hospitals
in England and Wales since 1995) and from the Medical
Defence Union (MDU) (reflecting private practice in the
UK from 1990 to 1999) include 36 claims against surgeons
for failure to diagnose or treat ischaemia, and 45 for com-
plications of aortic surgery.* The MDU database for gen-
eral practice for the same period contained 299 claims,
all related either to alleged mismanagement of limb
ischaemia (n = 197) or diagnosis and treatment of aneurysms
(n =102).

In elective arterial practice there is usually ample oppor-
tunity for assessment, counselling and record keeping, which
are particularly important in guarding against subsequent
complaints or litigation.® Emergency vascular practice poses
a greater chance of medico-legal problems: decisions often
need to be made quickly and without all the information
clinicians would like; there may be little opportunity for
counselling and the immediate writing of good notes; and
the potential for loss of life or limb is high. In addition,
these patients frequently present to doctors who are not vas-
cular specialists, and the diagnosis may be missed or delayed,



122 Medico-legal aspects of emergency vascular care in the UK

with serious consequences for the patient and difficulties
for the receiving vascular consultant.

This chapter presents a number of aspects of emergency
vascular practice which may be associated with complaints
or litigation, and proposes suggestions about how to avoid
being sued. It certainly does not provide all the answers,
but hopefully offers food for thought.

THE BASIS OF MEDICO-LEGAL ACTIONS

It is important, briefly, to rehearse the law of negligence,
which governs medico-legal action against doctors in the
UK. There are three fundamental principles:

1 To establish that the doctor had a duty of care to the
patient: as a rule this poses no problems, although it
may do so in the setting of emergency vascular practice.

2 To show that the doctor has breached that duty of
care to the patient: therefore he has been negligent
(liability).

3 To prove that the doctor’s actions, or omissions, have
caused damage to the patient (causation).

A longstanding and important precedent exists from
the case of Bolam (Bolam v Friern Hospital Management
Committee 1957), namely, ‘a doctor is not guilty of negli-
gence if he acted in accordance with the practice accepted
as proper by a responsible body of medical men skilled in
that particular art’, but the professional opinion called to
support him must be capable of ‘withstanding logical analy-
sis’ (from Bolitho v City and Hackney Health Authority
1997). Judgments about what was, or was not, likely to
have happened are based on the balance of probabilities
(greater or lesser than 50 per cent probability) and not on
the principle of ‘beyond reasonable doubt’ used in crim-
inal cases. Increasingly in medico-legal judgments, the
concept is being used of what a ‘reasonable man’ would
have done rather than simply considering the views of
medical specialists.

It is important to remember that only a small propor-
tion of complaints against doctors develop into medico-
legal claims: proceedings are issued in only a few of these
cases, and fewer still go to court. However, the stress and
emotional impact of medical errors’ and medico-legal
threats can be oppressive for those involved, and the time
involved in dealing with the issues may be considerable.

MISSED OR DELAYED DIAGNOSIS

This is a major cause of medico-legal activity. The doctors
held responsible for missing emergency vascular conditions
are most often not vascular surgeons, but vascular surgeons
may then find themselves presented with difficult late

presentations and may also become targets for the general
dissatisfaction about the management of the patient.
Certain conditions have special potential for delayed or
missed diagnosis.

Spontaneous acute ischaemia due to embolism or throm-
bosis may be confused with other causes of limb pain, for
example sciatica, or may simply not be noticed in uncom-
municative or bedridden patients who are in hospital wards
or nursing homes. Traumatic arterial damage may escape
detection in a setting of multiple trauma or after injuries
which are not typically associated with vascular involve-
ment. The swelling and generalised pallor often associated
with trauma can make assessment difficult, and a high index
of suspicion is the key to diagnosis. Late complications such
as false aneurysms can also result in accusations of negli-
gence. Failing to recognise compartment syndromes asso-
ciated with acute trauma and/or acute ischaemia is a matter
of particular concern for vascular surgeons.

The diagnosis of leaking abdominal aneurysm is not
infrequently delayed or missed by doctors both in primary
care and in hospital. Leaking aneurysms are well known to
present with atypical features, being easily confused with
other conditions causing abdominal pain such as ureteric
colic or diverticular disease, with acute back problems or
with conditions causing hypotension such as myocardial
infarction. Aortoenteric fistula is another condition which
may be rapidly fatal but which is sometimes not recog-
nised: even when suspected in a patient with an aortic graft
the diagnosis may be difficult to prove.

If there is concern about the possibility of any of these
conditions, but the diagnosis is not clear, then good record
keeping is fundamental from the risk management point of
view. Written notes that a particular diagnosis was considered,
the reasons for uncertainty and the steps taken to investigate,
are a powerful defence if that diagnosis was later found to
have been ‘missed’. It is equally important not to accuse or
condemn other doctors in writing after a referral has been
made with a delayed diagnosis: the full circumstances may
not be known to the receiving specialist, and written accu-
sations of negligence can be the cause of serious and need-
less problems.

WHO SHOULD BE RESPONSIBLE FOR
EMERGENCY VASCULAR PROBLEMS?

This question has assumed importance with the increasing
specialisation in general surgery. The days have long gone
when acute ischaemia was dealt with by any general surgeon
and associated trainees,'® and decreasing numbers of non-
vascular consultants feel competent to operate on leaking
aortic aneurysms. In addition, there is a rising public expect-
ation fuelled by the press that all treatment will be delivered by
‘specialists’. When all does not go well with emergency vascu-
lar cases, ‘generalists’ may become increasingly vulnerable to
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medico-legal criticism. The underlying problem, particularly
apparent in the healthcare system of the UK, is one of insuffi-
cient vascular specialists in many hospitals, especially those
outside large urban areas. The history and reasons for this are
complex, but the result is that many hospitals do not have a
formal emergency vascular surgical, or vascular radiology
rota, and as a consequence general surgeons with little or no
regular experience of elective vascular work may have to take
on emergency cases.

Where formal vascular rotas do not exist, there may be
a special medico-legal threat for vascular surgeons, who
frequently make themselves available as much as they are
able for emergencies.!! If they are contacted by telephone
and are unable or unwilling to attend because they are not
formally ‘on call’, what would be their liability if the out-
come is unfavourable for a patient who is dealt with by
generalist colleagues or trainees, or who is transferred to
another hospital? What is their clinical responsibility and
duty of care if they are not contractually on call? Offering
advice over the telephone is usually taken to imply clinical
responsibility, at least to some degree. This is a difficult
area but one which surgeons and managers need to con-
sider. Each hospital should have clear understandings about
which consultant is in charge of the patient’s care at any
given time: admitting general surgeons should not assume
that their vascular colleagues have taken over care of an
emergency admission until this has been explicitly agreed.
This is also important medico-legally with regard to the ques-
tion of who supervises trainees dealing with the patient,
particularly when the duty trainees are not part of the vas-
cular team, currently a common situation.

Another potentially difficult medico-legal issue relates
to transfer of patients, which may be required if there is no
vascular specialist available in a hospital, or if adequate facil-
ities are not available, for example, no intensive care bed
for a leaking aneurysm. Might there be a medico-legal chal-
lenge if the treatment of such a patient is delayed, and they
die or lose a limb as a result? It is a legal principle that hos-
pitals should not offer services which they cannot provide
to a good standard, and this could be taken to imply that it
is better to transfer an emergency vascular patient, rather
than to treat them in a substandard way. The principles of
transfer should be the subject of agreement by health
authorities and hospital trusts, following discussion from a
‘public health’ perspective.

DECISIONS ABOUT WITHHOLDING
TREATMENT

Decisions about withholding active treatment are required
quite often in emergency vascular practice, for example, in
patients with leaking aortic aneurysms'? or unsalvageable
acute limb ischaemia,'® who are very elderly, who have ser-
ious, and often multiple, comorbidities and poor quality

of life. This is an area of potential medico-legal concern,
although, in response to a questionnaire in 1998,12 only 22
per cent of vascular surgeons in the UK and Ireland stated
that medico-legal concerns ever influenced their decisions
about not operating on patients with leaking aortic
aneurysms. Quite a different response would probably have
been received from surgeons in the USA, where there are
generally higher expectations from both patients and rela-
tives for heroic treatment of the very elderly with little chance
of survival.

When deciding on palliative care rather than surgical
intervention, it is vital that all staff caring for the patient
are in tune with the decision, and that they are invited to
voice any concern or disagreement. Not only is this part of
teamwork and common sense, but it also guards against
any disaffected member of the care team later claiming to
have been an unwilling party to a wrong or negligent deci-
sion. The patient’s family must be counselled sensitively,
and must concur with the decision, but not be made to feel
responsible for it: it is they who might later take legal action
if the situation was not dealt with well. Whenever practical,
patients themselves should be involved in the decision.
These discussions should always involve a senior member
of the vascular surgical team."?

A particular problem in emergency situations is that lit-
tle may be known about the patient’s pre-existing medical
condition, and relatives may not be immediately to hand;
patients with leaking aortic aneurysms who have house-
bound spouses with disabilities are a case in point. When a
decision about palliative care is particularly difficult it may
be an advantage to involve a senior anaesthetist, both to
give an opinion and to record their opinion in the notes;
this can be especially helpful when relatives press for active
treatment in a patient whose anaesthetic risks are excessive.

With sensitive explanation and counselling, as well as
good written records, thoughtful decisions to withhold active
surgical treatment will hopefully remain an area which sel-
dom gives rise to medico-legal action, but the potential for
problems needs to be kept clearly in mind.

INFORMED CONSENT

Treatment of vascular emergencies is fraught with poten-
tial complications, but the urgency of the situation and the
condition of many patients can make thorough counselling
about risks both impractical and unkind. For example, the
collapsed patient with a ruptured aortic aneurysm is in no
state to receive any amount of information, except the mes-
sage that he needs major emergency surgery for a leaking
artery. The patient’s condition may be so grave that signing
of a consent form is not a sensible expectation, but this
should never deter surgeons from doing what they believe
to be in the patient’s best interests as this is their duty from
both an ethical and a legal point of view.
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When the situation permits more explicit informed con-
sent, then there is a medico-legal expectation that patients
should be told about relevant risks, both very serious prob-
lems which occur occasionally, and lesser problems which
occur more frequently.*! Just how fully the frightened eld-
erly patient should be confronted with any risks beyond the
threat to an acutely ischaemic limb is a matter of individual
judgement. Whatever they, and their close relatives and espe-
cially carers, are told, it is important that the conversation is
documented and this is dealt with further below. While it is
very helpful, and I believe essential, to have a good standard
information booklet about each common operation in the
elective setting, this is more difficult for emergency proced-
ures. However, when there is the opportunity to give the
patient a booklet, for example about ‘thrombolysis’ or
‘bypass grafts to the limb’, then this should certainly be done.

Occasionally patients may say that they do not want to
be informed in detail about proposed procedures or risks.
That is their right, but if they are not informed because of
this kind of request then this should be recorded clearly. It
should always be the presumption that every patient wants
to be well informed.

THE TEAM APPROACH AND GUIDELINES

Although the vascular surgeon bears ultimate responsibil-
ity for the vascular surgical patient, other specialists and dis-
ciplines are also important, not only for their contributions
to management of the patient, but also in the risk manage-
ment process and avoidance of litigation. This is particu-
larly true of vascular radiologists who play the leading role
in thrombolysis for acute ischaemia, and there needs to be
very clear communication between them and their surgical
colleagues about the decision for thrombolysis, who coun-
sels and consents the patient, and their specific responsibil-
ities while lysis is in progress. There is a potential for serious
medico-legal consequences if a patient has a stroke during
thrombolysis without a record of explicit informed consent,
or if they develop bleeding which is not dealt with appro-
priately because of poorly defined responsibilities.
Thrombolysis is a particular area of emergency vascular
practice in which written guidelines are very valuable, partic-
ularly for trainees and nursing staff, and they should describe
the action to be taken if problems occur. Many doctors worry
about the medico-legal disadvantages of guidelines,' but
thrombolysis is a good example of a treatment for which
their advantages far outweigh any possible disadvantage. It
is relatively complex treatment which involves several dis-
ciplines, with which trainees and less experienced nurses
may not be very familiar, and which requires efficient moni-
toring with a clear understanding of what to do if things go
wrong. It may be helpful to use published consensus docu-
ments®® when constructing guidelines, but for practical pur-
poses they must reflect local circumstances and preferences.

OMISSION OF PROPHYLAXIS IN THE
EMERGENCY SETTING

It is easy for important prophylactic measures to be forgot-
ten in the turmoil of emergency treatment. Prophylactic
antibiotics are especially important when grafting ruptured
aortic aneurysms: there can be no defence if they are not
given at the time of aortic grafting and the graft becomes
infected. The need is especially great in the context of asep-
tic precautions which may be less rigorous than usual, as is
sometimes the case when dealing with collapsed patients,
and extra doses of antibiotics are wise at the end of the
operation when there has been massive blood loss.

Failure to provide prophylaxis against venous throm-
boembolism has become a regular cause of medico-legal
action. In the treatment of acute ischaemia there may also
be a need to consider special measures to prevent further
arterial thromboembolism, using anticoagulants or dextran
40. Tetanus prophylaxis should not be forgotten in cases of
trauma.

WRITTEN RECORDS AND NOTES

The importance of good records cannot be overempha-
sised in any discussion about medico-legal matters.*®18-21
When dealing with vascular emergencies, for example, rup-
tured aneurysms, pressure of time often makes writing of
thorough preoperative notes impossible. Written notes may
be confined to bare working details when time is pressing,
but after an emergency operation there is no excuse for the
absence of an adequate record of everything that happened.
I always dictate an operation note, which is then typed, and
this is a good opportunity to describe the initial presenta-
tion, the discussions and the reasons for decisions. The typed
note is also a useful place to record personal thoughts about
the case, prognosis and plans, together with what has been
said to the patient’s relatives about the likely outcome. The
details are not only helpful to those subsequently involved
in the patient’s care, but they are also invaluable if there is
any subsequent complaint or medico-legal claim.

It is vital for doctors to understand that the records
they write or dictate provide the only evidence of what was
thought, said and done. A patient or relatives may make
assertions later which are completely untrue, but if no record
exists to contradict them then it is difficult to refute their
claims. It is worth remembering the cynical point of view:
‘If you didn’t write it down, it didn’t happen’. It is tediously
basic, but absolutely mandatory from the medico-legal stand-
point, that each page of the clinical record has the patient’s
name and reference number on it, that each entry is prop-
erly dated including the year and not just the month, and
that entries, especially for emergency and urgent records,
have a time, the 24-hour clock being best.
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INCIDENT REPORTING

All hospitals should now have systems in place for immedi-
ate reporting of any incidents which might result in com-
plaint or medico-legal proceedings.'®*""?? If clinicians do
this conscientiously, then problems may be averted or min-
imised. Incident reporting is a huge subject in its own right
but all doctors need to know about their local incident
reporting systems and how to use them.

CLINICAL AUDIT

There are two particular medico-legal implications of clin-
ical audit. First, it is probably advantageous to be able to
report that any case with an adverse outcome was discussed
at a peer group audit meeting. Second, audit of individual
results may help to support a surgeon’s reputation and
credibility in a particular area of work. The National Vascular
Database being developed by the Vascular Society of
Great Britain and Ireland may well come to represent an
important tool by which vascular specialists can confirm
that their results conform to national norms.* Contributing
data about procedures to national and international regi-
stries, for example aortic stent grafts used to treat leaking
aneurysms, is a hallmark of good practice and may help
support a clinician, particularly in the context of relatively
new procedures.

The extent to which the results of past performance
should be required or offered in medico-legal proceedings is
a matter for debate. Clinical governance now demands that
such records be made, and it seems inevitable that lawyers
will increasingly ask for the figures. Demonstration of regu-
lar, careful audit, with appropriate changes in practice is
likely to contribute to the defence to a surgeon accused of
negligence, particularly if the results are good. By the same
token surgeons are understandably worried that audit might
also be used against them. Their results might be compared
unfavourably with published series, which often describe
much better outcomes than the norm.'® In addition, audit
data might be used to criticise them for doing a specific pro-
cedure infrequently: for example a surgeon who had had
poor outcomes from just two or three cases of vascular
trauma might find this fact used against them despite good
reasons for these results, and a good track record of elective
arterial reconstructions. Although regular audit and involve-
ment in national registries certainly are important, these con-
siderations may discourage recourse to audit figures as a
routine in medico-legal proceedings.

Clinicians involved in research on procedures for emer-
gency vascular conditions should take particular care in
advising patients and their relatives, in record keeping, and
in all aspects of research governance. Medico-legal action
resulting from an ‘experimental’ procedure requires particu-
larly robust defence.

Conclusion

Emergency vascular work poses many possibilities for
medico-legal challenge. However, the surgeon who makes
thoughtful decisions, who communicates them sympa-
thetically to patients and their relatives, and who keeps
thorough records stands a good chance of avoiding both
complaints and successful claims.
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THE PROBLEM

AETIOLOGY/PATHOPHYSIOLOGY

Stroke is defined as the acute onset of a focal neurological
deficit caused by alterations in blood circulation in the vas-
cular territory of the central nervous system. Cerebral
ischaemia can also affect the brain diffusely during pro-
longed systemic hypotension thereby causing extensive
infarcts.

Stroke is the third leading cause of death in North
America and the most common cause of prolonged dis-
ability in the industrialised world.! The absolute number
of stroke patients is likely to increase in ageing popula-
tions. Until recently, the management of acute cerebral
infarction was restricted to supportive measures and
control of risk factors in secondary stroke preven-
tion. Acute ischaemic stroke is now viewed as a medical
emergency with a narrow therapeutic window clinically
comparable to acute myocardial infarction.” In the vast
majority of patients neuronal damage occurs within
a few hours of the initial event and the term ‘brain
attack’ emphasises the need for rapid diagnosis and
treatment.

The purpose of this chapter is to discuss the diagnosis
and management of acute ischaemic stroke, beginning in
an emergency room setting. The supportive and ancillary
treatment measures will be underlined and the strategies
aimed at reperfusing and protecting the brain while limit-
ing the area of infarction discussed. Special attention will
also be given to the prevention of common iatrogenic
complications of these patients.

Classification

There are two types of stroke: ischaemic and haemor-
rhagic. Ischaemic strokes or cerebral infarcts account for
approximately 85 per cent of all strokes.>*

Stroke classification

o Ischaemic strokes
— Large artery atherosclerosis
— Cardioembolism
— Small vessel occlusion
— Other aetiologies (some unknown)
* Haemorrhagic strokes
— Intraparenchymal haemorrhages: hypertensive;
amyloid angiopathy; other causes, such as
tumours, blood dyscrasias, etc.
— Subarachnoid haemorrhage: aneurysmal;
traumatic; other causes
— Rupture of arteriovenous malformations

Athero-thromboembolic or large vessel strokes originate
in atheromatous lesions localised within the large cerebral
vessels, both extracranial and intracranial. Typically infarcts
are large cortical and subcortical lesions in the territory of
one of the major cerebral vessels. Cardioembolic strokes
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occur in conditions such as atrial fibrillation, myocardial
infarction, congestive failure, valve disease, congenital mal-
formations and aortic arch plaque.>® The role of mitral
valve prolapse and patent foramen ovale in embolism
remains controversial. Lacunar or small vessel strokes are
small subcortical infarcts caused by occlusion of small,
deeper placed vessels affected by the pathological process of
lipohyalinosis. Other aetiologies are vasculitis, procoagulant
conditions, drug use and venous occlusion.” Haemorrhagic
strokes comprise approximately 15 per cent of acute cere-
brovascular events, including intracerebral haemorrhage and
rupture of aneurysms and arteriovenous malformations.

Strokes can also be classified according to the temporal
evolution of symptoms. Transient ischaemic attacks (TIAs)
are focal neurological deficits with complete resolution
within 24 hours. In most cases TIAs last less than a minute
or two and certainly well below 1 hour. A reversible
ischaemic neurological deficit (RIND) or minor stroke is
an event lasting more than 24 hours with complete or near
complete resolution within 3—7 days. Infarcts with transient
neurological symptoms (ITNS) cannot be distinguished
clinically from TIAs, but computed tomography (CT) or
magnetic resonance imaging (MRI) will demonstrate a
recent ischaemic lesion in the affected territory. Strokes in
evolution are neurological events that progress after onset.
The deterioration usually occurs during the initial hours
of the episode and is caused, at least in part, by progression
of the underlying thrombotic process. Completed strokes
are permanent neurological deficits without major changes
occurring after the initial assessment.

Temporal evolution of acute ischaemic
cerebrovascular events

¢ Transient ischaemic attacks

* Reversible ischaemic neurological deficit or
minor stroke

¢ Infarcts with transient neurological symptoms

¢ Stroke in evolution

¢ Completed stroke

Stroke risk factors

Similar to patients with coronary disease, stroke patients
usually have conditions that predispose them to the occur-
rence of strokes.® These stroke risk factors can be modifi-
able or non-modifiable.

Stroke risk factors

¢ Non-modifiable risk factors
— Advanced age
— Male sex
— Genetic factors

* Modifiable risk factors
— Hypertension
Smoking
— Diabetes mellitus
Dyslipidaemia
Cardiac disease
— History of stroke/TIA
Other factors: haemorrheological factors (i.e.
elevated haematocrit and fibrinogen), procoagulant
conditions, hyperhomocysteinaemia, genetic
factors, recent infection/inflammation

Pathophysiology

The basic mechanisms of cerebral ischaemia are: (i) in situ
thrombosis resulting in narrowing of the vessel lumen and
reduction in flow or (ii) fragmentation and dislodgement of
a clot in the heart or in an artery with subsequent embolisa-
tion to a cerebral vessel. When blood flow to an area of the
brain is reduced to a critical level through either one of
these mechanisms the result is infarction’ (see Chapter 5).

ISCHAEMIC PENUMBRA

Experimental and clinical evidence have demonstrated the
existence of an area surrounding the infarcted tissue in
which blood flow is maintained by collateral circulation at
a level below 50 per cent of normal. This viable area,
known as the ischaemic penumbra, remains in danger of
sustaining progressive damage and necrosis.'? The fact that
irreversible damage can occur within a short period of time
provides the rationale for early treatment of stroke either
by prompt reperfusion or by administering agents which
protect the brain from further damage, in other words
pharmacological neuroprotection. The time between the
initial insult and the completion of neuronal death in the
penumbra represents the therapeutic window of opportun-
ity for treatment of ischaemic stroke.'! The duration of this
time window is probably no longer than 3—6 hours and the
response to different therapeutic modalities may vary from
patient to patient.

CEREBROVASCULAR AUTOREGULATION

This is a normal physiological mechanism which allows for
constant maintenance of cerebral blood flow (CBF)
through a wide range of perfusion pressures.'? The normal
range of mean arterial pressure (MAP) regulation is
60-130mmHg and when it goes outside that range
autoregulation is lost and cerebral blood flow follows
changes in MAP. Chronic hypertension is associated with
displacement of the autoregulatory curve to the right.
Cerebrovascular autoregulation is defective immediately
after a stroke and the ischaemic brain tissue is entirely
dependent on available collateral surrounding flow.



Clinical aspects/diagnosis 131

Cerebral autoregulation normally maintains CBF at a
constant level across a wide range of mean perfusion pressures
(mean arterial pressure 60—150 mmHg). Autoregulation is
impaired following stroke, and ischaemic brain tissue
becomes passively dependent on surrounding collateral
blood supply.'* Rapid reduction of blood pressure to nor-
motensive levels may compromise collateral supply and
precipitate acute neurological deterioration.'?

CLINICAL ASPECTS/DIAGNOSIS

Acute ischaemic stroke is a medical emergency. Early evalu-
ation of patients allows the proper planning of manage-
ment strategies. Patients with new onset focal neurological
deficit, either transient or established, should be admitted
to institutions with the resources capable of managing acute
cerebrovascular events. That would include the rapid avail-
ability of neurologists, vascular surgeons, neurosurgeons,
internists and radiologists, backed up by appropriate diag-
nostic devices available on a 24-hour basis.

Elements raising suspicion of stroke

» Focal neurological deficit reaching maximal severity
within minutes to hours

* Subject older than 55 years

* Presence of vascular risk factors

Patients should be evaluated immediately upon arrival.
A detailed medical history will often require help from rela-
tives or other witnesses, particularly if there are signs of
language disturbance or a diminished level of awareness.
Those with severe deficits or other serious medical condi-
tions should be admitted to an intensive care unit. It is
important to determine promptly the need for orotracheal
intubation. Careful and frequent evaluation of clinical and
neurological status is of value in prevention, diagnosis and
treatment of complications.

Special attention should be given to ascertaining the
timing and characteristics of symptoms at onset, past neuro-
logical status, medication and history of important stroke
risk factors such as hypertension, diabetes, smoking, heart
disease, previous stroke or TIAs, drug abuse and family his-
tory. A complete physical examination is necessary keeping
in mind cardiac arrhythmias and murmurs, carotid bruits
and evidence of pulmonary aspiration. Neurological exam-
ination will determine the characteristics of the deficit and
the localisation of the lesion. The affected vascular territory
can usually be established based on the spectrum of symp-
toms and signs.

After a brief but thorough initial physical and neuro-
logical examination a non-contrast brain CT should be
obtained. This study is often normal during the first

Figure 11.1

Non-contrast brain computed tomography in a
patient with acute onset of right hemiparesis and aphasia. Note
hyperdense middle cerebral artery signal suggesting acute
occlusion in the vessel (arrow)

24 hours after an ischaemic stroke but permits the diagno-
sis of haemorrhagic stroke and other conditions sometimes
misdiagnosed as ischaemic strokes.!* The use of fibrinolytic
drugs in the first few hours of stroke and their potential for
severe haemorrhagic complications has stimulated the
identification of early changes on CT which suggest the
presence of infarcted tissue (see box and Fig. 11.1).

Early CT changes in acute ischaemic stroke

* Hyperdense middle cerebral artery signal
¢ Acute hypodensity

°  Mass effect

© Loss of grey/white matter interface

* Loss of sulci

* Obscured basal ganglia

* Loss of insular ribbon

In recent years, MRI using the diffusion/perfusion tech-
nique (DWI/PWI) has helped in the early identification of
ischaemic changes and, in cases with DWI/PWI mismatch,
the delineation of an area of penumbra which will recover
if reperfusion can be initiated promptly' (Fig. 11.2).

Basic laboratory studies, namely, blood count, coagula-
tion assays, electrolytes, glucose, renal, and liver function
tests, electrocardiogram and chest X-ray should be under-
taken on admission.

After initial evaluation a strategy of management should
be established, with diagnostic evaluation focused on
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DWI PWI

DWI

Figure 11.2  Brain magnetic resonance imaging with
diffusion/perfusion weighted (DWI/PWI) technique. (a) DWI/PWI
mismatch. Perfusion defect (light blue arrow) is larger than the
diffusion defect (yellow arrow). (b) Perfusion and diffusion defects
are similar suggesting absence of a penumbra area

assessing the aetiology of the event and locating disease in
large or small vessels, identifying cardioembolic sources,
prothrombotic states and other conditions. This process
will refine acute management and facilitate planning the
most appropriate strategy for secondary prevention.
Vascular ultrasound and magnetic resonance angiography
have proved useful in the detection of severe stenosis and
occlusion in the carotid artery. Cerebral angiography is
performed transarterially when intra-arterial thrombolysis
is planned or when the information to be obtained is likely
to influence therapeutic decisions. The possibility of a car-
diac embolic source is excluded by detailed cardiological
examination, chest X-ray and electrocardiogram (ECG)
and if still suspected by transthoracic and/or trans-
oesophageal echocardiography, 24-hour Holter-ECG,
myocardial perfusion studies and coronary angiography.
Transoesophageal echocardiography allows the determina-
tion of size and motility of cardiac chambers, presence of
intracavitary thrombi (a negative study does not rule out
their existence), valvular disease and atheromatous disease
of the aortic arch. Prothrombotic disorders associated with

stroke include antiphospholipid antibodies, elevated fib-
rinogen, erythrocytosis, hyperhomocysteinaemia, activated
protein C resistance and, less frequently, protein C and S
congenital deficiencies and antithrombin III deficiency.
Cerebrospinal fluid examination is presently reserved for
cases of dubious aetiology, especially in young subjects and
when there is suspicion of some infectious or inflammatory
brain process.

Approximately one-third of patients with ischaemic
stroke deteriorate after the initial event: during the first
24 hours (or later in posterior circulation strokes) it represents
a progression of the thrombotic process, in other words,
stroke in evolution.!® Cerebral oedema usually accounts for
the deterioration occurring between the second and fifth
day, especially when patients have sustained large infarcts.

Neurological deterioration can also be related to a haem-
orrhagic transformation of the infarct, a particular danger in
patients treated with fibrinolytic or anticoagulant drugs, but
it may follow fresh episodes of embolism in patients with
embolic sources, or medical complications such as infection,
metabolic disturbance and haemodynamic failure.

GENERAL MANAGEMENT

The principles of emergency management of stroke, i.e.
control of potential life-threatening complications and
specific treatment of the vascular event,!” are summarised
in the algorithm given in Fig. 11.3.

Bed rest

Bed rest is recommended for the first 48 hours, especially
for those with orthostatic hypotension, commonly observed
among diabetics, elderly patients and those receiving anti-
hypertensive medication. Neurological deterioration may
result from premature mobilisation of patients with ortho-
static hypotension and impaired cerebral autoregulation.

Airway and breathing

Ensure airway patency, particularly in patients with decreased
alertness. Hypoxia may alter neurological status and con-
tribute to the neurological deficit but supplemental oxygen
is not needed routinely. Pulse oximetry will identify the
patient with obstructive breathing patterns or desaturation
during sleep.'® Hypercapnia can also be detrimental because
it raises intracranial pressure.

Circulation

The management of hypertension following acute ischaemic
stroke remains a somewhat controversial issue.!* Over
two-thirds of patients with acute stroke have elevated initial
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Clinical evidence of acute focal neurological deficit

A 4

Clinical and neurological exam in ER
Establish time of onset

Airway/breathing
Circulation

Laboratory

Fluids
Intracranial pressure
Glycaemic control

A

Chest X-ray
ECG

A 4

Temperature
Skin care

Non-contrast CT

Bladder management
DVT prophylaxis

Physical therapy

|

Changes consistent
with ischaemic stroke

A 4

| Eligible for IV r-tPA use? |

}

Intracranial
haemorrhage

Surgical
» .
consultation

! !

¢ | ¢ Parenchymal Subarachnoid haemorrhage
cerebral or arteriovenous
YES haemorrhage malformation rupture
A A 4 A 4
Personnel with expertise Consider surgical Cerebral
in IV r-tPA use available? evacuationin angiography
selected cases
I
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NO YES Consider surgical Surgery
> consul_tation _in large Endovascular treatment
v v hemlspherlc arld Radiosurgery
cerebellar infarctions
Consider referral Start
to stroke centre IV r-tPA v v

Complete diagnostic work-up

_| Continue ancillary treatment

"| Start rehabilitation

Start secondary prevention measures

A

Figure 11.3  Algorithm of the principles of emergency management of stroke. CT, computed tomography; DVT, deep vein thrombosis; ECG,
electrocardiogram; ER, emergency room; IV, intravenous; r-tPA, recombinant tissue plasminogen activator

blood pressures (>170/100 mmHg), yet there is no clear
relation between hypertension and neurological wors-
ening or outcome.?’ Blood pressures tend to normalise spon-
taneously following stroke, with decreases of about
20 mmHg systolic and 10 mmHg diastolic during hospital-
isation.”” The rate of decline is most rapid during the initial
four days and greatest in subjects with higher initial values.
Moderate hypertension followed by normalisation is thus
expected following ischaemic stroke; moderate hypertension
may even be beneficial early on, as has been demonstrated in
some animal models.?!

Certain individuals are particularly susceptible to the
dangers of rapid blood pressure reduction, including those
with prior chronic hypertension or high grade arterial

stenosis and of course the elderly.?>** Chronic hypertension
is common in stroke patients and may be associated with
an upward shift of the lower autoregulatory limit for CBF,
say a mean of 85-150 mmHg; thus even modest blood
pressure reductions may compromise collateral supply to
dependent regions of the brain.**

Knowledge of stroke pathophysiology and the benign
course of post-stroke hypertension support the axiom that
hypertension should be left untreated early on, unless it is
dangerously elevated or sustained® (Fig. 11.1). Strokes in the
setting of aortic dissection, symptomatic congestive heart
failure, acute myocardial infarction or other hypertensive
organ failure represent exceptions which require more
rapid management.
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Treatment of hypertension, a cornerstone of secondary
stroke prevention, should therefore be initiated cautiously
maintaining vigilance for orthostatic side effects. While a
graduated reduction of blood pressure is of greater import-
ance than the antihypertensive medication selected, we
generally avoid nifedipine, diuretics and clonidine which
cause rapid and sharp falls in blood pressure, volume
contraction, lowered CBF and changes in mental status.?®
Labetalol, a combined af3-adrenergic blocker, has proved
to be safe and effective in accelerated hypertension when
administered orally or intravenously to patients as long as
they do not have asthma, chronic obstructive pulmonary
disease, bradycardia, heart block or failure.?”

Hypotension may occur in patients with severe coexist-
ent heart disease marked by arrhythmias, heart failure or
acute myocardial infarction, or if they are dehydrated or
septic. Cerebral blood flow may be impaired in this situa-
tion and urgent correction is advised.

Fluids

An intravenous line is required for management of fluids
and electrolytes and for drug administration. We rec-
ommend normal saline infusion for most patients, the total
fluid intake not exceeding 2500 mL/day for the first four
days; fluid restriction minimises the development of brain
oedema in those with suspected or proved large infarcts.
Approximately 15 per cent of patients develop hypona-
traemia with or without dehydration. Sodium correction
must be timely and executed with caution if central nervous
system lesions, for example central pontine myelinolysis, are
to be avoided. Hypernatraemia is less common but it too
must also be corrected cautiously to avoid cerebral oedema.

Raised intracranial pressure

Oedema is caused by intracellular retention of fluid in the
ischaemic area and reaches its peak 48—72 hours after the
stroke.”® In patients with large hemispheric and cerebellar
infarctions mass effect may result in clinical deterioration
and death (see Chapter 5). Early signs of progressing oedema
include decreased alertness and pupillary changes.” Treat-
ment of elevated intracranial pressure following ischaemic
stroke is difficult. Hyperventilation produces hypocapnia
and vasoconstriction, with potential worsening of cerebral
ischaemia.”® Steroids are ineffective in ischaemic stroke.’!
We recommend mannitol at doses of 0.25-0.50g/kg at
4-6-hour intervals, carefully managing electrolytes and
maintaining serum osmolality below 300 mOsm.*? In severe
cases intravenous furosemide may be combined with manni-
tol.® Patients with cerebellar infarction developing brain
stem compression may benefit from shunting and posterior
fossa surgical decompression, an interesting but still
unproved option in those with large hemispheric strokes.**

Swallowing, hydration and nutrition

Acute ischaemic stroke patients are at high risk of aspiration,
a devastating complication in most instances. Oral fluids or
food should not be given until a formal swallowing exam-
ination has been performed.*® The risk of aspiration is partic-
ularly high in patients with absent gag reflex, coughing or
choking when attempting to drink, dysarthria and in those
who are obtunded.*® For patients with swallowing difficulties,
we recommend placement of a duodenal tube on the second
day after the stroke as nasogastric tube feeding also carries
the risk of aspiration. Duodenal tube fluid administration
should be by continuous infusion to prevent regurgitation,
acute gastric retention and osmotic diarrhoea. The head of
the bed should be elevated at least 30 degrees at all times.
The volume and caloric content can be increased gradually
over the first 48—72 hours to meet daily requirements.

Glycaemic control

An association between elevated blood glucose levels and
poor stroke outcome, perhaps due to the effect of lactic aci-
dosis on infarcted brain, has been reported.’” Some stud-
ies, however, have shown that there is no direct association
between hyperglycaemia and stroke outcome.’® Diabetic
patients are best managed initially using a glucose sliding
scale and corrections with regular insulin followed by diet
and either oral hypoglycaemic agents or insulin depending
on severity and requirements.

Pyrexia

Hyperthermia, even mild, is associated with increase of
infarct size and higher morbidity and mortality.**° Pre-
ceding or concomitant infection is common in ischaemic
stroke patients.*"*> Experimental studies in animals and
humans have shown that moderate hypothermia might be
beneficial in acute stroke.*>** Until the results of further
trials of cooling are published it would be prudent to keep
body temperature under control in these patients.

Pressure areas

Skin care and prevention of decubitus ulcers is achieved by
the use of special mattresses and by mobilising the patient
every 2 hours.*

Bladder management

Incontinence of urine is common in the first few days.

Indwelling urinary catheters should be avoided if possible
to prevent urinary tract infections.*®
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Venous thromboembolism prophylaxis

Deep vein thrombosis (DVT) is common in stroke patients*’
and even more so in patients with dense paralysis of the
affected limb. Older subjects are at increased risk, particu-
larly those with obesity, congestive heart failure, varicose
veins, history of thromboembolism and hypercoagulable
states.*” However, clinically apparent DVT occurs in less
than 10 per cent of subjects and pulmonary embolism in
less than 2 per cent. Prophylactic measures for patients at
risk include early mobilisation, external pneumatic com-
pression, antiplatelet therapy and antithrombotic drug ther-
apy using low dose subcutaneous heparin or low molecular
weight heparinoids.*®->°

Epileptic seizures

Seizures are frequent in patients with large infarctions
especially during the first 48 hours.”' Acute cerebrovascu-
lar events are the most common cause of seizures in sub-
jects older than 65 years. The response to anticonvulsive
therapy is usually satisfactory and there is no evidence to
support the prophylactic use of antiepileptic drugs.

Rehabilitation

Physical and occupational therapy and assessment of speech
difficulties should be initiated soon after admission.
Rehabilitation programmes must be customised for each
individual and should start as soon as the patient is clini-
cally stable.

SPECIFIC TREATMENT

Stroke is a medical emergency with a narrow therapeutic
window. Minimising the time interval between the onset of
symptoms and the initiation of specific treatment is key to
the patient’s chances of a satisfactory recovery.>?

Thrombolytic therapy

Multicentre, double blind, placebo controlled randomised
trials in the USA and Europe have demonstrated the effi-
cacy of early administration of activated recombinant tis-
sue plasminogen activator (r-tPA) in patients with acute
ischaemic stroke.”> Nevertheless, the drug is underused
in most centres in spite of the lack of alternative strategies
because of delays in presentation to the emergency room,
fears of haemorrhagic complications and the inadequacy
of an infrastructure to manage stroke.

Intravenous r-tPA is effective at a dose of 0.9 mg/kg
given intravenously over 60 minutes (10 per cent of dose
as intravenous bolus over 1 minute; maximal dose 90 mg)

when used within 3 hours of onset of symptoms in highly
selected patients.”»> The number of patients who make an
excellent recovery is significantly higher in those who
receive r-tPA although there is no substantial difference in
mortality and this is also true of ischaemic stroke subtypes.
Studies using streptokinase in acute ischaemic stroke
showed that it was unhelpful and ill advised.*® The safety of
using r-tPA continues to be a major concern, brain haem-
orrhage having been observed 10 times more frequently in
patients receiving this treatment (6.4 v 0.6 per cent).

Criteria for r-tPA use are listed below. Strict adherence
to these criteria is essential if catastrophic haemorrhagic
complications are to be prevented. Inadequate control of
blood pressure, stroke severity, and evidence of early signs
of infarction on initial CT are important predisposing
factors for haemorrhagic complications.

Criteria for treatment with r-tPA

o Stroke onset < 3 hours

¢ Intensive care available for 24 hours post-treatment
monitoring

o Patients already receiving antiplatelet agents prior to
stroke are still eligible for r-tPA

o As the use of thrombolytic drugs carries a real risk of
major bleeding, whenever possible the risks and
potential benefits of r-tPA should be discussed with
the patient and his or her family before treatment is
initiated

Exclusion criteria

— Current use of oral anticoagulants or a
prothrombin time greater than 15 seconds —
international normalised ratio (INR) greater
than 1.7

— Use of heparin in the previous 48 hours and a
prolonged partial thromboplastin time

— A platelet count less than 100 000/mm?®

— Another stroke or a serious head injury in the
previous 3 months

— Major surgery within the preceding 14 days

— Pretreatment systolic blood pressure greater than
185 mmHg or diastolic blood pressure greater
than 110 mmHg

— Rapidly improving neurological signs

— Caution is advised before giving r-tPA to persons
with severe stroke (NIH Stroke Scale Score greater
than 22)

— Isolated, mild neurological deficits, such as ataxia
alone, sensory loss alone, dysarthria alone or
minimal weakness

— Prior intracranial hemorrhage

— Blood glucose less than 50 mg/dL or greater than
400 mg/dL

— Seizure at the onset of stroke
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— Gastrointestinal or urinary bleeding within the
preceding 21 days

— Recent myocardial infarction

¢ r-tPA should be avoided in patients with evidence of
mass effect or oedema on CT scan or early changes
indicating involvement = 1/3 of the middle cerebral
artery territory. An expert must interpret the
CT scan

Thrombolytic therapy is not recommended unless a
physician with expertise in stroke management establishes
the diagnosis aided by a CT of the brain. If the CT demon-
strates early changes of recent major infarction such as sulcal
effacement, mass effect, oedema or possibly haemorrhage,
then thrombolytic therapy should be avoided. Exclusion
criteria in the National Institute of Neurological Disorders
and Stroke r-tPA Stroke Study (NINDS) must be considered
to be contraindications for r-tPA use. Important measures
in ancillary care, during and after administration of r-tPA
are described below.

Ancillary care during and after
administration of r-tPA

¢ Admission to a skilled care facility — intensive care
unit or acute stroke care unit

¢ Careful management of arterial blood pressure,
avoiding excessively high blood pressure and
excessive lowering of blood pressure

¢ Central venous access and arterial punctures are
restricted during the first 24 hours

¢ Placement of an indwelling bladder catheter should
be avoided during drug infusion and for at least 30
minutes after infusion ends

¢ Insertion of a nasogastric tube should be avoided,
if possible, during the first 24 hours after
treatment

Intracranial and systemic bleeding are the most cata-
strophic complications after r-tPA use.”” Thrombolytic
therapy should not be used unless facilities to handle these
bleeding complications are readily available. Bleeding
should be presumed to be the cause of any neurological
worsening after the use of a thrombolytic drug until con-
firmed by CT, which should be obtained immediately. The
management of thrombolysis related bleeding depends on
the location and size of the haematoma, the potential for
controlling the bleeding mechanically, the neurological
risk, the interval between administration of the drug and
the onset of haemorrhage and the thrombolytic drug used.
Appropriate measures are listed below.

Treatment of thrombolysis related bleeding

¢ Discontinue ongoing infusion of thrombolytic drug
¢ Obtain blood samples for coagulation tests

¢ Obtain surgical and haematological consultations

» Consider transfusion, cryoprecipitate and platelets

The Prolyse in Acute Cerebral Thromboembolism II
(PROACT II) Study’® showed that stroke patients treated
with intra-arterial prourokinase within 6 hours of onset of
symptoms were more likely to live independently after the
stroke. The use of intra-arterial thrombolysis for patients
with acute ischaemic stroke remains under continued
review by the Food and Drug Administration (FDA) and
has not yet been approved.

Ancrod, a potent fibrinogenolytic agent derived from
snake venom, effective in the Stroke Treatment with
Ancrod Trial (STAT) trial, is also awaiting FDA approval.*’

Anticoagulation/antiaggregation

Anticoagulation started in the first day or two after stroke
may reduce the risk of DVT and pulmonary embolism but
there is no evidence of other short or long term neurologi-
cal benefit.®*®! There are a few exceptions to these criteria
in which use of intravenous unfractionated heparin or
subcutaneous low molecular weight heparins may be
considered.®>%?

Potential indications for anticoagulation in
acute cerebrovascular disease

* Recent arterial dissection

¢ Cerebral venous thrombosis

¢ Frequent or imminent cardiac embolism

o Stroke-in-evolution specially in the posterior
circulation

¢ Crescendo TIA

* High grade symptomatic stenosis specially in the
posterior intracranial circulation

The efficacy of antiaggregants and anticoagulants in
some acute stroke patients can probably be attributed to
the prevention of early recurrence in subjects at risk.®*~°
Certain drugs such as warfarin and ticlopidine have latency
effects limiting their use during the acute event. New
agents such as clopidogrel at high doses of 300 mg, hirudin
and antagonists of GPIla/lIIIb receptors have rapid
antithrombotic effects and are being evaluated in clinical
trials. In patients with acute ischaemic stroke and a proved
cardioembolic source intravenous heparin followed by
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warfarin is recommended. This strategy is intended for
acute secondary prevention and is unlikely to be beneficial
for the already completed event. The timing for initiation
of treatment is controversial. An acceptable approach
would be to start anticoagulation 48-72 hours after the
event in those cases in which the absolute contraindica-
tions of uncontrolled hypertension or haemorrhagic trans-
formation in a follow-up CT do not apply. In patients with
large infarcts anticoagulation is often delayed for 1-2
weeks. In patients with atrial fibrillation the risk of early
recurrence is not very high and anticoagulation may be
delayed for a few days.

Low to medium dose aspirin (160-300 mg) started in the
acute phase of an ischaemic stroke slightly reduces morbid-
ity and mortality probably because of the earlier initiation
of secondary prevention of stroke and other thrombotic
complications.®*%

Neuroprotective agents

Although over 100 compounds have been shown to dimin-
ish the extent of ischaemic damage in various laboratory
models, none has yet been shown convincingly to benefit
subjects with stroke.®”

Treatment of haemorrhagic stroke

Medical management of increased intracranial pressure
includes the use of osmotic agents such as mannitol, urea or
glycerol as well as steroids and hyperventilation.®® Occa-
sionally, it is necessary to place an intraparenchymal or
intraventricular catheter to directly measure intracranial
pressure. Investigation and correction or reversal of any
coagulation abnormality is mandatory especially when
bleeding occurs after a surgical procedure.

Surgical evacuation of the haematoma is often considered
although data from the literature are controversial. It is
possible that minimally invasive techniques such as stereo-
tactic and endoscopic aspiration will allow early and safe
removal of the clot. Large lobar and cerebellar haematomas
are the most frequent indications for surgery.”®

Conclusions

Acute stroke is common and carries a high morbidity
and mortality rate. Recent advances in its treatment dur-
ing the acute phase may help reduce its devastating con-
sequences. The complexity of modern acute stroke care
and the risks posed by the different strategies used have
prompted the organisation of stroke services staffed by
professionals with specialised training in the manage-
ment of the disease and the potential complications of
treatment. Specialised multidisciplinary stroke units
may reduce morbidity and mortality for stroke patients.

Acute stroke should be considered a medical emer-
gency with a narrow therapeutic window. Fibrinolytic
therapy is relatively safe and effective for patients with
acute ischaemic stroke when administered early in the
course of the disease and within very strict eligibility
guidelines. Its use should be reserved for institutions
with adequate infrastructure and experience in the man-
agement of the condition.

Adams H, Adams R, Del Zappo G, et al. Guidelines for the early
management of patients with ischemic stroke. 2005
Guidelines update. A scientific statement from the Stroke
Council of the American Heart Association/American Stroke
Association. Stroke 2005; 36: 916-21.

Adams HP Jr, Brott TG, Furlan AJ, et al. Guidelines for thrombolytic
therapy for acute stroke: a supplement to the guidelines for
the management of patients with acute ischemic stroke.
Circulation 1996; 94: 1167-74.

Adams HP, Bendixen BH, Kappelle U, et al. Classification of subtype
of acute ischemic stroke. Definitions for use in a multicenter
clinical trial. Stroke 1993; 24: 35-41.

Brott T, Bogousslavsky J. Drug therapy: treatment of acute ischemic
stroke. N Engl J Med 2000; 343: 710-22.

The National Institute of Neurological Disorders and Stroke rt-PA
Stroke Study Group. Tissue plasminogen activator for acute
ischemic stroke. N Engl J Med. 1995; 333: 1581-7.

REFERENCES

1 American Heart Association. 7997 Heart and Stroke Facts. Dallas,
TX: American Heart Association, 1991.

2 Alberts MJ, Perry A, Dawson DV, Bertels C. Effects of public and
professional education on reducing the delay in presentation and
referral of stroke patients. Stroke 1992; 23: 352-6.

3 Foulkes MA, Wolf PA, Price TR, et al. The stroke data bank: design,
methods, and baseline characteristics. Stroke 1988; 19: 547-54.

4 Adams HP, Bendixen BH, Kappelle L, et al. Classification of
subtype of acute ischemic stroke. Definitions for use in a
multicenter clinical trial. Stroke 1993; 24: 35-41.

5 Hart RG. Cardiogenic embolism to the brain. Lancet 1992; 339:
589-94.

6 Amarenco P, Cohen A, Tzourio C, et al. Atherosclerotic disease of
the aortic arch and the risk of ischemic stroke. N Engl J Med 1994;
331: 1474-9.

7 Markus HS, Hambley H. Neurology and the blood: haematological
abnormalities in ischaemic stroke. J Neurol Neurosurg Psychiatry
1998; 64: 150-9.

8 Sandercock PA, Warlow CP, Jones LN, Starkey IR. Predisposing
factors for cerebral infarction: the Oxfordshire community stroke
project. BMJ 1989; 298: 75-80.

9 Siesjo BK. Pathophysiology and treatment of focal cerebral
ischemia. Part I: Pathophysiology. J Neurosurg 1992; 77:

169-84.



138 The developing stroke

10

1

12

16
17

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Hossmann K-A. Viability thresholds and the penumbra of focal
cerebral ischemia. Ann Neurol 1994; 36: 557-65.

Pulsinelli WA. The therapeutic window in ischemic brain injury.
Curr Opin Neurol 1995; 8: 3-5.

Meyer JS, Shimazu K, Fukuuchi Y, et al. Impaired neurogenic
cerebrovascular control and dysautoregulation after stroke.
Stroke 1973; 4: 169-86.

Fischberg GM, Lozano E, Rajamani K, et al. Stroke precipitated by
moderate blood pressure reduction. J Emerg Med 2000; 19: 339-46
Libman R, Wirowski E, Alvir J, Rao T. Conditions that mimic
stroke in the emergency department. Arch Neurol 1995; 52:
1119-22.

Fisher M, Prichard J, Warach S. New magnetic resonance
techniques for acute ischemic stroke. JAMA 1995; 274: 908-11.
Gautier JC. Stroke-in-progression. Stroke 1985; 16: 729-33.
Brott T, Bogousslavsky J. Drug therapy: treatment of acute
ischemic stroke. N Engl J Med 2000; 343: 710-22.

Rout MW, Lane DJ, Wollner L. Prognosis in acute cerebrovascular
accidents in relation to respiratory pattern and blood gas
tensions. BMJ 1971; 3: 7-9.

Potter JF. What should we do about blood pressure and stroke?
QJ Med 1999; 92: 63-6.

Wallace JD, Levy LL. Blood pressure after stroke. JAMA 1981;
246:2177-80.

Cole DJ, Matsumura JS, Drummond JC, Schell RM. Focal cerebral
ischemia in rats: Effects of induced hypertension, during
reperfusion, on CBF. J Cereb Blood Flow Metab 1992; 1264-9.
Jansen PAF, Schulte BPM, Meybook RHB, Gribnau FWJ.
Antihypertensive treatment as a possible cause of stroke in the
elderly. Age Ageing 1986; 15: 129-38.

Ruff RL, Talman WT, Petito F. Transient ischemic attacks
associated with hypotension in hypertensive patients with
carotid artery stenosis. Stroke 1981; 12: 353-5.

Paulson OB, Waldamer G, Schmidt JF, Strandgaard S. Cerebral
circulation under normal and pathologic conditions. Am J Cardiol
1989; 63: 2C-5C.

Yatsu FM, Zivin J. Hypertension in acute ischemic strokes. Not to
treat. Arch Neurol 1985; 42: 999-1000.

Bertel O, Conen D, Radu EW, et al. Nifedipine in hypertensive
emergencies. BMJ 1983; 286: 19-21.

Gonzalez ER, Peterson MA, Racht EM, et al. Dose response
evaluation of oral labetalol in patients presenting to the
emergency department with accelerated hypertension.

Ann Emerg Med 1991; 20: 333-8.

Garcia JH, Ho K-L, Pantoni L. Pathology. In: Barnett HIM,

Mohr JP, Stein BM, Yatsu FM (eds). Stroke. Pathophysiology,
diagnosis, and management. New York NY: Churchill Livingstone,
1998: 139-57.

Ropper AH, Shafran B. Brain edema after stroke. Clinical syndrome
and intracranial pressure. Arch Neurol 1984; 41: 26-29.

Raichle M, Plum F. Hyperventilation and cerebral blood flow.
Stroke 1972; 3: 566-75.

Norris JW, Hachinski VC. High dose steroid treatment in cerebral
infarction. BMJ 1986; 292: 21-3.

Schwarz S, Schwab S, Bertram M, et al. Effects of hypertonic
saline hydroxyethyl starch solution and mannitol in patients with
increased intracranial pressure after stroke. Stroke 1998; 29:
1550-5.

Pollay M, Fullenwider C, Roberts A, Stevens A. Effect of mannitol
and furosemide on blood-brain osmotic gradient and intracranial
pressure. J Neurosurg 1983; 59: 945-50.

34

35

36

37

38

39

40

4

42

43

44

45

46

47

48

49

50

51

52

53

54

Schwab S, Steiner T, Aschoff A, et al. Early hemicraniectomy in
patients with complete middle cerebral artery infarction. Stroke
1998; 29: 1888-93.

Gordon C, Hewer RL, Wade DT. Dysphagia in acute stroke. BMJ
1987; 295: 411-14.

Horner J, Massey EW, Riski JE, et al. Aspiration following stroke:
clinical correlates and outcome. Neurology 1988; 38: 1359-62.
Pulsinelli WA, Levy DE, Sigsbee B, et al. Increased damage after
ischemic stroke in patients with hyperglycemia with or without
established diabetes mellitus. Am J Med 1983; 74: 540-4.
Matchar DB, Divine GW, Heyman A, Feussner JR. The influence of
hyperglycemia on outcome of cerebral infarction. Ann Int Med
1992; 117: 449-56.

Chen H, Chopp M, Welch KM. Effect of mild hyperthermia on the
ischemic infarct volume after middle cerebral artery occlusion in
the rat. Neurology 1991; 41: 1133-5.

Ginsberg MD, Busto R. Combating hyperthermia in acute stroke.
A significant clinical concern. Stroke 1998; 29: 529-34.
Ameriso SF, Wong VLY, Quismorio FP, Fisher M.
Immunohematologic characteristics of infection-associated
cerebral infarction. Stroke 1991; 22: 1004-9.

Grau A, Buggle F, Heindl S, et al. Recent infection as a risk factor
for cerebrovascular ischemia. Stroke 1995; 26: 373-9.

Schwab S, Schwarz S, Spranger M, et al. Moderate hypothermia
in the treatment of patients with severe middle cerebral artery
infarction. Stroke 1998; 29: 2461-6.

Yanamoto H, Nagata I, Niitsu Y, et al. Prolonged mild
hypothermia therapy protects the brain against permanent focal
ischemia. Stroke 2001; 32: 232-9.

Nuffield Institute for Health. Effective health care. The
prevention and treatment of pressure sores. Effective Health Care
1995; 2: 1-16.

Nakayama H, Jorgensen HS, Pedersen PM, et al. Prevalence and
risk factors of incontinence after stroke. The Copenhagen stroke
study. Stroke 1997; 28: 58-62.

Sioson ER. Deep vein thrombosis in stroke patients: an overview.
J Stroke Cerebrovasc Dis 1992; 2: 74-9.

Turpie A, Gallus A, Beattie WS, Hirsh J. Prevention of venous
thrombosis in patients with intracranial disease by intermittent
pneumatic compression of the calf. Neurology 1977; 27: 435-8.
Antiplatelet Trialists' Collaboration. Collaborative overview of
randomized trials of antiplatelet therapy. Ill: Reduction in venous
thrombosis and pulmonary embolism by antiplatelet prophylaxis
among surgical and medical patients. BMJ 1994; 308: 235-46.
Turpie AG, Gent M, Cote R, et al. A low-molecular weight
heparinoid compared with unfractionated heparin in the
prevention of deep vein thrombosis in patients with acute
ischemic stroke. Ann Intern Med 1992; 117: 353-7.

Burn J, Dennis M, Bamford J, et al. Epileptic seizures after a first
stroke: the Oxfordshire community stroke project. BMJ 1997;
315: 1582-7.

Adams H, Adams R, Del Zappo G, et al. Guidelines for the early
management of patients with ischemic stroke. 2005 Guidelines
update. A scientific statement from the Stroke Council of the
American Heart Association/American Stroke Association. Stroke
2005; 36:916-21.

The National Institute of Neurological Disorders and Stroke
rt-PA Stroke Study Group. Tissue plasminogen activator for acute
ischemic stroke. N Engl J Med. 1995; 333: 1581-7.

Hacke W, Kaste M, Fieschi C, et al. Randomised double-blind
placebo-controlled trial of thrombolytic therapy with



References 139

55

56

57

58

59

60

61

62

intravenous alteplase in acute ischaemic stroke (ECASS ).
Lancet 1998; 352: 1245-51.

Adams HP Jr, Brott TG, Furlan AJ, et al. Guidelines for
thrombolytic therapy for acute stroke: a supplement to the
guidelines for the management of patients with acute ischemic
stroke. Circulation 1996; 94: 1167-74.

Donnan GA, Davis SM, Chambers BR, et al. Trials of streptokinase in
severe acute ischaemic stroke. Lancet 1995; 345: 578-9.

The National Institute of Neurological Disorders and Stroke rt-PA
Stroke Study Group. Intracerebral hemorrhage after intravenous
t-PA therapy for ischemic stroke. Stroke 1997; 28: 2109-18.
Furlan A, Higashida R, Wechsler L, et al. for the PROACT
Investigators. Intra-arterial prourokinase for acute ischemic
stroke: the PROACT Il study: a randomized controlled trial. JAMA
1999; 282: 2003-11.

Sherman DG, Atkinson RP, Chippendale T, et al. Intravenous
ancrod for treatment of acute ischemic stroke: the STAT study: a
randomized controlled trial. JAMA 2000; 282: 2395-403.
Bousser MG. Aspirin or heparin immediately after a stroke?
Lancet 1997; 349: 1564-5.

The Publications Committee for the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) Investigators. Low molecular weight
heparinoid, Org 10172 (danaparoid), and outcome after acute
ischemic stroke: a randomized controlled trial. JAMA 1998; 279:
1265-72.

Einhaupl KM, Villringer A, Meister W, et al. Heparin treatment in
sinus venous thrombosis. Lancet 1991; 338: 597-600.

63

64

65

66

67

68

69

70

Saver JL, Easton JD. Dissections and trauma of cervicocerebral
arteries. In: Barnett HJM, Mohr JP, Stein BM, et al. (eds) Stroke:
pathophysiology, diagnosis and management. New York:
Churchill Livingstone, 1998: 769-86.

CAST (Chinese acute stroke trial) Collaborative Group. CAST:
randomized placebo-controlled trial of early aspirin use in

20 000 patients with acute ischaemic stroke. Lancet 1997; 349:
1641-9.

International Stroke Trial Collaborative Group. The International
Stroke Trial (IST). A randomised trial of aspirin, subcutaneous
heparin, both, or neither among 19,435 patients with acute
ischaemic stroke. Lancet 1997; 349: 1569-81.

Kay R, Wong KS, Yu YL, et al. Low molecular weight heparin for
the treatment of acute ischemic stroke. N Engl J Med 1995; 333:
1588-92.

Devuyst G, Bogousslavsky J. Clinical trial update: neuroprotection
against acute ischaemic stroke. Curr Opin Neurol 1999; 12:
73-9.

Qureshi Al, Tuhrim S, Broderick JP, et al. Medical progress:
spontaneous intracerebral hemorrhage. N Engl J Med 2001; 344:
1450-60.

Hankey GJ, Hon C. Surgery for primary intracerebral hemorrhage:
is it safe and effective? A systematic review of case series and
randomized trials. Stroke 1997; 28: 2126-32.

Gerritsen van der Hoop R, Vermeulen M, Van Gijn J. Cerebellar
hemorrhage: diagnosis and treatment. Surg Neurol 1988;
29:6-10.



This page intentionally left blank



12

Role of the Vascular Surgeon in Managing Stroke

JOHN P ROYLE, GEOFFREY A DONNAN, BRIAN CHAMBERS

The problem 141
Selection for urgent surgery 141
Investigations 142
Management 142

Technical issues 144
Operative technique 144
References 146

THE PROBLEM

SELECTION FOR URGENT SURGERY

In 1954, Eastcott et al.' reported a successful carotid artery
reconstruction in a patient with transient cerebral ischaemia.
Following this report attention was focused on the carotid
artery in the neck as a cause of stroke. It was realised that a
stroke from carotid artery disease could occur due to a reduc-
tion in flow, or due to emboli, and transient ischaemic attacks
(TTAs) could, similarly, arise from both of these causes.

There then developed a worldwide controversy over
the place of carotid endarterectomy. With the results of
two randomised trials of carotid artery surgery, the place
of this operation was finally confirmed. In the European
Carotid Surgery Trial (ECST)? and in the North American
Symptomatic Carotid Endarterectomy Trial (NASCET),” it
was firmly established that when a stenosis of 70-99 per
cent was present in patients with symptomatic carotid dis-
ease, carotid artery surgery was clearly superior to best med-
ical treatment. When the stenosis was 50-70 per cent, the
results were, initially, unclear but it is now recognised that
there is also some advantage of surgery over best medical
therapy in this group of patients.*

More recently, carotid angioplasty and stenting has been
used as an alternative to carotid endarterectomy, particu-
larly in patients in whom there are relative contraindica-
tions to surgery. Routine deployment of a mesh funnel or
other distal protection device reduces the risk of dislodging
plaque material during the procedure, and stroke compli-
cations are now lower than when the technique was first
used. Currently there are trials underway comparing carotid
endarterectomy and carotid stenting. If stenting proves more
efficacious than endarterectomy, most of the material pre-
sented in this chapter still applies.

The basis for urgent surgery follows the knowledge that a
stroke may occur quickly after a TIA. A patient with an intact
brain after a TIA has everything to save. Delay in surgery may
result in a potentially preventable stroke. The 1977 study of
Cartlidge et al. from the Mayo Clinic® showed that the risk of
stroke was high in the first month after a TIA, and probably
the greatest risk was in the first few days after the initial event.

The two most important aspects of selection of patients
for surgery are diagnosis and timing. For this reason it is
essential that neurologists and vascular surgeons work in
close collaboration.

Wrong diagnosis

One of the most important aspects of selection of patients
for carotid endarterectomy is to be certain that a carotid
artery lesion is indeed responsible for the ischaemic deficit.
An embolus may come from the heart, aortic valve, athero-
matous aortic arch or carotid artery. There may occasion-
ally be difficulty in distinguishing posterior from anterior
circulation symptoms ipsilateral to a demonstrated carotid
stenosis. Alternatively, although symptoms may relate to
the anterior circulation, the pathology may be in small
penetrating vessels quite unrelated to an ipsilateral carotid
artery stenosis. The most common example of this is in a
patient with lacunar TIA or minor stroke due to in situ sin-
gle penetrator vessel disease and not caused by emboli
from the heart or carotid artery. Lacunar TIAs may occa-
sionally present in crescendo form with repeated bursts of
hemiplegia, the so-called capsular warning syndrome.°



142  Role of the vascular surgeon in managing stroke

Cerebral haemorrhage

Where the initial TIA has in fact been due to a subdural
haematoma, intracerebral tumour or cerebral haemorrhage,
a carotid endarterectomy is strongly contraindicated. The
relief of a tight stenosis will, by increasing the blood pres-
sure at the site of the bleed, substantially increase the risk of
further haemorrhage. A computed tomography (CT) scan
performed early will exclude these entities.

Timing

There is anecdotal evidence that when an enhancing infarct
is demonstrated on a CT scan there is an increased risk of
converting a recent infarct into a haemorrhagic infarct.
Therefore, operation is best delayed for at least 2—3 weeks
after the stroke.

INVESTIGATIONS

A CT scan is required to determine whether there is any
cerebral haemorrhage present and to determine whether
there is any infarct present. However, when a CT scan is
performed within 24 hours after an infarct, it may appear
normal and an infarct may only be demonstrated on follow-
up CT a few days later. When there is an established neu-
rological deficit it is assumed that an infarct is present,
even though the CT scan may not demonstrate it initially.

As magnetic resonance imaging (MRI) becomes more
widely available in acute care hospitals, its superiority over
CT in evaluation of acute stroke is appreciated more and
more. Provided the scanning protocol includes a gradient
echo sequence, cerebral haemorrhage is readily diagnosed.
The main advantage over CT, however, is the use of diffu-
sion-weighted imaging (DWI) to demonstrate acute brain
infarction as early as 1 hour after the onset of symptoms.
The sensitivity of MRI in detecting cerebral infarction is
much greater than even delayed CT (see Chapter 13).
Therefore MRI can identify those individuals in whom it may
be better to delay carotid endarterectomy. In patients with
infarction, the location of the infarct, e.g. anterior versus pos-
terior circulation or cortical versus lacunar, helps determine
whether or not carotid disease is implicated. Also, magnetic
resonance angiography (MRA) of intracranial, and if neces-
sary, extracranial vessels provides invaluable information
concerning vascular pathology without injection of contrast
media, and often, if performed within the first few hours after
the onset of symptoms, embolic occlusion of the middle
cerebral artery may be demonstrated.

Duplex scan versus angiography

A diagnosis of carotid stenosis used to be made by angio-
graphy, but with improvements of equipment and technique

of duplex scanning, the latter is now the usual investigation
employed in the demonstration of carotid stenosis. At our
institution, we have found that transcranial Doppler gives
valuable information about the status of the intracranial cir-
culation and collaterals. Angiography is reserved for patients
in whom a duplex scan presents technical difficulties, as
sometimes occurs with heavily calcified lesions or when
there is doubt about the result of a duplex scan. With experi-
enced ultrasonographers, the percentage of patients in
whom there will be a doubt is now very low. Gadolinium-
enhanced MRI or CT angiography can be used instead of
conventional angiography in selected cases.

MANAGEMENT

Current routine at the Austin and
Repatriation Medical Centre (see Fig. 12.1)

Patients present to the emergency department in three ways:

 alocal general practitioner has phoned the admitting
officer regarding the patient

¢ the relatives have brought the patient directly to the
emergency department without first attending a local
doctor

e an ambulance has brought the patient following a
‘collapse’.

When the admitting officer is forewarned of the patient’s
arrival, the patient will be shown directly to an assessment
room, but when the patient comes unannounced, the triage
sister will perform this task.

When a patient has a neurological deficit immediate
admission is arranged. The emergency department medical
staff make their initial assessment. A CT scan is usually
arranged. Further assessment is done by a neurology regis-
trar and/or neurologist concerning the need for a duplex
scan. Patients with a gross deficit may have a duplex scan at
alater time; as they will not be considered for surgery on an
urgent basis there is no need for this to be expedited.

Patients without a deficit, or with a doubtful diagnosis,
are usually assessed in the emergency department by the
neurology registrar. If necessary, a CT scan and duplex study
of carotid arteries may be performed immediately. An MRI
scan may also be expedited. If these show a carotid stenosis,
admission and surgery are expedited. If the duplex scan is
doubtful, then angiography may be arranged, although this
is not common nowadays. Some patients with no carotid
pathology may be admitted for further detailed evaluation,
looking for alternative sources of emboli. Others will be
sent home either with or without aspirin and may have fur-
ther evaluation on an outpatient basis.

In many instances, patients with a minor neurological
deficit follow the same path as patients who have had a
TIA and whose neurological signs have resolved completely,
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Figure 12.1  Emergency management of patients with stroke at the Austin and Repatriation Medical Centre, Melbourne, Australia. CEA,
carotid endarterectomy; CT, computed tomography; GP, general practitioner; MRI/A, magnetic resonance imaging/angiography; TIA, transient
ischaemic attack; TOE, transoesophageal echocardiography; tPA, tissue plasminogen activator

i.e. they have an urgent duplex scan, which, if it confirms a
carotid stenosis, is then followed by an urgent operation. If
the duplex scan is negative, there is no need for further
consideration for carotid endarterectomy.

In difficult cases the CT scan is particularly important.
It will exclude a haemorrhage, even a small one. In patients
where CT scan is performed within 4 hours of the onset of
an ischaemic deficit, only subtle changes of infarction are
occasionally seen, but the majority of infarcts will show
some changes within the first 48 hours. The use of MRI/MRA,
when available, will usually demonstrate infarction even in
early cases.

One area where a duplex scan may be in error is when
the duplex scan shows complete occlusion when in fact
‘trickle flow” may be present. An angiogram will demon-
strate a ‘carotid string sign’. This is a thin sliver of dye seen
connecting the common carotid artery with an intracranial
normal patent internal carotid artery. The appearance occurs
when there is extremely low flow in the carotid artery and
should not be confused with complete occlusion. In the sta-
ble patient, the risk of stroke is considered to be low as for
complete occlusion, but there are patients with recurring
or crescendo TIAs in whom carotid endarterectomy, which
is not possible with complete occlusion, can be performed.

The management of minor strokes is more controversial.
Usually, if a patient has had a mild cerebral deficit, carotid

endarterectomy is delayed for a month unless a further TIA
occurs. However, as mentioned earlier, if fluctuations of
neurological deficit are occurring with almost complete reso-
lution between, in spite of adequate medical therapy, consid-
eration should be given to emergency endarterectomy. Such
patients should be otherwise medically fit with a relatively
minor neurological deficit between fluctuations.

The circle of Willis provides a theoretical collateral path-
way for cerebral blood supply. In some patients this is con-
genitally incomplete. It has been shown that there is an added
risk of stroke in patients with contralateral tight stenosis
or occlusion,” associated intracranial disease,® or lack of
intracranial collaterals.® In each of these situations, carotid
endarterectomy improves the outcome.

Timing of urgent carotid endarterectomy

The ‘emergency’ operation is usually undertaken in the next
operating session, rather than in the middle of the night.
This obviates problems that may occur when non-regular
staff are used to help. Similarly, when a patient, for whom
a delay in surgery has been advised because of a mild
deficit, sustains another TIA, operation is scheduled for the
next available session. When the unit has an operating ses-
sion on each day, as we do, there is little delay. However, in
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these circumstances, when an urgent operation is decided
on a Friday, we prefer to do the operation on Saturday morn-
ing rather than leave the patient until the following Monday.

In situations where patients are having multiple TIAs,
namely, those with so-called crescendo TIAs, a carotid
endarterectomy is performed as a true emergency, if neces-
sary in the middle of the night. In general, the mechanism
of cerebral ischaemia in these patients is haemodynamic,
secondary to a very tight carotid stenosis. Alternatively, an
extensive haemorrhagic plaque repeatedly dislodging small
emboli may be present. An angiogram may even show intra-
luminal clot on the surface of such plaques. In these cases
intravenous heparin and/or plasma expanders have nor-
mally been commenced in order to reduce the risk of stroke.
This therapy is ceased immediately prior to surgery. We do
not use vasodilators, and hypertension is treated very cau-
tiously indeed. We have seen three patients, each with a
very tight stenosis, presenting with a TIA and marked hyper-
tension, in whom the blood pressure had been reduced to
120 mmHg systolic, that promptly had a devastating
stroke; the hypertension had been necessary to maintain
flow past the tight stenosis.

TECHNICAL ISSUES

e When a non-specialist anaesthetist, inexperienced
theatre staff or inexperienced assistants are used, the
risks of operation rise.

* When there is a very tight stenosis, relief of the stenosis
may result in loss of autoregulatory mechanisms,
with resultant cerebral haemorrhage (so-called
hyperperfusion syndrome — 1.3 per cent in our
experience).

* When there is a haemorrhagic plaque with intralumi-
nal thrombus which may be loose, that thrombus may
be easily dislodged at the time of surgery.

This last group often contains those patients who are
neurologically unstable. Even so, our experience would sug-
gest that carefully performed endarterectomy is still associ-
ated with low morbidity and mortality. The emphasis is on
‘carefully’ performed endarterectomy.'® When transcra-
nial Doppler evaluation was first available we used it as a
routine during carotid endarterectomy. This demonstrated
that an increase in microembolic signals often occurred
when the site of the plaque was dissected.

OPERATIVE TECHNIQUE (Fig. 12.2)

In patients that are unstable we prefer to perform the oper-
ation under local anaesthesia. However, this is inadvisable
in the following: those who may not be able to understand
the instructions because of language difficulties, those who

Surgery

Delayed

Immediate

Next session

-

Anaesthesia <

Shunt if deficit
appears shunt

v

| Completion angiogram or ultrasound |

BP Monitor

| Inpatient until stable |

X
o
[=
=
=]
1]

Fabric

External carotid

-

Figure 12.2  Operative management and technique followed at
the Austin and Repatriation Medical Centre, Melbourne, Australia.
BP, blood pressure; L/GA, local/general anaesthesia

are very anxious, those who have a short bull neck or those
with a chronic cough.

When the operation is performed under local anaesthe-
sia, there is no need to use a shunt routinely. However, the
response to carotid clamping is quite variable. In some
patients deficits or even loss of consciousness will occur
within 10 seconds of clamping. On occasions the applica-
tion of the clamp causes seizures; it may then be difficult to
get the shunt in, and operation in these circumstances is
certainly not for the inexperienced surgeon. When the oper-
ation is performed under general anaesthesia, a shunt is
used as a routine and it is usually possible to get the shunt
into position within one and a half minutes.

Monitoring

The blood pressure and electrocardiogram (ECG) of the
patient are continually monitored. In particular, under
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general anaesthesia, great care has to be taken with induc-
tion of anaesthesia. An intra-arterial blood pressure line is
required before induction of anaesthesia, as this is frequently
when the most marked fall in blood pressure occurs. If
hypotension occurs, it is routine for the anaesthetist
to use vasopressor drugs such as metaraminol bitartrate
(Aramine). The blood pressure should not be allowed to
fall below 100 mmHg systolic during operation or below
120 mmHg systolic at the times of carotid clamping. If the
blood pressure becomes very high before or during induc-
tion of anaesthesia, agents such as intravenous lidocaine
(Xylocard) 1 mg/kg can be administered. The vocal cords
are routinely sprayed with local anaesthetic (4 per cent
lidocaine), and before closure of the neck wound at the end
of the procedure the surgeon injects 0.5 per cent bupiva-
caine (Marcain) into the wound edges. The resulting
analgesia reduces restlessness and thus helps to lessen rises
in blood pressure which may occur at the end of the anaes-
thetic. It also avoids the need to give narcotic analgesia
postoperatively.

The induction of anaesthesia is achieved by intravenous
administration of 100 g fentanyl and 2-3 mg midazolam
while the patient breathes oxygen, followed by propofol
(Diprivan). When Diprivan is given after fentanyl and
midazolam, a lower dose is required than when Diprivan is
used alone, and consequently the hypotensive effects of
Diprivan are minimised.

Relaxant anaesthesia is used with nitrous oxide, oxygen
isoflurane (Forthane) or seroflurane (Serorane). Dissection
around the carotid sinus nerve or vagus nerve may induce
a bradycardia that can be corrected with atropine before
any effect on cardiac output occurs. If during the proced-
ure hypertension occurs, increasing the dose of isoflurane
or seroflurane, if either of these is being used to maintain
anaesthesia, will bring the blood pressure down. Failing
this, 5-10 mg hydralazine can be used. If tachycardia ensues,
the B-blocker atenolol is used. Very rarely, sodium nitro-
prusside as a continuous infusion may be required. However,
it is difficult to control swings of blood pressure with nitro-
prusside and we therefore reserve this for patients in whom
other measures have failed. Postoperative hypertension
similarly can be treated with hydralazine 4-40 mg, given in
5 mg increments with or without a 3-blocker, or rarely, with
sodium nitroprusside if elevation is otherwise uncontrolled.

Postoperative hypotension may be treated by elevation
of the foot of the bed, and judicious use of intravenous
fluids such as Haemacel. If these simple measures fail, we
use 5mL 0.5 per cent bupivacaine as an injection into the
Redivac drain tube. Very occasionally, a dopamine infusion
(2.5-5 pg/kg per minute) may be required.

Operation

It is important to check the position of the patient and the
patient’s head on the operating table before anaesthesia.

Sometimes rotation of the head and neck to the contralat-
eral side, to provide optimal exposure at the time of
operation, compromises the collateral circulation and will
produce a neurological disturbance. Thus, this should be
checked before the patient is actually anaesthetised.

The operative technique used by the author closely resem-
bles that described by Lord.'° There are, however, several
points relevant to the urgent situation which should be
stressed.

It is important to dissect the patient away from the artery.
The artery must be handled as little as possible, particularly
at the site of the plaque. If a haemorrhagic plaque with
loose clots is present, some of the latter may easily become
dislodged when pulling on the artery. If further dissection
is required at this point, it is best done affer application of
the clamps. The effect of rough handling of a badly diseased
carotid artery is very dramatically demonstrated by the use
of a transcranial Doppler during surgery.

If a vessel loop is placed around the internal carotid artery,
as is our routine, no clamp should be placed on the loop in
case the weight of the clamp inadvertently pulls on the
internal carotid artery and occludes it with its low pressure.
The internal carotid artery pressure is not measured. If the
operation is being undertaken under local anaesthesia, the
patient acts as his or her own cerebral monitor. In patients
undergoing carotid endarterectomy under general anaes-
thesia, a shunt is used routinely and placed in position as
soon as possible.

It is important to anaesthetise the carotid sinus before
application of clamps. Occasionally, the sinus is very sensi-
tive to clamp application; a disturbance of blood pressure
in these circumstances at this time can be disastrous. It is
essential to have the shunt and shunt instruments readily
available and to check these with the scrub nurse before the
clamps are applied. There should be very little time gap
between application of the clamp on the external carotid
artery, the internal carotid artery and the common carotid
artery, as the external carotid artery may well be providing
major collateral blood flow.

Normally, if a patient presents with a TIA or minor
stroke and angiography reveals complete occlusion of the
internal carotid artery, no operation is performed. If com-
plete occlusion is found at operation and the duplex scan
or angiogram performed shortly before operation had
shown a patent vessel, the vessel is opened. Gentle attempts
to extract the clot are made, but if this is not successful,
strenuous attempts are not made because of the risk of dis-
lodging clot and subsequent cerebral embolism.

When closing, it is once again important not to have a
long delay before flow is restored. A suture is commenced
from each end. By this means, and by leaving a few loose
sutures adjacent to the shunt on each side, it is possible to
remove the shunt, flush out from the external carotid,
internal carotid and common carotid arteries, wash the
endarterectomy site with heparinised saline, complete the
arteriotomy and restore flow, once again within about one
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and a half minutes. Flow is normally restored to the exter-
nal carotid artery first, so that if there are any loose platelet
aggregations inadvertently left at the reconstruction site,
despite the saline washing, they will embolise to the external
rather than the internal artery. It is our routine to perform
a postoperative angiogram immediately after restoration of
flow and before closure of the wound.

In the past we did not use a patch routinely but we do so
now. If the external carotid artery runs parallel to the internal
carotid artery, the external carotid artery is used as a patch
following the technique described by Leather (see Bufo
et al.'!). Otherwise a fabric patch is used.

Dextran is a polysaccharide compound commonly used
as a volume expander but it also has antiplatelet and rheo-
logic properties. Although many vascular surgeons use dex-
tran in the belief that it reduces perioperative stroke, no
prospective randomised controlled trials have been per-
formed. Our hospital has initiated such a trial. Patients ran-
domized to dextran receive an intravenous bolus of 20 mL of
dextran 1 (Promit) 2 minutes before skin incision to avoid
anaphylaxis. This is followed by an intravenous infusion of
1000 mL of 10 per cent dextran 40 in normal saline com-
menced at the time of skin incision. The first 500 mL is
administered over 4 hours (125mL/hour) and the second
500 mL over the next 12 hours (42 mL/hour). Preliminary
studies using transcranial Doppler monitoring have demon-
strated that dextran reduces postoperative microemboli in
the ipsilateral middle cerebral artery.”> The Dextran in
Carotid Endarterectomy (DICE) Trial continues in order to
determine the effect of dextran on clinical outcome.

Postoperative surveillance

It is important that the patient’s neurological status, and in
particular the blood pressure, are carefully monitored post-
operatively. Any hypertension should be promptly treated,
as described earlier. Hypertension as a postoperative prob-
lem is usually evident very soon after surgery. Bourke and
Crimmins have shown that in the absence of postoperative
hypertension within 12 hours of surgery, it is safe to send
the patient home on the next day.'® All of our patients are
followed for life by clinical surveillance and duplex scan-
ning. Early restenosis, within two years of operation is usu-
ally due to fibrointimal hyperplasia, which occurs in 2 per
cent of patients. The risk of later restenosis is very low and
seldom requires reoperation, the risk of subsequent prob-
lems being very low.

Patients who have a small infarct have undergone oper-
ation without undue risk. However, when a small infarct is
seen on CT or MRI, we still advocate a delay of 4—6 weeks
before surgery.

Recent results

Of 412 consecutive carotid endarterectomies performed
between January 1999 and November 2001, there were eight

deaths (1.9 per cent) comprising seven strokes and one
myocardial infarct. An independent audit showed that there
were 22 (5.2 per cent) non-fatal strokes, a stroke being
defined as a neurological deficit present for more than
24 hours. Thus stroke or death occurred in 7.1 per cent.

Conclusions

We showed previously that when there was a high grade
contralateral carotid stenosis the procedure of carotid
endarterectomy presented an increased risk. These patients
of course have an increased risk of stroke anyway.”
Patients with crescendo TIAs are clearly in a very high
risk group. One has to accept, and explain to the patient
and relatives, that whatever course of action is under-
taken, be it conservative or operative, the patient’s clini-
cal condition is critical. We believe that, despite this,
surgery produces a lower complication rate than non-
operative treatment.

Urgent carotid endarterectomy is one of the most sat-
isfying operations in vascular surgery. However, to obtain
good results, surgical technique must be impeccable,
patient selection is vital and of utmost importance is the
general organisation of hospital services. Patients who
need such an operation require streamlined resources
capable of recognising the urgency of the situation and
treating it in appropriate and timely fashion.
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THE PROBLEM

MATERIAL AND METHODS

The Joint Study of Extracranial Carotid Occlusion docu-
mented in 1969 the uselessness of emergency revascularisa-
tion in patients with acute stroke and carotid occlusion.?
Only recently have neurologists accepted indications for
urgent carotid surgery>* based on new diagnostic tech-
niques®® and close clinical observation during care in the
stroke unit.”!? Both the new and the old goals are preven-
tion of recurrent or disabling stroke and prevention and
reduction of the extent of brain infarction. For decades
surgeons undertook carotid endarterectomy to remove the
embolic source and to restore internal carotid artery (ICA)
blood flow, but the indications for urgent reconstruction
of the ICA were not defined precisely at that time. Since
then the diagnostic armamentarium, the surgical safety
measures and the drugs available to discourage thrombosis
have changed substantially allowing new strategies to
develop in dealing with these acute cases. Magnetic
resonance imaging (MRI) can reveal structural damage by
diffusion-weighted imaging (DWI) within 1 hour of onset
of symptoms, and by comparing DWI and perfusion-
weighted imaging (PWI) the size of the infarct as well
as the tissue at risk can be determined at a very early
stage.®’” By using this approach, patients who have a
dangerous degree of ICA occlusive disease, but who also
have a substantial amount of potentially rescuable brain
tissue, in other words that forming the penumbra, can be
identified.

Selection based on clinical criteria

¢ Conscious patient
¢ Acute/recurrent stroke
¢ Recurrent/crescendo transient ischaemic attacks (TTAs)

Between 1 November 1997 and 31 December 2002 we
prospectively monitored all patients diagnosed in the stroke
unit at our centre and selected patients were transferred to our
operating theatre for urgent carotid surgery. Neurologists,
neuroradiologists and vascular surgeons had initially col-
laborated closely in arriving at a consensus on the criteria
for patient selection: (i) radiologically, the presence of acute
extracranial carotid occlusive disease, a patent intracranial
component of the ICA, evidence of perfusion of the middle
cerebral artery (MCA); and (ii) clinically, evidence of acute
stroke, recurrent stroke or recent TIAs, possibly aggravated or
crescendo in nature within the previous week. Unconscious
patients who required ventilation were excluded.

Investigations: radiological/ultrasound

¢ Duplex scan
¢ Computed tomography (CT) scan of brain stem
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* Magnetic resonance angiography (MRA)

¢ Intra-arterial digital subtraction arteriography (DSA)
¢ Transcranial Doppler sonography (TCD)

* Magnetic resonance imaging (MRI) (DWI/PWI)

Doppler and duplex sonography confirmed a diagnosis
of stenosis or acute occlusion. In cases of multivessel
involvement magnetic resonance arteriography and/or
intra-arterial digital subtraction arteriography (DSA) was
performed. Intracranial circulation and embolism were
assessed by transcranial Doppler sonography (TCD) and
high intensity transient signal (HITS) detection, respe-
ctively.” A patent middle cerebral artery (MCA) was docu-
mented by TCD, MRA or intra-arterial DSA.

Selection based on investigative findings

o Acute extracranial ICA disease
» Patent intracranial ICA

¢ Perfusing MCA

e HITS

* Evidence of penumbra

Magnetic resonance imaging procedures were used to
assess acute reversible and irreversible ischaemic brain
damage (see Chapter 12).5® In order to evaluate actual
brain tissue damage CT or whenever possible MRI with
DWI and PWI was performed. The cerebral area of critical
ischaemia was visualised by means of colour-coded PWI.
As shown earlier, a time-to-peak delay in perfusion imag-
ing of greater than 4 seconds compared with the contralat-
eral hemisphere had to be considered ‘tissue at risk’.%
Because quantitative volumetry of the infarct, compared
with the area of ‘misery perfusion’ or penumbra measured
by DWI and PWI, is time consuming and not always avail-
able outside normal working hours, it was only performed
in a small number of patients selected on precise clinical
criteria.'! Measurements were done before and 8 days after
surgery. Impairment was assessed clinically using the
Rankin impairment scale'? and the Barthel index'® before
surgery, 8 days afterwards and during follow-up.

Objective clinical measurements

¢ Rankin impairment scale
* Barthel index

Surgery was performed under general anesthesia and
was standardised with early clamping of the common

carotid artery before dissection of the bifurcation and the
distal ICA. Shunting was applied routinely after thrombec-
tomy of the distal ICA on the basis of earlier studies in
which a patient with a history of previous stroke or CT
findings positive for stroke, regardless of the hemisphere
involved, tended to have a better outcome with s.hunting.14
Patients in the stroke unit were placed on heparin which
was maintained during surgery and continued at a low
dosage postoperatively, followed by aspirin 100 mg daily.

A total of 166 patients underwent 173 urgent carotid
operations (seven bilateral under the same anaesthetic),
representing 12.9 per cent of all carotid artery operations
(n = 1285) performed during the period in question.
These patients included 119 men (71.7 per cent) and
47 women (28.3 per cent), median age 64.7 years (range
31-86). Risk factors for both occlusive arterial disease and
vascular surgery were: hypertension in 133 (80.1 per cent),
smoking in 105 (63.3 per cent), cardiac disease in 84
(50.6 per cent), diabetes in 38 (22.9 per cent) and coagulation
disorders in 7 (4.2 per cent).

All patients underwent preoperative Doppler and
duplex sonography. Transcranial Doppler was performed
in 104 patients (62.7 per cent) and in 46 (44.2 per cent) of
these cases microemboli were detected. Intra-arterial DSA
was performed in 83 of cases (50 per cent) and MRA in
91 cases (54.8 per cent). Preoperative vascular findings were
ipsilateral carotid occlusion in 45 (27.1 per cent), tight
stenosis in 111 (66.9 per cent) and pseudo-occlusion in 10
(6 per cent). Findings in the contralateral carotid artery
were: normal in 116 (69.9 per cent), occluded in 27 (16.3
per cent), stenotic in 23 (13.8 per cent).

Preoperative clinical findings were stroke in 98
(59.1 per cent) and TIA in 67 (40.3 per cent); one patient
(0.6 per cent) had an asymptomatic acute ICA occlusion,
the progression from stenosis to carotid occlusion having
been discovered accidentally on repeat duplex sonography
within 12 hours. Clinical presentations were: stroke with a
stable neurological deficit in 34 (20.5 per cent), stroke with
stuttering symptoms in 27 (16.3 per cent), progressive stroke
in 20 (12 per cent), stroke after TIA in 17 (10.2 per cent),
crescendo TIA in 40 (24.1 per cent), TIA with positive
microemboli detected in 11 (6.6 per cent), crescendo TIA
with microemboli detected in 11 (6.6 per cent) and recent
TIA in 5 (3 per cent). In these patients angiographic find-
ings were critical: small mobile thrombus in one, subtotal
carotid artery stenosis in two, bilateral high grade stenosis
in two. None of the patients underwent surgery without a
CT scan or MRI. Extended MRI evaluation by means of
DWI and PWI was undertaken in 104 patients (62.6 per
cent). Acute lesions with a large perfusion/diffusion mis-
match were found in 47 cases (45.2 per cent) among which
were 15 patients with TIA. Median time between onset of
first symptoms and operation was 4.5 days (range 4 hours
to 141 days).

Reconstructive techniques applied were conventional
carotid endarterectomy with vein patch closure in 129
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patients (77.7 per cent) and eversion endarterectomy' in
22 (13.3 per cent). In six cases (3.6 per cent) a vein inter-
position graft had to be inserted. Additional thrombectomies
of the petrous portion of the ICA were necessary in
29 patients. In nine patients (5.4 per cent) the carotid
artery could not be reconstructed because backflow after
thrombectomy could not be achieved due to thrombosis
extending into the siphon, and the wound was closed after
thromboendarterectomy of the external carotid artery. In
seven additional cases, the presence of bilateral subtotal
occlusion led to contralateral ICA reconstruction under
the same anaesthetic.

RESULTS

Subsequent to surgery 53 patients (31.9 per cent) remained
free of symptoms. According to the Rankin scale'? clinical
disability improved in 63 (38 per cent) of the stroke patients.
Thirty four stroke patients (20.5 per cent) remained stable,
although 11 did so with severe disability (Rankin 4, 5).
Sixteen patients (9.6 per cent) deteriorated: two had pre-
sented with TIAs and progressed to complete stroke and 14
(8.4 per cent) showed worsening of stroke symptoms. In
the TIA group one stroke occurred intraoperatively in a
patient with contralateral ICA occlusion having presented
primarily with crescendo TIAs and highly positive detec-
tion of microemboli, and in a second patient a large DWI
lesion present before surgery progressed during a hyper-
tensive crisis 6 days after surgery. Nine patients experi-
enced aggravation of MCA infarction symptoms, and one
of them with contralateral occlusion died 2 days post-
operatively. Three patients in whom flow through the ICA
could not be restored developed brain oedema which
resolved spontaneously in two of them. In the third patient
a midline shift necessitated craniotomy. Another patient
with contralateral occlusion developed secondary infarc-
tion with brain oedema 5 days postoperatively and died 24
days later. One patient sustained rupture of the carotid
patch during gastroscopy 5 days postoperatively and died
12 days later. Of the 166 patients, only one suffered sec-
ondary intracerebral bleeding, detected on routine CT
scanning, but without manifesting any new symptoms. The
30-day mortality was 2.4 per cent (4/166). Postoperative
neurological morbidity was 9.6 per cent (n = 16), proce-
dure related peripheral nerve lesions (n =9) delayed
wound healing (n = 6) and reoperation for haematoma
(n = 6) was 12.6 per cent.

The volume of ischaemic brain lesions decreased in
17 patients until day eight as assessed by quantitative lesion
volumetry'! and was accompanied by improvement of the
Barthel index'? (Fig. 13.1). Early postoperative neurological
assessment showed that 139 patients (83.7 per cent) bene-
fitted from carotid surgery and 27 (16.2 per cent) patients
remained severely disabled or deteriorated (Fig. 13.2).

Mean age: 62 = 10 years
Neurological deficit preop: 71 + 15 (ESS*)
Neurological outcome: 76 + 16 (ESS*)
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Figure 13.1  Rescue of ‘tissue at risk" in acute symptomatic
patients (emergent carotid endarterectomy). Patients were studied
pre- and post-operatively with perfusion-weighted magnetic
resonance imaging (PWI) (n = 17). *ESS, European Stroke Scale

(0, severely abnormal; 100, normal). DWI, diffusion-weighted
imaging

Rankin (postoperative)

0 1 2 3 4 5 6 Total

0 53 2 55
)
2 |1 6 12 18
©
(0]
S |2 2 12 |6 1 21
o
£ |3 1 5 12 |5 1 4 1 29
C
£
S |4 1 4 5 10 |8 5 33
o

5 1 4 3 2 10

Total | 63 33 24 18 13 12 3

Figure 13.2  Outcome of carotid surgery in acute symptomatic
patients (Black: stable (n = 34), free of symptoms (n = 53); red:
improved and Rankin 0-3 (n = 63), blue: deteriorated and
Rankin >3 (n = 16))

Median follow-up until 31 December 2002 was 1.3 years
and was complete for all but nine patients. During this
time period all patients were on aspirin 100 mg/day. Ten
patients died. The causes of death were: contralateral
intracerebral bleeding with ventricular rupture (n = 1),
cerebral infarction on the contralateral side (n = 1), myocar-
dial infarction (n = 3), pulmonary embolism (n = 1) and
cancer (n = 4). Survival after 1 year was 93.5 per cent and
after 2 years 91.4 per cent (Fig. 13.3).

All surviving patients are living in their own homes,
seven dependent on help from their families. No further
strokes or TIAs occurred. Three patients developed grand
mal seizures after stroke and remain on anticonvulsive
medication. One patient was reoperated for asymptomatic
recurrent stenosis and has remained asymptomatic.
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Figure 13.3  Overall survival (Kaplan-Meier) after carotid
endarterectomy in acute symptomatic patients (n = 166)

DISCUSSION

We have come a long way since the days of condemnation
of carotid artery reconstruction in patients presenting with
symptoms of acute stroke' to the current recognition that
restoration of carotid flow in the acute case is of value.>*
Although some surgeons have always insisted that surgery
is indicated for this particular presentation, no clear guide-
lines and/or criteria defining the objectives of urgent
carotid surgery have been spelt out. In earlier times how-
ever, clinicians were equipped with the patient’s history,
the results of a meticulous neurological examination, an
arteriogram of reasonably acceptable quality, an echo-
encephalogram for imaging of brain oedema and finally, a
surgeon willing to perform the operation.

The major concern with urgent surgery was the pos-
sibility of intracranial haemorrhage thought to result from
rupture of the fragile capillaries in the infarction territory.
It became evident from CT scanning, that localised
oedema and small areas of bleeding can develop not only
around ischaemic infarcts but also within the brain of
patients suffering from TIAs, but this process would not
necessarily progress to massive haemorrhage even though
anticoagulation was being used more aggressively. It was
felt that as long as the blood—brain barrier had not closed,
reconstruction of the ICA was too dangerous an undertak-
ing (see Chapter 5).% At our institution we began to disre-
gard the phenomenon of the unclosed blood-brain barrier
and our neurologists exhorted us to reconstitute carotid
blood flow urgently. The indications were clinical instabil-
ity in the presence of haemodynamic and/or angiographic
evidence of deterioration of the occluding lesion and to
our surprise intracranial haemorrhage did not occur.
Today, with the availability of MRI derived assessment of
structural and perfusion deficit, the decision to operate is
made on the assessment of the volume of tissue at risk and
the extent to which the patient might improve after elim-
inating the perfusion deficit. In our series intracranial

haemorrhage occurred in one patient only and even then
no new symptoms had developed.

The results of the European Carotid Surgery Trial'®!”
and the North American Symptomatic Carotid Endarterec-
tomy Trial'®!® and the therapeutic demands made by stroke
units™%? in the wake of new imaging techniques have
changed attitudes to carotid surgery in acutely symptomatic
patients. The results of these studies and our growing experi-
ence show that urgent surgery can be performed in carefully
selected patients at risk of developing stroke, recurrent
stroke and/or progression of stenosis to complete occlusion,
if nothing other than anticoagulant therapy is given to alter
the spontaneous course of the disease. We have to ask our-
selves: Why have the results of urgent surgery improved?
Although the reasons for intraoperative or postoperative
deterioration are often a matter for speculation, they gener-
ally fall into three categories: (i) morphological abnormali-
ties of the luminal surface of the ICA itself, (ii) extracranial
and intracranial multivessel involvement and (iii) structural
brain tissue lesions.

Specific morphological abnormalities of the ICA which
test the technical skills of the surgeon include occlusive dis-
ease located near the base of the skull, siphon involvement,
thrombus which is loose or not adherent to the vessel wall,
continuous embolisation and even dissection. In those
cases in our series in which deterioration followed attempts
at carotid reconstruction, the ICA, contrary to preopera-
tive angiographic appearances, was found at surgery to be
occluded, the blockage extending intracranially. In those
patients who deteriorated, embolisation during thrombec-
tomy manoeuvres was the most probable cause. Nonetheless,
in our opinion, an acute carotid artery occlusion should
always be disobliterated if the probability of infarction or
reinfarction is considered to be very high.?"?2

Causes of perioperative deterioration

* Morphological abnormalities in the ICA
°  Multisegmental vessel disease
 Brain tissue lesions

Other reasons for aggressive intervention are: first, the
probability of spontaneous embolisation into an intracranial
artery,”>?* and second, the limitations of collateral circula-
tion in acute infarction, either because of haemodynamic
impairment within the territory of the exposed ICA, or, in
the case of bilateral ICA occlusion, of the contralateral hemi-
sphere as well. Furthermore, outcome studies of re-explo-
ration have shown good long term results with the ICA
remaining patent with a low risk of stroke recurrence.?® In
patients with contralateral ICA occlusion and multivessel
involvement, clamping the common carotid artery can
cause haemodynamic impairment even if a temporary
shunt is used, unless unrestricted flow through the shunt
can be ascertained. Placement of a shunt per se does not
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guarantee flow and therefore we recommend continuous
shunt flow measurement and neuromonitoring using
somatosensory evoked potentials. Additional stenosis or
occlusion of the MCA, undiagnosed preoperatively, may
present a further problem which we encountered only
once: a patient with concomitant contralateral internal
carotid occlusion, in whom shunting of a small calibre ICA
was impossible, had a shunt inserted into the external
carotid artery which probably helped to a degree in pre-
venting perfusion ischaemia. The MCA was diseased in
two cases of intraoperative embolisation in one of which
evidence of embolism into the MCA was confirmed by
comparing preoperative and intraoperative angiograms.

The key challenge presented by structural intracerebral
lesions is estimating how much of the area recognised as
malperfused is actually irreversibly damaged using modern
imaging techniques. Magnetic resonance imaging reveals
structural damage in DWI within 1-2 hours after onset
of symptoms and is an early marker for brain infarction.®’
By means of parametric colour-coded PWI the cerebral area
of critical ischaemia is visualised. As shown earlier, a time-
to-peak delay in perfusion imaging of greater than four as
compared with the contralateral hemisphere, has to be
treated as ‘tissue at risk’.*® We worked on the basis that
patients in whom the PWI area was significantly more
extensive than the DWI lesion, reflecting the PWI/DWI area
mismatch, were ideal candidates for urgent carotid artery
reconstruction; this was because the volume mismatch of
the two areas was anticipated to be the penumbra.?®?’

In our series, clinical deterioration was observed either in
patients with a large intracerebral structural deficit already
present in DWI at the time of operation, or in patients with
smaller structural deficits in DWI but a longer interval
between onset of symptoms and surgery. The latter was the
case in two patients in whom the interval was 8 days and
16 days. This leads to the critical issue of the optimal time
interval between the onset of symptoms and the operation.
A balanced approach is required in stabilising the patient in
the stroke unit, gathering the complex morphological,
haemodynamic and clinical data needed, and scheduling the
patient for surgery. Our current experience suggests a period
of 36 hours after onset of symptoms as the time frame within
which the procedure should be undertaken.

Another important issue remains to be discussed: the
new and sensitive MRI techniques of DWI and PWT have
shown, even more clearly than CT, that clinical classifica-
tion of brain ischaemia cannot be correlated reliably to
brain tissue status. A patient thought to have a TIA clin-
ically may easily be found to have a brain infarction as
determined by MRI criteria. Two of our TIA patients deteri-
orated preoperatively and in both cases, just before opera-
tion, microembolism was detected and larger structural
brain lesions were confirmed on MRI. In our opinion, this
underlines the fact that embolisation renders carotid sur-
gery even more urgent in TIA patients, especially when
HITS are detected by TCD despite heparin therapy.

The results of surgery will always be classified clinically,
but the influence of carotid flow in restoring the DWI/PWI
deficit, thereby salvaging brain tissue at risk, is an equally
important and challenging issue. In eight patients in whom
we were able to obtain preoperative and postoperative
MRIs, a decrease in the volume of the lesion and neurolog-
ical improvement was evident using the Barthel score of
daily activities."

During the spontaneous course of the disease early rein-
farction rates of 1.29 per cent,?® as well as reinfarction rates
of 12 per cent® and mortality rates of 19 per cent’® within
the first year of onset of symptoms have to be considered.
In our patients, reinfarction within the former symptom-
atic hemisphere related to the reconstructed ICA did not
occur, the one-year mortality was 6.5 per cent and two-
year mortality 8.6 per cent. During follow-up restenosis
was detected only in one asymptomatic patient who was
reoperated and has remained asymptomatic ever since.
Finally we pose this question: What might have happened
to this subset of patients presenting with symptoms of
acute stroke symptoms prior to having redefined the case
for urgent carotid endarterectomy? Clearly, the sponta-
neous course would have been significantly worse, other-
wise our neurology colleagues would not have considered
those patients to be good candidates for carotid surgery.

Conclusions

On one hand, the traditional criteria for patient
selection in urgent carotid surgery such as evidence of
extracranial carotid artery disease, neurological deficit,
loss of consciousness or not, will continue to be consider-
ed. On the other hand, the preservation of an open
MCA, the status of embolisation, and PWI/DWI mis-
match must also be taken into account. Although an
expert stroke team should be able to acquire the neces-
sary information within hours, the timeframe which
obtains in practice, even in a university hospital, is still
too long: at our centre a median of 4 days elapsed
from onset of symptoms until surgery but recently that
interval has shortened. A neurological morbidity rate of
9.6 per cent, a procedure related morbidity of 12.6 per cent
as well as a 30-day mortality of 2.7 per cent still remain
higher than that observed in the 2262 patients who
underwent elective carotid surgery at our hospital from
1990 to 1999,%! namely, morbidity 4.8 per cent, 30-day
mortality 0.9 per cent. Nevertheless, these outcome fig-
ures no longer represent an objection to urgent carotid
surgery, because the alternative course is much worse.
The improvement in our series was achieved by detailed
preoperative diagnosis and observing the indications for
carotid surgery based on clinical assessment, Doppler
and duplex sonography, TCD for microemboli detec-
tion, multimodal MRI and DSA.
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THE PROBLEM

After nearly half a century of carotid artery surgery, the
pathogenesis and management of the postoperative neuro-
logical deficit remains controversial. Several reports'™
believe reperfusion injury or technical error resulting in
thromboembolic events to be the cause, whereas others®®
attribute cerebral ischaemia during carotid occlusion to
the pathogenesis of postoperative deficits. It is often diffi-
cult to determine the exact aetiology of a postoperative
deficit, but each of these factors may play some role.

The purpose of this chapter is to discuss the most likely
causes of early and late neurologic deficits after carotid
endarterectomy (CEA) and to evaluate the safest and most
efficient means of managing such patients in order to min-
imise permanent neurological impairment.

EARLY POSTOPERATIVE DEFICITS

Between 1980 and 1999, 1085 patients underwent 1238
CEAs. The indications for operation included hemispheric
transient ischaemic attacks (TTAs) (n = 579), symptoms of
vertebrobasilar insufficiency (n = 248), reversible ischaemic
neurological deficit (RIND) or stroke (n = 165), prophy-
lactic CEA (n = 111), amaurosis fugax (n = 108) and
stroke in evolution (n = 27).

Based on the different operative techniques employed,
the patients were categorised into three groups: (i) CEA
performed with a shunt (n = 512); (ii) CEA without a
shunt (n = 274); and (iii) CEA monitored by electroenceph-
alogram (EEG) surveillance (n =452). Of the 1085
patients, 705 (65 per cent) were men. The mean age was

66.5 years (range 40-86). A history consistent with cor-
onary artery heart disease documented by electrocardio-
gram (ECG) was present in 716 (66 per cent), hypertension
in 662 (61 per cent), diabetes mellitus in 391 (36 per cent)
abnormal lipid profiles in 434 (40 per cent) and a history of
cigarette smoking was elicited in 521 (48 per cent).

Postoperative neurological deficits were classified into
three categories: (i) a focal episode of neurological dys-
function which resolved within 24 hours was defined as
a TIA; (ii) a neurological deficit which lasted more than
24 hours, yet resolved completely within 3 weeks was des-
ignated a reversible ischaemic neurological deficit (RIND),
whereas (iii) a fixed non-progressive neurological deficit
lasting less than 24 hours and caused by cerebral infarction
was characterised as a stroke.”

The incidence of postoperative neurological deficit was
not significantly different if patients underwent CEA with
routine shunting, routine non-shunting or selective shunt-
ing based on electroencephalogram (EEG) criteria). Of the
patients who underwent CEA with a shunt (n = 512), a
transient deficit occurred in 15 (2.9 per cent) and a perman-
ent deficit in 11 (2.1 per cent). When CEA was performed
without a shunt (n = 274), a transient deficit occurred in
eight patients (2.9 per cent) and a permanent deficit
occurred in nine (3.3 per cent). Transient deficit after
CEA monitored by EEG surveillance (n = 452) occurred
in 12 (2.7 per cent) and permanent deficit occurred in
11 patients (2.4 per cent). Overall, 35 patients experienced
a transient postoperative deficit and 31 a permanent deficit.
Although the incidence of postoperative stroke (3.3 per cent)
was slightly higher in the routine non-shunting group,
there was no significant statistical difference when the dif-
ferent methods of cerebral protection were compared
(P> 6.25).
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The preoperative arteriograms of all patients experiencing
a postoperative neurological deficit were reviewed. Of 35
patients who experienced a transient postoperative deficit, 25
patients (72 per cent) had ulcerated plaque disease, as did 10
of 31 (32 per cent) who sustained a postoperative stroke. This
suggests that embolisation from the ulcer bed may have been
the cause of the postoperative deficit. Intracranial occlusive
disease, namely, stenosis at the siphon or stenoses within the
circle of Willis, was also noted in 29 patients.

The incidence of postoperative neurological complica-
tions was evaluated on the basis of indications for opera-
tion. It is of interest to note that patients with ‘stable’
preoperative symptoms such as TTAs, amaurosis fugax and
vertebrobasilar insufficiency had nearly a fourfold increased
incidence of transient and permanent deficits over patients
whose neurological status was ‘unstable’, namely those pre-
senting with stroke in evolution, RIND or stroke (Table
14.1), and these features have been observed by others.'%!!
After a RIND or stroke or during a stroke in evolution,
a zone of ischaemic brain tissue is present which may
be more vulnerable to diminished perfusion during
carotid cross-clamping than normal brain tissue.'>!* This
ischaemic zone is supplied by highly resistant collateral ves-
sels and a drop in perfusion pressure during carotid cross-
clamping may cause further ischaemia. In order to diminish
the potential for a postoperative neurological deficit in
these neurologically ‘unstable’ patients, the wisest course of
action is to shunt the carotids in order to avoid any drop in
perfusion during CEA.

In the immediate postoperative period (<12 hours),
35 patients experienced a transient neurological deficit.
Seventeen patients experienced a focal minor deficit, which
resolved rapidly, and 18 patients experienced a more pro-
nounced deficit such as contralateral sensory and motor
changes of the face and extremities upon awakening from
anaesthesia. Fifteen were reanaesthetised preparatory to
immediate operative arteriography. Carotid re-exploration
was necessary in four patients, and the others had normal
arteriograms. Each of the 18 patients who experienced a

Table 14.1 Postoperative deficit/indication for operation

Transient Permanent
Number Per cent (n) Per cent (n)

Neurologically ‘stable’

TIA 579 2.0(12) 2.2 (13)
VBI 248 2.8(7) 2.3 (6)
Prophylactic 111 1.8 (2) 1.8 (2)
Amaurosis fugax 108 2.7 (3) 0.9 (1)
Total 2.3 1.8
Neurologically ‘unstable’

Stroke in evolution 27 48.8 (4) 11.0 (3)
RIND/stroke 165 4.2 (7) 3.6 (6)
Total 9.5 7.3

TIA, transient ischaemic attack; VBI, vertebrobasilar insufficiency;
RIND, reversible ischaemic neurologica