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Preface

The first edition of this book was intended to
satisfy the needs of the new recruit into anaesthesia
during the first 1-2 years in the specialty. In ad-
dition, it was hoped that it might provide suitable
reading for anaesthetists studying for the (then)
new Part-1 FFARCS examination (now Part 1
FCAnaes) and the European Diploma of Anaes-
thesiology. The response to the first edition was
very encouraging and it clearly proved uscful not
only to the intended audience but also to a wider
readership including medical practitioners giving
occasional anaesthetics in rural areas or under-
developed countries and non-medical staff
involved full-time in anaesthesia. The success of
the first edition has therefore stimulated us to
produce a second.

The aims of this new edition are broadly similar
to those of the first. However, as a result of our
own awareness of some deficiencies in the first edi-
tion, and after receiving ‘many helpful comments
from reviewers and readers of the book, we have
introduced several new chapters, undertaken
major revision of chapters on pharmacology and
practical aspects of anaesthesia, and updated the
content of the remainder.

We have rewritten those chapters describing the
pharmacology of intravenous and inhalation anaes-
thetics, and of drugs used to supplement
anaesthesia. A new chapter outlining basic
knowledge of physics, an important area for the
trainee anaesthetist, has been incorporated to sup-
plement the physics contained in the contributions
on anaesthetic apparatus and monitoring; these
chapters also have been revised very substantially,
and this reflects the vital importance of a full un-
derstanding of all types of equipment employed in

anaesthetic practice. The chapter describing the
operating theatre environment has been expanded
considerably to incorporate essential details of
theatre design and to discuss briefly the
medicolegal aspects of anaesthetic practice, which
is assuming increasing importance worldwide.

Chapters on postoperative care, postoperative
pain, local anaesthetic techniques and obstetric
anaesthesia and analgesia have also been rewritten.
In order to discuss in more detail the management
of patients encountered frequently by the trainee
anaesthetist, we have introduced new chapters
describing anaesthesia for gynaecology, genito-
urinary and orthopaedic surgery, radiological
investigation and radiotherapy. There is also a new
chapter on the management of fluid, electrolyte
and acid-base balance. We have retained chap'ers
that discuss more complex forms of surgery be-
cause trainees may be required to undertake some
of these procedures from time to time, albeit under
supervision. The appendices have been expanded
and revised to provide ready access to detailed in-
formation which may be useful during pre-
operative assessment and management of patients
undergoing anaesthesia and surgery.

We are again grateful to our contributors, who
have allowed us to undertake widespread revision
of manuscripts in an attempt to obtain uniformity
of style. We are indebted again to the publishers, °
Churchill Livingstone, who have arranged for
redrawimg of the substantial number of new
figures. Our gratitude must be recorded to Mrs
Rosaleen O’Brien, Principal Secretary in the Uni-
versity Department of Anaesthesia at Leicester, for
substantial secretarial, work.

We hope that this text will prove as popular as
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the first edition, and will be used by trainees as  of training in anaesthesia, and for recovery room
a practical guide in the operating theatre and as nurses.

the foundation of their theoretical learning. It may

be valuable also as an ‘aide memoire’ for teachers

in anaesthesia, and may be appropriate reading for ~ Nottingham and Leicester, 1990 AA
undergraduates who undertake an elective period GS



Acknowledgements

Many of the figures and diagrams incorporated in
the text have been redrawn or modified from
original diagrams appearing elsewhere. We there-
fore gratefully acknowledge permission from
authors, publishers and editors in respect of the
following:

“Chapter 1

Fig. 1.15 from Lord Brock 1982 Lung abscess,
2nd edn. Blackwell Scientific Publications, Ox-
ford. Fig. 1.21 from Lee, J A, Atkinson R C 1978
Lumbar puncture and spinal anaesthesia. Chur-
chill Livingstone, Edinburgh. Figs 1.3, 1.4, 1.5,
L0181 e 1.12,:1.13,1.14, 1.16;-1.17, 1:18, 119
and 1.20 from Ellis H, Feldman S 1977 Anatomy
for anaesthetists, 3rd edn. Blackwell Scientific
Publications, Oxford.

Chapter 3

Fig. 3.14 from Smith J J, Kampine ] P 1980 Cir-
cu]it(l)nry physiology — the essentials. Williams and
Wilkins, Baltimore. Fig. 3.15 from Guyton A C
1967 New England Journal of Medicine 277: 805.
Fig. 3.19 from Ledingham I McA, Hanning C D
In (eds) Gray, T C, Nunn J E, Utting J F 1980
General anaesthesia, 4th edn. Butterworths, Lon-
don. Fig. 3.20 from Prys-Roberts C 1980 The
circulation in anaesthesia. Blackwell Scientific
Publications, Oxford.

Chapter 5

Fig. 5.1 from Chapnick P 1973 Skin of ourselves.
Science, April: 20. Figs 5.14, 5.16, 5.17, 5.28,
5.29 and 5.41 from Bell G H, Emslie-Smith D M,
Paterson C R 1980 Textbook of physiology, 10th
edn. Churchill Livingstone, Edinburgh. Figs 5.2,
5.3, 5.4, 5.5, 5.6 and 5.13 from Hendry B 1981
Mgmbrane physiology and cell excitation. Helm

Croom. Figs 5.7, 5.8 and 5.9 from Maze M 1981
Clinical implications of membrane receptor func-
tion in anaesthesia. Anesthesiology 55: 160.
Fig. 5.10 from Braesrup C 1982 Neurotransmit-
ters and CNS disease anxiety. Lancet 2: 1030.
Fig. 5.12 from Spero L 1982 Neurotransmitters
and CNS disease: epilepsy. Lancet 2: 1319.
Figs 5.18;.5.19, 5.21,.5.22, 5.24, 5.25,.5.26 and
5.27 from Mitchell G A Essentials of neuro-
anatomy, 3rd edn. Churchill Livingstone, Lon-
don. Fig. 5.20 from Green ] H 1976 An introduc-
tion to human physiology, 4th edn. Oxford
University Press, Oxford. Fig. 5.36 from Ganong
W F 1979 Review of medical physiology, 9th edn.
Lange Medical Publications, California. Fig. 5.23
from Patten J P 1977 Neurological differential
diagnosis. Starke, London. Fig. 5.30 from Jessel
T M 1982 Neurotransmitters and CNS disease:
pain. Lancet 2: 1084. Fig. 5.31 from Lipton S
1979 The control of chronic pain. Fig. 5.32 from
Gray TC, Nunn J F, Utting, J E (eds) 1980
General anaesthesia, 4th edn. Butterworth, Lon-
don. Fig. 5.35 from Maynard D B, Jenkinson | L
1984 The cerebral function analysing monitor: in-
itial experience, application and further develop-
ment. Anaesthesia 39: 678-690. Fig. 5.37 from
Branthwaite M 1980 Anaesthesia for cardiac
surgery and allied procedures. Blackwell Scientific
Publications, Oxford.

Chapter 9
Figs 9.1-9.9 from Eger EI 1982 Isoflurane
(AErrane). Airco Inc.

Chapter 12
Fig. 12.3 from Churchill-Davidson H C 1965 .
Anesthesiology 26: 224. .

vii



viii ACKNOWLEDGEMENTS

Chapter 16

Figs 16.3 and 16.18 from Parbrook G D, Davies
P D, Parbrook E O 1982 Basic physics and meas-
urement in anaesthesia. Heinemann, London.
Figs 16.5, 16.13 and 16.21 from Mushin W, Jones
P L 1987 Macintosh, Mushin and Epstein’s
Physics for the anaesthetist, 4th edn. Blackwell
Scientific Publications, Oxford. Fig. 16.6 from
Ward C S 1985 Anaesthetic equipment: physical
principles and maintenance, 2nd Edn. Bailliere
Tindall, Eastbourne.

Chapter 17

Figs. 17.5, 17.6, 17.9 and 17.27 from Ward C S
1985 Anaesthetic equipment: physical principles
and maintenance, 2nd Edn. Bailliere Tindall,
Eastbourne. Fig. 17.17. Courtesy of Penlon
Limited. Figs 17.20 from Mapleson W W 1960
The concentration of anaesthetics in closed circuits
with special reference to halothane. 1: Theoretical
study. British Journal of Anaesthesia, 32: 298.
Fig. 17.36 by courtesy of Colgate Medical Ltd.

Chapter 20

Fig. 20.2 from Atkinson R S, Rushman G B, Lee
J A 1982 A synopsis of anaesthesia, 9th edn. John
Wright, Bristol. Fig. 20.3 from Lichtiger M, Moya
F (eds) 1978 Introduction to the practice of anaes-
thesia, 2nd edn. Harper and Row, Hagerstown,
Maryland.

Chapter 21

Figs 21.6 and 21.7 from Kidd J F 1988 Pulse
oximeters: basic theory and operation. Care of the
Critically Ill 4: 10. Fig. 21.9 from Ward C S 1975
Anaesthetic equipment: Physical principles and
maintenance. Bailliere Tindall, Eastbourne.
Fig. 21.20B from Hinds C J 1987 Intensive care:
a concise textbook. Bailliere Tindall, Eastbourne.
Fig. 21.22 from Huch R, Huch A 1976
Transcutaneous non-invasive monitoring of PO3.
Hospital Practice 2: 43. Fig. 21.26 from Simpson
J C 1981 Monitoring during Anesthesia for Car-
diac Surgery. In: Gerson G R (ed) Monitoring
during Anesthesia. International Anesthesiology
Clinics 19 (1): 137. Tables 21.6 and 21.7 from

Sykes M K 1987 Essential monitoring. British
Journal of Anaesthesia 59: 901.

Chapter 24
Figs 24.2 and 24.5 from West ] B 1977 Pulmonary

Pathophysiology — The Essentials. Blackwell
Scientific Publications, Oxford.

Chapter 25

Fig. 25.1 from Hannington-Kiff ] G 1981 Pain,
2nd edn. Update Publications Limited, London.
‘Fig. 25.2 from Austin K L, Stapleton J V, Mather
L E 1980 Multiple intramuscular injections: A
major source of variability in analgesic response to
meperidine. Pain 8: 47.

Chapter 26

Fig. 26.4 from Lichtiger M, Moya F (eds) 1978
Introduction to the.practice of anesthesia, 2nd
edn. Harper and Row, Hagerstown, Maryland.
Figs 26.11 and 26.13 from Wildsmith J A W, Ar-
mitage E N (eds) 1987. Principles and practice of
regional anaesthesia. Churchill Livingstone, Edin-
burgh. Fig. 26.12 from Ellis H, Feldman § 1977
Anatomy for anaesthetists, 3rd edn. Blackwell
Scientific Publications, Oxford. Fig. 26.15 from
Moore D C 1979 Regional block, 4th edn. Charles
C. Thomas, Springfield, Illinois.

Chapter 30
Fig. 30.1 Courtesy of Siemens Limited.

Chapter 33
Fig. 33.1 from Moir D D 1976 Obstetric anaes-
thesia and analgesia. Balliére Tindall, London.

Chapter 37

Fig. 37.2 from Cole P In: Langton Hewer C, At-
kinson R S 1979. Recent advances in anaesthesia
and analgesia, Vol. 13. Churchill Livingstone,
London.

Chapter 38
Fig. 38.3 from Kitahata L M, Galicich ] H, Sato I
1971 Journal of Neurosurgery 34: 185.

Chapter 44

Fig. 44.1 from Feldman S, Ellis H 1975 Prin-
ciples of resuscitation, 2nd edn. Blackwell Scien-
tific Publications, Oxford. Figs 44.2 and 44.3 from
Gilston A, Resnekov L 1971 Cardiorespiratory
resuscitation. William Heinemann, London.

Appendix XI(b) from Cotes J E 1979 Lung func-
tion, 4th edn. Blackwell Scientific Publications,
Oxford.



Contributors

Alan R. Aitkenhead BSc MB ChB MD FFARCS
Professor of Anaesthesia, University of
Nottingham Medical School, Nottingham

Douglas S. Arthur MB ChB FFARCS
Consultant, Department of Anaesthesia, Royal
Infirmary, Glasgow

David B. Barnett MB ChB MD FRCP

Professor of Applied Pharmacology and
Therapeutics, University of Leicester School of
Medicine, Leicester Royal Infirmary, Leicester

Allan G. H. Cole MB BS FFARCS
Consultant, Department of Anaesthesia,
Leicester Royal Infirmary, Leicester

David R Derbyshire MB ChB FFARCS
Consultant, Department of Anaesthesia,
Warwick General Hospital, Warwick

David Fell MB ChB FFARCS
Senior Lecturer, Department of Anaesthesia,
Leicester Royal Infirmary, Leicester

Valerie A. Goat MB ChB MD FFARCS
Consultant, Nuffield Department of
Anaesthetics, John Radcliffe Hospital, Oxford

Ian S. Grant MB ChB MRCP FRCP (Edin. & Glas.)
FFARCS

Consultant, Department of Anaesthesia, Western
General Hospital, Edinburgh

Ronald Greenbaum MB ChB FFARCS DObst RCOG
Consultant, Department of Anaesthesia,
University College Hospital, London

Christopher D. Hanning BSc MB BS FFARCS
Senior Lecturer, University Department of
Anaesthesia, Leicester Royal Infirmary,
Leicester

Stephen A. Hudson MPharm MPS
Principal Pharmacist and Clinical Tutor,
Western General Hospital and Strathclyde
University, Glasgow

R. Hugh James MB BS FFARCS DTM&H
DObst RCOG DA

Consultant, Department of Anaesthesia,
Leicester Royal Infirmary, Leicester

Michael J. Jones MB ChB MRCP FFARCS
Lecturer, University Department of Anaesthesia,
Leicester Royal Infirmary, Leicester

John H. Kerr BM BCh DM FFARCS
Consultant, Nuffield Department of
Anaesthetics, John Radcliffe Hospital, Oxford

Alistair Lee MB ChB FFARCS
Senior Registrar, Department of Anaesthesia,
Edinburgh Royal Infirmary, Edinburgh

D. Geofirey Lewis BA MA MB BChir MD FFARCS
Consultant, Department of Anaesthesia,
Leicester Royal Infirmary, Leicester

Una M. MacFadyen BSc MB ChB MRCP DCH
Lecturer, University Department of Child
Health, Leicester Royal Infirmary, Leicester

Peter J. McKenzie MB ChB FFARCS
Consultant, Nuffield Department of
Anaesthetics, John Radcliffe Hospital, Oxford

Christopher J. D. Maile MA MB BChir FFARCS
Consultant, Department of Anaesthesia,
Worcester Royal Infirmary, Worcester

Walter S. Nimmo BSc MB ChB MD FFARCS
FFARACS FRCP

Medical Director, Inveresk Clinical Research
Unit, Edinburgh



X CONTRIBUTORS

John Norman PhD MB ChB FFARCS Mairlys Vater MB BCh FFARCS DA

Professor of Anaesthesia, University Department Consultant, Department of Anaesthesia, Russells
of Anaesthesia, Southampton General Hospital, Hall Hospital, Dudley

Southampton

Timothy M. O’Carroll MB BS FFARCS Peter G. M. Wallace MB ChB FFARCS

DObst RCOG DObst RCOG _
Consultant, Department of Anaesthesia, Consultant, Department of Anaesthesia, Western
Leicester Royal Infirmary, Leicester Infirmary, Glasgow

Consultant, Department of Anaesthesia, Consultant, Renal Unit, Leicester General
Leicester Royal Infirmary, Leicester Hospital, Leicester

Guy S. Routh MB BS FFARCS

Consultant, Department of Anaesthesia, Malcolm J. H. Wellstood-Eason MB ChB
Cheltenham General Hospital and FFARCS _
Gloucestershire Royal Hospital, Gloucester Consultant, Department of Anaesthesia,

3 Leicester Royal Infirmary, Leicester
Graham Smith BSc MB BS MD FFARCS

Professor of Anaesthesia, University of Leicester !

Sohool-of Hedt e Leicestar John A. W. Wildsmith MB ChB MD FFARCS

Consultant, Department of Anaesthesia,

John Thorburn MB ChB FFARCS DA DObst RCOG Edinburgh Royal Infirmary, Edinburgh
Consultant, Department of Anaesthesia, Western
Infirmary, Glasgow Sheila M. Willatts MB BS FRCP FFARCS

DObst RCOG DA
Consultant, Department of Anaesthesia,
Bristol Royal Infirmary, Bristol

Gerald C. Tresidder MB BS FRCS
Lecturer, Department of Anatomy, University of
Leicester Medical School, Leicester

Douglas A. B. Turner MB ChB FFARCS J. Keith Wood MB ChB FRCP FRCPE FRCPath
Consultant, Department of Anaesthesia, Leicester ~ Consultant, Department of Haematology,
Royal Infirmary, Leicester Leicester Royal Infirmary, Leicester



Contents

. Anatomy 1

Gerald C. Tresidder

. Respiratory physiology 23

D. Geoffrey Lewis

. Cardiovascular physiology 43

Christopher D. Hanning

. Outlines of renal physiology 63

Fohn Walls ) ‘

. Physiolegy of the nervous system 77

Sheila M. Willazs

. Materna) and neonatal physiology 111

. Haematology

‘Una M. MacFadyen

125
J. Keith Wood

< lsrinciples of general pharmacology and

.

10.

11.

12.

13.

14.

pharmacokinetics 139

Walter S. Nimmo

Inhalational anaesthetic agents 153
Graham Smith

Intravenous anaesthetic agents 175

Alan R. Aitkenhead

Drugs used to supplement anaesthesia
Alan R. Aitkenhead

Neuromuscular blockade 211
John Norman

193

Drugs affecting the autonomic nervous
system 225
David B. Barnett and Stephen A. Hudson

Miscellaneous drugs of importance in
anaesthesia 241
Stephen A. Hudson and David B. Barnett

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Local anaesthetic agents 257
Fohn A. W. Wildsmith

Basic pilysics for the anaesthetist 269
Graham Smith

Anaesthetic apparatus 291
Graham Smith and Alan R. Aitrenhead

The operating theatre environment 323

Alan R. Aitkenhead

Preoperative assessment and
premedication 333
Graham Smith

The practical conduct of anaesthesia 349
David Fell

Monitoring during anaesthesia 363
Mairlys Vater

Fluid, electrolyte and acid—base
balance 389
Douglas A. B. Turner

Complications during anaesthesia 405
Timothy M. O’Carroll

Postoperative care 421
Alan R. Aitkenhead

Postoperative pain 449
Graham Smith

Local anaesthetic techniques 459
Alistair Lee and Fohn A. W. Wildsmith

Anaesthesia for gynaecological,
genitourinary and orthopaedic surgery 485
Allan G. H. Cole

Anaesthesia for ENT surgery 495
Timothy M. O’Carroll



Xii CONTENTS

29. Anaesthesia for ophthalmic surgery 501
Peter ¥. McKenzie

30. Anaesthesia for radiology, radiotherapy and
psychiatry 507
Michael J. Fones

31. Day-case anaesthesia 519
R. Hugh Fames

32. Emergency anaesthesia 527
Douglas A. B. Turner

33. Obstetric anaesthesia and analgesia 541
John Thorburn

34. Paediatric anaesthesia and intensive
care 555
Douglas S. Arthur

35. Dental anaesthesia 573
John Thorburn

36. Anaesthesia for plastic, endocrine and
vascular surgery 583
David G. Raitt

37. Hypotensive anaesthesia 595
Valerie A. Goat

38.

39.

41.

42.

43.

Neurosurgical anaesthesia 603
Ronald Greenbaum

Anaesthesia for thoracic surgery 615
Alan R. Aitkenhead

. Anaesthesia for cardiac surgery 629

Peter G. M. Wallace

intcrcurrent disease and anaesthesia 645
Ian S. Grant

The intensive therapy unit 677
John H. Kerr and Guy S. Routh

Relief of chronic pain 695
Malcolm §. H. Wellstood—Eason

. Cardiopulmonary resuscitation 705

Christopher ¥. D. Maile

Appendices 715
David R. Derbyshire

Index 755



1. Anatomy

A knowledge of anatomy is important to the
anaesthetist. In the conduct of anaesthesia it is
required to enable him to cannulate veins and
arteries, to undertake laryngoscopy for tracheal
intubation or to undertake bronchoscopy for
removal of aspirated material. It is also essential
to know the anatomy relating to local anaesthetic
nerve blocks. In addition, a sound knowledge of
anatomy is necessary in cardiopulmonary medicine
and to understand the surgeon’s techmiques and
requirements.

Clearly, this short chapter cannot cover all the
anatomical knowledge required of the anaesthetist.
Its purpose is to describe in detail only those
aspects relevant to the conduct of general anaes-
thesia and spinal anaesthesia and to,indicate areas
for further study in the standard textbooks of
anatomy.

VENEPUNCTURE
Upper limb

The valved superficial veins form varying
patterns, but the common arrangements are
shown in Figures 1.1 and 1.2.

The arrangement of the arteries is less varied
than that of the veins. However, developmental
anomalies do occur and it is wise to inspect and
palpate for arterial pulsation before undertaking
venepuncture. An ‘ulnar’ artery may leave the
brachial artery in the arm and, passing superficial
to the common attachment of the superficial flexor
muscles of the forearm, lie immediately deep to
the median basilic vein — without the interven-
tion of the bicipital aponeurosis. Similarly a
‘radial’ artery may arise proximaily and be situated
superficially in the forearm.

Cephalic vein

: . Basilic vein
Median cubital

vein

cephalic vein

Superficial
median vein
of forearm

Cephalic vein

Palmar venous 4
plexus

Palmar digital
veins

Fig. 1.1 Superficial veins of the right upper limb.

Metacarpal veins, lying superficially on the back
of the hand, drain blood from the digits and hand
(Fig. 1.2). These veins join together to form the

1
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Dorsal
metacarpal
veins

Fig. 1.2 Dorsal metacarpal veins of the right hand.

dorsal venous arch. From the lateral and medial
ends of the dorsal venous arch, the blood is
carried centripetally by the cephalic and basilic
veins respectively. These veins also receive tribu-
taries from the skin and superficial tissues of the
forearm thus draining, respectively, the pre- and
postaxial borders of the upper limb. The basilic
vein, having received the brachial veins, continues
as the axillary vein. The cephalic vein, after

Biceps

Brachialis

LateutN——1
of forearm f \\

Brachioradialis ' \

Median
cephalic vein

Cephalic vein

Superficial -
median vein -

Fig. 1.3 Veins at the right elbow.

passing through the deltopectoral groove, drains
into the axillary vein

Venepuncture may be performed at the
following sites:

1. On the back of the hand and lateral aspect
of the wrist in one of the dorsal metacarpal veins
(Fig. 1.2).

2. On the anterior aspect of the forearm in the
cephalic or median veins-(Fig. 1.1), or one of their
tributaries. Usually there are useful veins also on
the posterior aspect.

It is preferable to cannulate veins on the back
of the hand and on the forearm rather than those
at the elbow because the cannula may be secured
more easily in situ.

When a venepuncture is to be made at or below
the elbow greater venous distension can be
obtained in an obstructed vein if the front of the
forearm is massaged by firm pressure from
the wrist upwards. This delivers blood-from the
superficial veins and from the deep (communi-
cating) vein (Fig. 1.3) which drains the deeper
structures of the forearm. A conscious patient
should be asked to flex and extend the digits
forcibly several times and then to clench the fist
firmly. Subsequently the forearm should be
massaged from the wrist upwards.

Brachial artery
and basilic vein
Medial cutaneous
nerve of forearm

Med. cut. N
of forearm
\ and loop

Median N
Median basilic

N4 vein
N o <
\ - Bicipital aponeurosis

Deep communicating
vein

Pronator teres



3. At the elbow in either the median cephalic
or median basilic vein (Fig. 1.3). Usually the
median basilic vein is the larger and more mobile
of the two, but, if used inexpertly, there may be
complications. If the needle is inserted too deeply,
it may pass through the bicipital aponeurosis and
penetrate the brachial artery. The pulsation of this
artery can be felt immediately medial to the
tendon of the biceps. Medial to the brachial artery
lies the median nerve. An anomalous ulnar artery
may lie just deep to the median cubital vein and
be at risk if the vein is penetrated too deeply.
Withdrawal of arterial blood in a pulsatile stream
indicates that this has happened.

The medial cutaneous nerve of the forearm
divides into its anterior and posterior branches at
the elbow (Fig. 1.3) and sometimes these loop
around the median basilic vein. Thus perivenous
piercing with the needle, extravasation of fluid, or
the occurrence of a haematoma at this site may
damage nerve fibres and in the conscious patient
cause acute pain along the inner border of the
forearm.

4. Below the clavicle in the subclavian vein
(Fig. 1.4). Use of the right subclavian rather than
the left provides easier access to the superior vena

Phrenic nerve

Scalenus anterior
muscle

Subclavian vein —>

Brachiocephalic vein

Fig. 1.5 Right subclavian vein.

ANATOMY 3

Subclavian vein

Fig. 1.4 Right subclavian and jugular veins.

cava and right atrium. The subclavian vein — the
continuation of the axillary — runs from a point
just below and medial to the midclavicular point.
From here it arches upwards, then, passing down-
wards and forwards (Fig. 1.5) it joins the internal

Oesophagus

Trachea

Internal jugular vein
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jugular to form the brachiocephalic vein posterior
to the sternoclavicular joint. The subclavian vein
lies in a groove on the superior surface of the first
rib. The subclavian artery lies above and behind
the vein with the scalenus anterior tendon inter-
vening. The phrenic nerve lies deep to the
prevertebral layer of the cervical fascia covering
the scalenus anterior. By puncturing the skin
below the clavicle — at the junction of its middle
and medial thirds — the needle is passed upwards
and medially in the direction of the sternoclavicu-
lar joint. The vein should be entered at its
confluence with the internal jugular vein.

Neck and head

Venepuncture may be performed above the
clavicle in the external and internal jugular veins.
For puncture of the external and internal jugular
veins the patient should be lying in a slight Tren-
delenburg position with the head turned away
from the side of puncture. This position provides
easy access to and distension of the veins and
minimises the risk of air embolism. Finger
pressure just above the middle of the clavicle also
produces distension of the external jugular vein.
The external jugular vein, receiving blood from
the scalp and face, is formed by the union of the
posterior auricular vein and the posterior division

Superficial temporal vein
Maxillary vein

Occipital vein

Posterior auricular vein

Retromandibular vein

" Sternocleidomastoid
Facial vein, lower end

Posterior external jugular vein
Internal jugular vein

Fig. 1.6 Veins of right side of the head and neck.

of the retromandibular vein (Fig. 1.6). It runs
vertically downwards from just behind the angle
of the mandible to pass posterior to the clavicle
lateral to the sternocleidomastoid muscle, where
it terminates in the subclavian vein. In its course
it lies deep to the skin and the platysma muscle,
and superficial to the investing layer of the deep
cervical fascia and sternocleidomastoid muscle.
Puncture of the vein should be made one finger’s
breadth above the clavicle.

The internal jugular vein (Figs 1.6°and 1.7) is
the continuation of the sigmoid sinus. It runs from
its superior bulb (dilation) just below the base
of the skull to terminate posterior to the sterno-
clavicular joint, where its inferior bulb is joined
by the subclavian vein to form the brachiocephalic
vein. The internal jugular lies deep to the sterno-
cleidomastoid muscle on the lateral side of the
internal and common carotid arteries (Fig. 1.8).

It is safest to puncture the internal jugular vein
using a ‘high approach’. A common technique is
to approach the vein at the apex of the triangle
formed by the sternal and clavicular heads of sterno-
cleidomastoid muscle (Fig. 1.8). This is found
usually at the level of the cricoid cartilage. At this
point a needle is directed downwards at an angle
of 30° to the skin in the direction of the ipsilateral
nipple. If the internal jugular vein is not encoun-
tered, the needle is redirected medially.

Facial vein

Anterior jugular vein

External jugular vein
Platysma
Transverse cervical vein
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Fig. 1.8 Approach to the right internal jugular vein.
Catheter inserted through cannula.

Complications include puncture of the common
carotid artery, branches of the costocervical trunk,
or the thoracic duct (on the left side) and damage
to the sympathetic trunk. The ‘high approach’
reduces the chance of injury to the pleura and
lung.

On the right side, cannulation of the right
atrium is easy because the right internal jugular

ANATOMY 5

Sternocleido-
mastoid muscle

Manubrium

vein, brachiocephalic vein, superior vena cava and
right atrium lie almost in a straight line.

Lower limb

There are several different patterns of the super-
ficial saphenous system. Various direct and
indirect communications exist between the long
(great) and short (small) saphenous veins (Fig.
1.9). Throughout their courses these veins both
receive tributaries from the skin and subcutaneous
tissues and also give off perforating branches
which join the deep veins. The perforating veins
normally convey blood from the superficial to the
deep system. All the veins of the lower limb have
bicuspid valves which are arranged so that blood
is directed towards the heart. The flow of blood
may be reversed when varicosity of the veins is
present.

Dorsal metatarsal veins, which receive blood
from the toes, run together to form a dorsal
venous arch which lies across the foot over the
heads of the metatarsal bones. This dorsal
network of veins also receives blood from the sole
and sides of the foot. The medial end of the dorsal
venous arch is continued as the long saphenous
vein; the lateral end continues as the short
saphenous. These veins respectively mark the pre-
and postaxial borders of the lower limb.

The long saphenous vein lies with the
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Fig. 1.9 Superficial veins of the right lower limb.

saphenous nerve immediately anterior to the
medial malleolus at the ankle (Fig. 1.9). As the
vein ascends (still accompanied by the saphenous
nerve) along the medial side of the leg, it passes
obliquely across the lower part of the tibia to
become posteromedial at the medial condyles of
the tibia and femur. From here, often accompanied
by branches of the medial femoral cutaneous
nerve, the vein passes upwards and obliquely
forwards to pass through the saphenous opening
of the deep fascia (which lies two finger breadths
below and lateral to the pubic tubercle) to enter
the femoral vein, which lies medial to the femoral
artery. When puncturing the long saphenous vein,
any perivenous probing with the needle or spread
of injection fluid, or the occurrence of a haema-

Superficial epigastric vein

Superficial external
pudendal vein

Long saphenous vein

Saphenous nerve

toma, may damage the accompanying nerve and
cause acute pain in the conscious patient.
Venepuncture may be performed:

1. On the dorsum of the foot in the dorsal
venous arch or one of its tributaries (Fig. 1.9).
This provides the best site in the lower limb for
i.v. infusions in the operating theatre.

2. On the anteromedial aspect of the leg using
either the long saphenous vein or one of its tribu-
taries (Fig. 1.9). The saphenous vein has a thick
wall and therefore a sharp needle is required. The
lowest part of the vein, in its own fascial sheath,
lies in direct centact with the periosteum over the
tibia and care should be taken to avoid injuring
these structures.



