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Preface to the fourth
edition

Sometimes we have to look backward to look forward. Since 1990, sur-
gery has witnessed cataclysmic changes. In our Trust, the first laparoscopic
cholecystectomy was performed in 1992, and has now become the pro-
cedure of choice for most gall bladder disease and many other surgical
operations in the western world. With the expansion of laparoscopic
surgery, we have encountered a whole new range of complications with
an escalation in the demise of general surgery as the result of hyperspe-
cialization. There are many surgical trainees who have scant experience
of open surgery and who have, due to European directives, limited time
exposure to surgical procedures. In fact, most technical training is now
obtained from emergency on call such that a new speciality of emergency
surgery is developing. A recent British Medical Journal (BMJ) article recom-
mended a training programme for surgeons wishing to work in remote
and rural surgery—not only in the Developing World, but in remote and
isolated communities in the United Kingdom! General surgery may largely
have gone, but it should not be forgotten. Most countries in the world do
not have access to these recent innovations and there is still a case in the
developed world for experience in open and general surgery to be incor-
porated in the formal training programmes of junior surgeons.

G. R. Mclatchie
Hartlepool, September 2012
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Preface to the third
edition

This, the third edition of the Oxford Handbook of Clinical Surgery, reflects
the changes which have occurred in general surgery over the 17 years
since the first edition was published.

Firstly, we have recruited the services of two new editors, a stark con-
trast to the original, which was written by a single author with the assis-
tance of a surgical registrar.

Secondly, each chapter has been written by a specialist consultant or
registrar in the subject and, therefore, presents a modern, state-of-the-art
treatise on each topic.

Again, each condition is covered in the original two-page format with
blank pages for accompanying notes.

| 'am particularly grateful for the commitment that Jo Chikwe and Neil
Borley have made, and also wish to thank staff at Oxford University Press
for their support and patience. | am also grateful for the contribution and
support given by many colleagues.

G. R. MclLatchie
Hartlepool, March 2007



Preface to the first
edition

The idea of this book was first suggested by Mr Gordon McBain, consult-
ant surgeon at the Southern General Hospital, Glasgow. We have received
considerable support from the staff of Oxford University Press, and are
also indebted to Mr J. Rhind and Dr J. Daniel for their contributions and
our surgical teachers, especially Mr . S. F. Hutchison, Mr M. K. Browne,
Mr J. Neilson, Mr D. Young, Mr A. Young, and the late Mr I. McLennan
whose practical advice and anecdotes pepper the pages....

G. R. McLatchie
S. Parameswaran
1990
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B-cell receptor

" beta-human chor|on|c gonadotrophm' h

blpha5|c posmve airway pressure
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CRCa  colorectal cancer

CRP " C-reactive prote|n

CSF cerebrosplnal fluid

C-spine cervical spine

cT computerlzed tomography

CTA e ang|ography

CTPA computenzed tomography pulmonary anglography
Cu copper

v " central venous
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CVP central venous pressure
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DCIS "~ ductal carcinoma in situ '
DDAVP  1-deamino-8-D- -arginine vasopressm
DDH developmental dysplasia of the hip
DHS dynamic hip screw
DHT dlhydrotestosterone -

DIC " disseminated intravascular coagulatlon '
DIEP deep inferior ep|gastrlc perforator (ﬂap)
DIPJ o distal |nterphalangeal joint

dL  decilitre

DM diabetes mellitus

DMSA d|mercaptosuccmate '

DNA deoxyribonucleic aC|d

DNR " do not resuscitate

DOH Department of Health
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DPL diagnostic peritoneal lavage

DRUJ " distal radioulnar joint

DSA - dlgltal subtractlon anglography
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ESR
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EVLT
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FDS
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FNAC
FPL
FSH
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' dlethylene trlamlne pentaacetlc aad
deep venous thromb05|s

Epstem —Barr virus

h extracelllular ﬂUICl

electrocardi iogram

- European Cardiac Surgery Tr|al

erectile dysfunctlon

exempli gratia (for example)

enzyme-linked |mmunosorbent assay

- electromechanical delay

electromyography

endocosplc mucosal resection

(o )estrogen contamlng contraceptwe plll

' extensor pollicis longus

erythrop0|et|n

o (o)estrogen receptor

enhanced recovery after surgery

- endoscoplc retrograde cholanglopancreatography

endoscopic sphincterotomy

endoscopic submucosal dissection

erythrocyte sed|mentat|on rate

o extracorporeal shock wave llthotrlpsy

endotracheal tube

examination under anaesthet|c

endoscoplc ultrasound

endovascular aneurysm repa|r

endovenous laser therapy

familial adenomatous polypo5|s

focused abdommal sonography for trauma

full blood count

flexor d|g|torum profundus

flexor digitorum superf|C|al|s -

forced expiratory volume in 1 second '

- fresh frozen plasma

fraction of oxygen |n |nsp|red a|r

fibrolamellar carcinoma

fine needle asp|rat|on b|opsy

fine needle aspiration cytology'

flexor pollicis longus

folllcle stlmulatlng hormone
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5-FU 5- ﬂuorouracnl

g ......... gam
G gauée ..............................
Ca general e
GANT gastromtes"drié( autonomic nerve tumour """""
Cee Glasgow o
GFR glomerular' fitration rate 7
GGT gamma gluférnyl transferase 7
G orowih o S
G gastromtesﬁrﬂé( ........................
[el- T gastric |nh|b'|t'o'ry polyoept|de .............
GIST gastromtesﬁrﬂéi stromal tumour
GMC General Medical Council T
GORD gastro oesoonégeal' refux T
G general préeflfloner .......................
G glyceryl e
Gy ....... aay
[ e
HAT hepat|c arte'r'y' thrombosis 7
L haemoglob|n ...........................
HCC hepatocelln{ér carcinoma T
HCG human chorionic gonédotronn|n """"""
HCO3 ..... i EEEE
ey hepat|t|s i
Hou high depen'd'en'cy T
L hydroxyetn)}[ G
oy heavy goodé i
i e Doonler ........................
HDA hepatoblllary' iminodiacetic acid
HT hepann induced throniBocyfooen|a """""""
HTT heparm induced thronibocy{ooen|a énd thrombosis
HVOTTT human |mrn'u'nodef|'c'|en'cy virs T
i . leueoeyfe anflgen ...................
HMMA 4- hydroxy 3- 'rnetho'x'y'nﬁ'ande'l'IoEiCId ..........
HNPCC heredrcary non- pol);ooéis colorectal cz cancer """""
sz ...... g S S
Ly human pap'll'lorna G
L o TR
HRT hormone reolé'cement' fherioy """"""""
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b pound

TR e deh'y'dt;égen'a'sé .....................
T o den5|t>'/'lip|'d ........................
LEss laparoscop'lé'a'hd eridb's'copltc'stlh‘gle 5|te (surgé}'y) """
P g SR S S RS
R lutemlzmg D
LHRH lutemlzmg hormone 'r'e'léasm'g' Hérmone """""
[ i R S
TR ot i oy
ura left mterna'l fHéracfcér"&ry """"""""""
[ ot T g
MWH low molecular \Ne@hf 'h'epar'nﬂ """""""""
Los lower oesdbhigeal 's'pthltncte'r """""""""
T — long saphehédé L
LUQ ..... e pper qﬂédrant ........................
LUTS """ lower urlnér"y't'ract 's'y'r"n'ptor’r'{s """""""""
g o v P
LVEDP left ventricular end-diastolic bféésure """"""
LVEDV left ventricular end-diastolic leﬂme """"""
IV — left ventrlcﬁ'léf“'fallui*é .....................
s o
MAG3 ""’“Tc merc'a:[jféacet')}l'tf“lglyC|h'é """"""""
MALT mucosa-associated 'lthtphmd'ﬁs's‘ue """""""
MAG monoamm'e' i R
R e~ bresshfé .....................
MCPJ """ metacarpobtﬁéléngeé'l']'o'mt """"""""""
MCRP magnetic resonance 'c'Hc')lang]'o'p'zincreatograﬁﬁy """"
MC&S microscopy, culture, and sensitivity
VR N
Vi mult|d|SC|pi|'n'e{r'y i
MEN T mult|ple endocrine 'n'e'éblamé """""""""
mEq ...... mﬂhequwa(éhf .........................
mg ....... m|ll|gram .............................
Mg ....... magnesmrﬁ ............................
MHC ma]or hlstdééﬁ]patlBliliy corﬁbléx """""""
Vi megahertz .............................
VR myocard|al' L
MBG meta- |odo benzyl g'u'a'n'l'dme """"""""""



MIP
MIST
mL
MMF
m]an
mmol
MMR
MMV
Mn
MODS
mph
MR
MRA
MRC
MRCP
MRI

MRSA
MSU
MTC
mTOR
MTP
MTP]
MUA
MV
Na
NA

NaHCO,

NAI

NASCET

NBM

NCEPOD
) and Death

NEC
ng
NG
NGT
NHS
NICE
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m|n|mally invasive parathyrondectomy '

mechanism of |n]ury/|n]ur|es |dent|f|ed/(V|tal)S|gns at

scene/treatment adm|n|stered

millilitre

... mycophenolate mofeti

millimetre mercury

millimole

mismatch repa|r (genes)

mandatory minute ventllatlon )

manganese

multiple organ dysfunctlon syndrome

mile per hour

7 mitral regurgltatlon

magnetlc resonance ang|ography

Medical Research Council (scale)

magnetlc resonance cholang|opancreatogram

magnetic resonance imaging -

millisecond

- methle|ll|n (or multiol){) resietant Staiph;{lococcitlsi aureu:s:

midstream urine

medullary thyr0|d carcmoma -

mammalian target of rapamycm

mid- th|gh perforator

metatarsophalangeal Jonnt

manipulation under anaesthe5|a

mitral valve

sodium

noradrenaline (norepmephnne)

sodlum blcarbonate

non-accidental i |n1ury

North Amencan Symptomatlc Carotld Endarterectomy Tnal
nil by mouth

National Confidential Enquil’}/'into Patient Outcomes

necrotlzmg enterocolltls

nan ogram

nasogastrlc

o nasogastric tube

National Health Service

Nat|onal Inst|tute for Health and Cl|n|cal Excellence
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NIPPV
NK
NNT
N,O
NSAID
NSF

NSGCT

NSPCC

NSTEMI

NVB
nvCJD
NYHA
o,
ocp
od
OGD
OM
OPT
ORIF
PA’
PAC
PaCO:»
PAF
PAL
PaO:
PAP
PAS
PAWP
PCA
PCI
PCNL
PCO»
PCR
PCV
PDA
PDGF
PE
PEEP
PEFR
PEG

non |nvaS|ve |nterm|ttent POSItIVe pressure ventllatlon

natural killer (cell)

o number needed to treat

n|trous oxide

" non-steroidal anti- |nﬂammatory drug

Nat|onal Serwce Framework

non-seminomatous germ cell tumour

Nat|onal SOC|ety for the Prevention of Cruelty to Ch|ldren
non-ST segment elevat|on myocard|al |nfarct|on

neurovascular bundle

new variant Creutzfeldt— Jakob d|sease '

o New York Heart Assouatlon

oxygen

o oral contraceptlve plll

omne in die (once a day)

oesophago gastro- duodenoseopy

obtuse marginal

o orthopantomogram o

open reduction W|th |nternal fixation

o pulmonary artery or postenor anterlor

plasma aldosterone concentrat|on

 arterial carbon dioxide tension

platelet activating factor

primary hyperaldosteronlsm

arterial oxygen tension

- pulmonary artery pressure or placental alkal|ne phosphatase

patlent admlnlstratlon system

- pulmonary artery wedge pressure

patient-controlled analgesia

percutaneous ‘coronary |ntervent|on

percutaneous nephrollthotomy

carbon dioxide tension

polymerase ‘chain react|on

- packed cell volume or pressure control ventllatlon

posterior descendmg artery

- platelet-derived growth factor

pulmonary embolism

positive end- explratory pressure

peak exp|ratory flow rate

percutaneous endoscoplc gastrostomy



PEP
PET
PGME
PH
PHPT
PICC
PID
PIP)
PLL
PMETB
PMN
PO
PO,
PO

POSSUM
~enumeration of Mortality and morbidity

PPH
PPl
PPN
PR
prn
PS
PSA
PSARP
PT
PTC
PTE
PTEF
PTH
PTLD
PTT
PUJ
PV
PVD
PVR
PVRI
qds
RA
RAP
RCA
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post exposure prophylaxm

p05|tron emission tomography

3 Postgraduate medlcal educatlon
~ portal hypertensmn

primary hyperparathyrond|sm '

peripherally inserted central venous catheter '

pelvic mﬂammatory disease

proximal |nterphalangeal Jomt

posterior longitudinal llgament

Postgraduate Medical Educatlon and Tra|n|ng Board
) polymorphonuclear neutroph|l

orally (per o,s,), )

oxygen tension

phosphate
Physiologic and Operative Severity Score for the

procedure for prolapse and haemorrh0|ds

proton pump |nh|b|tor

peripheral parenteral nutr|t|on

per rectum

pro re rata (as reqwred)

o pressure support

prostate- speC|f|c ant|gen

o posterior sagittal anorectoplasty

prothrombin time

o percutaneous transhepauc cholanglogram

pulmonary thromboembollsrm )

- polytetrafluoroethylene

parathyroid hormone

post- transplant lymphoprohferatwe d|sorder

partial prothrombin time

o pelwureterlc Junct|on

per vagina

peripheral vascular dlsease

pulmonary vascular resistance

pulmonary vascular reS|stance |ndex

quater die sumandus (four times a day)

o right atrial or rheumat0|d arthr|t|s

right atrlal pressure

- right coronary ar'tery
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RCT randomized controlled trial
R e
rhTsSH recombinant human 't'hyrmd' sflhﬁulatlng hormone
RiE rlght |l|ac o R
RINT recurrent léryugeal nerve
RNA T ribonucleic acid T
RRTT relative risk or risk ratio
RRR """ relat|ve r|sl<reduct|'o'rl """"""
RSTL relaxed skin tension ine
RTA road traffic accident
RUQ .... r|ght upper duédraﬁf ...........
A rlght e
o e
G R (hede) ...............
SAC """ speC|al|st ady|s6ry ebrﬁhnee """"
$a0: arterial oxygen saturation
SBE subacute bacterial endocarditis
o o
SCAT sheep cell égglutma;cléh'test """""
scc squamous cell carcinoma
e spmal o lhjury ...............
scM sternocleidomastoid
so standard deviaton
SEMS self- expanclrn'g' metal sfent|ng """""
SEPL subfascial erldescourc'berforéter llgatlon """
SFAT superﬂcml femoral artery """""
SFJ """" saphenoferlrlerel Jurlétlbh """""
siLs smgle |nC|slc')r1'l'apar'o'sc'ep|c surgery """
sMv synchromzed intermittent nﬁéhdetory ventilation
SRS systemic |n'ﬂerﬁmatery respehse syndrome """
Qo subllngual ....................
SLE """ system|c lupus 'erythe'rh'atosus """"
SMATT superior m'e'serlterlé'alrt'ery """""
SNPT sodium n|tr6bru55|de """""""
SPJ """" saphenopo'p'llteal ]uueflen """""
spp ....... pacias
st sodium tetre'd'e'cyl suleate """""
STEMI ST segmen't'elévatléh' rﬁyocérdlél |nfarct|on """
st sexually trehsr'ﬁtted'rnl‘ectbrl """"



SV
SVC
SVI
SvOr
SVR
SVRI
SVT
T
Ta
TAP
TAPS
B
TBSA
TCC
TCR
TCT
tds
TEDS
TEMS
TEPS
TFCC
TFT
TGF
THR
TIA
TIBC
TIPS
TKA
TKR
TLSO
T™T
TNF
TNM
tPA
TPN
TRAM
TRUS

Il
TTE
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stroke volume
superior vena cava

stroke volume |ndex

o percentage oxygen saturat|on of m|xed venous haemoglobm

systemlc vascular re5|stance

systemic vascular resistance |ndex

supraventrlcular tachycardla N

triiodothyronine

thyroxine

transversus abdomlnls percutaneous

transabdommal pre- perltoneal surgery

" tuberculosis

total body surface area

transitional cell carcinoma

T-cell receptor

" transitional cell tumour

ter die sumendus (three times a day)

" thromboembolic deterrent stocklngs N

transanal endoscoplc microsurgery

o totally extra-peritoneal surgery

triangular f|brocart|lage complex

thyroid function test

transformmg growth factor o

total hip replacement

tran5|ent ischaemic attack

total iron b|nd|ng capauty

tranSJugular |ntraparenchymal portosystemlc shunt/stent

through- -knee amputation

total knee replacement

" thoracolumbar spine or'th05|s '

tarsometatarsal

tumour necr05|s factor

tumour nodes metastasis (cancer staglng)

tissue plasmlnogen actlvator B

total parenteral nutrition

transverse rectus abdomlnls myocutaneous (ﬂap)

transrectal ultrasound

thyr0|d stlmulatlng hormone

thrombin time or total thyr0|dectomy '

transthoracnc echocardlogram
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TUP transurethral incision in the 'p'rté‘state
TURP transurethral resection of the 'p'fostate
TVE T transversalis fascia
U (|nternat|ohélj units
UADT upper aerodigestive tract
UsE urea and e[é&folytéé """"

uc ulcerative colitis
ucL ulnar collateral l|gar;rié|;1"£ """
UFH unfracuonét'e'd'hepéh'r{ """

T Unlted Kmé&drﬁ ..........
uos upper oesophageal sphincter
UsA Unlted States of America
UTI """ ur|nary tra& 'lhi‘ectb'n' """"
i i
g ol

VACTERL  vertebral defects/anorectal atresia/cardiac defects/
tracheo-oesophageal fistula = (o)esophageal atresia/

renal anomalies/limb defects

VAD ventricular assist device

VATS video- assmféd'"chorééb's'copu':'s't'n‘“gery
vVE T ventrnculafﬁbﬁllaﬂéh """"
VHL von Hlppel' Lindau '('d'|'séase)' o
vie vasoactive '|r'\h'|l'3|tor'y' bélypebﬁdé
VMA T vanlllylmand’él’lé acqd
VQ """" ventllat|on/'p'éﬁu5|oh' (ééan) """
VRE """ van comyur'\. t;éélstah{: .Er.ltero.cb'c'c‘us
v ventrlcular'fééhycat;dlﬁ """
VIE venous thromboembolism
VWF T von Willebrand factor
wce white cellcount
WHO T World Health Orgéhiia{tlon """

Yy year



Chapter 1 1

Good surgical practice

Duties of a doctor 2
Communication skills 4
Evidence-based surgery 6
Critical appraisal 10
Audit 12

Consent 14

Death 16

End-of-life issues 18
Clinical governance 20



2

CHAPTER 1 Good surgical practice

Duties of a doctor

The General Medical Council (GMC) lists the duties of a doctor in its docu-
ment Good medical practice.! The duties can be thought of under three head-
ings (the 3 Cs): competency, communication, correctness (or probity).

Competency
o Keep your professional knowledge and skills up to date.
o Recognize the limits of your professional competence.

* Perform an adequate assessment of the patient’s conditions, based
on the history and symptoms and, if necessary, an examination.
Arrange investigations or treatment where necessary.

Take suitable and prompt action when necessary.

Refer the patient to another practitioner when indicated.

Be willing to consult colleagues.

Keep clear, accurate, legible, and contemporaneous patient records
that report relevant clinical findings, decisions made, information
given to patients, and any drugs or other treatment prescribed.
Keep colleagues well informed when sharing the care of patients.
Provide the necessary care to alleviate pain and distress whether or
not curative treatment is possible.

Prescribe drugs or treatment, including repeat prescriptions, only
where you have adequate knowledge of the patient’s health and
medical needs. You must neither give or recommend to patients
any investigation or treatment that you know is not in their best
interests, nor withhold appropriate treatments or referral.

Report adverse drug reactions as required under the relevant
reporting scheme and cooperate with requests for information
from organizations monitoring the public health.

Take part in regular and systematic medical and clinical audit,
recording data honestly, and respond to the results of audit to
improve your practice, e.g. by undertaking further training.

Communication

o Treat every patient politely and considerately.

o Respect patients’ dignity and privacy.

e Listen to patients and respect their views.

o Give patients information in a way they can understand.

Correctness (or probity)

Make the care of your patient your first concern.

Respect the rights of patients to be involved in decisions.

Be honest and trustworthy.

Respect and protect confidential information.

Make sure your personal beliefs do not prejudice your patients’ care.

Act quickly to protect patients from risk if you have good reason to

believe that you or a colleague may not be fit to practise.

o Avoid abusing your position as a doctor.

o Work with colleagues in the ways that best serve patients’ interests.

o In an emergency, wherever it may arise, you must offer anyone at risk
the assistance you could reasonably be expected to provide.



DUTIES OF A DOCTOR

Confidentiality

Patients have a right to expect that information about them will be held

in confidence by their doctors. Confidentiality is central to trust between

doctors and patients. Without assurances about confidentiality, patients

may be reluctant to give doctors the information they need in order to

provide good care. The GMC states that if you are asked to provide infor-

mation about patients, you must:

o Inform patients about the disclosure or check that they have already
received information about it.

e Anonymize data where unidentifiable data will serve the purpose (this
includes your surgical logbook).

o Keep disclosures to the minimum necessary.

o Keep up to date with and observe the requirements of statute and
common law, including data protection legislation.

Daily practice

e When you are responsible for personal information about patients,
you must make sure that it is effectively protected against improper
disclosure at all times (e.g. password-protected electronic files).
Many improper disclosures are unintentional. You should not discuss
patients where you can be overheard or leave patients’ records,
either on paper or on screen, where they can be seen by other
patients, unauthorized health care staff, or the public. You should take
all reasonable steps to ensure your consultations with patients are
private.

Patients have a right to information about the health care services
available to them presented in a way that is easy to follow and use.

Special circumstances
If in any doubt, contact your medical defence union for advice.
e You must disclose information to satisfy a specific statutory
requirement, such as notification of a known or suspected
communicable disease. Inform patients about such disclosures,
wherever that is practicable, but their consent is not required.
You must also disclose information if ordered to do so by a judge or
presiding officer of a court. You should object if attempts are made to
compel you to disclose what appear to you to be irrelevant matters.
You must not disclose personal information to a third party, such as
a solicitor, police officer, or officer of a court, without the patient’s
express consent, except when:
e The patient is not competent to give consent.
» Reasonable efforts to trace patients are unlikely to be successful.
 The patient has been or may be violent, or obtaining consent
would undermine the purpose of the disclosure (e.g. disclosures in
relation to crime).
e Action must be taken quickly (e.g. in the detection or control of
outbreaks of some communicable diseases) and there is insufficient
time to contact patients.

Reference
1 GMC (2012). Good medical practice. Available at: & http://www.gmcuk.org/guidance/good_
medical_practice.asp
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CHAPTER 1 Good surgical practice

Communication skills

Communicating with patients and relatives
When

During admission and before discharge.

On ward rounds.

During clinical examinations and procedures.

When the results of treatments are known and management changes.
In outpatient clinics.

Where

P Maintain the patient’s privacy. This is particularly important on an open
ward. Knock on doors and close them after you. Draw the curtains round
the bed. Ask a nurse to accompany you, particularly if you are explain-
ing something complex or breaking bad news. They will have to answer
the patients’ and relatives’ questions when you have left the ward or
clinic room.

How

Know your facts. Are you giving the right diagnosis to the right
patient? Are you equipped to consent a patient for the surgical
procedure?

Sit at the same level as the person to whom you are talking, maintain
appropriate eye contact, and introduce yourself.

Find out what the patient knows and what they are expecting.
Listen. The patient’s own knowledge, state of mind, and ability to grasp
concepts will dictate both how and how much you explain.

Tell the truth. Know your facts, be sensitive to what the patient may
not want to know at this stage, and do not lie.

Avoid jargon. ‘Chronic’ may simply mean ‘longstanding’ to you; to
most patients, it means ‘severe’.

Avoid vague terms. Try to describe risk quantitatively, ‘a 1in a
hundred chance’, rather than qualitatively, ‘a small risk’.

Check that the patient understands. Don’t assume that they do.
Help the patient to remember. Use information booklets, draw
diagrams, write instructions down.

Maintain a professional relationship. Never allow your personal likes,
dislikes, and prejudices to hamper your clinical skills.

Breaking bad news

Is there a relative or friend whom the patient might wish to have with
them, who may be a source of emotional support as well as being
better able to retain information?

Know what options, if any, are available. If a cancer is inoperable, is
chemotherapy planned? If an operation is cancelled, when is the next
date?

Do not be afraid to stop to allow the patient time to gather their
thoughts and emotions, and recommence at a later time.

Do not mistake numbness for calm acceptance and try not to take
anger personally unless the bad news is actually your fault.



COMMUNICATION SKILLS

Communicating with nurses

e Introduce yourself on arrival to the staff nurse in charge.

o Establish early on which nurses are experienced. The help you get

from them will be different from the questions you get from others.

In theatre, scrub nurses are not the enemy. Your inexperience is.

e Try to remember all their names as they will remember yours.

o Do ward work efficiently. Recognize how important it is for the
smooth running of the ward that your ward rounds, note-keeping,
prescriptions, and discharge letters are timely and accurate.

o Let the nurses know when you are going for lunch, teaching, or sleep.
If they can discuss problems now, it will save you being paged later.

e Do an evening ward round to check on problem patients and drug
requirements—your sleep is less likely to be constantly interrupted.

Communication with hospital doctors

o Don'’t refer without first asking your consultant or registrar.

e When making requests for clinical consultations, write a concise, but
clear letter in the notes to the appropriate clinician.

o When asked to see a patient, go the same day, write your opinion
in the case notes, stating clearly what you recommend, and always
discuss it with the seniors on your own firm.

o |f a preoperative patient is complex or has significant comorbidity,
contact the appropriate anaesthetist. They will help you ensure that
the patient is adequately prepared for surgery.

Communication with general practitioners (GPs)

The GP has usually looked after your patient for years and, however

inspired your diagnostic or operating skills, they will be there to sort out

all the complications that are hidden from you once the patient is dis-

charged. They often know your consultant well. So think!

o Telephone the GP in the case of a death of a patient, if you
unexpectedly admit a patient, or to help with a difficult discharge.

o Write useful, legible discharge summaries. What would you want
to know if you were going to have to wait 4 weeks for the typed
discharge letter to arrive—at an absolute minimum, the date and name
of the operation, post-operative complications, and plan.

o Keep clinic letters clear and concise.

Radiology and laboratory colleagues

o Know exactly how the investigation will change your management.

o [f there is doubt about the correct investigation, telephone for advice.

o Complete request forms correctly and include clinical data. It can make
a big difference, particularly if you have requested the wrong test.

Administration

o Introduce yourself to your consultant’s secretary early, find out how
they like things run, and then run things their way: they will usually
have more than typing input on your reference.

o Produce GMC, defence union, occupational health, holiday, and study
leave paperwork with good grace. They are mostly legal requirements
and being rude won’t change that.

5
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Evidence-based surgery
Summarizing simple data

Table 1.1 Auditing preoperative Hb in 100 patients

Hb (g/dL) No. of patients Hb (g/dL) No. of patients
1 11-11.9 36
3 12-129 9
9 13139 4
37 14149 2

This pattern of results is called a normal or Gaussian distribution: the curve

is a symmetrical bell-shaped curve. Height, weight, age, serum sodium,

and blood pressure (BP) are other examples of normally distributed data

(see Table 1.1).

e The mean is the same as the average: add up every result and divide by
the number of results. The average Hb here is 11.1g/dL.

o The standard deviation (SD) is a measure of how spread out the values
are: result — mean = its deviation.

\/((sum of deviations?/(sample size — 1)) = SD. Here SD = 1.6g/dL.

e With normally distributed data, the mean £ 1 SD includes 68% of
observations; + 2 SD includes 95%; + 3 SD includes 99%.

This pattern of results is called a skewed distribution. Post-operative

blood loss (see Table 1.2), length of stay, and survival all show skewed

distributions.

o P Don't use mean and SD to summarize skewed data.

e The mean blood requirement, which is skewed to 8U of blood
because of one outlier (*), is useful for planning budgets.

e The best summary statistic for skewed data is the median (2U of
blood) which is the value exactly halfway through the sample.

e The interquartile range is what the middle 50% of observations were
(1-2U here) and should be used instead of SD when summarizing
skewed data.

Table 1.2 Auditing post-operative blood transfusions in 100 patients

Units of blood No. of patients Units of blood No. of patients

0 1 4 5
1 34 5-10 1
n 41 10-20 0
e i o i

* Outlier.



EVIDENCE-BASED SURGERY

Tests (see Table 1.3)
Table 1.3 Sensitivity

Disease present No disease
Test is positive a b
Test is negative c d

Sensitivity (al(a+c)) A measure of how good the test is at correctly iden-
tifying a positive result (>98% is very sensitive). If a very sensitive test is
negative, it rules the condition out (sign out).

Specificity (d/(b+d)) A measure of how good the test is at correctly iden-
tifying a negative result (>98% is very sensitive). If a very specific test is
negative, it rules the condition in (spin).

Likelihood ratio This is the chance that a person testing positive has the
disease, divided by the chance that a person testing positive doesn’t have
the disease, or sensitivity/(1 — specificity). A likelihood ratio >10 is large and
represents an almost conclusive increase in the likelihood of disease, <0.1
is an almost conclusive decrease, and 1 signifies no change.

Treatments and hazards (see Table 1.4)

Table 1.4 Risk Assessment

Outcome event No outcome event
Exposure a b
No exposure (control) c d

Absolute risk reduction (ARR) al(a+b) — c/(c+d) This is the difference in
the event rate between the control and the exposed group. It reflects the
prevalence of a disease and the potency of a treatment or hazard.

Relative risk or risk ratio (RR) al(a+b)/c/(ctd) The event rate in the
exposed group divided by the event rate in the control group. Used in
randomized controlled trials (RCTs) and cohort studies. It is not affected
by the prevalence of a disease.

Relative risk reduction (RRR) (a/(a + b) — c/(c + d))/(c/c + d) ARR divided
by the control event rate. It reflects disease prevalence.

Number needed to treat (NNT) 1/ARR The number of people who must
be treated to prevent one event.

Odds ratio This is the odds of an exposed person having the condition
divided by the odds of the control group having the condition. If the event
is rare, it approximates to relative risk. Odds ratios are less intuitive than
relative risk, but they are used because they are:

o Usually larger.

o Mathematically versatile.

7
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o Always used in case control studies and appear in meta-analyses of
case control studies.
e The basis of logistic regression analysis.

Statistical significance

o Studies are designed to disprove the null hypothesis that findings are
due to chance.

e The p-value is the probability of a study rejecting the null hypothesis if
it were true (a type [ error), i.e. finding a difference where none exists.

e Statistical significance is commonly taken as a less than 1 in 20 chance
of this happening, i.e. p <0.05.

o Power is the probability of detecting an association if one exists.
Underpowered trials contain too few patients and may make type
I errors, accepting the null hypothesis when it is false, i.e. finding no
difference where one does exist.

e 95% confidence intervals, derived from the mean and SD, are the range
of results predicted if the study were repeated 95 times.



EVIDENCE-BASED SURGERY

Other useful terms

Censored data Essentially incomplete data, usually due to variable lengths
of follow-up. Common in surgical studies because 1) some patients will
have been lost to follow-up and 2) patients will have shorter follow-up
where they had operations more recently in a study.

Actuarial and Kaplan—Meier survival Two methods used to calculate the
percentage of study patients that survive a specified time after an opera-
tion when a study provides censored data.

Survival curves Usually not curves. A linear graph, with percentage sur-
vival (or freedom from a complication) on the x-axis and time on the
y-axis, which drops as each study patient dies (or gets the complication).
If there are thousands of patients in the study, the curve is smooth. If
there are very few, it is possible to see individual deaths/events as steps
in the graph. Ideally, these graphs should have confidence intervals.

Confidence intervals These reflect the precision of the study results.
Narrow confidence intervals are better than wide ones because the con-
fidence interval provides a range of values for the percentage survival (or
odds ratio or other proportion) that has a specified probability (usually
95%) of containing the true value for the entire population from which
the study patients were recruited. Always look for confidence intervals;
they give you a ‘best case and worst case’ snapshot.

Regression analysis Essentially looking back from a group of patients with
a known outcome (e.g. dead/alive) to see whether there were any predic-
tors (e.g. age, recent myocardial infarction (Ml)). Univariate analysis looks
at single variables in turn. Multivariate analysis looks at a group of variables
together; it is used to identify independent risk factors for an outcome. For
example, age may be found to be a risk factor for post-operative death
in univariate analysis, but that is because elderly patients are more likely
to have other risk factors for post-operative death (e.g. recent MI). If age
is not found to be an independent risk factor in multivariate analysis, it
suggests that elderly people without other risk factors (e.g. recent Ml) are
not at higher risk of post-operative death.

9
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Critical appraisal

Types of study
Studies appraising treatments can take several forms.

Randomized controlled trial (RCT) Prospective study in which partici-
pants are allocated to control or treatment groups on a random basis.
Gold standard for assessing treatment efficacy, but time-consuming and
expensive to run.

Cohort study Partly prospective study in which two cohorts of patients
are identified, one of which was exposed to the treatment and one is the
control group. They are followed over time to see the outcome. Cheaper
and quicker than RCT and suitable for looking at prognosis, but prone to
bias or false associations.

Case control study Retrospective study in which patients with the out-
come of interest are identified and paired with patients without the out-
come of interest, and the exposure rates are compared. Cheapest and
quickest way of looking for causation. Bias arises when patients are mis-
classified as cases or controls.

Case series A collection of anecdotes or case reports.

Systematic review Differs from the traditional literature review by apply-
ing explicit, systematic, and reproducible methods to retrieve and appraise
literature to answer a clearly formulated question. Large amounts of data
are summarized and conclusions are more accurate.

Meta-analysis A mathematical synthesis of the results of two or more pri-
mary studies, increasing the statistical significance of positive overall results.
However, it reduces the ability of studies to demonstrate local effects.

Levels of evidence

Studies of treatment/hazard can be arranged in order of decreasing sta-
tistical validity.

Level 1a. Systematic review of RCTs.

Level 1b. High quality RCT with narrow confidence intervals.

Level 1c. All-or-none case series (either all patients died before
treatment became available, but some now survive or some used to
die, but now with treatment, all survive).

Level 2a. Systematic review with homogeneity of cohort studies.
Level 2b. Cohort study or low quality RCT.

Level 2c. ‘Outcomes’ research.

Level 3a. Systematic review with homogeneity of case control studies.
Level 3b. Individual case control study.

Level 4. Case series and poor quality cohort and case control studies.
Level 5. Expert opinion without explicit critical appraisal or based on
physiology, bench research, or first principles.

How to appraise a paper

Answer these questions systematically. This information should all be
stated explicitly within the manuscript.
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How relevant is the paper?
Does the paper address a clearly focused, important, and answerable clini-
cal question that is relevant to my patients?

How valid are the findings?

e Was the paper published in an independent peer-reviewed journal?

o Does the paper define the condition to be treated, the patients to be
included, the interventions to be compared, and the outcomes to be
examined?

e Was a power calculation performed and is the power adequate?

o Were all clinically relevant outcomes reported?

o Was follow-up adequate?

e Were all patients accounted for at the end of the study?

o Was the appropriate study type selected and was the design
appropriate?

o Were the statistical methods described and were they appropriate?

e Were the sources of error discussed?

Systematic reviews

e |s the clinical question clearly defined and an acceptable basis for
including or excluding papers?

o Was the literature search thorough and were other potentially
important sources explored?

o Were trials appropriately included and excluded?

e Was the methodological quality assessed and trials appropriately
weighted?

RCTs

e Were patients properly randomized?

o Were patients treated equally apart from the intervention being
studied?

e Was analysis on an intention-to-treat basis?

o Are confidence intervals narrow and not overlapping?

Case control studies
o Were patients correctly classified as case or control?
o Were all patients accounted for at the end of the study?

How important are the results?

o Were the results statistically significant?

o Were the results expressed in terms of numbers needed to treat and
are they clinically important?

How applicable are the findings?

o Were the study patients similar to mine?

o |s the treatment feasible within my practice: is information on safety,
tolerability, efficacy, and price presented?
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Audit

What is audit?

National Institute for Health and Clinical Excellence (NICE) defines clinical
audit as ‘a quality improvement process that seeks to improve patient care
and outcomes through systematic review of care against explicit criteria
and the implementation of change. Aspects of the structure, processes,
and outcomes of care are selected and systematically evaluated against
explicit criteria. Where indicated, changes are implemented ... and further
monitoring is used to confirm improvement in health care delivery.’

Why do it?

Clinical audit is currently seen as the most effective way of assessing rou-

tine health care delivery and the basis of improving outcomes.

o All hospital doctors are required to fully participate in clinical audit
(NHS Plan, Department of Health, 2000)."

e The GMC advises that all doctors ‘must take part in regular and
systematic medical and clinical audit ... Where necessary, you must
respond to the results of audit to improve your practice’.

How to do it

Audit of outcome or process can be divided into five stages: each stage
needs to be carefully planned to produce a clinically effective audit.

Preparing for audit Choose a topic and define the purpose of the audit.
One option is to identify (by consulting patients and clinicians) a poten-
tial problem that may involve high costs or risks for which there is good
evidence to inform standards and that may be amenable to change. NICE
stresses the importance of identifying skills and resources to carry out
the audit.

Selecting audit criteria Audit can assess process or outcome.

o Define the patients to be included.

o Criteria to assess performance should be derived from the available
evidence, e.g. trials, systematic reviews, society guidelines, or clinician
consensus.

o Benchmarking prevents unrealistically high or low targets.

Measuring performance This is about collecting data. Identify patients or
episodes from several sources (e.g. operating room logbooks and patient
administration system (PAS)) to avoid missing patients because of incom-
plete data. Electronic information systems can improve data collection.
Training dedicated audit personnel can improve the process further.

Making improvements |dentify local barriers to change, develop a practi-
cal implementation plan, which should involve several interventions (prac-
tice guidelines, education, and training). Clinical governance programmes
should provide the structure.

Sustaining improvements Repeating the audit to assess improvements is
also called closing the audit loop. Alternatives such as critical incident
review may be effective.
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Measuring surgical performance

Rationale The Kennedy report on the enquiry into perioperative deaths in
paediatric cardiac surgery at Bristol Royal Infirmary stated that ‘Patients
must be able to obtain information as to the relative performance of the
Trust...and consultant units within the Trust’. The idea that every patient
has the right to expect their surgery to be performed by a surgeon whose
results are not statistically worse than average is widely held.

o League tables ranking cardiothoracic surgeons on the basis of surgeon-
specific mortality data have been published by the government.

e Surgeons can be ranked using a number of other outcomes.

o Ranking should incorporate a system that accounts for differences in
case mix, i.e. risk stratification, so that surgeons who operate on sicker
or more complicated patients are not unfairly penalized.

Risk scoring systems Examples include:

e Euroscore and Parsonnet scores for predicting operative mortality in
cardiac surgical patients.

o Apache Il scores for intensive care patients.

e POSSUM (Physiologic and Operative Severity Score for the
enUmeration of Mortality and morbidity)—variants exist for vascular
and colorectal surgery.

Presenting results The aim of presenting performance data is to distin-

guish between normal variation between surgeons or institutions and sig-

nificant divergence. There are three main ways of doing this:

e Average outcome over a given time frame.

 Ranking or league tables of surgical mortality or other
complications; the data may be crude or risk-stratified (i.e. taking
into account the case mix).
* Survival plots which may also be crude or risk-stratified.
* Standardized mortality ratio plots.
e Volume and outcome control charts.
 Funnel plots (see Fig. 1.1).
e Spectrum plots.
o Performance trends over time.
» Cumulative summation charts (CUSUM).
* Variable life-adjusted display charts (VLAD), risk-adjusted CUSUM.
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Fig. 1.1 Funnel plot of mortality data for 50 cardiac surgeons. The arrow marks
an outlier with mortality outside 95% confidence intervals (Cl).
Reference

1 Department of Health. (2000). The NHS Plan: a plan for investment, a plan for reform. Available at: S2
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/
DH_4002960

13


http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4002960
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_4002960

14

CHAPTER 1 Good surgical practice

Consent

Legal aspects

Successful surgery depends on a relationship of trust between the patient

and doctor. The patient’s right to autonomy must be respected, even if

their decision results in harm or death. This right is protected by law.

o A doctor performing a procedure on a patient without their consent
can be found guilty of battery.

o A doctor who has failed to give the patient adequate information to
allow them to give informed consent can be found guilty of negligence.

e No adult in the United Kingdom (UK) can legally consent to surgery on
behalf of another adult. It is important to involve relatives, particularly
where patients are unable to consent, but their wishes are not legally
binding and do not form part of the legal consent.

Obtaining consent

The key to good consenting is good communication (see L p. 4). It may
be necessary to use a translator and some Trusts will not accept consent
gained by using patients’ relatives as translators. GMC guidelines state ‘If
you are the doctor providing treatment or undertaking an investigation,
it is your responsibility to discuss it with the patient and obtain consent’.
In practice, this may be done verbally by the consultant or registrar in
clinic, or on a ward round with a house officer obtaining written con-
firmation later. Consent must be given freely: patients may not be put
under duress by clinicians, employers, police, or others to undergo tests
or treatment. Declare any potential conflicts of interest. The amount of
information should be sufficient to allow a mentally competent patient
to make an informed decision. It will vary according to the individual, the
nature of the condition, the complexity of treatment, and risks involved. It
is unacceptable to limit the amount of information on the basis that it may
cause distress, but be sympathetic to the patients’ needs. Consent must
be obtained for taking photographs for teaching or publication, and taking
samples for research.

Informed consent

There are five aspects that the patient must understand to give informed

consent:

o The reason for carrying out the procedure. The patient needs to
understand the nature of their illness and its prognosis.

e What the procedure involves. Where and how long is the scar; what is
being removed; what prosthesis will be implanted; will there be drains?

o The risks of the procedure. Specific to the procedure (e.g. stoma, limb
dysfunction) and in general (e.g. anaesthesia, bed rest, deep vein
thrombosis (DVT)).

o The benefits of the procedure. Improvement in symptoms or prognosis
or purely diagnostic.

o Alternatives. Including conservative treatment, with their advantages
and disadvantages.



CONSENT 45

Modes of consent

o Implied consent. The patient is presumed to consent to minor
procedures, e.g. X-rays, phlebotomy, by cooperating with ward
procedures.

Express written consent. Whenever possible, this should be obtained for
all patients undergoing procedures involving an anaesthetic, complex
treatments with significant risks and side effects, or as part of research.
Written consent is not legal proof that adequate consent was obtained at
the time the document was signed.

Express verbal consent. Should be obtained when it is not possible

to get written consent, witnessed by an independent health care
professional, and documented in the notes accordingly, or for simple
procedures with minimal risk of harm.

Special considerations

Emergencies When consent cannot be obtained, you may provide emer-
gency medical treatment, provided it is limited to what is needed to pre-
serve life. However, you must respect any valid advance refusals that you
know about or that are drawn to your attention.

Mentally incapable patients No adult in the UK can legally consent to sur-
gery on behalf of another adult. Assess the patient’s competence to make
an informed decision. If unable to decide, and provided they comply,
treatment may be instigated that is judged to be in their best interests.
Otherwise, treatment may be carried out under the Mental Health Act
1989. Controversial and non-therapeutic treatments (e.g. sterilizations)
require court approval.

Advance statements/living wills Advance statements made by patients
before losing the capacity of informed consent must be respected, pro-
vided the decision is applicable to the present circumstances and there is
no reason to believe that they may have changed their minds. The known
wishes of the patient should be taken into consideration if an advance
statement is unavailable.

Children

o Over 16s are regarded as young adults and have capacity to decide.
e Under 16s may give their own consent if they are judged to
understand what is involved.

Unlike adults, where a competent child refuses treatment, a person
with parental responsibility (except in Scotland) or a court may
authorize treatment if deemed in the child’s best interests.

If the parents refuse treatment deemed in the child’s best interests,
you are not bound by this and may seek a ruling from the court.
Emergency treatment may be instigated without consent in a similar
manner to that in adults.

Pregnancy The right to autonomy applies equally to pregnant women.
It includes the right to refuse treatment that is intended to benefit the
unborn child.
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Death

Confirming death
There is no legal definition of death in the UK. It is generally regarded as
the cessation of circulation and respiration.
o Clinically, there is:
» No respiratory effort, denoted by the absence of breath sounds on
auscultation over 1min.
» Absence of a palpable pulse and heart sounds over Tmin.
» No response to painful stimuli, e.g. sternal or supraorbital rub.
* Fixed dilated pupils (beware drugs such as atropine).
o [f there is doubt, perform an electrocardiogram (ECG).
o Hypothermia (core temperature <34°C) must have been corrected.

Brain death/brainstem death

The concept of brain death has arisen from the advances in intensive ther-

apy, and the ability to maintain cardiac and respiratory function artificially

in patients who have sustained severe irreversible brain damage. Brain

death is defined as the ‘irreversible cessation of all functions of the entire

brain, including the brainstem’." This, alongside the traditional definition,

is taken to equate to death in the UK, United States of America (USA),

Australia, and many other countries. In order to diagnose brain death, a

number of strict criteria must be met.

o An identifiable cause for the brain death must be established, e.g.
severe head injury/intracerebral bleed, and

o Other causes, including central nervous system (CNS) depressants,
hypothermia, metabolic and endocrine disturbance, need to be
excluded, and

e The patient is unable to breathe spontaneously despite adequate CO,
drive (i.e. PaCO, >6.7kPa), and

o The following brainstem reflex tests, performed by the consultant in
charge (or deputy of 5y registration) and another suitably experienced
doctor, have been failed on two separate occasions, usually 24h apart:

Both pupils are fixed and unresponsive to light (oculomotor nerve).

Corneal reflexes are absent (trigeminal nerve).

Vestibulo-ocular reflexes are absent (absent eye movements when

20mL of ice-cold water is injected into each ear with tympanic

membranes visualized beforehand) (vestibulo-cochlear nerve).

Absent motor responses to painful stimuli in the distribution of the

cranial nerves in the absence of neuromuscular blockade (spinal

cord injury may ablate peripheral motor responses).

Absence of respiratory effort when disconnected from the

ventilator despite a PaCO, >6.7kPa (* in chronic obstructive

pulmonary disease (COPD)).

Absent gag and cough reflex upon pharyngeal and endotracheal

stimulation.

Coroners

It is always wise to discuss with the consultants involved if there is any rea-
son to discuss cases with the coroner’s officer. Poor quality information
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can lead to death certificates being returned or the coroner becoming

involved unnecessarily.
In-hospital deaths must be discussed with the coroner’s officer if:

o Death has occurred during an operation.

o Death occurred before recovery from anaesthetic.

o More than 14 days have elapsed since the patient last saw a doctor.

o There is doubt about the cause of death.

o Death is thought to be suspicious (e.g. caused by overdoses of
prescribed substances, medical error, suicide).

Certifying death

Documenting in the medical notes

If you are asked to ‘certify’ a patient, first confirm death (see £ p. 16):

e Document the date and time that death was pronounced.

o Document your examination.

e Document the causes of death as they will appear on the death certificate
if these have been decided. P> If in doubt, always speak to the consultant.

The death certificate

This can be issued by anyone with full medical qualifications who looked

after the patient during their last illness, or where referral to the coroner

has been made and permission to issue the certificate has been granted.

o Write legibly. The record is retained by the relatives and illegible or
incomplete certificates may be rejected by the funeral director.

e Part |. The cause of death. Events leading to la are listed in Ib and Ic.

e Part Il. Conditions that contributed to, but did not directly cause death.

o General terms like heart failure and sepsis may not be accepted.

Cremation forms

These forms vary slightly between regions, but certain rules always apply.

e There are two parts. The first is filled in by a doctor who attended
the patient during the illness leading up to death, the second by an
independent clinician who has been fully registered for at least 5y.

o They should not be issued if the cause of death is not established.

o |t is the responsibility of the issuing doctor to ensure that they have
seen and identified the person after death, and that there are no
radioactive implants or pacemakers present.

Post-mortems

o A coroner’s post-mortem is required for suspicious deaths, but is most
commonly performed where the Coroner’s Office has ‘taken’ a case
where the cause of death is uncertain, or may be related to surgery or
interventions. The consent of relatives is not necessary to proceed.

o A hospital post-mortem may be carried out with the consent of relatives
to investigate other deaths. In 60% of post-mortems in one series, new
diagnoses that would have substantially changed management were
found—they are a vital part of audit.

Reference

1 (1981). Guidelines for the determination of death: report of the medical consultants on the
diagnosis of death to the president’s commission for the study of ethical problems in medicine
and biomedical and behavioral research. | Am Med Assoc 246, 2184—6.
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End-of-life issues

Do not resuscitate (DNR) orders

A DNR order should be considered when the frailty, comorbidity (e.g.
inoperable disseminated malignancy, multiple organ failure), maximal
medical treatment, or advanced age of a patient means that any attempt at
cardiopulmonary resuscitation (CPR) in the event of a cardiac or respira-
tory arrest will be futile. DNR decisions should be reached on a case by
case basis: a blanket ‘do not resuscitate’ policy based on a specific patient
group, such as elderly patients, is unacceptable. An 84-y-old patient who
was an appropriate candidate for cardiac surgery is an appropriate can-
didate for CPR post-operatively, whereas a 72-y-old patient undergoing
palliative care for end-stage hepatorenal failure is probably not.

o Never make a DNR decision without discussing it with a consultant.

o Patients and, where appropriate, their relatives must be involved.

e Document the clinical reasons for the DNR order and state explicitly
whether ‘full active medical management’ is to be continued: DNR
orders do not always include withdrawing treatment. Discuss each
case with the nurses involved.

Complete the appropriate documentation and review process, which
varies from Trust to Trust, and make sure the nursing staff are fully
aware so that they do not call the arrest team when the patient dies.

Euthanasia

Euthanasia is the painless termination of life at the request of the patient

concerned. In the UK, it is illegal to administer any drug to accelerate death,

irrespective of how compassionate the motive may be. Withdrawing futile

treatment is not euthanasia. UK law states that the intention to kill is mali-

cious and such action would be classified as murder. Terminally ill people

and the parents of terminally ill or severely disabled children may have

several reasons for requesting euthanasia. Effective palliative care, counsel-

ling, and multidisciplinary support should be able to address most of these

reasons, which include:

o Pain.

o Disability.

e Disfigurement.

o Depression.

o Fear of being a burden, being unable to cope.

Palliative care

Palliative care is surgical, medical, and nursing care aimed specifically at

relieving the problems associated with terminal conditions when the pos-

sibility of cure has been abandoned. Palliative care is delivered by palliative

medicine and nursing specialists and can take place in the community or

in residential care settings. Refer early: palliative care beds are limited and

acute surgical wards are rarely the best places for dying patients. Palliative

care physicians specialize in:

e Control of symptoms, including pain, anorexia, nausea and vomiting,
confusion, dysphagia, dyspnoea, incontinence.
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o Psychological aspects of terminal illness.
e Bereavement.

Suicide The suicide rate in the UK is currently 12.5 per 100 000.

Patients at risk

o The recently bereaved.

o Cancer patients have a five times increased risk.

e Men over 55y with oral cancer and a history of alcohol abuse.

o Women of any age, often suffering from gynaecological or breast
cancer. (In both of these latter groups, the treatment of the disease
involves disfigurement and a change of body image.)

Action

Patients about to undergo disfiguring surgery for any reason should be

counselled carefully in the period after confirmation of the diagnosis and

before surgery. Doctors should discuss all treatment options and implica-
tions clearly. The support of a ‘mastectomy counsellor’ or ‘stoma thera-
pist’ is invaluable. Post-operatively:

o Look for symptoms of depression, including low mood, tearfulness,
anorexia, early morning waking, suicidal thoughts, especially in long-
term patients.

e Do not discontinue antidepressant medication.

o Ensure that arrangements for discharge include community nursing
support and that the GP is aware of the patient’s state of mind.

Organ donation

e When brain death is established, organ donation should be considered
for all patients who are under 75y of age with no history of malignant
disease or major untreated sepsis.

e All donors should be tested for human immunodeficiency virus (hiv),

hepatitis B and C, herpes simplex virus (HSV), and cytomegalovirus

(CMV).

Organ donation is usually coordinated by regional transplant teams.

The body should be identified and next of kin contacted.

If, despite reasonable attempts, the identity of the corpse or next of

kin remains unknown, the body becomes the property of the health

authority.

If a donor card is present, it is reasonable to assume that the deceased

wished to donate his organs and the transplant team can proceed.

If relatives are identified and do not wish organ donation to proceed,

even though there is a donor card, their wishes must be respected.

Relatives should be asked to act as agents in expressing what they

believe to be the wishes of the patient. Ideally, the person seeking

permission should be someone whom they already know. This may be

the consultant in charge, but, on occasion, a senior staff nurse, chaplain

(or other religious figure), or the family GP may be more appropriate.

In the case of accidental deaths, the coroner’s permission should be

sought before proceeding.
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Clinical governance

Clinical governance is the system through which National Health Service
(NHS) organizations are accountable for continuously improving the qual-
ity of their services. Clinical governance involves setting standards, per-
formance monitoring, and reporting systems at national, institutional, and
personal levels. Risk management is an integral part of clinical governance:
it is the systematic identification and avoidance of risks associated with
any procedure.

Setting standards
In addition to conventional clinical evidence and guidelines, the following
organizations have a responsibility for setting standards in health care.

National Service Frameworks (NSFs)

NSFs are long-term national strategies for improving specific areas of care,
produced by government after consultation with clinicians. They set stand-
ards and establish methods of delivering them. NSFs have been published
for coronary heart disease and cancer.

National Institute for Health and Clinical Excellence (NICE)

NICE is the governmental organization responsible for setting standards

by reviewing the best available evidence and publishing guidelines. Local

authorities are obliged to fund interventions recommended by NICE,

but NICE guidance does not overrule individual clinical decision-making.

Currently, NICE produces three kinds of guidance:

o Technology appraisals. Guidance on the use of new and existing
medicines and treatments within the NHS in England and Wales.

e Clinical guidelines. Guidance on the appropriate treatment and care of
people with specific conditions within the NHS in England and Wales.

o Guidance on whether interventional procedures used for diagnosis or
treatment are safe enough and work well enough for routine use in
England, Wales, and Scotland.

Postgraduate Medical Education and Training Board (PMETB) and

professional organizations

The PMETB was set up in 2003 to develop a single, unifying framework for

postgraduate medical education (PGME) and training across the UK.

o Medical ethics, undergraduate and pre-registration medical education,
and fitness to practise remain the responsibility of the GMC.

o Accreditation and the approval of basic surgical training remain the
responsibility of the Royal Colleges of Surgeons.

o Higher surgical training is supervised by the Joint Committee on Higher
Surgical Training JCHST) and the specialist advisory committees
(SAGs).

Performance monitoring

Healthcare Commission (replaces CHI and the Audit Commission)

The Healthcare Commission is a new body that has been set up to help
improve the quality of health care. It will do this by providing an independ-
ent assessment of the standards of services, whether they are provided
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by the NHS, independent health services, or voluntary organizations. It
provides an independent second stage of complaints assessment, assesses
the arrangements in place to promote public health, and acts as the coor-
dinating inspectorate in relation to health care.

National Confidential Enquiry into Patient Outcomes and Death
(NCEPOD)

NCEPOD (which used to be the National Confidential Enquiry into
PeriOperative Deaths) is an organization independent of the Department
of Health (DOH) and the professional associations, although it receives
over 85% of its funding from the DOH via NICE. It stopped collecting
data on all deaths within 30 days of surgery in 2002 when its remit was
extended to cover all medical and surgical deaths. Data is now collected
by local reporters in response to specific areas of research.

National Patient and User Survey The Healthcare Commission has car-
ried out five national surveys involving over 500 institutions and 300 000
patients. The results are disseminated to health care providers and gov-
ernmental agencies to inform strategy.

Audit See 1 p. 12.

Revalidation The purpose of revalidation will be to create public confi-
dence that all licensed doctors are up to date and fit to practise. Currently,
consultants and general practitioners undergo regular appraisal: this will
be included within revalidation which is yet to be introduced.

Reporting systems

Critical incident reporting Critical incident reporting was initially volun-
tary and anonymous. Incidents perceived to have exposed patients or staff
to actual or potential risk were reported on forms that would be sent to
responsible individuals in each directorate, serious adverse events being
discussed at regular meetings with the clinical director. Now effective criti-
cal incident reporting systems are a requirement for CNST (criminal neg-
ligence scheme for Trusts) insurance and are assessed by the Healthcare
Commission on Trust visits.

Complaints Patients make formal complaints about treatment or clinicians
to the hospital concerned: the new NHS complaints procedure, which was
reformed in 2002 to address concerns that it was fragmented, complex,
and insufficiently independent, still stresses that wherever possible, issues
should be resolved locally. Effective use of the patient advice and liai-
son services (PALS) and independent complaints advocacy service (ICAS)
should mean that only serious complaints are referred to the second level,
which is handled by the Healthcare Commission which currently handles
3000-5000 complaints per annum.

Whistle-blowing Trusts are required to have a whistle-blowing policy to
enable individual staff members to express concerns about treatment and
to protect them from reprisals. The policy must include a mechanism for
investigating and acting on such claims.
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Terminology in surgery

How to describe an operation

The terminology used to describe all operations is a composite of basic
Latin or Greek terms.

First describe the organ to be operated on

Examples:

o lapar-, abdomen (laparus = flank);

e nephro-, kidney;

o pyelo-, renal pelvis;

e cysto-, bladder;

e chole-, bile/the biliary system;
o ileo-, small bowel (distal)

e col(on)-, large bowel;

o hystero-, uterus;

e thoraco-, chest;

o rhino-, nose;

e masto/mammo-, breast.

Second describe any other organs or things involved in the procedure
Examples:

e docho-, duct;

e angio-, vessel (blood- or bile-carrying);

e litho-, stone.

Third describe what is to be done
Examples:

e -otomy, to cut (open);

e -ectomy, to remove;

o -plasty, to change shape or size;

® -pexy, to change position;

e -raphy, to sew together;

e -oscopy, to look into;

e -ostomy, to create an opening in (stoma = mouth);

® -paxy, to crush;

o -graphy/gram, image (of).

Lastly add any terms to qualify how or where the procedure is done
Examples:

e percutaneous, via the skin;

e trans-, across;

e antegrade, forward;

e retrograde, backward;

e ventral, anterior surface of.

Examples of terms

e Choledochoduodenostomy. An opening between the bile duct and the
duodenum.

o Rhinoplasty. Nose reshaping.

o Pyelolithopaxy. Destruction of pelvicalyceal stones.



TERMINOLOGY IN SURGERY 25

o Bilateral mastopexy. Breast lifts.

o Percutaneous arteriogram. Arterial tree imaging by direct puncture
injection.

o Loop ileostomy. External opening in the small bowel with two sides.

o Flexible cystourethroscopy. Internal bladder and urethral inspection.
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History taking and making notes

Making medical notes

All medical and paramedical professionals have a duty to record their
input and care of patients in the case notes. These form a permanent legal
and medical document. There are some basic rules.

o Write in blue or black ink; other colours do not photocopy well.

e Date, time, and sign all entries; always identify retrospective entries.

o Be accurate.

o Make it clear which diagnoses are provisional.

o Abbreviations are lazy and open to misinterpretation; avoid them.

o Clearly document information given to patients and relatives.

o Avoid non-medical judgements of patients or relatives.

Basics
o Always record name, age, occupation, and method of presentation.
o Cover all the principal areas of medical history:
 Presenting complaint and past history relevant to it.
e Other past medical history, drug history, and systematic enquiry.
* Previous operations/allergies/drugs.
* Family history, social history, and environment.

Presenting complaint

This is a one- or two-word summary of the patient’s main symptoms, e.g.

abdominal pain, nausea and vomiting, swollen leg, PR bleeding.

o In emergency admissions, do not write a diagnosis here (e.g. ischaemic
leg). The diagnosis of referral may well turn out to be wrong.

e In elective admissions, it is reasonable to write: ‘elective admission for
varicose vein surgery’.

History of presenting complaint

o This is a detailed description of the main symptom and should include
the relevant systems enquiry.

e Try to put the important positives first, e.g. right-sided lower

abdominal pain, sharp, worse with moving, and coughing, anorexia 24h.

Include the relevant negatives, e.g. no vomiting, no PR bleeding.

o Be very clear about the chronology of events.

In a complicated history or with multiple symptoms, use headings, e.g.

‘Current episode’, ‘Previous operations for this problem’, ‘Results of

investigations’.

o Summarize the results of investigations performed prior to admission
systematically: bedside tests, blood tests, histology or cytology, X-rays,
cross-sectional imaging, specialized tests.

Past medical history

o Ask about thyroid problems, tuberculosis (TB), hypertension,
rheumatic fever, epilepsy, asthma, diabetes, ischaemic heart disease,
stroke, and previous surgery, specifically.

o List and date all previous operations.

e Ask about previous problems with an anaesthetic.

e Asking ‘Have you ever had any medical problem or been to hospital for
anything?’ at the end often produces additional information.
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Systematic enquiry
This is extremely important and often neglected. A genitourinary history
is highly relevant in young females with pelvic pain. A good cardiovascular
and respiratory systems enquiry will help avoid patients being cancelled
because they have undiagnosed anaesthetic risks. Older patients may have
pathology in other systems that may change management, e.g. the patient
with prostatism should be warned about urinary retention.

o Cardiovascular. Chest pain, effort dyspnoea, orthopnoea, nocturnal
dyspnoea (see L p. 58), palpitations, swollen ankles, strokes, transient
ischaemic attacks, claudication.

o Respiratory. Dyspnoea, cough, sputum, wheeze, haemoptysis.

e Gastrointestinal. Anorexia, change in appetite, weight loss (quantify how
much, over how long).

o Genitourinary. Sexual activity, dyspareunia (pain on intercourse),
abnormal discharge, last menstrual period.

o Neurological. 3 Fs: fits; faints; funny turns.

Social history

e At what time did they last eat or drink?

o Ask who will look after the patient. Do they need help to mobilize?
e Smoking and alcohol history.

» Tips for case presentation

o Practise. Every case is a possible presentation to someone!

o Always ‘set the scene’ properly. Start with name, age, occupation, and
any key medical facts together with the main presenting complaint(s).

o Be chronological. Start at the beginning of any relevant prodrome or

associated symptoms; they are likely to be an important part of the

presenting history.

Be concise with the past medical history. Only expand on things that you

really feel may be relevant either to the diagnosis or management, e.g.

risks of general anaesthesia.

For systematic examination techniques, see the relevant following

pages.

Always summarize the general appearance and vital signs first.

Describe the most significant systemic findings first, but be

systematic—‘inspection, palpation, percussion, and auscultation’.

Briefly summarize other systemic findings. Only expand on them if they

may be directly relevant to the diagnosis or management.

Finally, summarize and synthesize—don’t repeat. Try to group

symptoms and signs together into clinical patterns and recognized

scenarios.

Finish with a proposed diagnosis or differential list and be prepared to

discuss what diagnostic or further evaluation tests might be necessary.
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Common surgical symptoms

Pain

Pain anywhere should have the same features elicited. These can be

summarized by the acronym SOCRATES.

o Site. Where is the pain, is it localized, in a region, or generalized?

e Onset. Gradual, rapid, or sudden? Intermittent or constant?

o Character. Sharp, stabbing, dull, aching, tight, sore?

o Radiation. Does it spread to other areas? (From loin to groin in
ureteric pain, to shoulder tip in diaphragmatic irritation, to back in
retroperitoneal pain, to jaw and neck in myocardial pain.)

e Associated symptoms. Nausea, vomiting, dysuria, jaundice?

e Timing. Does it occur at any particular time?

o Exacerbating or relieving factors. Worse with deep breathing,
moving, or coughing suggests irritation of somatic nerves either in
the pleura or peritoneum; relief with hot water bottles suggests
deep inflammatory or infiltrative pain.

o Surgical history. Does the pain relate to surgical interventions?

Dyspepsia (epigastric discomfort or pain, usually after eating) What is the
frequency? Is it always precipitated by food or is it spontaneous in onset? Is
there any relief, especially with milky drinks or food? Is it positional?

Dysphagia (difficulty during swallowing) Is the symptom new or long-
standing? Is it rapidly worsening or relatively constant? Is it worse with
solid food or fluids? (Worse with fluids suggests a motility problem, rather
than a stenosis.) Can it be relieved by anything, e.g. warm drinks? Can
the patient point to a ‘level’ of hold-up on the surface (usually related to
the sternum)? This often accurately relates to the level of an obstructing
lesion. Is it associated with ‘spluttering’ (suggests tracheo-oesophageal fis-
tula or inhalation of food/fluid).

Oesophageal reflux (bitter or acidic tasting fluid in the pharynx or
mouth) How frequently? What colour is it? (Green suggests bile whereas
white suggests only stomach contents). When does it occur (lying only, on
bending, spontaneously when standing)? Is it associated with coughing?

Haematemesis (the presence of blood in vomit) What colour is the
blood (dark red-brown ‘coffee grounds’ is old or small-volume stomach
bleeding; dark red may be venous from the oesophagus; bright red is arte-
rial and often from major gastric or duodenal arterial bleeding)? What
volume has occurred over what period? Did the blood appear with the
initial vomits or only after a period of prolonged vomiting (suggests a
traumatic oesophageal cause).

Abdominal distension Symmetrical distension suggests one of the ‘5
Fs’ (fluid ascites, flatus due to ileus or obstruction, fetus of pregnancy, fat,
or a ‘flipping big mass’). Asymmetrical distension suggests a localized mass.
What is the time course? Does it vary? It is changed by vomiting, passing
stool/flatus?
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Change in bowel habit May be change in frequency or looser or more
constipated stools. Increased frequency and looser stools is more likely
than isolated constipation to be due to a pathological cause. Is it a persist-
ent or transient? Are there associated symptoms? Is it variable?

Frequency and urgency of defecation New urgency of defecation
is almost always pathological. What is the degree of urgency—how long
can the patient delay? Is there associated discomfort? What is passed—is
the stool normal?

Bleeding per rectum What colour is the blood? Is it pink-red and only
on the paper when wiping? Does it splash in the pan? (Both suggest a case
from the anal canal.) Is it bright red on the surface of the stool (suggests
a lower rectal cause)? Is the blood darker with clots or marbled into the
stools (suggests a colonic cause)? Is the blood fully mixed with the stool
or altered (suggests a proximal colonic cause)?

Tenesmus (desire to pass stools with either no result or incomplete
satisfaction of defecation) Suggests rectal pathology.

Jaundice (yellow discoloration due to hyperbilirubinaemia; LH p. 312)
How quickly did the jaundice develop? Is there associated pruritus? Are
there any symptoms of pain, fever, or malaise (suggests infection)?

Haemoptysis (the presence of blood in expectorate) What colour is
the blood? (Light pink froth suggests pulmonary oedema.) Are there clots
or dark blood (infection or endobronchial lesion)? How much blood?
Moderate bleeds quickly threaten airways: get help quickly.

Dyspnoea (difficulty in or increased awareness of breathing) When does

the dyspnoea occur—quantify the amount of effort. Is it positional?

e Orthopnoea. Difficulty in breathing that occurs on lying flat; quantify
it by asking how many pillows the patient needs at night to remain
symptom-free.

o Paroxysmal nocturnal dyspnoea. Intermittent breathlessness at night.
Both orthopnoea and paroxysmal nocturnal dyspnoea suggest cardiac
failure.

Claudication (the presence of pain in the muscles of the calf, thigh, or
buttock precipitated by exercise and relieved by rest) After what degree
of exercise does the pain occur (both distance on the flat and gradients)?
How quickly is the pain relieved by rest?

Rest pain (pain in a limb at rest without significant exercise) How long
has the pain been present? Is it intermittent? Does it occur mainly at night?
Is it relieved by dependency of the limb involved?

Dysuria (pain on passing urine) When does the pain occur (beginning, end,
or throughout the stream)? Is if felt in the penis or suprapubically? Is it asso-
ciated with frequency? Is the urine discoloured or does it contain debris?

Haematuria (blood in the urine) Does the blood occur at the start
(suggests bladder origin), during, or end (suggests prostatic or penile ori-
gin) of the stream? Is there associated pain (suggests infection or stone
disease)?
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Evaluation of breast disease

Positioning and inspection

Breasts are best examined semi-recumbent and then sitting upright.

Initially, the arms are by the side, semi-recumbent. After initial inspection,

they should be positioned ‘hands on hips’, sitting upright (initially relaxed

and then with forced pressure on the hips to tense the pectoral mus-
cles), and finally abducted slowly above the head. For palpation, the hands
should return to the hips and the patient may lie back semi-recumbent
again.

Inspection is critical and should concentrate on the following.

o Overall symmetry and position. Are the breasts the same size? Is there
deformity due to underlying disease? Is the position normal?

e Skin appearance. Is the skin erythematous or oedematous? Is there
fixed lymphoedema of the skin (‘peau d’orange’)? Are there scars from
previous surgery?

o Skin tethering. Does the skin move freely as the arms are raised?
(Tethering is suggestive of underlying intraparenchymal scarring or
tumour.)

o Nipples. Are the nipples indrawn, deviated, or ulcerated (suggestive of
retroareolar tumour or infection)? Is there any evidence of discharge?

Palpation

Use the flat of the fingers and use all four fingers at once. Palpate the

‘normal’ breast first. Be methodical and don’t ‘knead’ the breast. A com-

mon routine is: upper outer quadrant; lower outer; lower inner; upper

inner; central (retroareolar); supraclavicular fossa; axilla. Features to look

for include the following:

e Palpable mass. Is it hard, irregular, and tethered (cancer) or smooth,
rounded, and mobile (cysts or fibroadenoma)?

e Diffuse nodularity. Typical of benign disease.

o Nipple discharge. On palpation of the central area. Blood suggests
tumour; pus suggests infection; serous or milky may not be relevant.

o Axillary and supraclavicular lymphadenopathy. Is it multiple and tethered
(cancer)?

Investigations

Ultrasound

o Easy to perform and painless—often done in breast outpatient clinic.
o Avoids radiation dose in young women.

o Highly sensitive for differentiating between solid tumours and cysts.

Mammography

e Used both for population screening and diagnostic testing.

o Uncomfortable for most women and involves a low radiation dose.

o Able to identify impalpable lesions.

o Able to identify premalignant lesions (e.g. ductal carcinoma in situ).

e Mammographic features of malignancy include: spiculated
microcalcification; irregularity; stellate outline.
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Aspiration cytology

o Well tolerated, easy to perform, and quick to report on—often done
in one half day during breast outpatient clinic.

e Does not provide histology: provides only cellular information and
relies upon cellular atypia for a diagnosis of malignancy.

e Does not differentiate between invasive and in situ carcinoma.

o Occasionally therapeutic for cysts.

e Good sensitivity and specificity.

Guided core biopsy

o Performed under ultrasound or mammographic guidance using a
Trucut® needle or similar device.

o Can be done under general or local anaesthetic.

e Provides actual histology information—allows cancers to be graded.

o Able to differentiate between invasive and carcinoma in situ.

o Highly sensitive and specific.

Computerized tomography (CT) scanning

o Relatively non-specific for local breast pathology.

o Useful for assessment of extensive local invasion and regional and
systemic staging.

CT positron emission tomography (PET) scanning

o Occasionally used to assess indeterminate lesions identified on plain
CT and identify unsuspected metastatic disease.

Magnetic resonance imaging (MRI) scanning
e Occasionally used for the assessment of local breast pathology.

Key revision points—anatomy of the breast
o Breast comprises epithelial ductal tissue, epithelial secretory lobules,
fat, and connective tissue.
e |t is divided into four ‘quadrants’ and a peri/retroareaolar central
zone for clinical description of abnormalities.
e The areola is the pigmented area around each nipple.
o The arterial supply is from segmental perforators from the internal
thoracic artery (ITA).
o Lymphatic drainage—important in breast cancer management.
¢ Non-pathological lymph drainage is almost entirely to the axillary
nodes.
* Medial half can occasionally drain to internal mammary nodes.
* Lymph nodes are divided into three levels (1, below; 2, behind; 3,
above pectoralis minor).
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Evaluation of the neck
Evaluation of carotid artery disease is described on [ p. 658.

Positioning and inspection

o Sit the patient upright at rest with the head looking straight ahead.
Inspect the neck from the front, side, and, if necessary, behind.

o Observe the neck at rest and during swallowing (a glass of water). If
necessary, inspect rotation left and right.

o Observe the neck while asking the patient to protrude the tongue.

Inspection includes looking for the following.

o Overall symmetry and lumps. Are there obvious lumps? Are they single
or multiple? Is the lump lying in or close to the midline? Does the lump
move with swallowing (suggests thyroid-related lesion)?

o Skin abnormalities. Are there any ulcers of sinuses (suggests chronic
infection such as TB)?

o Associated structures. Is there evidence of venous engorgement or
collateral vessels visible?

Palpation

Be systematic; palpate the regions of the neck in order. Use both hands

with the flats of the fingers to compare each side, but move only one

hand at once to prevent ‘cross-palpation’. A typical sequence of palpation
is: anterior triangle (bottom to top); submental area; submandibular area;
posterior triangle (top to bottom); supraclavicular fossae; parotid, pre-
auricular and post-auricular areas. Repalpate the neck with the patient
swallowing a mouthful of water—particularly the anterior triangle (see

Fig. 2.1). Lastly, feel specifically for the carotid arteries.

o Lumps. Is it single or multiple (multiple strongly suggests
lymphadenopathy)? Is it strictly in the midline (likely to be related to
the thyroid)? Does it move with swallowing (almost always thyroid-
related)? What are the general features (see L p. 42)?

o Thyroid lumps. Is it unilateral or bilateral? Does it move with tongue
protrusion?

o Carotid arteries. Are they normal, ecstatic, or aneurysmal?

o Supraclavicular fossae. Is there associated lymphadenopathy (suggests
malignancy)?

Auscultation Listen to the carotid arteries and any large masses for bruits,
suggesting a hypervascular local circulation or stenosis.

Investigations

Ultrasound

e Easy to perform and painless.

o Avoids radiation dose.

o Highly sensitive for the differentiation between solid tumours and
cysts.

Aspiration cytology

e Easy to perform and quick to report on—often done in one half day
during outpatients.
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e Usually well tolerated in outpatients.

o Provides only cellular information and relies upon cellular atypia for a
diagnosis of malignancy.

e Does not provide histological information.

e Occasionally therapeutic for cysts.

e Good sensitivity and specificity.

e Contraindicated where there is a suspicion the lesion may be vascular.

CT scanning

o Useful for assessment of extensive local invasion and regional and
systemic staging of tumours.

o Allows evaluation of the thorax in some thyroid tumours.

CT PET scanning

Occasionally used to assess indeterminate lesions identified on plain CT

and identify unsuspected metastatic disease.

MRI scanning

Useful for detailed assessment of local invasion of tumours.

Clavicle

Fig. 2.1 Key revision points—triangle of the neck.



34

CHAPTER 2 Principles of surgery

Evaluation of the abdomen

Positioning

o Lie the patient supine with the head slightly raised with adequate
support for the head to ensure the abdominal muscles are relaxed.

o Arms should be by the sides to relax the lateral abdominal muscles.

o The patient may be rolled into left or right lateral positions during
palpation and percussion.

o Ask the patient to cough during inspection; it may reveal hernias.

o Stand the patient up to examine the groin only if necessary; most
hernias and groin pathology can be fully assessed in supine position.

Inspection

o Perform during normal and deep respiration.

o General features. Is there evidence of jaundice or signs of anaemia?
Does the patient looked underweight, malnourished, or cachectic?

o Scars. Where are they? How old do they appear? Is there evidence of

herniation on coughing?

Is there a stoma? What type! Does it look healthy or abnormal? What

is the content in the stoma appliance?

Overall appearance. Is the abdomen symmetrical? Is there evidence

of global distension (e.g. ascites, distended bowel)? Is there evidence

of local distortion (e.g. a local mass or organomegaly)? Does the

abdomen move well and symmetrically with deep respiration (reduced

in peritoneal irritation)? Is there any discoloration (periumbilical

bruising (Cullen’s sign) or flank bruising (Grey Turner’s sign), where

either suggests retroperitoneal haemorrhage or major inflammation)?

Umbilicus. Is it herniated? Is there discharge or ulceration suggestive of

infection or a malignant deposit?

Pulsation. s there visible pulsation? (Further assessment requires

palpation.)

Persistalsis. Is there visible peristalsis? (Identification may take several

minutes of observation.) It is rarely possible to suggest a cause or level

of obstruction related to the pattern of visible peristalsis.

Palpation
Be methodical. Use the flat of one hand (usually the right). It is usual to
examine and describe the abdomen in areas. It can be divided it into nine
regions or five ‘quadrants’ (see Fig. 2.2). Examine the areas lightly at first
in a set order. Identify any masses or areas of tenderness. Repeat the
examination with deeper palpation. Go back to any identified masses and
try to ascertain their key features.

o Signs of peritoneal irritation. Are there signs of local visceral peritoneal
irritation (tenderness and pain on palpation)? Are there signs of mild
parietal peritoneal irritation (guarding) or signs of marked parietal
peritoneal irritation (rigidity)? Rigidity may be localized or generalized.
Rebound tenderness is an unnecessary test; it merely confirms the
presence of guarding and is often excessively painful for the patient.

o Masses. Assess their surface, edge, consistency, movement with
respiration, and overall mobility.
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e Organs.

* Liver. Palpate from right lower quadrant into right upper quadrant,
feeling for the liver edge during inspiration every few cm upwards
until it is found. Assess the edge. Is it smooth/nodular/craggy?
Assess any palpable surface. Is it smooth/nodular/craggy?

Spleen. Palpate from right lower quadrant into left upper quadrant,
feeling for the spleen edge during inspiration as for the liver. Assess
the edge and any palpable surface.

Kidneys. Palpate bimanually in each loin. ‘Ballotting’ (bouncing the
kidneys between each hand) is of little additional value.

Percussion
Percussion identifies the presence of excessive amounts of gas or fluid. It
is also useful, when done carefully, in the confirmation of the presence of
mild to moderate parietal peritoneal irritation (‘percussion tenderness’).
o Gas (hyperresonance). Is it generalized or localized? Is there
evidence of loss of dullness over the liver (suggestive of copious free
intraperitoneal gas)?
o Fluid (ascites). Usually identified as ‘shifting dullness’; dullness in
the flanks in the supine position moves to the lower portion of the
abdomen on turning to the lateral position.

Auscultation
To fully assess bowel sounds, it is necessary to listen for at least 1min, but
they are a notoriously unreliable sign of either intra-abdominal pathology
or bowel function. If commented on, bowel sounds should broadly be
divided into: absent, normal, active, or obstructive (characterized by high-
pitched, frequent sounds often with crescendos of activity, e.g. ‘tinkling’,
‘bouncing marbles’).

Abdominal assessment should always include a rectal examination in
adults; this is very rarely useful and should usually be avoided in children.

Fig. 2.2 The five quadrants: RUQ, right upper quadrant; LUQ, left upper
quadrant; LLQ, left lower quadrant; RLQ, right lower quadrant.
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Abdominal investigations

Faecal occult blood testing

e May be chemical or immunological.

o Commonest use is as the primary community test for colorectal
carcinoma (see ELJ p. 400) as part of the National Bowel Cancer
Screening Programme.

Rigid proctoscopy and sigmoidoscopy (see L1 p. 216).

Flexible sigmoidoscopy

e Very low risk (perforation 1 in 5000) outpatient procedure, usually
performed without sedation.

e Should visualize up to the descending colon.

o Allows minor therapeutic procedures (polypectomy, biopsy, injection).

Colonoscopy

o Low risk (perforation 1in 1000) outpatient procedure, usually
performed with sedation; requires bowel preparation.

o Should visualize the entire colon (>95% of the time).

o Allows minor therapeutic procedures (polypectomy, including
‘advanced’ endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD), injection, marking by tattoo, and biopsy).

o Typically used for: assessment of (suspected) colitis, diagnosis and
assessment of colonic neoplasia, investigation of rectal bleeding.

Transabdominal ultrasound

o Easy, safe, non-invasive, and avoids radiation dose.

o Typical uses include:
* |dentification of ovarian disease, e.g. in suspected acute appendicitis.
 Primary investigation of the biliary tree for gallstones, bile duct size,

and liver parenchymal texture.

* Investigation of suspected subphrenic or pelvic collections.
 Assessment of the liver/splenic parenchyma.
¢ I|dentifying free fluid in abdominal trauma.

CT scanning
o Easy, non-invasive; requires significant radiation exposure and
intravenous (IV)/oral (PO) contrast.
e Typical uses include:
* Primary assessment of all intra-abdominal masses.
* Staging of intra-abdominal and pelvic malignancy.
* Investigation of acute abdominal pain of unknown origin.
¢ Investigation of suspected intestinal obstruction.
» May be specifically tailored for pancreatic, biliary, visceral vessel
assessment.
* Investigation of suspected post-operative complications.

MRI scanning
o Conventional body scanner with external coils.
e Avoids radiation dose.
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o May be performed with specialized ‘contrast’ agents (e.g. ferumoxides).

o Typically used for:
* Investigation of suspected bile duct disease.
» Assessment of liver disease/possible metastases.
» Assessment of pancreas.
» Assessment of pelvic and retroperitoneal soft tissue disease, e.g.
pelvic cancers.

Plain abdominal radiograph

o Limited use.

e May identify intestinal obstruction, urinary tract stones, free intra-
abdominal air, intra-abdominal fluid.

Barium enema (double contrast, single contrast)

e May be single contrast (contrast material filling the colon) or double

contrast (dilute contrast and air to coat the mucosal surface of the

colon).

Requires bowel preparation and relatively mobile patient.

Single contrast used to identify strictures and obstructions (used to

assess colorectal anastomoses in dilute or water-soluble form).

o Double contrast typically used to identify colonic neoplasia, assess
colonic anatomy.

Intestinal transit studies

o Serial abdominal X-rays to identify the progress of ingested radio-
opaque markers.

o Used to assess intestinal motility and transit time.

PET scanning
e Injection of radioactive metabolic substrate to identify metabolically
active tissue.
o Combined with high resolution CT scanning to co-locate ‘hot spots’.
o Typically used to:
¢ Identify unsuspected metastatic tumour deposits.
« Differentiate fibrosis from tumour post-surgery.

Physiological testing

e Manometry testing of the oesophagus, including lower oesophageal
sphincter and the anal canal.

o Pressure sensitivities of the oesophagus and anal canal.

o pH testing of the contents of the oesophagus (isolated or continuously
for 24h).

o Used to assess anorectal function, oesophageal motility and function,
and gastro-oesophageal reflux.
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Evaluation of pelvic disease

Positioning and inspection

Examination is performed in up to three positions: supine (for transabdom-

inal palpation of the ‘false’ pelvis); supine with hips flexed and abducted

(for vaginal and bimanual palpation which may be performed to help assess

rectal disease); and left lateral position with hips flexed (for rectal palpa-

tion and rigid endoscopy). Any intimate examination should always have a

chaperone present and particularly so for pelvic examinations.

o Anus. Is the anus deformed? Is there evidence of mucosal or rectal
prolapse?! Does the vaginal introitus look normal? Is there vaginal
prolapse or evidence of a cystocele? Are there scars from previous
surgery, sinuses, or evidence of sepsis?

o Look for additional or abnormal tissue. Are there skin tags, external
haemorrhoids, warts, or abnormal areas of skin (such as anal
intraepithelial neoplasia (AIN))? Is there an external punctum (as may
be seen in a fistula) or the outer limit of a fissure visible?

Palpation

o Palpate the lower abdominal quadrants.

e Rectal examination. Is anal tone normal and the sphincter symmetrical?
Is the prostate normal size with a normal central sulcus? Does the
rectal mucosa feel normal? Is there any mass or tenderness anterior
to the upper rectum (pouch of Douglas)? The latter may be due to
sigmoid disease, small bowel in the pelvis, a pelvic appendix, or ovarian
disease.

Vaginal examination (often omitted unless there is a clear indication
that valuable information may be gained from it). Is the cervix

present and normal? Is the vagina of normal calibre and feel? Is there
tenderness in either vaginal fornix?

Investigations

Rigid proctoscopy (‘anoscopy’)

e Performed in outpatients without sedation.

o Only visualizes the very lowermost rectum and anal canal (referred to
as anoscopy in USA). Views may not be good if done without enema
preparation.

e May be combined with therapy (banding, injection, or cryotherapy) for
anorectal disorders.

Rigid sigmoidoscopy

o Performed in outpatients without sedation.

o Aims to visualize the rectum to the recto-sigmoid junction. The
sigmoid colon is NOT adequately seen with this (referred to as
proctoscopy in USA). Views may not be good if done without enema
preparation.

Flexible sigmoidoscopy

o Low risk, outpatient procedure, usually performed without sedation.

e Should visualize up to the descending colon.

o Allows minor therapeutic procedures (polypectomy, tattoo, injection).
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Transabdominal/transvaginal ultrasound
o Easy, safe, and avoids radiation dose.
e Good for identification of ovarian disease (e.g. in right iliac fossa pain).

Endoanalltransrectal ultrasound

e A 360° scanning endoanal/endorectal probe without sedation.

e Endoanal scans. For assessment of anal sphincter integrity.

o Transrectal scans. For assessment of some rectal tumours, prostatic
disease (including biopsy), pre-sacral lesions.

CT scanning

o Easy, safe, but significant radiation exposure and IV contrast.

o Investigation of choice for undiagnosed pelvic symptoms and post-
operative complications.

MRI scanning

e Usually via conventional body scanner with external coils (occasionally
performed with endorectal coil).

o Investigation of choice for the assessment of advanced rectal,
gynaecological, and urological cancer, or complex pelvic sepsis.

o Investigation of choice for complex pelvic and anal sepsis.

Key revision points—pelvic anatomy

e The true pelvis lies between the pelvic inlet (sacral promontory,
illiopectineal lines, symphisis pubis) and outlet (coccyx, ischial
tuberosities, pubic arch).

o Pelvic floor muscles (such as levator ani) support and are integral
to the function of the anorectum, vagina, and bladder. They are
innervated by anterior primary rami of S2, 3, 4.

o Anterior relations of the rectum (palpable during PR exam) are
(from below up):

* Women—vagina, cervix, pouch of Douglas.
¢ Men—prostate, seminal vesicals, recto-vesical pouch.
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Evaluation of peripheral vascular
disease

Positioning and inspection
Ideally, the patient should be examined in a warm environment at rest.
Remember first to take the pulse and blood pressure, and examine the
abdomen (aneurysm, scars). Inspect the limb in the supine position, then
elevated (passively), and finally dependent. Expose the entire limb, includ-
ing the foot or hand to allow thorough inspection. If necessary, take any
dressings down (or ask for them to be removed if you are not happy to).
For venous disease, the patient should also be examined standing.

During supine inspection, look for the following.
o Appearance. Are there any areas of established skin necrosis (dry
gangrene, e.g. apex of digits, between digits, heel of the foot)? Are
there changes of chronic venous stasis (flare veins, venous eczema,
lipodermatosclerosis, leg ulceration)?
Colour. Waxy white suggests severe acute ischaemia; blue and mottled
suggests potentially irreversible acute ischaemia; dark red/purple
suggests chronic ischaemia.
Colour changes during position. Note the angle at which the skin of
the limb blanches when passively elevated (Buerger’s test). Normal
limbs may not blanch at all. An angle of 15° or less suggests severe
ischaemia. Note the presence and delay in change in colour when the
limb is dependent. Ischaemic limbs slowly turn deep purple.
Ulcers. What is the location (digital or foot suggests arterial disease)?
Be sure to inspect between the toes/fingers and on the plantar surface
of the foot (especially for diabetic disease).
Venous inspection. Stand the patient up. Inspect for varicose veins. Are
they in the long saphenous or short saphenous distribution?

Palpation

o Temperature. Does the skin feel cold or warm? Is there a transition
level?

o Skin capillary compression and refill. Normal is 2s or less. A delay of
greater than 5s suggests significant ischaemia.

o Peripheral pulses. Start with the most proximal (major) vessels and
work distally. Record if the pulse is normal, reduced, or absent. Record
if there are any thrills palpable.

o In venous disease, tests of venous competence may be performed (see
L p. 666).

o Surgical grafts. Palpate the course of any surgical grafts and record the
presence or absence of pulses.

Auscultation
Listen for bruits. Are there bruits in the proximal vessels (suggestive of
stenosis)?
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Investigations

Doppler ultrasound

o Straightforward and portable.

e May be used to confirm or refute the presence of flow in a vessel or
graft.

e May be used to evaluate the relative flow in vessels by measuring the
pressure at which detectable flow ceases using a compression cuff.
The commonest example is ankle-brachial pressure index (ABPI).

e May be used to evaluate the presence of reflux in veins.

Colour flow duplex

e Combined two-dimensional (2D) ultrasound image with Doppler-
derived flow represented using colour, superimposed in real time.

e May be used for assessment of stenosis/occlusion in vessels or grafts.

e May be used for assessment of reflux or occlusion in deep and
superficial veins.

Direct angiography

e Most commonly, digital subtraction angiography (DSA; used to reduce

background image ‘noise’ and convert the arterial images to black for

easier viewing).

Invasive, requiring direct arterial puncture with the associated risks.

Requires IV contrast with the small risk of allergy (relatively

contraindicated in renal dysfunction or where renal blood flow is

poor).

Gives direct views of arterial tree, but lumen only so not good for

aneurysm sizing.

Magnetic resonance angiography

o Provides images of an arterial tree based on the presence of arterial
flow during scanning.

o Safe and non-invasive; requires no ‘contrast’, but commonly gadolinium
used to highlight flowing blood.

o Tends to overestimate degree of stenosis due to very low flow being
underrepresented.

CT angiography

o Requires multislice rapid acquisition (‘helical’/’spiral’) scanner.

o Images acquired in arterial phase after |V injection of contrast.

o Three-dimensional (3D) reconstruction allows ‘virtual angiogram’
images to be produced.

e Fast and relatively safe, especially where direct angiogram is difficult,
e.g. visceral vessels.

o Requires dose of IV contrast, so caution with allergy and renal
dysfunction.
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Evaluation of the skin and
subcutaneous tissue disease

Assessment and description of a lump

Key features in the history include the following:

o Speed of development. Rapid increase in size is suspicious of malignancy
(primary or secondary).

o Recent change in size. Suggests malignant change or infection in a
previously benign lesion.

o Associated symptoms. Paraesthesia or weakness suggests involvement
of nerves; reduced movement suggests involvement of muscle.

e History of local trauma. May indicate a cause, although a previously
undiagnosed underlying lump should always be suspected.

The following features should all be considered when examining the lump.

Basic facts
e Position.
e Size.

o Shape.

Features of infection or inflammation
e Temperature.

e Tenderness.

e Colour.

Features of malignancy

o Surface (e.g. craggy).

e Edge (e.g. irregular).

e Consistency (e.g. hard).

Features of fluid or vascular lesions

o Fluctuant (fluid-filled).

o Presence of thrill (fluid-filled connected to the vascular tree).
Transilluminance (fluid-filled).

Pulsatile (arterial lesion).

Presence of a bruit (arterial lesion).

Presence of expansility (indicative of an arterial aneurysm).
Presence of compressibility (e.g. venous lesion or arteriovenous
malformation).

Features of locoregional invasion

o Tethering to surrounding structures.

o Involvement of surrounding structures (e.g. nerves).
o Regional lymphadenopathy.

Lumps in detail

o Superficial lumps, see L1 pp. 600-603.

o Neck lumps, see ELI pp. 222, 224.

e Abdominal lumps and herniae, see L p. 336.
o Scrotal lumps, see L p. 366.
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Assessment and description of an ulcer

Key features in the history include the following:

o |s it painful (venous, diabetic, and neuropathic ulcers are painless)?

o Did it start as an ulcer or did a lump become ulcerated (suggests a
malignancy in/of the skin)?

o [s there a history of underlying infection, e.g. of bone?

Describe the basic morphology of the ulcer:
e Location.
» Over pressure points and bony prominences suggests pressure
sore.
* Medial shin suggests venous ulcer.
* Lateral shin, dorsum of foot, toes suggest arterial ulcer.
o Edge.

* Sloping edge suggests conventional ulcer (can be many aetiologies).

* Rolled edge is typical of basal cell or squamous carcinomas.
* Everted edge suggests squamous or metastatic carcinomas.
 Vertical edge (punched out) suggests syphilis or chronic infection.
e Base.
* Friable, red, and bleeding suggests venous or traumatic.
* Green slough suggests infected.
¢ Black hard eschar suggests chronic ischaemia.
o Discharge. May suggest an underlying cause, e.g. intestinal fistula with
enteric content, golden pus in chronic actinomycosis.
o Surrounding tissue. Erythema and swelling suggest secondary infection.

Ulcers in detail

o Cutaneous malignancy, see £ p. 647.
o |schaemic ulcers, see [ p. 647.

e Venous ulcers, see Ll pp. 148, 666.

o Fistulas, see [ p. 150.

e Wound infections, see p. 104.
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Surgery at the extremes of age

Surgery is increasingly used in older and older patients and the range of
procedures available to surgeons for both the very elderly and the very
young and neonates is increasing. Minimally invasive surgery is increas-
ingly being offered to older patients at risk from open surgery. Both these
groups need particular attention and have specific potential problems.

Surgery and the elderly

Common misconceptions corrected

Elderly patients benefit just as much from potentially curative cancer
surgery as younger patients. Cancers demonstrate the same range of
behaviours in all ages and are neither more ‘benign’ nor less responsive
to treatment in the elderly.

Minimally invasive procedures in the elderly can offer all the benefits
available to younger patients.

‘Palliative’ procedures for benign disease (e.g. cholecystectomy, joint
surgery, eye surgery) are just as important in the elderly as they

may allow preservation of independence and offer just as much
improvement in quality of life as in the young.

Common problems in the elderly

o Multiple comorbidities and polypharmacy increase the scope for

potential complications and drug interactions.

Comorbidities are often ‘silent’, either due to atypical presentation or

underreporting of symptoms (e.g. angina may not be manifest due to

reduced mobility).

Social, family, nursing, and medical support structures are often

complex and easily lost during a hospital admission.

Reduced or acutely impaired mental faculties may make history taking

and consent taking difficult.

o Reduced or abnormal immune responses may reduce or impair some
physical signs (e.g. clinically detectable peritonism may be absent).

e The elderly are particularly prone to mild or moderate chronic
malnutrition, increasing general complication rates, and the risk of
pressure sores, etc.

Strategies for the management of the elderly

e Involve all the necessary specialities as soon as possible (prior to
admission for elective surgery), e.g. elderly care, anaesthetists,
physicians.

o Consider pre-optimization in critical care (high dependency unit
(HDV)), especially in urgent or emergency surgery.

e Start to plan for discharge on the day of admission and liaise with the
GP and family, if necessary.

o Consider nutrition as soon as possible after surgery. Is hyper-
alimentation necessary?

Surgery and the young
Although most surgery undertaken in neonates and very young children is
done so by specialist paediatric surgical and nursing teams, most surgeons
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will care for young children at some time and the principles of care used
in paediatric surgery can be usefully applied to older children.

Common problems in children

e Young children may not be able to accurately report symptoms and
illness behaviour is often non-specific.

o Cardiovascular responses in the young are excellent. Tachycardia and
particularly hypotension are (very) late signs of hypovolaemia.

» Tips for managing children

o Take the history from the parents or carers and the child.

e Remember infections are common and often present with non-specific
signs.

Consider non-surgical diagnoses at all times, e.g. meningitis, urinary
sepsis, systemic viral infections.

Examine the child as much as possible while they are sitting on a
parent’s lap. Use the same position for phlebotomy and siting cannulae.
Put local anaesthetic cream on phlebotomy sites 30min in advance.
Some children are simply too young to cooperate with procedures
under local anaesthetic and will require general anaesthesia for
relatively trivial procedures.

Make sure all prescriptions for drugs and fluids are written according
to weight to avoid inadvertent adult dosing—if in doubt, ask.

Fluid balance may be critical since small volume changes are highly
significant in small children. Pay close attention to fluid resuscitation.

Paediatric surgery
e Conversion tables, see 1 p. 424.
o Paediatric surgery, see [l pp. 424-474.

e Consent and children, see
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Day case and minimally invasive
surgery

Day surgery procedures

An increasing number of procedures in all aspects of surgery are being

performed as day surgery. The key features that make a procedure suit-

able include:

o Low risk of major complications.

o Predictable recovery period not requiring specialist post-operative
therapy or treatment.

o Post-operative analgesia that does not need routine opiates.

o Anaesthetic technique not requiring invasive monitoring, prolonged
muscle relaxation, or epidural/spinal anaesthesia.

o Low risk of difficult or unpredictable anaesthetic technique.

Many areas of surgery are now performed routinely as day surgery, includ-
ing minor and intermediate anorectal surgery, hernia surgery, minor lapar-
oscopic surgery, arthroscopy, and minor endoscopic bladder surgery.

Selection of patients for day case surgery

Most hospitals have well defined protocols to select patients for suitability

for day surgery and most day surgery units conduct their own pre-admis-

sion assessment either by telephone or questionnaire. Typical criteria

might include:

e Maximum age of 75y (this upper limit has gradually increased as
familiarity with the procedures has grown).

o Appropriate social support for the patient at home, including transport
and a responsible adult to monitor progress.

e No history of more than mild to moderate cardiac or respiratory
disease (e.g. uncomplicated asthma or controlled angina).

o Non-insulin dependent diabetes only (unless for local anaesthetic (LA)
procedures).

e Body mass index (BMI) below 35 (typically)—higher than this is
associated with increased risk of anaesthetic and surgical complications.

Minimally invasive surgical procedures

Minimally invasive surgery is becoming more common in many areas of
surgery. It is a broad term that includes many types of procedure and
there is much overlap with conventional ‘open’ surgery and, at the other
end of the spectrum, interventional radiological procedures. A useful
definition of minimally invasive surgery is a procedure that can be per-
formed by a technique involving fewer or smaller incisions than alternative
‘conventional’ surgery or under less invasive anaesthetic techniques. This
includes most laparoscopic and thoracoscopic surgery (cholecystectomy,
gastric fundoplication, colectomy, lobectomy, nephrectomy, adrenalec-
tomy). It also includes flexible and rigid endoscopic procedures (diagnostic
and therapeutic colonoscopy, cystoscopy, transurethral prostate surgery,
hysteroscopic surgery), and several procedures using specific techniques
or equipment (e.g. transanal endoscopic microsurgery, subfascial endo-
SCOpic venous surgery).
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Advantages of minimally invasive surgery

Many minimally invasive surgical techniques require specific training to
perform and utilize expensive equipment and consumables so surgeons
and managers look to minimally invasive surgery to provide benefits to
both patients and hospitals. Although some benefits can be achieved by
modern post-surgical management, there are demonstrable benefits in dif-
ferent areas.

Patient benefits

o Smaller, fewer, or absent scars.

e Reduced time in hospital.

o Fewer post-operative complications (particularly wound and
respiratory-related).

Surgeon benefits

o Reduced post-operative stay.

o Possible avoidance of the need for interventional anaesthetic
techniques such as epidurals.

Hospital benefits
o Increased bed use efficiency.
o Reduced post-operative complications.

To whom should minimally invasive surgery be offered?

The advantages of minimally invasive surgery give it a wide application.

e Young patients. Small scars and short hospital stays are ideal.

o Elderly. Reduced post-operative complications and shortened hospital
stay are vital in patients who often have multiple comorbidities.

o Unfit patient. Easier anaesthetic techniques and reduced surgical stress
may reduce the perioperative risk.
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Surgery in pregnancy

Pregnancy testing

e Urinary dipstick B-HCG is 91% sensitive (even lower for women self-
testing). Specificity ranges from 61% to 100% if tested from the first
day of the first missed period (2 weeks after ovulation).

e Blood B-HCG is almost 100% sensitive and specific and able to
detect pregnancy 6-8 days after ovulation.

o False negatives and positives are most commonly due to user error.

Changes in anatomy and physiology
Pregnancy results in several changes relevant to surgery.

First trimester

o Drugs may have teratogenic effect (see Box 2.1).

o Reduced lower oesophageal sphincter tone, increasing the risk of
gastro-oesophageal reflux and aspiration when supine.

Second trimester

e Drugs may have adverse effect in fetal development or metabolism
without causing gross malformation.

o Increased susceptibility to urinary tract infections, particularly
ascending renal infections and pyelonephritis.

e Increased risk of venous thromboembolism rises in the second
trimester and remains constantly raised in the third.

e Increased susceptibility to superficial infections.

Third trimester

e Drugs may induce labour.

o Displacement of the mobile abdominal viscera superiorly and behind
the enlarging uterus. In particular, the appendix comes to lie in the
right upper quadrant.

e Risk of hypotension in the supine position due to inferior vena caval
compression by the gravid uterus: this can be avoided by positioning
the sedated or unconscious patient in slight lateral decubitus.

Risks of miscarriage

The risk of miscarriage related to surgical pathology and surgery varies
according to trimester. It is highest in the first. The risk of a viable pre-
mature labour rises in the third trimester. The risk of miscarriage induced
by general anaesthetic (GA) is always balanced against the risk induced by
sepsis from untreated surgical pathology, particularly acute appendicitis. It
is a common dilemma in surgical practice. Ultrasound imaging may be less
useful due to poor views and CT scanning is contraindicated due to radia-
tion dose. Diagnostic laparoscopy is contraindicated due to the effects of
pneumoperitoneum on the pregnancy. The only way to a diagnosis may be
surgery, once important differential diagnoses have been excluded.
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Common differential diagnoses of appendicitis in pregnancy
o Ectopic pregnancy complications.

o Pyelonephritis.

o Threatened miscarriage/placental abruption.

Box 2.1 Prescribing drugs in pregnancy

It is clearly unethical to screen drugs for harmful effects on the human

fetus; many new and commonly used drugs have, therefore, never been

used in pregnancy. Some older drugs have been used in pregnancy and

are regarded as ‘safe’ in the absence of any reports of fetal harm. There

is an important balance to maintain between treating serious illness in

the mother and potentially harming the fetus. Generally:

e Avoid prescribing drugs, if at all possible.

o Know the stage of the pregnancy; many drugs are only approved in
particular trimesters.

P Check every drug that you prescribe in Appendix 4 of the British
National Formulary (BNF).

o [f in doubt, seek specialist advice.

e Important teratogens include:

Thalidomide (an antiemetic).

Carbamazepine and sodium valproate.
Isotretinoin (Roaccutane®).

Tetracycline.

Warfarin.

Angiotensin-converting enzyme (ACE)-inhibitors.
Lithium.

Methotrexate, cyclophosphamide.
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Surgery and the contraceptive pill

(O)estrogen-containing contraceptive pills (EOCP) increase the risk
of thromboembolic disease in women taking them prior to surgery.
Progesterone-only contraceptives appear to pose little or no additional
risk and may be continued during surgery. The increase in risk is related
to the size of the operative procedure and the existing comorbidity; the
advice is adjusted accordingly.
o Low risk procedures. Dental, day case, minor laparoscopic. EOCP may
be continued.
e Medium risk. Abdominal, orthopaedic, major breast surgery.
» EOCP should be discontinued at least 1 month prior to elective
surgery.
» Urgent or emergency surgery should be conducted with full
thromboprophylaxis (see L1 p. 72).
o High risk. Pelvic, lower limb orthopaedic surgery, cancer.
» EOCP should be discontinued at least 1 month prior to elective
surgery.
» Urgent or emergency surgery should be conducted with extended
thromboprophylaxis (see L p. 72).



This page intentionally left blank



52

CHAPTER 2 Principles of surgery

Surgery in endocrine disease

Diabetes

Specific perioperative risks

o Hypoglycaemia, hyperglycaemia, or ketoacidosis.

o Underlying diabetes-related comorbidity is often unrecognized (e.g.
mild renal impairment, small-vessel coronary and cerebrovascular
disease, mild autonomic neuropathy with associated reduced
cardiovascular homeostasis responses).

o Increased susceptibility to infection, poor wound healing.

o Increased susceptibility to skin pressure necrosis.

Management of the diabetic patient

o Inform the anaesthetist, the diabetologist, and any specialists involved
in the patient’s ongoing care, e.g. nephrologists.

o Clarify if the patient is oral-controlled, insulin-dependent (low or

high requirement), or brittle insulin-dependent since the risk of

perioperative problems increases with each group.

Diabetics should be first on operating lists to ensure timings can be as

predictable as possible for blood sugar management.

o Check preoperative investigations for signs of underlying comorbidity.

o Ketoacidosis in the perioperative period is associated with a very high
morbidity and mortality and should be avoided at all costs.

Minor surgery

o Oral-controlled. Give normal regimen.

o Insulin-controlled. Omit preoperative insulin on day of surgery; monitor
blood sugar (BS) every 4h; restart normal insulin once oral diet is
established.

Major surgery

o Oral-controlled. Omit long-acting hypoglycaemics preoperatively.
Monitor BS every 4h. If BS exceeds 15mmol/L, start IV insulin regimen.

e Insulin-controlled. Commence on IV insulin sliding scale preoperatively
once nil by mouth (NBM) and continue until normal diet is
re-established. Check BS every 4h. Restart normal insulin regimen
(initially at half dose) once oral diet is established.

Emergency surgery

o Check for existing ketoacidosis. If present, use medical treatment
algorithm to control BS and postpone surgery until BS <20mmol/L
unless the condition is life-threatening.

e Use IV insulin sliding scale for all patients to optimize BS control. A
typical IV sliding scale (Actrapid® with 5% dextrose) is:
* BS <4mmol/L, infusion 0.5U/h + consider medical review.
e BS 4-15mmol/L, infusion 2.0U/h.
* BS 15-20mmol/L, infusion 4.0U/h.
e BS >20mmol/L, infusion 4.0U/h + consult diabetology team and

consider treatment as for ketoacidosis.
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Steroids

Specific perioperative risks

Oral steroids are used to treat a number of common illnesses, including
rheumatoid arthritis, severe asthma, and COPD, temporal arteritis, and
polymyalgia rheumatica. Steroids reduce neutrophil and fibroblast func-
tion and immune response and lead to irreversible changes in connective
tissue. Long-term use of systemic steroids results in adrenal suppression.
The following problems are associated with chronic steroid use.

Addisonian (hypoadrenal) crisis (see Box 2.2)

o Increased susceptibility to infection.

e Poor wound healing, including anastomotic leaks, pressure areas.

o Osteoporosis.

o Patients on long-term inhaled steroids, e.g. for asthma and COPD, are
not high risk as there is minimal systemic absorption.

Box 2.2 Addisonian (hypoadrenal) crisis

Stresses such as surgery and sepsis require increased adrenal secre-
tion of corticosteroids; failure to mount this response can result in an
Addisonian (hypoadrenal) crisis. The following groups of patients are
at high risk:

o Any patient currently taking >5mg prednisolone for >2 weeks.

o Any patient who reduced their long-term steroids within 2—4 weeks.
e Patients who have undergone adrenalectomy.

Clinical features

o Lethargy and malaise.

o Abdominal pain, often poorly localized (may present as an acute
abdomen).

o Nausea and vomiting.

e Hypotension.

o Hypoglycaemia, hyponatraemia.

e Coma, death.

Management

e Treat with IV hydrocortisone 100mg qds or 400mg infusion over 24h
as long as the patient is NBM.

o Fluid resuscitation with normal saline.

e 50% dextrose IV to treat hypoglycaemia (titrate against BS).

Management of the patient on steroids

o [f the steroid dose can be weaned preoperatively, this should be done.

e Prescribe IV hydrocortisone 25-100mg qds (roughly corresponding to
2.5-20mg od of prednisolone) to start on the morning of surgery and
continuing until the patient is able to go back to their oral steroids.

Thyroid disease (see L1 pp. 250-256).
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Surgery and heart disease

Ischaemic heart disease

Risk factors include age (' >45y; @ >55y), family history of early MI,

current or treated t BP, smoking, diabetes, t cholesterol.

o Assess severity: quantify exercise tolerance; enquire about palpitations,
orthopnoea, use of anti-anginals, previous M, percutaneous coronary
intervention (PCI), or coronary artery bypass graft (CABG).

o The ECG is the most important routine screening test, but it is normal
in about one-third of patients with proven ischaemia.

e Symptomatic patients undergoing major surgery should be
discussed with a cardiologist with a view to optimizing anti-anginal
medications.

Myocardial infarction

The risk of a perioperative Ml relates to past history and risk factors.
e Overall population incidence after abdominal surgery, 0.5%.

o Incidence with pre-existing cardiovascular symptoms, 2%.

e Incidence with previous Ml (old), 5-10%.

o Incidence after recent M, 25% (70% will die with re-infarction).

Strategies to reduce risk

e Non-urgent surgery should be delayed for at least 6 months following
acute Ml and, possibly, acute ischaemia. Cancer surgery may be
undertaken if the risk of disease progression is felt to outweigh the
increased perioperative mortality rate.

Ensure all normal cardiovascular medication is continued up to and
through surgery. Control any new symptoms of angina if surgery is
urgent.

Continue antiplatelet medication if not contraindicated.

Consider involving the critical care services (HDU) for the
perioperative period.

Valvular heart disease

Cardiac murmurs are common. Request a transthoracic echo to evaluate

the lesion and discuss abnormalities with a cardiologist.

e Severe aortic stenosis carries a high risk of mortality (see EH p. 630).
Elective surgery should be postponed: high gradient aortic stenosis
carries an associated mortality of 10% with non-cardiac surgery.

e Severe mitral stenosis can lead to pulmonary oedema and heart failure.
Major elective surgery should be postponed until lesion corrected.

e Aortic regurgitation requires attention to fluid and rate control.
Antibiotic prophylaxis should be given, but surgery can go ahead.

o Mitral regurgitation (MR) should be managed with diuretics
and vasodilators. Beware: left ventricular function is frequently
overestimated in MR.

o Prosthetic valves have several associated issues.

* Mechanical valves require anticoagulation. Stop warfarin 5 days
preoperatively and admit early for IV heparinization.
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Do not heparinize if the international normalized ratio (INR) will be
only briefly subtherapeutic.

Stop IV heparin 6h pre-surgery and resume as soon as surgical
bleeding is no longer a problem until INR therapeutic.

Thrombosis is most likely in mechanical mitral valves, atrial fibrillation
(AF), poor left ventricle (LV), previous embolus, ball-and-cage valves.
In surgery for life-threatening bleeding, e.g. bleeding peptic

ulcer, intracranial haemorrhage, it may be necessary to reverse
anticoagulation for several days. Liaise closely with cardiology.

P> Prosthetic valves no longer require antibiotic prophylaxis for
procedures that cause bacteraemias'; if in doubt, discuss with
cardiology.

Arterial hypertension
Control of BP preoperatively may reduce the tendency to perioperative
ischaemia. Always note BP and, if severe (>180mmHg), surgery should be
delayed until control is obtained.
o Review existing antihypertensive management or start treatment:
* Beta-blockers (e.g. metoprolol 25-50mg PO tds) reduce BP and
perioperative ischaemia and mortality.
* Calcium channel blockers are often used, e.g. nifedipine 10mg
sublingual (SL).
o Look for evidence of end-organ damage and associated heart disease.
o Look for rare, but important causes: phaeochromocytoma,
hyperaldosteronism, coarctation of the aorta, renal artery stenosis.

Congestive cardiac failure

Heart failure is associated with a poorer outcome in non-cardiac surgery.

Risk factors include ischaemic and valvular heart disease.

o Listen for S; as well as pedal oedema, raised jugular venous pressure
(JVP), bibasal crepitations.

o Chest X-ray may show cardiomegaly or pulmonary oedema.

Cardiac arrhythmias

Arrhythmias and conduction defects are common. Asymptomatic arrhyth-

mias are not associated with an increase in cardiac complications, but look

for underlying problems, e.g. ischaemic heart disease, drug toxicity, meta-
bolic derangements.

o High grade conduction abnormalities, e.g. complete heart block, should
be discussed with a cardiologist. Pacing may be indicated.

o Patients with known AF and either a history of embolic stroke or
associated structural cardiac defect normally take warfarin.

o Request a cardiology review preoperatively if rate control is poor.

o Beware of the patient with the permanent pacemaker or intracardiac
defibrillator (ICD). Diathermy may cause the pacemaker to reset or
completely inhibit pacing and trigger ICD discharge.

 Pacemakers and ICDs should be evaluated by a cardiac technician
preoperatively and post-operatively.

» Pacemakers should be changed to fixed-rate pacing for surgery and
then reprogrammed after surgery.
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* |CDs should be switched off to prevent discharge and external
fibrillator pads positioned on the patient.

« If defibrillation or synchronized cardioversion is required, place the
paddles as far from the pacemaker or ICD as possible.

» Type of diathermy used should be considered. Monopolar is not
absolutely contraindicated, but bipolar may be preferable.

Reference
1 R http:/publications.nice.org.uk/prophylaxis-against-infective-endocarditis-cg64


http://publications.nice.org.uk/prophylaxis-against-infective-endocarditis-cg64
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Surgery and respiratory disease

Surgery and smoking

Smoking tobacco increases the risks of anaesthesia and many of the risks
of surgery. There is a six-fold increase in post-operative respiratory com-
plications among patients smoking in excess of ten cigarettes per day.

Effects of smoking

e Reduction in general and specific immune function via reduced
neutrophil chemotaxis and reduced natural killer (NK) cell efficacy.
Increased platelet aggregation (probably explaining the increased risk
of perioperative acute Ml and cerebrovascular accident in smokers).
Reduced oxygen-carrying capacity of blood per unit volume due to the
presence of carboxyhaemoglobin increasing the risk of tissue hypoxia
in susceptible organs.

Increased upper aerodigestive mucosal secretions. This worsens
initially after stopping smoking until the chronic effects on the mucosa
wear off.

Reduced mucociliary escalator function.

Reduced lung compliance and increased ‘closing volume’ of the small
airways, increasing the risk of air trapping, especially whilst supine in
the post-operative period.

Stopping smoking

o Within 48h: carboxyhaemoglobin is cleared from the blood, platelet
aggregation begins to return to normal.

e Within 7 days: neutrophil, macrophage, and NK cell function improve.
Mucus production temporarily increases, but mucociliary escalator
function takes up to 6 weeks to recover, leading to a ‘rebound’ effect.

o Within 6 weeks: upper aerodigestive function returns to underlying
level, lung dynamics improve to ‘normal’ levels (depending on the
extent of fixed parenchymal disease).

The optimal time for stopping smoking is at least 6 weeks prior to surgery,
but a minimum of 7 days is required to reduce the ‘rebound’ effects of
stopping on upper aerodigestive tract function.

» Mitigating the effects of smoking in the post-operative period

Active and recently stopped smokers should receive extra attention to

prevent the risks associated with smoking and surgery.

e Ensure patients remain well hydrated until oral intake is restored.

e Use thromboembolic prophylaxis in most cases.

o Use preoperative chest physiotherapy and education on breathing and
coughing techniques.

o Mobilize as soon as possible post-operatively.

e Consider the use of epidural anaesthesia to improve compliance with
post-operative physiotherapy.

o Use preoperative and post-operative saline nebulizers 5SmL qds.

e Ensure post-operative analgesia is effective.
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Respiratory conditions

Respiratory tract infection

An active respiratory tract infection may be sufficient reason to cancel

elective patients, so ask about cough, fevers, and sputum, but minor colds

and nasal discharge may not prevent GA.

o If you suspect the patient has a respiratory tract infection, check their
temperature, C-reactive protein (CRP), and white cell count (WCC)
early.

o Elective patients should be cancelled and asked to return in 2 weeks if
their symptoms are better.

o Reserve antibiotics for patients with suspected bacterial infections;
most acute respiratory tract infections are viral.

Asthma

o Assess severity of asthma by asking about hospital admissions, inhalers,
nebulizers, peak expiratory flow rates (PEFR), and home oxygen.

o Elective surgery should ideally coincide with remission of symptoms.

o |dentify patients on long-term steroid therapy.

» Sometimes it is possible to time surgery to coincide with a
reduction in steroids, but this requires several weeks’ notice.

* Any patient taking more than 5mg daily prednisolone and
undergoing inpatient surgery or presenting with sepsis should
be started on an equivalent dose of IV hydrocortisone; adrenal
suppression may otherwise result in an Addisonian crisis (see £
p-52)

o Patients receiving a general anaesthetic generally experience
deterioration in their lung function (see L p. 108). Prophylactically
increase their normal therapy by converting inhalers to nebulizers and
increasing frequency.

Chronic obstructive pulmonary disease (COPD)

o |f dyspnoea is the prominent symptom and the patient has COPD, get
lung function tests, including blood gases.

Admitting these patients a few days early for physiotherapy, education,
and nebulizers can reduce the length of hospital stay.

Patients receiving a general anaesthetic generally experience
deterioration in their lung function (see L p. 108). Prophylactically
increase their normal therapy by converting inhalers to nebulizers and
increasing the frequency.

Prescribe 6-hourly 5mL nebulized saline and give humidified oxygen
wherever possible (to prevent mucus plugging).

Ensure the patient gets twice daily chest physiotherapy.

Ensure the patient is on their usual inhalers and consider converting
these to nebulizers for major surgery (see EL p. 108).
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Surgery in renal and hepatic disease

Renal impairment

Renal impairment covers a spectrum, ranging from patients with subclinical
dysfunction (normal serum creatinine and urea, but borderline creatinine
clearance) to patients with end-stage renal failure. It is helpful to consider
these patients in two main groups: patients with chronic renal impairment
and dialysis-dependent patients. Post-operative management of renal
impairment is discussed on L p. 110; dialysis is discussed on L p. 134.

Chronic renal impairment

Surgery may precipitate acute renal failure in patients with chronic renal

impairment.

e Avoid hypovolaemia and hypotension. Ensure these patients receive
adequate IV hydration if they are to be NBM for any length of time.

e Avoid nephrotoxic drugs wherever possible, including non-steroidal
anti-inflammatory drugs (NSAIDs), aminoglycosides, ACE-inhibitors,
and radiological contrast.

o Reduce doses of drugs with renal elimination, e.g. morphine, low
molecular weight heparin (LMWH), digoxin, and request appropriate
levels frequently.

Patients with established renal failure, on dialysis

e Discuss post-operative management of patients undergoing major

surgery with the anaesthetist and intensive care unit (ICU) as early as

possible.

Dialysis should be performed the day before surgery.

Patients must have full blood count (FBC) and urea and electrolytes

(U&E) on admission, pre- and post-dialysis, and twice daily U&E post-

major surgery until the patient is stabilized on their normal dialysis

regime.

e Reduce doses of drugs with renal elimination, e.g. morphine, LMWH,

digoxin, and request appropriate levels frequently.

If the patient is normally anuric, there is little point in inserting a

urinary catheter which exposes them to unnecessary infection risk.

o Note the sites of arteriovenous fistulas. Never use them for
phlebotomy or cannulation and avoid using BP cuffs on that side.

o These patients are prone to several problems. P Hyperkalaemia,
acidosis, and pulmonary oedema are potential life-threatening
emergencies. Management is described on [ p. 110.

* Infection.
* Anaemia and coagulopathy.
¢ Fluid and electrolyte disturbances.

Metabolic acidosis.
Systemic hypertension, pericarditis.

Hepatic impairment

The risk posed by liver disease to patients undergoing general surgery was
graded by Child and Turcotte (see Box 2.3). Child grade C is associated
with high perioperative mortality.
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Box 2.3 Child’s classification of surgical risk in hepatic
dysfunction

A (minimal risk) B (moderate risk) C (advanced risk)
e Serum bilirubin e Serum bilirubin e Serum bilirubin
<20mg/L 20-30mg/L >30mg/L
e Serum albumin e Serum albumin e Serum albumin
>35g/L 30-35¢g/L <30g/L
e No ascites e Controlled ascites @ Uncontrolled ascites
e No focal neurology e Minimal neurological e Coma
dysfunction
e Excellent nutrition e Good nutrition e Cachexia

o Liver failure causes the following problems:

¢ Hypoglycaemia.

* Hepatic encephalopathy.
» Coagulopathy.

* Ascites.

* Infection.

o Several factors may cause acute decompensation of mild hepatic
impairment and should be avoided or treated aggressively in this
group:

* Infection, especially bacterial peritonitis.
* Sedation.
* Diuretics.
* Constipation.
* Electrolyte imbalance.
» Dehydration and hypotension.
o Preoperatively:
» Check hepatitis serology.
¢ Request liver ultrasound in newly diagnosed hepatic impairment.
* Discuss requesting additional blood products with haematology.
* Discuss doses of standard medication with a specialist.

Jaundice

Patients with obstructive jaundice are at risk of developing renal failure

post-operatively (hepatorenal syndrome). This is thought to be due to

the nephrotoxic effect of toxins normally eliminated by the liver as well

as circulatory changes.

o Ensure adequate hydration. When the patient is NBM, prescribe [V
normal saline 1L over 6-8h.

o Insert a urinary catheter and start an hourly fluid balance chart.

o Measure U&E and liver function tests (LFTs) daily.

o Coagulopathy in longstanding cholestatic jaundice may be improved
with vitamin K 1mg IV: discuss with haematology.

o Avoid or reduce the doses of hepatotoxic drugs and drugs with
hepatic elimination.
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Surgery in neurological disease

Cerebrovascular accidents (stroke)

e Ischaemic events are associated with a risk of re-infarction or
extension of the infarct area due to interference with cerebrovascular
autoregulation by anaesthetic agents. Autoregulation is re-established
in around 6 weeks.

e Haemorrhagic infarcts are associated with a small increased risk of
further bleeding, especially if the patient is given thromboprophylaxis.
Penumbral oedema also interferes with autoregulation as for ischaemic
events.

Strategies to reduce risk

e Delay all non-essential surgery for 6 weeks following infarcts, especially

ischaemic ones.

Consider omitting thromboprophylaxis in patients with a recent

haemorrhagic event.

Ensure BP is well controlled (the prevention of both hypotension and

hypertension) in the perioperative period to reduce fluctuations in

cerebral blood flow.

e Avoid positioning the patient head down on the operating table as this
increases cerebral venous pressure.

Epilepsy
Paroxysmal neuronal discharge from various areas of the brain causes a
range of disturbances that may affect consciousness (grand mal seizures,
and petit mal or absences), movement, or sensory perception. In addition
to epilepsy, cerebral space-occupying lesions, uraemia, cerebral oedema,
drug toxicity, and hypercalcaemia may cause the same problems. In
patients with known epilepsy, the following measures are advised.
e Try to establish the normal frequency and severity of seizures, what
form they take, and features, if any, of the prodrome.
e Ensure that normal anticonvulsant medication is continued while the
patient is NBM preoperatively and immediately post-operatively.
o [f this is not possible, phenytoin and sodium valproate may be given IV:
check the BNF for equivalent dosing regimes.
o Phenytoin interacts with a number of drugs used perioperatively.
* Phenytoin induces monoamine oxidase, increasing elimination
of the following commonly used drugs: prednisolone, warfarin,
lignocaine.
* The following drugs increase oral absorption of phenytoin:
amiodarone, fluconazole, omeprazole, paroxetine.
¢ The following drugs reduce oral absorption of phenytoin: antacids
containing magnesium, calcium carbonate, or aluminium, and
enteral tube feeding.
e Management of status epilepticus (uncontrolled fitting).
 Airway. Remove dentures; insert Guedel or nasophayngeal airway if
unable to open jaw.
* Breathing. Give high flow oxygen (O,); get Yankauer sucker and
wall suction.
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* Give diazepam 10mg IV over 2min (PR if no IV access); repeat once
if seizures do not stop.
Check blood sugar and give 50mL 50% dextrose IV if BS <5mmol/L.
If seizures persist start, phenytoin 18mg/kg IV at a maximum rate of
50mg/min in a separate line to the diazepam.
* Seizures should resolve quickly. If they do not:

— Get expert help.

— Discuss with anaesthetist.

— Consider pseudoseizures (pelvic thrusts, flailing limbs, resistance

to attempts to open eyes).

Myasthenia gravis
An antibody-mediated autoimmune disease with insufficient muscle ace-
tylcholine receptors, leading to muscle weakness. Usually found in young
adults, the disease presents with extraocular (ptosis, diplopia), bulbar
(weak voice), neck, limb girdle, distal limb, and finally trunk weakness.
Patients may present for thymectomy as specific treatment or for inciden-
tal surgery. Management includes the following:
o Continue normal medication.
o Elective post-operative ventilation is indicated in major thoracic or
upper abdominal surgery or if the patient’s vital capacity <2L. Discuss
with an anaesthetist and ICU.
If ventilation is prolonged post-operatively, a tracheostomy may be
required. This should be discussed with the patient at time of consent.
o Post-operative respiratory failure may occur as a result of muscle

weakness. Precipitants include:

* Hypokalaemia.

* Infection.

» Over- or undertreatment.

* Emotion, exertion.
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Fluid optimization

P Identifying patients in need of fluid optimization

Any patient may be in need of preoperative fluid resuscitation, but several

groups are typically affected. Remember to think of less obvious cases of

fluid depletion—there are typically more patients who would benefit from

fluid optimization than get it.

e Acute presentations with vomiting or diarrhoea, including intestinal
obstruction, biliary colic, gastroenteritis.

o Acute presentations where the patient has been immobile or

debilitated for a period before presentation, causing reduced fluid

intake, e.g. pancreatitis, chest infections, acute-on-chronic vascular

insufficiency, prolonged sepsis with pyrexia.

Elderly patients in whom reduced renal reserve makes fluid balance

control less effective.

Drugs that impair renal responses to fluid changes, e.g. diuretics.

Patients with low body weight with overall lower total body fluid

volume in whom similar losses have a greater effect.

Children are more susceptible to fluid depletion and may not show

such obvious physical signs.

Fluids used for optimization

The most important aspects of fluid optimization are using the correct vol-
umes at the correct rate. Other than exceptional circumstances, isotonic
crystalloids are the fluid of choice to correct imbalances.

e [sotonic (‘normal’) 0.9% saline—the most widely used fluid. Provided
there is adequate renal function, isotonic saline prevents rapid cellular
fluid shifts during rehydration and excess Na* is excreted via the
kidney. K* should usually be added only if ¥ K*is present or likely (e.g.
prolonged vomiting, pancreatic or small bowel fistula).

Dextrose (4%) saline (0.18%).

Hartmann’s solution.

Ringer’s lactate solution—technically, the closest fluid to serum
composition although theoretical advantages are of limited practical
value.

Fluids that should only be used in very specific circumstances include
hypertonic (1.8%) or hypotonic (0.45%) saline since they risk causing sig-
nificant fluid shifts in and out of cells, which can cause cellular injury, par-
ticularly to neurons. If there is a significant disorder of sodium balance that
may require non-isotonic fluid optimization, the patient is likely to require
optimization in HDU.

How to give the fluids

Before giving fluid, it is important to assess the volume of depletion. It is

rarely possible to use estimates of losses due to vomiting or diarrhoea as

these are wholly inaccurate. Useful calculations include the following:

o Body weight on admission (provided a recent, accurate body weight
during normal health is known) since acute weight loss is mostly water.
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o Haematocrit on admission (provided a recent haematocrit during
normal health is known) since the degree of haemoconcentration is
due to fluid depletion. An approximate calculation is given by:

Fluid depletion (L) = ((PCV, — PCV,)/PCV,) x 0.7 x weight in kg
PCV, = normal haematocrit; PCV, = current haematocrit

Serum urea is raised disproportionately more than serum creatinine
in dehydration, renal disease, gastrointestinal (Gl) bleeds, and acute
proteolysis.

o Signs of extracellular fluid depletion (lax skin tone, reduced sweating,
dry mucosae) are often misleading and can be affected by age and
underlying diseases, including pyrexia and tachypnoea.

Signs of intravascular volume depletion (hypotension, tachycardia)
may be unreliable and usually only occur with loss of 10-15% of body
water.

Once the volume of fluid required is assessed, it can be given. There are
some broad rules on how to give fluid resuscitation.

e Young, fit patients with normal renal and cardiac function can usually
be given up to 15% of body fluid volume by rapid infusion. A typical
regimen might include: 1000mL 0.9% saline over 2h, further 1000mL
infusions of 0.9% saline over 4h each until corrected.

Elderly patients and patients with renal or cardiac impairment should
have infusions more slowly to prevent acute intravascular volume
overload. A typical regimen might include: 1000mL 0.9% saline over 4h,
500mL infusion of 0.9% saline over 3—4h with regular review of vital
signs, including chest auscultation. Patients requiring more fluid volume
more rapidly than this should be monitored closely in critical care
during resuscitation.

Monitoring fluid optimization

Methods of assessing the progress of fluid optimization include the

following:

e Skin turgor and mucosal hydration change slowly after optimization
and are unreliable guides.

e 1-hourly urine output measurement is a good guide to renal blood
flow, which indirectly relates to intravascular fluid volume and cardiac
output. It is an easy and reliable indicator of adequate blood volume
repletion. It is not a good indicator of total body water and there may
be significant intra- and extracellular depletion in the presence of an
acceptable urine output. A commonly used minimum is 0.5mL/kg/h.

e Monitoring of serum urea is an approximate guide provided renal
function is adequate and there is no acute Gl bleeding or proteolysis.

In the emergency situation, particularly where patients require urgent
surgery and require fluid optimization prior to anaesthesia, more rapid
fluid infusions may be required and it may be appropriate for this to be
monitored on HDU.
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Nutrition in surgical patients

Nutrition is critical to the well-being of surgical patients and timely nutri-
tional support helps reduce acute catabolism and resultant skeletal muscle
weakness due to increased metabolic demands.

e |t is common and amenable to effective intervention that influences
the outcome of surgical patients.

Incidence of pre-existing malnutrition is substantial and rises with age.
Anticipate those patients with higher than normal nutritional
requirements (e.g. severe burns, severe sepsis, intestinal fistulas,
advanced malignancy, immunosuppression); even if they are well
nourished prior to illness, they may need nutritional support to prevent
excessive acute catabolism due to increased metabolic demands.

Assessment of nutritional status

All patients should be considered for nutritional assessment. Many meth-
ods can be used:

o BMI (weight/height? in kg/m?). Relatively insensitive for all but major
malnutrition, but easy to perform. A BMI of 18-25 is normal, <18 is
underweight, >30 is obese.

Triceps skinfold thickness. Easy to perform and a good measure of body
fat as a marker of chronic nutritional status.

Grip strength. Easy repeatable index of lean skeletal muscle.

Serum albumin. Poor indicator of acute nutritional status. Responds
slowly to nutritional supplementation and is affected by many other
diseases and conditions.

Serum transferrin. Accurate responsive indicator of acute status and
response to treatment. Not commonly used.

Effects of protein—calorie malnutrition

o Reduced neutrophil and lymphocyte function.

o Impaired albumin production.

o Impaired wound healing and collagen deposition.

o Skeletal muscle weakness (‘critical illness myopathy’) with resultant
increase in respiratory and abdominal complications.

e Micronutrient deficiencies may cause specific clinical syndromes.

Types of nutritional support

e Oral supplementation. High calorie, high protein nutritional
supplements (e.g. Fortisip®, Calshakes®, Ensures®/Enlives®). May be
used in addition to promotion of conventional oral intake.
Nasogastric (NG)/nasojejunal feeding. Often used in addition to oral
supplementation. Sometimes given overnight to reduce the impact on
appetite suppression during the day.

Feeding gastrostomyl/jejunostomy (via a surgically implanted tube). Not
routinely used. Reserved for patients where the Gl tract is functioning,
but food cannot be taken via the oropharyngeal route.

o Parenteral nutrition. May be central or peripheral. (See L p. 67.)

The oral route is always to be preferred in nutritional supplementation. It
promotes the normal health of the Gl flora and has been shown to reduce
the risk of complications after Gl surgery.
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Total parenteral nutrition (TPN)

TPN is commonly encountered in surgical wards. It is a major advance
in the treatment of surgical malnutrition, but has serious side effects and
both long- and short-term potential complications.

Routes of administration for TPN

o Peripheral (PPN). Given via a medium calibre cannula in a peripheral
vein. Maximum calorie input limited by the maximum osmolarity of the
solution. Avoids the risks of central venous cannulation. Usually used
for short-term supplementation.

Central (TPN). Given into a central vein (superior vena cava (SVC) or
brachiocephalic). May be via a dedicated tunnelled line (e.g. Hickman
line), a conventional central venous (CV) cannula, or a peripherally
inserted central venous catheter (PICC line). Maximum calorie input
only limited by volume of fluid that can be infused. Carries risks of
central venous catheterization.

General risks of TPN/PPN

o Hyperosmolarity.

o Lack of glycaemic control.
e Micronutrient deficiencies.
L]
L]

Liver cell dysfunction, cholestasis, and pancreatic atrophy.
Fluid volume overload.

Specific catheter-related risks of TPN

o Complications of insertion (air embolism, pneumothorax, vascular
injury, dysrhythmias).

o Catheter thrombosis and thromboembolism.

e Central line infection, infective endocarditis, and bacteraemia.

Care of TPN patients

Patients on TPN require regular review and monitoring, including:

o U&E (initially daily, then twice weekly once established).

o Glucose (initially od, then twice weekly unless signs of abnormal
glucose levels).

o LFTs (twice weekly).

e Micronutrients, including magnesium (Mg), phosphate (PO,),
manganese (Mn), copper (Cu) (weekly).

CV catheters require specific attention. They should not be used for non-

TPN infusions and/or phlebotomy unless in exceptional circumstances as

this increases the risk of catheter sepsis dramatically. Dressings should be

dated, changed regularly, and the catheter entry site kept clean.

Common indications for TPN

Short term

e Prolonged post-operative ‘ileus’ (unresolved Gl tract dysfunction).
o Acute abdominal sepsis with ITU likely (possibly slow oral route).
Long term

Inability for Gl tract to absorb adequate nutrition (e.g. extensive resection,
extensive radiotherapy damage, extensive disease such as Crohn’s).
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Enhanced recovery after surgery

Enhanced recovery after surgery (ERAS) is one of many similar approaches
to patient recovery after major surgery, which aims to coordinate many
aspects of patient care to minimize the perioperative physiological
derangement of the patient, reduce the stress response to surgery, opti-
mize speed of recovery and reduce complication rates. It is usually applied
to otherwise healthy individuals who do not need particular preoperative
correction or adjustments.
The major areas of consideration are the following.

Nutrition

o Preoperative carbohydrate loading. Often given as oral solutions over
the 24h prior to surgery, including up to 4h prior to anaesthetic. Has
been shown to reduce the early catabolic response to major surgery.

e Early re-introduction of carbohydrate rich fluids. Given from 6h post-
surgery and encouraged from first post-operative day.

o Early re-introduction of full nutrition. Nutritional supplements and ‘light
diet’ components from 48h post-op to encourage ‘immediate’ return
of Gl tract function.

Anaesthetic technique

o Avoidance of the use of opiates (e.g. IV/PO morphine, opiate patient-
controlled analgesia (PCA), opiate epidurals). Aims to prevent
reduction in Gl tract motility and nausea associated with opiates.

o Avoidance of the use of epidurals (some regimens use LA epidurals).

Aims to improve early mobilization and reduce cardiovascular and Gl

effects of autonomic spinal blockade.

Use of regional LA-based techniques (e.g. transversus abdominis

percutaneous (TAP) block, regional LA infiltration, regional LA

infusional catheters). Aims to minimize central nociceptor input, which

may enhance the systemic stress response to surgery.

Surgical technique

e Laparoscopic or other minimally invasive techniques are often, but
not always a feature of ERAS type programmes. Aim to reduce the
metabolic response to surgery, aid early mobilization, and reduce
Gl tract exposure (and associated impact on function) in abdominal
surgery.

o Avoidance of bowel preparation for abdominal surgery where possible.
Reduces the risk of fluid and electrolyte imbalances, reduces disruption
to Gl tract flora and has been associated with lower Gl tract-related
complications (e.g. anastomotic leakage).

Physiotherapy

o Early mobilization. Specific exercises, including sitting out within 12h of
surgery, walking within 48h of surgery.

o Perioperative respiratory exercises.
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Nursing

o Intensive patient preparation. Preoperative leaflets and education on
what to expect.

o Intensive perioperative and post-operative nursing. Encouraging early
re-establishment of diet, early mobilization and early self-care.

Although intensive and demanding, ERAS type protocols are as effective
in the elderly as the young.
They are not suitable for:
o Some insulin-dependent diabetics.
o Patients with pre-existing significant nutritional compromise.
e Patients with cognitive impairment.



70

CHAPTER 2 Principles of surgery

Getting the patient to theatre

Preparing the patient for a surgical procedure is all about organization and
routine. If the preparation is not good, much can go wrong with major
consequences for the patient.

Background paperwork

Ensure the theatre or endoscopy list is correctly filled in and avail-
able well in advance. The list should specify the patient’s name, hospital
number, location, operation details as well as the operating surgeon and
anaesthetist.

Patient paperwork

Make sure the medical notes are available and contain the most up-to-
date history and examination for this admission.

Check the blood results are up to date and specific blood results, e.g.
clotting function in anticoagulated patients, K* in patients with renal
failure, Ca?" in parathyroidectomy patients, have been collected.

If they are not available in digital format, ensure imaging results

that might be needed in theatre are available with the notes (e.g.
arteriograms, staging CT scans, barium enema films).

Check that the consent form has been completed and is on the
medical notes even though you may not be responsible for seeing the
form signed.

The drug chart should be completed and include any specific
prescriptions for drugs to be administered in theatre or the
anaesthetic room. It is the job of the surgical team to prescribe
prophylactic antibiotics, etc.

Patient preparation

Check that the side is marked on the patient for any operation that
might involve an organ or tissue that is bilateral. This must be done
with the patient awake and verified by the nursing staff.

If necessary, check that the patient has been assessed and marked by
any relevant specialists (stoma care if a stoma is possible; prosthetist
for amputees).

Ensure that if the patient requires any blood or blood products, these
are available or requested from the transfusion department. Most
hospitals have protocols to ensure that the correct number of units of
blood is requested for major surgery.

Find out well in advance if any specific preparation is required.
Examples follow.

Bowel preparation
Bowel preparation is sometimes used for operations on or around the
large bowel. Types of preparation include the following.

Stimulant mechanical bowel preparation, e.g. Picolax® (piccosulphate),
two sachets taken with plenty of fluid at least 8h prior to surgery.
Should be avoided whenever there is a risk of obstruction present.
Commonly used for barium enemas.



GETTING THE PATIENT TO THEATRE 71

e Osmotic mechanical bowel preparation, e.g. Citramag® (Mg citrate),
Kleen Prep®, two or four sachets taken dissolved in water up to 8h
prior to surgery. Used for most colonic operations where bowel
preparation is required, colonoscopy, and CT colonography.

o Stimulant left colon preparation, e.g. phosphate enema. Used for
operations on the rectum/anus or for flexible sigmoidoscopy.

e Mechanical bowel preparation is less commonly used than previously.
There is evidence that it may actually increase the septic complication
rates following bowel surgery and has well recognized side effects.
These include the risks of:

« Electrolyte imbalances.

* Hypovolaemia, especially in the elderly.

» Nausea and vomiting (particularly with the large volume osmotic
preparations).

Anaesthetic premedication

Principles

Anaesthetic premedication is used for the following reasons:

o Relaxing the patient to reduce anxiety during preparation for
anaesthesia.

o Relaxation of the patient decreases the amount of anaesthetic agent
required for induction of anaesthesia.

Typical agents used for premedication

o Benzodiazepines. Often given 1-2h preoperatively on the ward (e.g.
diazepam PO). May be given shortly before some procedures (e.g.
midazolam 5mg IV).

o Buscopan®. Rarely given, but sometimes used to reduce upper
aerodigestive tract secretions.
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Prophylaxis—antibiotics and
thromboprophylaxis

Antibiotic prophylaxis

o Prophylactic antibiotics are used to reduce the risk of surgical site
infection and are usually of very short course (one to three doses).

o Active antibiotic treatment for established infections encountered
during surgery may be for 5 or more days.

o Most prophylaxis is directed at prevention of infection of the surgical
wound or to counter the effect of potential spillage of organisms from
colonized organs such as the bowel once it has been opened.

The broad principles of prophylaxis are the following:

It is most important to have a high circulating serum level of antibiotics
at the time of potential tissue contamination, i.e. administered around
the time of induction of anaesthesia.

Prophylaxis rarely needs to continue beyond the time of the
procedure unless there are high risk factors or specific indications,
i.e. most prophylaxis is one or occasionally three doses on the day of
surgery.

Many clean wounds, e.g. skin lesion excision, do not require
prophylaxis.

High risk patients who may warrant an extended prophylactic course
(e.g. up to 3 days) or specific prophylaxis include:

» Neutropenic or immunosuppressed patients.

* Severely malnourished patients.

Prophylactic regimens

Most hospitals have established guidelines for prophylaxis and these should
be consulted for prescribing. See Table 2.1 for an example of a regimen.

Thromboprophylaxis

Types of thromboprophylaxis

Mechanical devices

e Thromboembolic deterrent stockings (TEDS). Reduce stasis in
infrapopliteal veins by continuous direct compression.

o Pneumatic compression boots. Reduce stasis in infrapopliteal veins
by intermittent compression emptying of foot and lower leg veins,
promoting venous flow.

Drugs acting on the clotting cascade
o Heparin. Activates antithrombin [Il.

* Prophylaxis: 5000U SC od.

» Treatment: IV 2000U loading dose, 2000U/h (usually 1000U/mL of
normal saline). Check APTT 6h after starting and 6—12h thereafter.
Titrate to maintain APTT 50-70.

o LMWH. Activates antithrombin Ill. Given by SC injection.

* Prophylaxis: 20-40mg SC Clexane® od.

e Treatment: 2mg/kg SC in two divided doses.
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Table 2.1 An example of an antibiotic prophylactic regimen

Typical prophylaxis (single dose

Indication on induction)

‘Clean’ bowel surgery, e.g. acute Cefuroxime, 1.5g IV + metronidazole
non-perforated appendicitis, 500mg IV or gentamicin 120mg
elective colonic resection IV Amoxicillin 500mg IV +

metronidazole 500mg IV

‘Clean’ heﬁétobiliary surg;ry, eg
ERCP, open biliary surgery

‘Clean’ gynaecological surgery

Elective orthopaedic surgery

‘Clean’ vascular surgery Flucloxacillin 500mg IV + gentamicin
120mg IV + amoxicillin 500mg IV

Antiplatelet drugs (not used as venous thromboembolism (VTE)
prophylaxis)

o Aspirin (300mg PO od).

o Dipyridamole (75mg PO qds).

e Clopidogrel (75mg PO od).

Drugs indirectly affecting clot formation
o Dextran 70. Interferes with clot formation. Given as regular bolus
infusions (500mL over 1h od).

At risk groups

P> All patients are ‘at risk’ of developing deep vein thrombosis just as is the

general population. National requirements for VTE prophylaxis require

all patients to be assessed for risk factors on admission and after 24h in
hospital.' Risk is judged according to:

o Procedure factors. Prolonged anaesthetic time, lower limb or pelvic
surgery.

e Patient factors. Immobility, malignancy, age, dehydration, obesity,
diabetes, cardiorespiratory disease, inflammatory pathologies, oral
contraceptive pill or hormone replacement therapy (HRT), past or
family history of thromboembolic disease.

Balanced against:

o Bleeding risks. Active bleeding, stroke, invasive procedures, bleeding
disorders (liver disease, thrombocytopenia, inherited disorders).

o Risks of compression devices. Peripheral vascular disease (PVD).

The risks should be recorded on the patient’s drug chart or VTE docu-
mentation and mechanical devices (e.g. TEDS) and/or chemical thrombo-
prophylaxis (e.g. LMWH) prescribed according to local policy.

Reference
1 S http://publications.nice.org.uk/venous-thromboembolism-reducing-the-risk-cg92
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In-theatre preparation

Theatre is a potentially dangerous place for patients; many of these dan-

gers arise directly as a result of poor preparation and checking of basic

facts. For example:

e Wrong side surgery (e.g. healthy kidney removed, wrong hip joint
replaced).

o Wrong site surgery (e.g. inguinal, not femoral, hernia repaired; hip, not
knee, arthroscoped).

o Allergic reaction to medication.

o Vital material not available, if required (e.g. blood not cross-matched).

o Vital equipment required for surgery not available (e.g. image
intensifier, specialist joint replacement jig).

o Retained swabs or instruments.

Experience from other high risk industries (e.g. the airline industry) has
shown that strict adherence to a checklist can minimize the risk of these
‘never events’ happening. The World Health Organization (WHO) rec-
ommends a standardized checklist approach.

WHO checklist!

The WHO checklist is a basic template that sets out a series of steps,
which can be modified or adapted in different organizations, but has four
areas of focus.

Before commencement of the list

o Confirm surgical, anaesthetic, and nursing team present and identified.

e Confirm patients on the list and the order of the procedures to be
performed.

o Check anaesthetic requirements are correct and functioning (machine,
medication, monitoring).

o Confirm vital imaging/equipment required for the list.

Before induction of anaesthesia

e Check patient identity and consent valid.

o Check site and side marked, if appropriate.

o Check anaesthetic requirements are correct and functioning (machine,
medication, monitoring).

o Check allergies, anticipated blood loss.

Before skin incision

o Check all team members present and known.

o Check the procedure to be performed.

o Confirm any surgical/anaesthetic/nursing concerns.
e Confirm vital imaging/equipment available.

Before the patient leaves the theatre

o Check the correct name for the procedure actually performed is
known and recorded.

o Check the swab and instrument count correct.
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o Confirm any surgical specimens collected, ‘potted’, and labelled
correctly.

e Confirm any specific instructions, either surgical or anaesthetic, which
apply to the patient in recovery or on transfer to the ward.

Reference
1 R http//www.who.int/patientsafety/safesurgery/ss_checklist/en/index.html
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Positioning the patient

Getting the patient on to the operating table

The surgical team is partly responsible for the safety of the patient all
the way onto and off the operating table. Be sure the basic rules of
safety are being observed. See Fig. 2.3 for some typical patient positions
in surgery.

The anaesthetist is responsible for the patient’s airway and should
coordinate all moves of the patient to ensure it is maintained.

Be sure not to dislodge IV cannulae, epidural sites, or existing drains.
Use approved manual handling techniques (e.g. a ‘Patslide’ or similar
device, rather than lifting the patient).

Be aware if extra care needs to be taken, e.g. prosthetic joints that
may dislocate once protective muscle tone is lost during relaxation,
unstable fractures, potentially unstable joints due to rheumatoid
arthritis, existing ulcers or skin lesions.

Once in position

Ensure that no points on the patient are in contact with the metal of
the operating table to prevent diathermy exit point burns.

Make sure bony prominences and areas of thin skin are well padded,
e.g. the neck of the fibula in leg stirrups.

Ensure any diathermy pad is correctly applied and not liable to be
affected by skin preparation.

Ensure there are appropriate supports for the patient to secure the
position, particularly if the table may be moved, tilted, or rotated
during the procedure (e.g. arm, thoracic, and abdominal supports
for lateral positions; shoulder bolsters if the patient will be head
down).

For procedures requiring access to the perineum, be sure that the
pelvis is properly supported, but that the perineum is exposed over
the end of the operating table.

Consider the positioning of ancillary equipment (e.g. where will video
stacks be positioned? Is more than one energy source required and
where will the generators be located? Is there access of mobile imaging
equipment or on-table radiography?). All equipment positioning needs
to allow enough access to the patient for the surgical team.
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Prone jack-knifed

Supine

Lateral

==

Lloyd-Davis

Lithotomy

Fig. 2.3 Typical positions for surgery. Supine (most abdominal surgery); prone
jackknifed (some rectal or vaginal procedures); lateral (thoracotomy); Lloyd—Davis
(pelvic surgery); lithotomy (most perineal procedures).
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Sterilization, disinfection, and
antisepsis

Definitions

o Sterilization is removal of all viable microorganisms, vegetative, and
spores.

o Disinfection is the removal of actively dividing vegetative
microorganisms.

o Antisepsis is the process whereby the risk of medical cross-infection
by microorganisms is reduced.

Sterilization

Heat

e Dry heat (e.g. incineration, flaming to red hot) is effective, but rarely
useful. Dry heat requires temperatures of 160°C for at least 60min.

e Moist heat (e.g. autoclave heating using pressurized steam 121°C at
15lb/in2, 15min) is effective and useful, especially in operating theatres.

Irradiation
Gamma radiation. Effective for inorganic materials.

Fittration
Air or fluids can be sterilized by ultrafine membrane filters, but are rarely
useful in hospital practice.

Disinfection
Chemical
o Acids/alkalis, e.g. bleach. Effective for non-human contact use.
o Alcohols/phenols, e.g.
¢ Ethyl alcohol—skin swabs.
* Alcohol solutions (Aqagel®)—hand disinfection.
 Carbolic.
 Chloroxylenols (Dettol®).
* Phenol (Clearsol®).
o Oxidizers, e.g.
* Povidone—-iodine (Betadine®)—skin disinfection/surgical scrubbing.
» Hydrogen peroxide (H,0O,)—superficial wound cleansing.
* Aldehydes (Cidex®)—surgical instruments such as endoscopes.
e Cationic solutions, e.g. Chlorhexidine®—antiseptic washes.
e Organic dyes, e.g. Proflavine®.

Antisepsis

Principles of antisepsis include the following.

o Always remove gross contamination with simple soap first.
o Use high potency acid/alkali disinfection on inert surfaces.
o Use less corrosive oxidizers on delicate inert materials.

o Use weak alcohols, oxidizers for skin cleansing.
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Scrubbing up

Scrubbing up is designed to reduce the risk of infection from the sur-
geon to the patient. A thorough clean with bactericidal soaps reduces the
number of organisms that can be cultured from skin swabs, but the skin
(particularly sweat glands and hair follicles) cannot be sterilized. Moisture
and heat occurring under surgical gloves quickly raise the bacterial count
again and despite modern cleaning agents, significant growth can be
achieved within 2h. Common bactericidal soaps include:

e Hibiscrub® (chlorhexidine).

e Betadine® (povidone—iodine).

Protocol

The first time you come to theatre, ensure that the senior scrub nurses
know who you are. It is polite and safe. Everybody should know who the
people in theatre are and what they are there for/can do.

How to scrub

o Wet your hands and arms first.

o Lather well with disinfectant soap and wash off.

e ‘Scrub’ under the nails and heavily soiled areas with a sterile brush and
more disinfectant soap. Don’t scrub too vigorously, especially on clean
skin as this causes irritation without any increased bactericidal effect.
Wash again with soap, being sure to cover the commonly missed
areas—between the fingers, back of the hands, under fingernails, base
of the thumbs.

Rinse thoroughly to remove all soap to reduce the chance of skin
irritation.

Rinse off, trying to ensure the water runs off the arms at the elbows.
Dry the hands completely first and do not go back to them once
drying the arms. Be sure your hands are completely dry before trying
to put on gloves—there’s nothing worse than gloves that aren’t on
properly due to wet hands!

How to gown and glove

o Be sure to open the gown without touching the outer ‘face’.

e Don’t push your hands through the cuffs.

o Pick up the right glove with your right hand ‘through’ the cuff of the
gown, holding it by the edge of the glove on the palm side with the
fingers pointing down your forearm.

o With your left hand, fold the other side of the edge of the glove ‘over’
your right hand.

o Slide your right hand into the glove.

e Once on, pick up the left glove, holding it by the edge and pull it over
the cuff of the left hand.

o Slide your left hand into the glove and adjust glove positions.

It is becoming common practice to wear eye protection and two pairs of
gloves to reduce the risk of exposure to infectious agents (see [l p. 178).
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Surgical instruments
See Fig. 2.4.

‘Sharps’

o Scalpels. Two sizes of handle (4 and 6). Types of blade and uses
include: no. 11 (used for stab incisions), no. 10 (most skin incisions),
no. 15 (fine incisions), no. 22 (adhesiolysis).

o Scissors. May be dissecting or stitch cutting. Dissecting scissors
may be straight (e.g. Mayo) or curved (e.g. curved Mayo, Mcindoe,
Metzenbaum, Nelson’s).

Forceps

o Non-toothed. Fine non-toothed (e.g. DeBakey, Adson’s forceps) used
for handling delicate tissues such as vessels, bowel. Heavy non-toothed
used for general handling, including specimens and sutures.

o Toothed. Fine toothed (e.g. Gillie’s, McIndoe’s forceps) used for
handling skin, fine fascia, and occasionally for precise holds on delicate
tissues. Heavy toothed (e.g. Lane’s forceps) used for holding heavy
tissues such as fascia and scar tissue.

o Ring-tipped and microforceps. Used in microvascular anastomoses.

Clips and clamps

o Artery clips (e.g. Spencer—Wells, Robert’s (large), Dunhill’s, Mosquito
(small)) have serrated jaws. Used for vascular clamps and tissue/suture
holding.

o Tissue clamps, for example:

Lahey clamp. Similar to a curved arterial clip.

Doyen bowel clamp. Non-crushing atraumatic.

Babcock/Duval clamp. Non-toothed semi-atraumatic tissue-holding

clamp.

Lane’s/Allis’s/ Littlewood’ clamp. Heavy toothed traumatic tissue-

holding clamps.

Retractors
o Self-retaining retractors:
* Large (e.g. Goligher retractor for abdominal incisions, Finichetto
retractor for thoracic incisions).
» Small (e.g. Travers/Norfolk and Norwich retractors for small skin
and abdominal incisions).
e Handheld retractors:
¢ Large (e.g. Deaver, Kelly, Morris).
» Small (e.g. Kilner ‘Catspaw’, Langenbeck).
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Blades:

No. 11 No. 10 No. 15
A"
No. 20 No. 22 No. 23

Metzenbaum scissors DeBakey forceps Gillie’s forceps

Lane’s forceps Babcock forceps Lahey clamp

Deaver retractor Kilner retractor

|

Morris retractor Langenbeck retractor

———

Fig. 2.4 Commonly used surgical instruments.
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Incisions and closures

Body cavity incisions

General terms are applied to the incisions of access to each body cavity.

o Laparotomy. Any incision accessing the peritoneal cavity or
retroperitoneal space. Separate types of laparotomy are described
according to their location in the abdomen, tissues that are crossed,
or, occasionally, the individual who described them (see Fig. 2.5).

o Thoracotomy. Accessing the chest cavity, typically the pleural space
or posterior mediastinum. Median sternotomy is a particular type of
thoracotomy for access to the anterior and middle mediastinum.

e Craniotomy. Accessing the compartments of the skull.

Incision closures

Incisions in body cavities are generally closed according to some basic
principles.

Fascial layers offer the best tissue to bear the strength of apposition
and form the main closure in the abdomen. Closure is usually made
with heavyweight non-permanent sutures.

Bony defects, such as in a craniotomy, should be apposed to allow
minimal movement.

Defects in fascial or bony tissues should be replaced either with
transposed tissues (e.g. skin, fascial, muscle flaps) or with inserted
tissues (e.g. synthetic products such as polypropylene mesh)

(see [ p. 596).

Large cavities and potential spaces between tissues should be avoided
to reduce the risk of fluid collections which run the risk of becoming
infected.

1. Kocher
2. Midline
3. Muscle splitting loin (ureter)
4. Pfannenstiel
5. Thoraco-abdominal
(oesophagogastrectomy
9th or 10th intercostal

space)
Paramedian 1.
McBurney 3.
Lanz 4.
Muscle-cutting traverse 5.

Roof-Top 6.
McEvedy (femoral hernia) 7.
Inguinal hernia incision 8.

Fig. 2.5 Incisions. Reproduced with permission from Longmore, M. et al. (2007).
Oxford Handbook of Clinical Medicine, 7th edn. Oxford University Press, Oxford.
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Drains

Uses and complications

Drains may be used for several reasons (see also 4 p. 93).

e To remove existing abnormal collections of fluid, blood, pus, air (e.g.
drainage of a subphrenic abscess, removal of a pneumothorax).

e To prevent the build-up of either normal bodily fluids (e.g. bile after
surgery to the bile duct) or potential abnormal fluids or air (e.g.
bloody fluid in the pelvis after rectal surgery).

o Occasionally used to prevent or ‘warn’ of potentially serious or life-
threatening complications (e.g. neck drains after thyroid surgery, chest
drains after chest trauma in patients undergoing GA).

Potential complications should be balanced against drain use.

e Damage to structures during insertion, even if under CT or ultrasound

guidance (e.g. risk of injury to spleen in subphrenic abscess drainage,

haemorrhage from abdominal vessels in operative drains).

Drains provide a potential route of introduction of infection, especially

external drains that remain for longer than a few days.

Damage to structures close to the drain, e.g. pressure injury to bowel

if subjected to high pressure suction drainage.

o Drains do not always drain the substance expected and may give a
false ‘sense of security’, e.g. failure to drain bleeding after thyroid
surgery or failure to drain faecal fluid after anastomotic leakage.

There is no place for ‘routine’ use of drains after surgery unless there is a
clear indication—'Better no drainage than ignorant use of it.” (Halstead).

Types of drain (see Box 2.4)

Materials used include latex rubber (e.g. T tubes), silastic rubber (e.g.
long-term urinary catheters), polypropylene (e.g. abdominal drains), poly-
urethane (e.g. NGT).

Box 2.4 Types of drains

Open passive drains

These provide a conduit around which secretions may flow.

e Yates corrugated drain (after subcutaneous abscess drainage).
® Penrose tube drain.

o Drainage setons placed in anal fistulas.

Closed passive drains

These drain fluid by gravity (‘siphon effect’) or by capillary flow.
e Robinson tube drain (after intra-abdominal abscess drainage).
o NGT.

o Ventriculoperitoneal shunt.

o Chest drain (tube thoracostomy).

Closed active drains

These generate active suction (low or high pressure).
e Exudrains® Redivac drains® Minivac®, Jackson Pratt drains (after
pelvic or breast surgery).
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Stomas

Terminology and types

The term stoma is usually applied to an external opening (temporary or

permanent) in a lumenated organ.

o [leostomy. Formed from any part of the mid- or distal small bowel. May

be loop (often to ‘rest’ the distal bowel) or end (usually as a result of

surgical removal of distal bowel).

Colostomy. Formed from any part of the large bowel. May be loop (to

rest distally) or end (because of surgical resection).

Urostomy. Formed from a short length of disconnected ileum into

which one or both ureters are diverted (usually after radical lower

urinary tract surgery).

Gastrostomy. Either a surgically created or endoscopically formed

connection between anterior stomach and anterior abdominal wall.

Often for stomach drainage or direct feeding.

o Jejunostomy. Either a surgically created or endoscopically formed
connection between proximal jejunum and anterior abdominal wall.
Often for direct feeding.

Identifying stomas

Any stoma may have many different appearances. Typical features that
help in identifying stomas are the following:

o |leostomies (loop or end) are usually spouted, have prominent
mucosal folds, tend to be dark pink/red in colour, and are most
common in the right side of the abdomen.

Colostomies (loop or end) are usually flush, have flat mucosal folds,
tend to be light pink in colour, and are most common in the left side
of the abdomen.

Urostomies (end) are usually spouted, have prominent mucosal folds,
tend to be dark pink/red in colour, and are most common in the right
side of the abdomen. They are indistinguishable from end ileostomies
unless the output can be seen.

Gastrostomies and jejunostomies are usually narrow calibre, flush with
little visible mucosa, and are most common in the left upper quadrant
of the abdomen. They are usually fitted with indwelling tubes or access
devices.
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Knots and sutures

Types of suture

See Fig. 2.6 and Table 2.2.

o Non-absorbable sutures tend to be used where any loss of strength
might compromise the future integrity of the tissues being joined, e.g.
vascular anastomoses, hernia mesh fixation, tendon repairs, sternal
wiring.

Absorbable sutures tend to be used where the persistence of foreign
material would cause unnecessary tissue reaction or increased risk of
infection, e.g. bowel anastomoses, skin and subcutaneous tissues.
Monofilaments have the advantage of smooth tissue passage and
minimal tissue reaction, but tend to have a crystalline structure that
increases the ‘memory’ effect of the suture, making knotting less
secure and increasing the risk of suture ‘fracture’.

Braided polyfilaments exert more tissue friction during the passage
through, but are intrinsically more flexible and knot securely more
easily.

Sizes of suture

Size is denoted by imperial sizes from 10/0 (smallest—invisible to naked
eye) through 4/0 (typical size for fine vascular anastomoses), 2/0 (typical
size for bowel anastomoses), and 1 (typical size for abdominal closure), to
4 (largest available—size of sternal wires).

Types of needle

Needles may be curved (anything from half round to shallow curved) or

straight.

o Blunt-ended, round-bodied (often used for closing major incisions).
Relatively safe as it has low tissue penetrance.

e Round-bodied (sharp-pointed, but smooth, round, cross-sectional
profile). ‘Pushes’ tissue apart so often used for delicate tissues such as
bowel, blood vessels, etc.

o Cutting point (sharp point with triangular cross-section giving a specific
cutting edge). Slices through tissues so often used for dense structures
such as fascia and tendons (also reverse cutting point).

Table 2.2 Types of suture material

Natural fibre Synthetic fibre
Non-absorbable Silver wire Steel wire Polypropylene nylon
monofilament
Non-absorbable Silk (eventually does Ethilon®
braided polyfilament decay)
Absorbable Monocryl® PDS®
monofilament
Absorbable braided Vicryl® Dexon®

polyfilament
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Horizontal mattress

Continuous overhand Interrupted Lembert

Purse-string
Halsted

Figure-of-eight Interrupted

Fig. 2.6 Types of suturing used (illustrated as skin sutures).
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Post-operative management

Routine tests

Protocols vary widely according to the complexity of surgery and the age
of the patient: this is a rough guide to management of the older patient
following major abdominal, cardiac, or reconstructive surgery.

Blood tests FBC and U&E on days 1, 2, and 5. Look for the following.

o Anaemia: consider haemodilution or slow surgical bleeding.

o Raised WCC: look for other signs of sepsis (see L pp. 104, 138).

e Monitor INR/clotting daily if the patient is anticoagulated and before
insertion of drains or central lines.

e Check Na* and K* to guide choice of crystalloid (see L p. 92).

e Monitor urea and creatinine, especially in preoperative renal
dysfunction, cardiac and aortic surgery, nephrotoxic drugs (e.g.
NSAIDs, ACE-inhibitors, vancomycin/gentamicin, fluid restriction).

ECG Very rarely used routinely outside post-cardiac surgery. Look for:
rhythm disturbances such as AF or evidence of ischaemia.

CXR

Request daily if chest drains are present on suction, after drain removal,

and to check position of newly placed central lines. Look for:

o Position of indwelling lines;

e Consolidation, pneumothorax (on side of central line), pulmonary
oedema, pleural effusion.

Woard rounds

See patients once a day (twice if unwell, not progressing as expected, or
undergoing investigations or treatment). In the evening, review the blood
results and other investigations from that day. For formal ward rounds,
do the following:

o Make sure you have a nurse with you—the nursing record.

o Make sure someone writes a summary in the patient’s notes.

e Ask the patient if they are experiencing any problems: establish
whether they are mobilizing appropriately, eating and drinking, have
adequate pain control, passing urine, and opening bowels.

Check the obs chart for ‘ABCDE’ (oxygen saturations, pulse, and

BP trends), as well as temperature, fluid balance, and drainage if
monitored.

Look at exposed wounds for evidence of infection or seromas, but do
not expose covered wounds.

Check diabetic charts for BS control.

Review the drug chart. Restart regular oral medication as soon as
possible. Convert IV to PO where appropriate. Look actively for drugs
that can be discontinued to minimize polypharmacy.

Review the most recent blood results.

Review the nutritional status of the patient—what is the best route?
Make a clear problem list and a clear plan.
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Special cases

Surgery for malignancy

Liaise with specialist nurses; they will know the overall plan from the multi-
disciplinary team (MDT). Don't discuss results without consulting them
first. Breaking bad news is discussed on [ pp. 4 and 16.

Plastic and reconstructive surgery

o Check perfusion of flaps daily.

o Check take of split-skin grafts on day 5.

o Book post-operative medical illustration for photos prior to discharge.

Orthopaedic surgery
Check X-rays of prosthesis to assess position, fraction reduction.

Vascular surgery

o Check distal pulses and capillary refill in patients after reconstructive
surgery.

o Perform neurological examination to evaluate patients post-carotid
endarterectomy.

o Arrange prosthesis fitting for amputees.

Cardiac surgery

o Check sternal stability daily (ask the patient to cough while you feel for
abnormal sternal movement).

e Request transthoracic echo for day 4-5 post-operatively in valve repair
patients and auscultate daily.

Discharge

o Plan discharge from the day of admission. Use the hospital discharge
team and identify patients requiring special facilities, such as
rehabilitation as soon as possible.

o Make sure the patient understands what operation they have had.

e Tell them how to look out for common problems like wound
infections, what is normal, and who to contact if they are worried.

o Tell them when they will be seen in clinic.

o Tell them when they can expect to go back to work.

e Ensure an informative, but concise, discharge summary for the GP

(see [ p. 5).

Rehabilitation

The average times for patients to be fit to go back to work are as

follows:

e Two to six weeks after abdominal or thoracic surgery, depending on
size and approach (e.g. laparoscopic or open).

o Weight bearing takes up to 2 months after lower limb arthroplasties
and 3 months after lower limb fractures.

o Patients can usually drive once they are fully mobile as long as they
have not experienced blackouts or fits.

o There are detailed rules for heavy goods vehicle (HGV) drivers and
pilots available online.!

Reference
1 R http://www.dvla.gov.uk/medical.aspx
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Drain management

Uses and types of abdominal drains are covered on Ll p. 83. A summary
follows:

o Drains may remove collections of fluid or gas from body cavities.

e They can be inserted as prophylaxis or treatment.

e Effluent can be collected in closed or open containers.

o Closed containers may have a simple or an underwater seal.

e Drainage can be suction or non-suction.

e Drains may be made of latex, PVC, polyurethane, or silicone.

Chest drains
Indications for chest drains and insertion are described on L p. 194.
Chest drainage should always be into an underwater sealed container.

Management of chest drains inserted for pneumothorax

e Put the drain on low pressure, high volume wall suction (-3-5kPa)

initially (not the high pressure wall suction used for tracheal toilet).

Request and review CXRs daily.

Bubbling in the underwater seal, either continuously or only when

the patient coughs, indicates an air leak and implies that the lung

parenchyma has not healed. P> You can only remove the drain when

there is no air leak; otherwise a pneumothorax will rapidly re-form.

e When the air leak stops, take the drain off suction for 12h and repeat
the CXR: if the lung is fully up, the drain can be removed.

e Get a CXR after drain removal to check for a pneumothorax.

Management of chest drains inserted to drain collections

Management of chest trauma is described on L p. 480.

e There is no evidence that suction improves outcome.

o Make sure that the nursing staff measures the drainage: hourly in the
post-operative patient, every 24h in longer-term drains.

A haemodynamically unstable post-operative patient or one who is
draining more than 200mL blood/h should be discussed urgently with
the thoracic surgeons.

Post-operative thoracic drains are normally removed when they drain
nothing for 2 consecutive hours unless there is an air leak.

Drains for pleural effusions can be removed when they drain less than
250mL in 24h.

Drains for empyemas can be removed when they stop draining.
Always request and review a CXR after drain removal to check for
pneumothorax.
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Clamping chest drains

Clamping drains when transferring patients stems from the days of TB
treatment with caustic solutions and was aimed to prevent drain effluent
draining back into the chest. In modern practice, the only indications to
clamp a drain are: (1) in the trauma setting if the patient is exsanguinating
through it; (2) under specialist supervision in patients with chronic air
leaks or pneumonectomy.

o Clamping a thoracic drain in a patient with an air leak may rapidly
result in a tension pneumothorax.

Clamping a mediastinal drain in a patient who is bleeding may rapidly
result in cardiac tamponade.

The safest mode is an unclamped drain connected to an underwater
seal that is kept below the level of the patient at all times.

e |f you connect the drain to wall suction, but do not put the wall
suction on, this is effectively clamping the drain; if you and the nurses
do not know what you are doing, ask for help.

If you press in the one-way valve on the top of the underwater seal
too tightly, this effectively clamps the drain. If in doubt, leave it alone!
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Fluid management

Fluid management is aimed at making sure the patient is neither fluid
depleted nor fluid overloaded. The principle is to replace whatever is lost.
Success can make the difference between a short, uncomplicated post-
operative course and the patient ending up on ICU.

Maintenance crystalloid

The principle is to replace Na*, K*, and water loss from urine, vomit-
ing, diarrhoea, high output fistulae and stomas, and fluid ‘third-spaced’
(e.g. ascites, tissue oedema). For fluid management in burns, see L
pp. 604-7.

Approximate average daily loss of fluid and electrolytes

e Water loss 2500mL/day (insensible loss from skin, respiratory and Gl
tract, and in urine). * loss in sepsis, ventilation, diarrhoea, vomiting,
high output fistulas, polyuric renal failure.

o Na+ 100mmol/day (in urine). t loss in pyrexia, diarrhoea, vomiting,
high output fistulas. Urine concentration is less effective in elderly
patients and dextrose infusions may cause hyponatraemia.

o K+ 80mmol/day (in urine). t loss in pyrexia, diarrhoea, vomiting, high
output fistulas.

Regime 1

This gives 3L of fluid, 200mmol Na, and 80mmol KCl in 24h. It is only

suited to adult patients with no significant comorbidity. It takes no account

of patient age, size, cardiac function, or fluid loss.

o 1L normal saline with 40mmol KCl over 8h.

o 1L normal saline with 40mmol KCl over 8 h.

e 1L 5% dextrose over 8h.

Regime 2

This adjusts fluid given to fluid lost, but needs the nursing resources to

run an hourly fluid balance chart and infusion pumps. It is more suited to

patients on HDU.

o TmL/kg/h normal saline.

o Gelofusine or 5% dextrose fluid challenges to maintain central venous
pressure (CVP) 8-12cmH,O or BP >120mmHg.

o 10—40mmol KCl in 100mL 5% dextrose via central line if K* <3.0.

Regime 3—Alder Hey paediatric regimen

Useful in all ages and all body weights, except extreme starvation.

o Fluid volume/24h. 100mL/kg for each kg 0—10kg; 50mL/kg for each kg
10-20kg; 20mL/kg for each kg over 20kg.

o Electrolytes. Na* 2mmol/kg/24h; K* 1mmol/kg/24h.

Colloid

Colloids (especially blood) produce a more lasting expansion of intravas-

cular volume than crystalloid which rapidly enters the interstitial tissues.

o Gelofusine is succinylated gelatin (a bovine collagen) which has a
half-life of about 2h in plasma and is associated with increased bleeding
times in post-operative patients.
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Dextran is a glucose polymer mixture that has a plasma half-life of
about 2h; it has been associated with anaphylactic reactions and
profound coagulopathy.

o HES preparations are derived from hydroxyethyl starch; they have
widely differing plasma half-lives and effects on plasma expansion.
Albumin is a naturally occurring plasma protein, sterilized by
ultrafiltration: 5% albumin is isotonic; 20% albumin is hypertonic.
Indications for use of albumin as a volume expander are very limited.
Blood, platelets, fresh frozen plasma (FFP), and cryoprecipitate

(see [ p. 96).

Assessing volume status This is usually straightforward, but in the
HDU patient 24h post-complex surgery, you need information from sev-
eral sources.

History and examination

o The dry patient. May have been NBM several days preoperatively and
feels thirsty, complains of a dry mouth, may be dehydrated because
of diarrhoea or vomiting, has a low JVP, dry mucous membranes, and
reduced skin turgor.

o The overfilled patient. Usually doesn’t feel thirsty, has a raised JVP,
normal skin turgor, and may have dependent oedema and evidence of
pulmonary oedema on auscultation.

Observations chart

o The dry patient. May have falling BP, rising pulse rate, low CVP
that does not rise with fluid challenges, weight is several kg below
preoperative weight.

o The overfilled patient. Is not usually tachycardic and has a high CVP
that rises and plateaus with fluid challenges. BP may fall with fluid
challenges; weight is several kg above preoperative weight.

Fluid balance chart In sick patients, ask the nurses to start an hourly fluid

balance chart. Add up all fluid loss (urine output, wound, stoma, and fistula

drainage) and subtract from all IV, NG, and oral fluids given.

o The dry patient. Will usually be in several litres of negative fluid
balance, possibly over a few days, with a urine output <1mL/kg/h.

o The overfilled patient. Will be in several litres of positive fluid balance,
possibly over a few days. Urine output may be low because of heart
failure or renal dysfunction.

Blood results

o The dry patient. Has high Na, K, creatinine, and urea, with the urea
often disproportionately raised.

o The overfilled patient. May have low Na.

CXR

o The dry patient. Has no evidence of pulmonary oedema or effusions.
o The overfilled patient. May have both pulmonary oedema and effusions.
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Acid-base balance

The pH of arterial blood is maintained at 7.35-7.45. Normal function-
ing of the body’s complex enzyme systems depends on this stability.
Derrangements may be primarily due to respiratory or metabolic dysfunc-
tion (see Box 2.5). Compensatory mechanisms are also divided into meta-
bolic and respiratory. The true clinical picture is mixed.

Box 2.5 Diagnosing acid-base abnormalities

pH <7.35 is an acidaemia; pH >7.45 is an alkalaemia

e Look at the pH—is there an acidaemia or an alkalaemia?

o Look at the PaCO,—is there a change in keeping with the pH
derangement? If so, the derangement is a respiratory one.

o Look at the base deficit (or anion gap). This will tell you if there is a
metabolic derangement; if pH is normal, it is fully compensated.

The Flenley nomogram (see Fig. 2.7) is a useful diagnostic aid where
mixed metabolic and respiratory derangements are present.

Base excess, base deficit, and anion gap

These are derived numbers, calculated by blood gas analysers, quantifying

changes in metabolic or fixed acids, but because they depend on several

assumptions, they do not always reflect the true acid—base balance.

o Base excess is defined as the mmol/L of acid that would be required to
titrate the blood pH back to 7.4 if the pCO, were normal.

o Base deficit (negative base excess) is defined as the mmol/L of base to
titrate the blood pH back to 7.4 if the pCO, were normal.

o A base deficit is negative and a base excess is positive by convention.

Normal values are -2mmol/L to +2mmol/L. A base deficit greater than

this (e.g. —6mmol/L) indicates a metabolic acidosis.

The anion gap is the difference between measured cations and

measured anions (= K* + Na* — Cl" + HCO;"). This is made up of

metabolic acids: ketones, lactate, and phosphates. The anion gap is

normally 8-16mmol/L; an increase in anion gap indicates a metabolic

acidosis.

Metabolic acidosis
e Uncompensated: +pH, «»pCO,, +HCO;".
o Compensated: $«+pH, +pCO,, $HCO;~.

Metabolic acidosis due to increased metabolic acids (1 anion gap)

o Lactic acid (global and/or regional hypoperfusion, hypoxia, sepsis,
hepatic failure as the liver normally metabolizes lactate).

o Uric acid (renal failure).

o Ketones (diabetic ketoacidosis, alcoholic and starvation ketoacidosis).

e Drugs/toxins (salicylates, sodium nitroprusside overdose).

Due to loss of bicarbonate or hyperchloraemia (normal anion gap)
e Renal tubular acidosis (loss of bicarbonate).
o Diarrhoea, high output ileostomy (loss of bicarbonate).
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e Pancreatic fistulas (loss of bicarbonate).
e Hyperchloraemic acidosis (excessive saline administration).

Metabolic alkalosis
e Uncompensated: t pH, «» pCO,, t HCO,~.
e Compensated: t+» pH, t pCO,, t+ HCO;~.
e Loss of H* from gut (vomiting, NG tube suction).
e Renal loss of H* (diuretics), * reabsorption of
HCO;™ (hypochloraemia).
o Administration of base (NaHCO,;, citrate in blood transfusions).

Respiratory acidosis

e Uncompensated: + pH, * pCO,, «» HCO;".

o Compensated: +«» pH, * pCO,, + HCO;~.

o Any cause of respiratory failure or hypoventilation.

o Increased production of CO,, e.g. sepsis, malignant hyperpyrexia.
o Rebreathing CO, (circuit misconnections, soda lime exhaustion).

Respiratory alkalosis

e Uncompensated: * pH, + pCO,, «» HCO;~.

e Compensated: «»* pH, { pCO,, § HCO;~.

o Hyperventilation: deliberate, inadvertent, or in non-ventilated patients
caused by stroke, anxiety, pulmonary embolism (PE), pneumonia,
asthma, pulmonary oedema.
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Fig. 2.7 Flenley nonogram. Reproduced with permission from Longmore M. et al.
(2007). Oxford Handbook of Clinical Medicine, 7th edn. Oxford University Press,
Oxford.
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Blood products and procoagulants

Indications for blood products

e Young, fit patients tolerate haemodilution much better than elderly
patients with multiple comorbidities (particularly cardiovascular and
respiratory disease).

e There is a higher threshold for giving blood products in the patient
who is not actively bleeding or about to undergo a procedure.

e Blood. In general, aim to maintain Hb at 7-9.0g/dL; in older patients,
in those with cardiorespiratory disease, maintain Hb >9.0g/dL.

o FFP. Patient’s circulating blood volume replaced or activated partial
thromboplastin time ratio (APTR) >1.5 with active bleeding.

o Platelets. Platelets <50 x 10%/L or <100 x 10°/L with active bleeding
(lower threshold if patient was on aspirin or clopidogrel within 5
days and is actively bleeding).

o Cryoprecipitate. Patient’s circulating blood volume replaced or
fibrinogen <1g/L with active bleeding.

Blood

e One unit of blood increases Hb by about 1g/dL in a 70kg adult.
e Blood is normally provided as packed red cells (1U = 350mL).
e Cross-matched blood can normally be provided within 20min; it
contains blood from a single donor-.
In dire emergencies, O-negative blood (universal donor) can be given
to recipients of any ABO Rh group without incompatibility reaction.
Autologous blood transfusion may be used with up to 2U of blood
withdrawn from patients preoperatively, which may be stored for up
to 5 weeks.
Cell salvage reduces the need for allogeneic blood. Shed blood is
collected intraoperatively, heparinized, spun with normal saline to
remove all material, including residual heparin, platelets, and clotting
products, and repackaged as red blood cells suspended in saline for
transfusion.
o Simple measures to reduce the need for blood transfusion include:

* Treating anaemia and coagulopathies preoperatively.

* Stopping warfarin, heparin, aspirin, and clopidogrel appropriately.
o Special methods to reduce homologous blood transfusion include:
Autologous blood transfusion.
Cell salvage.
Procoagulants (see LI p. 97).
Erythropoietin (EPO) stimulates erythrocyte production.

Platelets

e One unit of platelets increases platelet count by 10°/L in a 70kg adult.

o Platelets are provided as units (1U = 50mL).

o Platelets do not need to be cross-matched, but they should be ABO-
compatible (and rhesus-matched in females of childbearing age).

o One unit contains platelets from a single donor.

o They are stored at 22°C and have a shelf life of 5 days.
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Fresh frozen plasma (FFP)
e One unit of FFP contains all the coagulation factors except platelets.

o 1mL of FFP per kg will raise most clotting factors by 1% in a 70kg adult.

e One unit of FFP = 150-250mL and 5-10mL/kg is normally given.

e One unit of FFP usually contains product from a single donor, but is
sometimes pooled, in which case it may be from several donors.

e FFP does not need to be cross-matched, but should be ABO
compatible (and rhesus-matched in females of childbearing age).

o FFP must be stored at <-18°C. It must be thawed, usually over 20min,
before giving and discarded if not used within 2h.

Cryoprecipitate

o One bag of ‘cryo’ contains 150-250mg fibrinogen and factors VIl and
VIIL.

o |f cryopreciptate is unavailable, 5U of FFP contain the same amount of
fibrinogen as 10U of cryoprecipitate.

e Ten bags of ‘cryo’ raises the fibrinogen 0.6-0.7mg/L in a 70kg adult.

e One bag of cryoprecipitate = 20mL; 5-10 pooled bags are normally
given.

o ABO and rhesus compatibility are not relevant.

Antifibrinolytics (e.g. aprotinin and tranexamic acid)

o Action. Inhibit plasminogen and plasmin; reduce active fibrinolysis.

o Indications. Prophylaxis against bleeding in cardiovascular surgery,
especially high risk (e.g. redo surgery). Some studies suggest they
are useful in ‘high risk’ orthopaedic surgery. Treatment of excessive
bleeding post-operatively (liver surgery; very rarely, radical pelvic
resections).

Key revision points—physiology of blood groups

o ABO antigens pre-exist on red cells. ABO antibodies pre-exist in
the circulation and will cause immediate reaction if incompatible.

o Anti-rhesus (D/E) antibodies only develop following exposure to
the RhD antigen, e.g. during blood transfusion or delivery.

o O Rh negative are universal donors (red cells carry no ABO/Rh
antigens).

e AB Rh positive are universal recipients (serum contains no A, B,
RhD antibodies).

o Blood grouping involves adding A, B, RhD agglutinins to donated
blood to determine blood type; it takes less than 5min.

e Cross-matching involves mixing donated blood with the intended
recipient serum; assessing compatibility takes about 20min.
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Transfusion reactions

»» Acute haemolytic reaction

ABO incompatibility as a result of clerical, bedside, sampling, or laboratory
error is the most common cause. It may also be caused by incompatibility
within other antigen systems (Duffy/Kidd). Donor erythrocytes carrying
either A and/or B erythrocyte antigens bind to the recipient’s anti-A or
anti-B antibodies, resulting in complement formation, membrane attack
complex, and immediate haemolysis. Cytokine and chemokine release
mediates sympathetic inflammatory response characterized by sudden
onset of hypotension, tachycardia, pyrexia, breathlessness, tachypnoea,
and back pain. Bilirubinaemia, anaemia, and haemoglobinuria as a result
of haemolysis ensue.

o Stop the transfusion immediately and give basic life support if required.
o Keep the bag and giving set for analysis; inform haematology.

o Give crystalloid and furosemide to encourage diuresis.

o Dialysis may be required.

»» Anaphylaxis and allergic reactions

Normally, IgE-mediated histamine release reactions to plasma, platelets,

and red blood cells. Mild allergic reactions are relatively common and

are characterized by erythematous papular rashes, wheals, pruritus, and

pyrexia. These are treated by stopping the transfusion and administering

chlorpheniramine (10mg V). Anaphylaxis characterized by hypotension,

bronchospasm, and angioedema occasionally occurs.

o Stop the transfusion immediately and disconnect connection tubing.

e Basic life support may be required.

e Treat bronchospasm and angioedema with adrenaline (1mL of 1:10 000
IV), chlorpheniramine (10mg IV), and hydrocortisone (100mg IV).

Non-haemolytic febrile reaction

These common and normally mild reactions are caused by recipient
antibodies directed against donor human leucocyte antigen (HLA) and
leucocyte-specific antigen on leucocytes and platelets. Cytokine release
mediates mild pyrexia, typically over an hour after transfusion is started.
Antipyrogens such as paracetamol 1g PO/PR limit pyrexia, but antihista-
mines are not helpful. Severe reactions feature high grade fever, rigors,
nausea, and vomiting. The severity of symptoms is proportional to the
number of leucocytes in the transfused blood and the rate of transfusion.
Leucocyte-depleted blood helps prevent these reactions.

Delayed extravascular haemolytic reaction

Although pre-transfusion antibody testing is negative (a satisfactory cross-
match), these patients experience accelerated destruction of transfused
red blood cells 7-10 days following transfusion. This is an antibody-medi-
ated reaction, usually by a patient’s antibody (commonly Rh E, Kell, Duffy,
and Kidd), present in levels too low to be detected clinically until pro-
duced in larger amounts on exposure to circulating antigen. As haemolysis
is extravascular, haemoglobinaemia and haemoglobinuria are uncommon:



TRANSFUSION REACTIONS

it is characterized by an unexpected fall in haematocrit a few days post-
transfusion, hyperbilirubinaemia, and positive Coombs’ test.

Transfusion-related acute lung injury

Non-cardiogenic pulmonary oedema, typically within éh of transfusion, is
mediated by recipient antibodies against donor HLA. Activated recipient
leucocytes migrate to the lung, releasing proteolytic enzymes that cause a
localized capillary leak syndrome and pulmonary oedema.

Infection

Bacterial

Serious bacterial contamination of stored blood may occur although
platelets, which are usually stored at room temperature, are at greater
risk of this. Common organisms include Staphylococcus spp., Enterobacter,
Yersinia, and Pseudomonas spp. Contamination is difficult to detect. The
recipient becomes pyrexial at >40°C and hypotensive. This may occur
during the transfusion or hours after completion and unlike febrile transfu-
sion reactions, is not self-limiting.

o Volume resuscitation.

o Culture the patient and send bag and giving sets to microbiology.

e Start empirical broad-spectrum antibiotics.

Non-bacterial

Pre-transfusion testing includes screening for hepatitis B (HbsAg, anti-
HBc), hepatitis C (anti-HCV), HIV (anti-HIV-1/2, HIV-1 p24 antigen),
HTLV (anti-TLC-1/2), and syphilis. HIV can be transmitted by an infective,
but seronegative, donor for about 15 days after infection. The HCV win-
dow is 20 days. CMV is common in the donor population (40-60%) and
immunocompromised donors must receive leucocyte-depleted or CMV-
negative blood. Malaria may be transmitted by blood transfusion as may
new variant Creutzfeldt—Jakob disease (nvC|D).

Fluid overload

Characterized by hypotension, acute dyspnoea, high CVP, and hypoxia.
e Stop the transfusion.

o Give high flow O, and loop diuretics (40mg furosemide [V).

Massive transfusion

o Replacement of the patient’s circulating volume within 24h.

o Stored red cells are depleted of ATP and 2,3-DPG and leak K* and the
fluid contains citrate.

o Large volumes of this blood lead to a blood volume that has poor O,
carrying capacity, * K*, hypothermic (if blood is not warmed), and
coagulopathic due to Ca?* sequestration.

Reduce the effect of massive transfusion by the following.

o Use infusion warmers and a warming blanket.

e Monitor central circulation and respiratory function closely.
o Consider giving Ca?* supplements (with care!).

o Check platelets, APTT, and fibrinogen: replace if needed.

o Check potassium regularly.
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Shock

Definition

Inadequate end-organ perfusion and tissue oxygenation. ‘Cellular shock’
is a term describing failure of normal cellular processes, including oxygen
processing.

3 Recognizing shock

e | BP, t pulse, and usually cold, clammy, pale, sweating.

o Confused—may be agitated or drowsy.

e Young patients will compensate, with the only signs being decreased
pulse pressure, tachycardia, and decreased urine output.

Emergency management

o Assess the airway. If patent, give high flow O, by non-rebreathing mask.

o Check carotid or femoral pulse.

o Secure IV access and start giving 500mL crystalloid rapidly.

o Recheck BP. If low and falling fast, call crash team.

o Take a rapid history and examine patient to differentiate between the
following types of shock.

Hypovolaemic shock
o Causes. Trauma, ruptured abdominal aortic aneurysm (AAA), ruptured
ectopic, post-operative haemorrhage, profound dehydration, burns,
pancreatitis.
e Clinical features. As above with history of trauma/surgery/illness.
e Treatment.
* Lie patient flat; high flow O; lift legs to autotransfuse if no IV
access.
Repeat fluid infusion 500mL IV rapidly: you should see rise in BP.
Take blood and send for FBC, U&E, clotting, and cross-match.
Take arterial blood gas (ABG): estimate Hb, K* as well as ABG.
Treat t K.
If no rapid improvement in BP, look for other causes.

Anaphylactic shock

o Causes. Drug allergy, blood product reaction, latex allergy.

o Clinical features. History of sudden onset after administration of drug.
Stridor or bronchospasm, angioedema, urticaria, pruritus, rash.

o Treatment.

Sit patient up; give high flow O,; call anaesthetist if stridor.

If IV access: give TmL of 1:10 000 adrenaline bolus; flush; then

100mg hydrocortisone bolus; flush; then 10mg chlorpheniramine IV.

Repeat again in 5-10min if no improvement.

If no IV access: give TmL 1:1000 adrenaline IM. Then secure IV

access.

If wheezy, give 5mL nebulized salbutamol.

Septic shock
o Cause. Overwhelming sepsis (see LI p. 138).



SHOCK 101

o Clinical features. May be the same as hypovolaemic shock or, if
established, with circulatory collapse. Earlier in the evolution, the
patient may look ‘septic'—pyrexial, flushed, bounding pulses.

o Treatment.

* As for hypovolaemic shock.
» Take blood cultures; then give IV cefuroxime 750mg tds.

Cardiogenic shock

o Rapidly reversible causes. cardiac tamponade (trauma, post-cardiac
surgery), arrhythmias, tension pneumothorax.

o Other causes. Fluid overload and congestive cardiac failure (CCF),
MI, PE, subacute bacterial endocarditis (SBE), aortic dissection,
decompensated valvular heart disease.

o Clinical features. History of recent surgery/trauma, chest pain,
dyspnoea, palpitations.

o Treatment.

¢ Give high flow O,.

Give 2.5mg morphine IV (anxiolytic, venodilator, analgesic, anti-

arrhythmic).

Put patient on cardiac and sats monitors; request 12-lead ECG.

Treat arrhythmias (see advanced life support (ALS) algorithm on

inside back cover).

Treat myocardial ischaemia with 0.1mg GTN, 300mg aspirin.

Auscultate heart sounds and lung fields.

Treat tension pneumothorax (see L) p. 636), cardiac tamponade

(see L p. 638).

Discuss with ITU.

Consider central venous and peripheral arterial monitoring.

Send blood for ABGs, FBC, U&E, clotting, troponin.

Catheterize the patient.

Request CXR—look for pulmonary oedema.

Treat fluid overload with diuretics: furosemide 40mg IV.

Consider transthoracic echo to exclude pericardial effusion and

valvular lesions, and to assess LV function.
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Post-operative haemorrhage

Post-operative haemorrhage may be arterial or venous. Significant arterial
haemorrhage is rare and usually occurs from vascular anastomoses. Very
rarely, it arises from solid organ injury or loosening of arterial ties. It is
rapid, bright red in colour, and often pulsatile. Venous bleeding is a more
common cause of post-operative haemorrhage and is usually due to the
opening up of unsecured venous channels, or from damage to the liver
or spleen at surgery. Although it is non-pulsatile, low pressure, and dark
in colour, it can be very large volume and is every bit as life-threatening
as arterial bleeding. Most post-operative bleeding is not overt and is con-
tained within body cavities. Drains, even correctly placed, are an unreli-
able sign of bleeding. Rely on your clinical instincts even if the drains are
empty.

Causes and features

o Primary haemorrhage. Occurs immediately after surgery or as a
continuation of intraoperative bleeding. Usually due to unsecured
blood vessels (e.g. liver bleeding following trauma).

e Reactionary haemorrhage. Occurs within the first 24h. Usually due to
venous bleeding and is commonly thought to be due to improved
post-operative circulation and fluid volume, exposing unsecured
vessels that bleed (e.g. delayed splenic bleeding following minor
trauma at laparotomy).

o Secondary haemorrhage. Occurs up to 10 days post-operatively. Usually
due to infection of operative wounds or raw surfaces, causing clot
disintegration and bleeding from exposed tissue.

Symptoms
Confusion and agitation (due to cerebral hypoxia secondary to
hypotension).

Signs

o Soaked dressings, acute wound swelling, blood in drains.

e Pallor, sweaty, tachypnoea, tachycardia, hypotension (a late sign in
children and young adults).

Emergency management

Resuscitation

e Establish large calibre IV access. Give crystalloid fluid up to 1000mL
bolus if tachycardic or hypotensive. Do not waste time trying to insert
a CV catheter. They are unreliable measures of CVP at the bedside in
acute situations and are too long and too fine calibre to be of use for
rapid volume resuscitation.

e Attempt to control superficial bleeding with direct compression. Do
not use tourniquets on limb wounds.

o Take blood for emergency cross-match if serum is not already
available. Detail an assistant to telephone blood transfusion for
emergency cross-match of a minimum of 2U of blood.

o Inform senior help immediately if significant blood loss. Consider
alerting theatres and/or ITU.
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e Do not use O Rh negative blood for resuscitation unless the patient
is in extremis. In these cases, the patient should already be being
transferred to theatre or ITU.

o Catheterize and place on a fluid balance chart if hypotensive, but
stable.

Establish a diagnosis

The cause may be obvious from the bleeding or the operation.

o Read the operation notes. Is there any potential cause mentioned?

o [f the bleeding is severe, the only way to establish a diagnosis may be
at re-operation.

If the patient is stable and re-operation is undesirable, consider imaging.

o CT scanning may reveal intra-abdominal or intrathoracic blood.

o Angiography may reveal active bleeding sites and may be therapeutic
(coil embolization).

Definitive management
Most post-operative bleeding does not require re-operation, but if it does,
it should always be done by a senior surgeon. If this is not the surgeon who
performed the original surgery, it may be wise to try to contact them in
case they can give useful information about the original procedure.

If re-operation is highly undesirable, e.g. rebleeding after solid organ
trauma, then definitive conservative management might include:
o Radiologically guided embolization;
o FFP infusions (see LU p. 96);
o Controlled, permissive hypotension;
e Monitoring on ITU.

Wound haematoma

A localized collection of blood beneath the wound or at the site of sur-

gery, usually characterized by swelling and discoloration.

o P [f this occurs after vascular surgery, flap surgery, or procedures
on the limbs or neck, get senior help as urgent surgical exploration
and evacuation may be indicated to avoid ischaemia, compartment
syndromes, airway obstruction, flap failure, or ongoing haemorrhage.

o Apply firm pressure followed by a pressure dressing.

e Check clotting and FBC and treat appropriately (see L p. 96).

o Withhold heparin.

o Surgical management is the same as for haemorrhage.
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Wound emergencies

Infection

Causes

Most wound infections are acquired from the patient’s own flora. The
majority are skin organisms (e.g. Staphylococcus aureus, Staphylococcus
epidermidis), although the second commonest cause is contamination
from opened viscera during surgery (e.g. Escherichia coli from the Gl tract,
Pseudomonas from the biliary tree).

Symptoms
o Pain and discharge in the wound.
o Malaise, anorexia, and fever (systemic inflammatory features).

Signs
e Fever, tachycardia.

o Red, swollen, tender wound (may be discharging pus or fluctuant due
to contained pus).

Complications

e Bacteraemia is common, but rarely significant.

e Septicaemia is rare unless the organism is resistant or the patient is
immunosuppressed.

Emergency management
Resuscitation

Ensure there is IV access. Give crystalloid fluid up to 1000mL if tachycardic
or hypotensive.

Establish a diagnosis

o Send any discharging pus for microscopy, culture and sensitivities
M,C&S).

e Send blood for FBC (Hb, WCC) and blood cultures.

Early treatment

e Give IV antibiotics if there are any systemic features. If there is no pre-

existing infection, use anti-staphylococcals: flucloxacillin 1g + 500mg

qds. If the patient is immunosuppressed or very unwell, add in broad-

spectrum cover to include anaerobic cover: metronidazole 500mg IV +

500mg IV tds and cefuroxime 1.5g IV + 500mg IV tds.

If there is real concern about MRSA infection, consult microbiology

and consider adding IV vancomycin 500mg. If so, monitor drug plasma

concentration.

e Open or aspirate the wound if there is contained pus. Wash the
wound.

Dehiscence
Wound dehiscence may be superficial (including skin and subcutaneous
tissue) or full thickness/deep (involving fascial closures or bony closures).
Full thickness dehiscence may expose deep structures. In the abdo-
men, this includes the viscera which may protrude through the wound
(evisceration).



WOUND EMERGENCIES

Causes

Most wound dehiscences are secondary to wound infection. Contributary
factors include immunosuppression, malnutrition, steroid use, poor surgi-
cal technique, previous surgery or procedures. Occasionally, the dehis-
cence is due to intracavity pathology causing wound breakdown from
within (e.g. anastomotic leakage causing enteric fistulation).

Symptoms
Usually painless.

Signs

e Open wound, visible fat and fascia if superficial; visible viscera if full
thickness.

o Occasionally associated organ dysfunction if involved by the
accompanying wound infection (e.g. pericarditis/anterior mediastinitis
in sternal dehiscence).

Emergency management

Resuscitation

e Ensure there is IV access.

o Calm the patient, particularly if there is any degree of evisceration.

Early treatment

o [f there are exposed viscera, cover these with saline soaked dressings.

e Give IV antibiotics if there features of wound infection (see L p. 104).

o [f the dehiscence is superficial, ensure the wound is open and any pus
is fully drained. Lightly pack the wound with absorbent dressing (e.g.
Sorbsan®).

Definitive management

Superficial

o Continue regular wound lavage and dressings.

o For large defects, consider vacuum-assisted closure.

Full thickness

o Resuturing/closure of the defect in theatre may be appropriate.

o For some deep defects, re-closure may be inappropriate (e.g.
the presence of infection, intestinal contents/fistulas, severe
immunocompromise, physiologically unstable, intracavity pathology
causing the dehiscence). In these cases, the wound should be allowed
to form a chronic wound and close by secondary intention (e.g. called
a laparostomy in the abdomen). This may be assisted by vacuum
closure devices.

Bleeding (see [ p. 102).
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Cardiac complications

Chest pain

Taking a careful pain history should help differentiate between the causes
of chest discomfort listed in Box 2.6 below.

Box 2.6 Causes of post-operative chest pain
Dull, central ache

e Myocardial ischaemia.
o Gastric distension.

Central pain radiating through to back
e Thoracic aneurysm or dissection.
o Peptic ulcer disease, oesophagitis, rarely pancreatitis.

Pain on movement
o Musculoskeletal pain.
o Chest drains.

Pleuritic pain

o Chest infection.

e Pneumothorax.

o Haemothorax, pleural effusion, empyema.

o Chest drain in situ.

e PE.

Diagnosis

o Take a careful history and examine the patient.

o A CXR will demonstrate most lung pathology.

o 12-lead ECG should help exclude myocardial ischaemia.

o Recent WCC and CRP help identify sepsis.

o Review previous medical history for peptic ulcer disease and the drug
chart for NSAID use.

Myocardial ischaemia

Patients, particularly in vascular surgery, may have pre-existing ischaemic

heart disease. Surgery can precipitate ischaemia through:

o Stress response to major surgery (endogenous catecholamine release
triggered by anxiety, pain).

o Fluid overload post-operatively.

e Profound hypotension.

o Failing to restart anti-anginal medication post-operatively.

Diagnosis

Take a history, particularly of chest discomfort brought on by exertion and

relieved by GTN. Check that the patient is back on any regular cardiac

medication. The physiotherapists may report bradycardia on exercising.

A 12-lead ECG will confirm the presence of myocardial ischaemia (see

Box 2.7). Cardiac enzymes (troponin T (and |) or CKM®) may be slightly

raised post-operatively, but a high level or serial measurements showing a

continued rise would suggest ongoing myocardial damage.
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Management

o Sit patient up; give high flow O,.

e Ensure the patient is on aspirin 75mg od PO and LMWH, e.g. 40mg
enoxaparin (Clexane®) SC.

o Give GTN sublingually.

o Restart preoperative anti-anginal medication.

o Discuss urgently with a cardiologist.

Perioperative Ml
Perioperative Ml may be difficult to diagnose because the patient may be
unable to give a good history or to distinguish between chest and upper
abdominal pain.
e The presentation is similar to that of myocardial ischaemia, but
the duration is longer (>20min) and may be associated with
haemodynamic instability, nausea, vomiting, confusion, and distress.
o The patient will often be cold, clammy, and may be hypoxic.

Box 2.7 Diagnostic criteria for Ml

In the setting of symptoms suggestive of acute coronary syndrome:

o ECG shows ST segment elevation—ST segment elevation Ml
(STEMI).

e No ST elevation, but elevated CK™® (2 x normal) or troponin
T-positive—non-Q wave or non-ST segment elevation MI (NSTEMI).

Management

o Attach an ECG monitor and a sats probe and get a 12-lead ECG.

o Make sure the defibrillator trolley is close at hand.

o Give high flow O,.

o Get |V access.

e Give morphine 5mg IV and metoclopramide 10mg IV.

o Give aspirin 300mg PO/PR and GTN 0.5mg SL.

o Contact cardiologists urgently for consideration of acute intervention.

Key revision points—physiology of coronary blood flow

e Myocardial cells extract up to 70% of O, from blood.

e Coronary blood flow occurs during diastole.

o Tachycardia reduces diastolic interval and increases O, demand,
which may reveal occult ischaemia.

o Coronary vasodilatation is mediated by adenosine, K*, hypoxia, and
B, stimulants and the N,O pathway.
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Respiratory complications

These are common after surgery as a result of the effect of general anaes-
thetic, post-operative pain, and immobility.

Respiratory failure

Definitions of respiratory failure

o Hypoxia. PaO, <10.5kPa.

o Hypercapnia. PaCO, >6.5kPa. Hypocapnia. PaCO, <3.5kPa.
o Type | respiratory failure. PaO, <8.0kPa on air.

o Type Il respiratory failure. PaO, <8kPa and PaCO, >6.0kPa.

Basic assessment and management

o Sit the patient up and give high flow O, through a tight fitting mask.

o Assess the airway. Is chest expansion asymmetrical?

o Auscultate the chest. Listen for bilateral breath sounds, poor air entry,
wheeze, bronchial breathing, crepitations.

e Assess circulation and treat shock which causes hypoxaemia (see L
p. 100).

o Treat bronchospasm with nebulized salbutamol 5mg.

o Get a CXR. Look for consolidation, oedema, effusions, and
pneumothoraces.

Chest infection

Diagnosis

o Cough with purulent sputum.

o Pyrexia.

e Bronchial breath sounds and reduced air entry on auscultation.

e Leucocyte neutrophilia, raised CRP.

e Consolidation on CXR.

o Culture of sputum may yield sensitivities of causative organisms.

o In the dyspnoeic, hypoxic patient perform ABGs to guide immediate
management.

Prevention

There is no good evidence that prophylactic physiotherapy helps to pre-
vent chest infection after surgery. The single most important intervention
is to prevent patients with active chest infections undergoing surgery. Any
elective patient with a current cough (dry or productive), temperature,
clinical signs of chest infection, neutrophilia, or suspicious CXR should be
deferred for a fortnight and then reassessed. Other risk factors include
active smokers or those who have stopped smoking within the last 6
weeks; patients with COPD, obesity; patients requiring prolonged ventila-
tion post-operatively; and patients who aspirate.

Management

e Physiotherapy helps the patient with a cough to expectorate sputum
and prevent mucus plugging.

o Effective analgesia is important to allow patients to cough.
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o Definitive treatment is antibiotics: ciprofloxacin 500mg bd PO provides
good Gram —ve and +ve cover until organism sensitivities are known.

e Suspected aspiration pneumonia should be treated (e.g. IV cefuroxime
1g tds and IV metronidazole 500mg tds).

o [f the patient requires oxygen (PaO, <8.0kPa on room air), humidifying
it reduces the risk of mucus plugs and makes secretions easier to shift.

e Continuous positive airway pressure (CPAP) can be used to improve
basal collapse.

o The hypoxic, tachypnoeic, tiring patient on respiratory support should
be reviewed urgently by the critical care team.

Exacerbation of COPD

The incidence of moderate to severe COPD in surgical patients is 5%.

e Most studies show that moderate COPD is not associated with an
increase in post-operative complications, mortality, or length of stay.
Severe COPD and preoperative steroid use are associated with
increased morbidity and mortality after surgery.

Ensure that all patients on preoperative (3-agonist inhalers are
routinely prescribed regular post-operative nebulizers (saline 5mL prn,
salbutamol 2.5-5mg qds prn, and becotide 500 micrograms qds prn).
In hypoxic patients with COPD, give maximal O, by CPAP and titrate
against PaCO, and PO,: do not restrict O, empirically.

Key revision points—monitoring/measuring lung function
o Pulse oximetry estimates the percentage of saturated Hb present in
capillary blood by the change in wavelength ratios of absorbed red

light. It is inaccurate in carbon monoxide poisoning, cold peripheries,
low flow states, and tachydysrhythmias.

e PaO, can be approximately estimated from the SaO,.
o 95%, >12kPa.
* 85%, ~10kPa.
* 75%, <6kPa.

e Capnography works on similar principles; different gases (e.g. CO,)
absorb different amounts of infrared light.
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Renal complications

Renal dysfunction

e Creatinine: >126pumol/L in males; >102umol/L in females.
e Urea: >7.0mmol/L.

o Creatinine clearance: <90mL/min.

Actiology of renal failure
e Preoperative risk factors. Age >75y; creatinine >150pmol/L; LV
dysfunction; hypertension; diabetes; peripheral vascular disease;
hypoperfusion as a result of diuretic therapy and vasodilators;
sepsis; CCF; intrinsic renal damage caused by NSAIDs, contrast,
aminoglycosides, diuretics; endocarditis; obstructive uropathy.
e Intraoperative risk factors. Cardiac surgery, aortic surgery.
o Post-operative risk factors.
* Pre-renal. Shock, e.g. hypovolaemic, septic, cardiogenic (see [
p. 106).
* Renal. Sepsis, hypoxia, drugs (NSAIDs, gentamicin, vancomycin,
teicoplanin), haemoglobinuria, myoglobinuria.
e Post-renal. Obstructive uropathy, obstructed Foley catheter,
prostatic hypertrophy.

Preventing renal failure

There are a number of measures that reduce the risk of renal

dysfunction.

e Preoperatively, ensure adequate hydration, particularly before
undergoing procedures involving contrast.

o |dentify and eliminate nephrotoxic medications where possible,
particularly NSAIDs and ACE-inhibitors.

o Consider whether the patient would benefit from HDU
preoperatively.

o Avoid intraoperative hypotension.

o Post-operatively maintaining satisfactory cardiac output and optimizing
intravascular volume are the most important factors in avoiding renal
dysfunction.

Management of renal failure

The management of oliguria is described on L pp. 112-3. This section

deals with the management of established oliguric renal failure. The aim is

firstly to avoid the potentially lethal complications of renal failure (hyper-

kalaemia, acidosis, pulmonary and cerebral oedema, severe uraemia,

and drug toxicity) and secondly to avoid exacerbating the renal insult.

Investigation of the underlying causes of renal failure is also important.

o Aim for higher BP (stop antihypertensives; optimize fluid balance),
except in established anuria.

e Treat hypoxia aggressively.

e Aim for daily fluid balance of even to negative 500mL to avoid
pulmonary oedema in anuric patients.
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Monitor electrolytes daily, and potassium and acid-base balance
every few hours. Avoid potassium supplements and medication that
increases potassium levels (ACE-inhibitors).

Avoid nephrotoxic drugs (aminoglycosides, NSAIDs, ACE-inhibitors)
and monitor serum levels of drugs dependent on renal excretion
(digoxin, antibiotics such as vancomycin and gentamicin).

Essential amino acid diets are recommended for patients who are able
to eat. Patients on dialysis require high protein content (1.5g/kg/day) as
dialysis results in negative nitrogen balance.

Enteral and parenteral feeds can be similarly adjusted.

Renal ultrasound, renal angiography may be indicated.

Hyperkalaemia

Hyperkalaemia (K* >5.0) is seen in the setting of renal failure, tissue necro-

sis, and potassium-sparing diuretics and supplements. Acute hyperkalemia

(K* >6.0) can cause life-threatening ventricular arrhythmias. ECG changes

that herald myocardial dysfunction are flattened P waves, wide QRS com-

plexes, tenting of T waves, and, in peri-arrest, a sine wave.

o P> Treat the patient with ECG changes as an emergency.

e Treat the underlying cause.

e Give 50mL of 50% dextrose containing 15U of Actrapid® as an IV
infusion over 10-20min, repeating as necessary, monitoring BS after
each infusion. If inadequate response:

o Give 10mL calcium gluconate 10% IV over 2min; repeat as necessary.

o Calcium resonium enema binds K* and removes it from the body.

e Dialysis should be urgently considered in patients with refractory
hyperkalemia despite these measures, irrespective of renal function.

Hypokalaemia

Hypokalaemia (K* <3.0) is common. It predisposes patients to dysrhythmias.
It is normally related to diuretic therapy, insulin sliding scales, diarrhoea
and vomiting, steroids, and poor nutrition. Acute severe hypokalaemia (K*
<2.5) may result in life-threatening arrhythmias. It can be recognized by
small or inverted T waves, depressed ST segments, prolonged PR interval,
and U waves on the ECG.

o Educate the patient about which foods are rich in potassium (bananas,
prunes, apricots, tomatoes, orange juice) and ensure availability.
Change furosemide to co-amilofruse 5/40 or 2.5/20 which contains
furosemide (either 40mg or 20mg) and amiloride (5mg or 2.5mg).

Add oral potassium supplements up to 160mmol daily (1 tablet of
Sando K* contains 20mmol of K*, 1 tablet of Slow K*, which is better
tolerated by most patients, contains 12.5mmol KCl).

If a central line is in place, give 20mmol KCl in 50-100mL of 5%
dextrose over 20min to 1h.

If it is necessary to use a peripheral line, place a maximum of 40mmol
of potassium in 1L 5% dextrose running at a maximum of 125mL/h.
Monitor K* daily and avoid discharging the patient home on a
combination of potassium supplements and potassium-sparing
diuretics.
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Urinary complications
Oliguria

Terminology
e Oliguria—urine output <0.5mL/kg/h.
e Anuria—no measurable urine output.

Urine ouput is an indicator of glomerular filtration rate which is an indica-
tor of renal plasma flow and renal perfusion. Hence, urine output is an
indirect measure of renal (and hence systemic) blood flow as well as renal
function. Patients with normal renal function usually maintain a urine out-
put of at least 0.5mL/kg/h.

Management of oliguria

o Check that the Foley catheter is not the problem.

e The urine catheter may be obstructed, bypassing, or malpositioned. Is
the bed wet? Flush with 60mL saline—can you draw this amount back
without difficulty? If not, or if the urine is bypassing the catheter, or if
the bladder is palpable, change the catheter.

Optimize cardiac function

e Patients who were markedly hypertensive (see L pp. 92, 132)
preoperatively may require high BPs to maintain a satisfactory urine
output.

e [s the patient overfilled or underfilled?

o Make sure the patient is adequately filled by giving careful fluid
challenges to achieve CVP of 14—16mmHg or raise the ]VP moderately.

o But not too filled. If the CVP rises to >16mmHg and stays up with a
fluid challenge or if the BP falls, the patient may be overfilled and need
diuretics (see below).

e Invasive monitoring. If the patient does not rapidly respond to basic
measures, need CVP line insertion and monitoring (see [ p. 198).

Loop diuretics

Furosemide will not prevent acute tubular necrosis, but it does have a use-

ful role in offloading fluid from the overfilled patient. It converts oliguric

renal failure to polyuric renal failure.

o If the patient is adequately filled and mean arterial pressures are
satisfactory, give a loop diuretic: 20mg of furosemide IV. If there is no
response, give a further 40mg furosemide IV.

o [f the urine produced in response to diuretic challenges is
concentrated, the patient is probably inadequately filled.

Important problems associated with oliguria of any cause
e Pulmonary and cerebral oedema.

o CCF (see [ p. 106).

o Hyperkalaemia (see LI p. 110).

o Acidosis.

o Drug toxicity.
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Further assessment and management

Haemodialysis is indicated in the oliguric patient to avoid pulmonary
oedema indicated by deteriorating blood gases despite increasing respira-
tory support, hyperkalaemia, and acidosis. It is not indicated purely for
rising serum creatinine and urea in the first instance (L p. 134).

Acute urinary retention
Common post-operatively, especially in elderly males, after abdomino-
pelvic or groin surgery and after anticholinergics.

Clinical features

o Suprapubic discomfort, inability to initiate micturition, or dribbling.

o History of prostatic disease or symptoms preoperatively (see Ll p.
362).

e Percussable bladder on examination.

Management

o Conservative. Improve analgesia, treat constipation, mobilize, warm
bath to encourage micturition, restart preoperative tamsulosin.

o Insert urethral catheter if conservative measures fail and patient in
great discomfort or renal dysfunction is suspected.

Urinary tract infection
Common in females and patients catheterized for prolonged periods.

Clinical features

e Dysuria, frequency, dribbling, offensive smell, pyrexia, + WCC.

o Dipstick urine to confirm (dipstick should test nitrites and leucocytes).
o Send specimen for microbiology to identify organism and sensitivities.

Management

o Remove catheters as soon as possible.

e Encourage drinking or increase fluid infusion if safe to increase urine
flow.

o Treat empirically with trimethoprim 400mg bd until sensitivities
known.

Key revision points—physiology of diuretics

e Osmotic diuretics, e.g. mannitol, are not well reabsorbed in
the distal tubules. Increased osmotic pressure reduces H,O
reabsorption.

o Loop diuretics inhibit Na*K*Cl™ exchange in the ascending loop of
Henle, decreasing osmolality in the medulla and water reabsorption.

o Aldosterone antagonists, e.g. spironalactone, and sodium channel
blockers, e.g. amiloride, reduce Na* reabsorption and K* and H*
secretion in the distal tubule.

o Alcohol inhibits antidiuretic hormone (ADH) release.
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Gastrointestinal complications

Paralytic ileus
This is the cessation of Gl tract motility.

Causes

o Prolonged surgery, exposure and handling of the bowel.
o Peritonitis and abdominal trauma.

o Electrolyte disturbances (most can affect Gl function!!).
e Anticholinergics or opiates.

o Prolonged hypotension or hypoxia.

o Immobilization.

Clinical features

o Nausea, vomiting and hiccoughs.

e Abdominal distension, tympanic or dull on percussion.

o Air-/fluid-filled loops of small and/or large bowel on abdominal X-ray
(AXR).

Prognosis
Intestinal ileus usually settles with appropriate treatment.

Treatment

o Pass an NGT to empty the stomach of fluid and gas if the patient is
nauseated or vomiting. Small volumes of tolerated oral intake may help
mild ileus to resolve.

Ensure adequate hydration by IV infusion (‘drip and suck’).

Maintain the electrolyte balance.

Reduce opiate analgesia and encourage the patient to mobilize.
Consider other causes (e.g. occult intra-abdominal sepsis) and consider
nutritional status.

Post-operative mechanical small bowel obstruction
It is important to distinguish between mechanical obstruction and ileus
since management may be different.

Causes

e Early adhesions (usually self-limiting).

o Internal, external, parastomal, or wound herniation.

e Intra-abdominal sepsis (usually slightly later presentation).

Clinical features

o Nausea and vomiting.

e Colicky abdominal pain.

o Abdominal distension, tympanic on percussion.

e Examine hernial orifices and stoma, if any, for incarcerated hernias.
e High-pitched ‘tinkling’ bowel sounds MAY be present.

e Dilated loops of small bowel (relative paucity of gas in colon).

Treatment
o As for paralytic ileus with strict bowel rest.
e Consider CT scan to define diagnosis and level of the obstruction.
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Prognosis
Surgery is rarely indicated (for suspected herniation or complications or,
very occasionally, adhesional obstruction that fails to resolve).

Nausea and vomiting

This affects up to 75% of patients. It predisposes to increased bleeding,

incisional hernias, aspiration pneumonia, + absorption of oral medication,

poor nutrition, and ¥ K*. Causes include:

o Prolonged surgery; anaesthetic agents, e.g. etomidate, ketamine, N,O,
opioids; spinal anaesthesia; gastric dilatation from CPAP;

o Post-operative ileus; bowel obstruction; constipation; gastric reflux;
peptic ulceration or bleeding; medications, including many antibiotics,
NSAIDs, opiates, statins; pancreatitis; sepsis; and hyponatraemia.

Classification of antiemetics
Combining two different types of antiemetic increases efficiency.

Antidopaminergic agents

e Good against opioid nausea and vomiting, sedative, extrapyramidal
side effects.

o For example, prochlorperazine 12.5mg IM, metoclopramide 10mg IV/
IM/PO tds.

Antihistamines
e Sedation, tachycardias, hypotension with |V injection.
e For example, cyclizine 50mg IM/IV/PO tds.

Anticholinergics
o Active against emetic effect of opioids, sedation, confusion, dry mouth.
e For example, hyoscine (scopolamine) 0.3-0.6mg IM.

Antiserotonergics
o Lowest side effect profile of all antiemetics.
e Ondansetron 1-8mg PO/IV/IM tds, granisetron 1mg PO/IV tds.

Constipation

Failure to pass stool is common. Caused by lack of privacy, immobility,
pain from wounds or anal fissures, dehydration, poor nutrition, ¢ dietary
fibre, opiates, iron supplements, and spinal anaesthesia. Treat with:

o Bulking agents, e.g. Fybogel one sachet PO bd.

e Stool softeners, e.g. sodium docusate 30-60mg od PO.

e Osmotic agents, e.g. lactulose 5-10mL bd.

o Stimulants, e.g. senna one tablet bd PO, bisacodyl 5-20mg nocte PO.

Diarrhoea

Common causes in post-operative patients:

e Resolving ileus or obstruction.

o Related to underlying disease or surgery (e.g. ileal pouch or Crohn’s).

o Antibiotic-related diarrhoea (send for M,C,&S).

o Clostridium (C.) difficile diarrhoea (send stool for C. difficile toxin) and
pseudomembranous colitis (see [ p. 396).

Anastomotic leakage (see [ p. 420).
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Neurological complications

Confusion

Confusion is common post-operatively. It is often obvious with a disori-
ented, uncooperative, or hallucinating patient. Frequently, it is more sub-
tle, consisting of inactivity, quietness, slowed thinking, and labile mood,
and it is only spotted by relatives or nursing staff. Actively assess whether
the patient is oriented in time, person, and place. Perform a quick mini-
mental state examination if you are still unsure.

Common causes of confusion

e Medication (particularly benzodiazepines, opiates, anticonvulsants).

o Stroke.

e Hypoxia, hypercapnia.

e Shock.

o Sepsis.

o Alcohol withdrawal.

e Metabolic disturbances (+ glucose, Na*, pH; * Ca*', creatinine, urea,
bilirubin).

o Post-ictal.

o Preoperative dementia.

Management

o [f the patient’s behaviour poses a physical danger to themselves

or others, it may be necessary to sedate as first-line management.
Haloperidol 2.5mg may be given up to a total of 10mg in 24h PO,

IM, or IV, but if the patient remains disturbed, 2.5-5mg of midazolam
should be given IV and the patient placed under close observation.
P> Beware of sedating the hypoxic or hypotensive patient as this may
trigger a cardiorespiratory arrest: confusion is a common symptom of
shock and profound hypoxia.

Assess and treat hypoxia (see [ p. 130) and hypotension (see £ p. 132).
Reassess the drug chart: stop opiates and benzodiazepines.

Correct abnormalities, e.g. ¥ glucose,  Na.

Alcohol withdrawal is diagnosed from a history of chronically

high alcohol consumption often with raised yGT, combined with
psychomotor agitation post-operatively. It can be treated with either
diazepam 5-10mg tds PO/PR, haloperidol 2.5-5mg tds PO/IM/IV, or
allowing the patient alcohol 1U orally.

e Perform a neurological examination to look for focal neurological
deficit and consider head CT to exclude stroke.

Reassure patient and relatives: confusion is common, almost always
reversible, and it is not a sign that the patient is ‘going mad’.

Stroke

Stroke is most common in vascular and cardiac surgical patients (2%), but
elderly patients undergoing other major surgery are at risk.

Risk factors for stroke
e Increasing age (>80y risk of cerebrovascular accident (CVA) 5-10%).
e Diabetes.
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o Previous history of stroke or transient ischaemic attack (TIA)
(increases risk three-fold).

o Carotid artery atherosclerosis.

o Perioperative hypotension.

o Left-sided mural thrombus.

e Mechanical heart valve.

o Post-operative AF.

Aetiology

o Embolic. Carotid stenosis/atheroma, thrombus from AF.

o Haemorrhagic. Post-operative warfarinization.

o Cerebral hypoperfusion. Profound hypotension, raised intracranial
pressure (ICP).

o Hypoxia.

Clinical features

Any deficit resolving within 24h is called a TIA. Clinical features of periop-

erative stroke include:

o Failure to regain consciousness once sedation has been weaned.

o Hemiplegia (middle cerebral artery or total carotid artery occlusion).

o Initial areflexia becoming hyperreflexia and rigidity after a few days.

o Aphasia, dysarthria, ataxia (gait or truncal), inadequate gag reflex.

o Visual deficits, unilateral neglect, confusion, seizures.

o Persistent, marked hypertension.

e Hypercapnia.

Diagnosis

The aim is to establish a definitive diagnosis, establish a cause to guide

appropriate secondary prevention, and establish a baseline of function to

help plan long-term rehabilitation or withdrawal of therapy.

e Carry out a full neurological examination (cognitive function, cranial
nerves, and tone, power, reflexes, and sensation in all four limbs).

e Modern contrast head CT will show infarcts within 2h (older scanners
may not pick up lesions until they are 2-3 days old. You must
distinguish between haemorrhagic and ischaemic CVAs (1 in 10 are
haemorrhagic). MRl is necessary to image brainstem lesions.

Initial management

o Assess the airway, breathing, and circulation.

o [f the patient is unable to maintain their airway, insert a Guedel airway,
bag and mask, ventilate with high flow O,, and call an anaesthetist.
Monitor BP, but do not attempt to correct high pressures as these are
critical for adequate cerebral perfusion.

Monitor oxygen saturations.

o Secure IV access and give colloid if indicated.

If the patient is able to maintain their own airway and is not
haemodynamically compromised, explain what has happened and
reassure them.

Perform a full neurological examination.

Put the patient NBM if there is no gag reflex.

Send FBC, U&E, glucose, and clotting.

Send blood cultures if there is any history of endocarditis, pyrexia.
Request a CT head and consider a transthoracic echo.
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Haematological complications

Heparin-induced thrombocytopenia (HIT)

HIT occurs in about 5% of patients receiving heparin (5.5% of patients
on bovine heparin, 1.0% with porcine heparin). It is characterized by the
formation of complement-mediated heparin-dependent IgG platelet anti-
body. It occurs 5-10 days after initiation of heparin therapy or after the
first dose of heparin in patients with previous exposure to heparin within
the last 3 months.

Diagnosis

e Fall in platelet count by over 30% to <150 x 10°/L or by over 50%.

e And positive serology for HIT antibodies.

e Heparin-induced thrombocytopenia and thrombosis (HITT) occurs
in about 20% of patients with HIT and is characterized by major
thrombotic episodes. It has a mortality of about 30%.

o Patients may show tachyphylaxis to heparin as well as bleeding
complications.

Treatment

o Discontinue all heparin therapy, including heparinized saline flushes.
o [fitis at all possible, delay any surgery requiring bypass until HIT
antibodies are undetectable and then follow standard heparinization,
but do not use heparin in the post-operative period.

If it is impossible to delay bypass surgery, then danaparoid and iloprost
are alternatives to heparin with the major disadvantages that they
cannot be reversed after bypass and require specialized assays.
Hirudin, iloprost, danaparoid, and warfarin are alternative
anticoagulants to heparin in the post-operative period.

e Discuss with haematologist.

Disseminated intravascular coagulation (DIC)

DIC may occur as a complication of sepsis, transfusion reaction, drug
reaction, transplant rejection, and aortic aneurysm surgery. It is character-
ized by widespread activation of coagulation, resulting in the formation
of intravascular fibrin, fibrin degradation products, consumption plate-
lets, and clotting factors, and ultimately, thrombotic occlusion of vessels.
Patients may present with bleeding from indwelling venous lines, wounds,
and minor abrasions.

Diagnosis

There is no single diagnostic test. The following findings suggest DIC:
e Sudden fall in platelet count to <100 x 10°/L.

o Bleeding and/or thrombotic complications.

e T APTT, PT, INR.

o 1 fibrin degradation products.

e | fibrinogen in severe DIC.
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Management

The key is to treat the underlying disorder. Bleeding patients should
receive FFP, platelets, blood, and cryoprecipitate as indicated by coagula-
tion screens. Patients with thrombosis should be heparinized.

Excessive warfarinization

Warfarin inhibits carboxylation of vitamin K, inhibiting the synthesis of
vitamin K dependent factors (V, VII, XI). Management depends on whether
the patient is bleeding, why they are warfarinized and if urgent/emergency
surgery is indicated.

o If the INR is <5.0 and the patient is not bleeding, simply omit warfarin
and recheck INR daily, restarting warfarin once the INR is within range.
If the INR is >5.0, give 10mg vitamin K PO.

If INR is elevated and emergency reversal to normal clotting is
required (e.g. for high risk surgery), IV Beriplex (mixed FII/VII/IX/X
protein C/S) may be used.

If the patient is bleeding, give FFP and up to 5mg vitamin K PO.

If the patient has a mechanical valve, the risk of thromboembolic
events when anticoagulation is reversed is <0.1% per day.
Anticoagulation with heparin or warfarin should be recommenced
within 1-2 weeks once any bleeding complications have resolved.

Key revision points—physiology of haemostasis

e Vascular phase. Vasospasm, local oedema, and haematoma.

o Platelet phase. Adherence of platelets activated by ADP, collagen,
von Willebrand factor and mediated by IIb/llla, fibrinogen, 5-HT,
thromboxane A2.

o Clotting phase:

* Intrinsic (kallikrein, XII, XI, and [X).
« Extrinsic (thromboplastin, VII) pathways converge on common
pathway (X, thrombin, fibrinogen).

Fibrinolysis depends on plasmin, antithrombin Ill, proteins C and S, tissue
factor pathway inhibitor.



120

CHAPTER 2 Principles of surgery

Deep venous thrombosis and
pulmonary embolism

Deep venous thrombosis (DVT) is most common in patients over 40
years of age who undergo major surgery. A post-operative increase in
platelets coupled with venous endothelial trauma and stasis all contribute
(Virchow’s triad). If no prophylaxis is given, 30% of these patients will
develop DVT and 0.1-0.2% will die from pulmonary thromboembolism
(PTE).

High-risk groups (see Prophylaxis L1 p. 72)

o Patients undergoing pelvic or hip surgery.

o Patients with malignant disease.

e Patients on the contraceptive pill (pregnancy).

e Previous history of DVT or PTE.

o Older patients. The increase in DVT is almost linear with advancing
age.

o Other factors: obesity, diabetes mellitus, polycythaemia, varicose veins,
cardiac and respiratory disease, thrombophilia (e.g. factor V Leiden
protein C or S deficiency).

Diagnosis

Clinical

e Systemic pyrexia at 7-8 days post-operatively.

e May present with embolism (pulmonary).

o Pain, swelling of the leg, and a rise in local skin temperature.

Investigations
o DVT may be diagnosed using:
e Duplex Doppler: less sensitive for calf DVT than thigh DVT.
 Ascending venography: invasive, but more sensitive than duplex.
o PE may be diagnosed using:
» CTPA (almost universally favoured now over VQ lung scans).
* VQ lung scanning with radioactive technetium-labelled
microaggregates of albumin (*Tcm MAA).

Treatment

Confirm the site and the extent of the DVT by Doppler and lung scan.

o Calf vein thrombosis may be treated by compression alone.

o All other thrombi should be treated with heparin for 4-7 days (40
000U/24h), checked by bleeding times (5000—-10 000U by bolus, then
1000-1500U/h IV alone), or followed by oral anticoagulation for 6-12
weeks (warfarin, checked by PT/INR).

o Lytic therapy—urokinase, streptokinase—is most effective within
24-36h of onset of DVT. This may be effective in life-threatening PE.

o Surgical thromboectomy or embolectomy is used when there is
massive PTE. In bilateral ileofemoral DVT, embolism may be prevented
by inserting an ‘umbrella’ filter into the vena cava at a level below the
renal vessels.

Prevention (see L1 p. 72).
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Pulmonary embolism

Diagnosis of pulmonary embolism

PE is incorrectly diagnosed in almost 75% of patients. The differential diag-
nosis includes acute MI, aortic dissection, septic shock, chest infection,
haemothorax, and pneumothorax. Massive PE is PE resulting in haemo-
dynamic compromise or where >30% of the pulmonary vasculature is
compromised.

Clinical features of PE

o Symptoms. Dyspnoea, pleuritic or dull chest pain.

e Signs. Tachypnoea, tachycardia, hypotension, elevated JVP.

o Risk factors for or clinical evidence of DVT.

o ECG shows RV strain pattern (51, Q3, T3), but this is neither a
specific nor a sensitive test.

e | PaO,; PaCO, may be low.

e CXR may show consolidation and effusion early on.

e Echo may show right ventricular (RV) dilatation, tricuspid
regurgitation, and right atrial or RV thrombus.

e Pulmonary angiography, CT-angio, and VQ scanning are diagnostic.

Outcome

o The 30-day mortality of acute massive PE is about 50%.

e About 10% of mortality occurs within the first hour.

o Up to 80% of mortality occurs within the first 2h.

o The mortality of surgical intervention is up to 70% for patients
requiring CPR or mechanical circulatory support preoperatively.

e The operative mortality of stable patients is about 30%.

Management

If the patient is haemodynamically unstable, emergency pulmonary

embolectomy should be considered. In patients with large PE and no con-

traindications (i.e. surgery within previous 30 days), thrombolysis is the
definitive management. Otherwise do the following:

o Sit the patient up and give 100% O,.

o Patient may require intubation.

o Get IV access and give heparin 5000U bolus IV.

e Start a heparin infusion (50 000U heparin in 50mL of normal saline) at
1000-2000U/h.

o Check APTT after 6h (target APTT 70-90), adjust infusion rate
accordingly, and recheck APTT after 6h.

e Once APTT is stabilized, APTT should be checked every 12-24h.

o Low molecular weight tinzaparin is licensed for use in acute PE. It has
the same efficacy as unfractionated heparin without the requirement
for repeated APTT checks.

e Begin warfarinization.

o Look for causes of PE.
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Risk scoring

Scoring systems attempt to quantify the severity of illness so that:

o Different interventions, clinicians, or centres can be compared,
adjusting for differences in case mix.

o Clinicians can predict prognosis more accurately.

Examples of risk scoring systems

o Predicting risk of dying in hospital (APACHE III).

o Quantifying morbidity (ASA score, Apgar score).

o Quantifying symptoms (NYHA angina classification).

o Predicting operative mortality (EUROscore, Parsonnet score in
cardiac surgery, POSSUM).

o Predicting risk of dying on waiting list (New Zealand score in cardiac
surgery).

o Predicting risk of dying for specific illnesses (Glasgow and Ranson
criteria in pancreatitis).

APACHE Il scoring system (Acute Physiology and Chronic
Health Evaluation)

This predicts an individual’s risk of dying in hospital. Twenty-seven patient
variables (physiological variables such as core temperature, heart rate, BP,
creatinine, age, and chronic illness variables) are entered into a programme
that gives a score which can be compared against previous performance
to give a risk of dying in the hospital. There are approximately another 60
hospitals worldwide where the APACHE Ill methodology is used to gener-
ate reports that compare their actual average ICU outcomes with those
predicted by the APACHE Il methodology.

EuroSCORE (European System for Cardiac Risk Evaluation)
This is a weighted additive score, based on a European sample of cardiac
surgical patients. Variables such as age, renal function, and comorbidity
are given points that add up to an approximate percentage of predicted
perioperative mortality. Scoring systems like this are useful when consent-
ing patients for surgery and in risk-stratifying operative outcomes so that
surgeons and hospitals can be compared with each other.

POSSUM (Physiologic and Operative Severity Score for the
enUmeration of Mortality and morbidity)

This is a weighted additive score. Eighteen variables are combined to pro-
duce a physiological score and an operative score, which in turn are com-
bined to produce an estimate of the percentage risk of defined morbidity
and mortality. (Variants exist for vascular, orthopaedic, and colorectal

surgery.)
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Critical care

Recognizing the critically ill surgical patient (see Box 2.8)

It may be obvious that a patient needs a critical care bed, e.g. the patient
needing ventilation, inotropes, or dialysis. But anticipating, and maybe
avoiding, this is more difficult. The first step is recognizing compensated
critical illness (e.g. shock compensated by tachycardia and peripheral shut-
down or respiratory failure compensated by unsustainable respiratory
effort).

Box 2.8 Signs that should ring alarm bells

o History. ‘| feel like I'm going to die.” Timor mortis (fear of dying) may
accompany Ml, hypovolaemic shock, respiratory failure. Never ignore
the patient who thinks they are dying; they are often right.

o Nurses. ‘Mr Smith just doesn’t look right.” Experienced nurses

quickly recognize the patterns of critical illness; listen to them.

General. Hypothermia or hyperpyrexia, sweating.

Cardiovascular. ¥ BP, t{ pulse, arrhythmias, peripheral shutdown.

Respiratory. Tachypnoea, difficulty getting full sentences out.

Renal. Oliguria <0.5mL/kg/h.

Gastrointestinal. New anorexia, nausea, and vomiting.

Neurological. Confusion, agitation or drowsiness, fits.

Immediate management

First identify and treat potentially life-threatening conditions. Then quantify

the problem (important for referring patients to other clinicians and for

establishing a baseline by which to guide treatment and monitor progress).

Finally start looking for the underlying problem. Some of these tasks over-

lap. Keep reassessing the patient and adjust your management.

e Quickly assess airway, breathing, and circulation: ALS algorithms are

printed on the inside back cover; management of shock is described on

L p. 100; management of haemorrhage is described on L p. 102.

Sit patient up and give high flow O,.

e Secure IV access and take blood for FBC, U&E, amylase, glucose, LFTs,
cardiac enzymes, clotting, group and save, and blood cultures.

o Take ABG: good O, saturations do not rule out respiratory failure and

ABGs will also show acidosis and electrolyte abnormalities.

Give 500mL gelofusine if patient not obviously fluid overloaded.

Request a 12-lead ECG.

Review drug, diabetic, and fluid balance charts.

Perform a focused history and examination: ask about symptoms that

have changed recently and focus your examination on that.

Review recent bloods and X-rays and request appropriate radiology.

If the patient needs HDU or ITU, talk to your registrar or consultant.

A patient may need to be discharged from HDU or surgery need to be

postponed: think ahead.
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High dependency unit

The HDU allows a level of care between ICU and the general ward.
Invasive monitoring and inotropic support are routine, but ventilation and
renal support are not. Nurse:patient ratio is 1:2. Patients with single organ
failure requiring basic respiratory support, including non-invasive mask
ventilation with CPAP, should be admitted to HDU.

Guidelines for admission to HDU

o Need for monitored bed.

o Need for invasive monitoring.

e Need for inotropes.

o Need for CPAP or other respiratory support.
o Need for 1:2 nursing.

Intensive care unit

The ICU offers advanced ventilatory and inotropic support, renal replace-
ment therapy, full invasive monitoring, and 1:1 nursing care.

Guidelines for admission to ITU

o Need for mechanical ventilation.

e Failure of two or more organ systems.

o Need for advanced monitoring, e.g. pulmonary artery catheter.

o Need for escalating or additional inotropes.

e Primary pathology should be reversible.

e Consultant involvement from both surgery and ITU is essential.

o Patient’s stated or written preference against intensive care should
be taken into account and documented.

How to use critical care

The surgical team should consider using critical care services for both

elective and emergency surgical patients. Some guides follow:

o |s the elective patient in need of intensive infusional treatment prior to
surgery (e.g. IV anticoagulation, IV clotting factors)? - HDU.

e Has the patient undergone major surgery with significant transfusion

requirements that might lead to haemodynamic and clotting

abnormalities (e.g. elective extensive pelvic surgery, aortic surgery,

extensive burns surgery)? - HDU.

Is the patient over 80, having had major abdominal, thoracic, or limb

surgery? - HDU.

Does the patient have known significant respiratory disease making

intensive respiratory therapy likely? - ITU.

e Would a patient due for emergency surgery benefit from aggressive,

closely monitored fluid resuscitation prior to anaesthesia? - HDU.

Does the post-op patient need infusional inotropic support, renal

replacement therapy, or invasive monitoring? - I[TU/HDU.

P The golden rule is, ‘If in doubt, ask for the advice of the critical care
team—more patients can benefit than do.’

125



126

CHAPTER 2 Principles of surgery

Commonly used terms in ITU

Cardiac function (see [lJ p. 620—cardiothoracic surgery).

Oxygenation and ventilation

o Oxygenation, the amount of oxygen in arterial blood, is described in
terms of the partial pressure of oxygen in arterial blood (PaO,) and the
percentage saturation of arterial haemoglobin with oxygen (SaO,).
Ventilation, the movement of air in and out of the lungs, is described

in terms of minute volume, and assessed by measuring the partial
pressure of carbon dioxide in arterial blood (PaCO,).

Oxygenation is independent of minute volumes until they are very low.
In post-operative patients, the primary cause of hypoxia is atelectasis
and this must be reversed before the patient can benefit from
increasing the fraction of oxygen in inspired air (FiO,).

Positive end expiratory pressure (PEEP) and CPAP treat and prevent
atelectasis.

Oxygen consumption is assessed indirectly by measuring the
percentage saturation of mixed venous haemoglobin with oxygen (SvO,;
indirect measurement of oxygen uptake by peripheral tissues).
Pulmonary ventilation is described in terms of four ‘volumes’ (tidal
volume, inspiratory reserve volume, expiratory reserve volume, and
residual volume) that may be combined to give four ‘capacities’
(inspiratory capacity, functional residual capacity, vital capacity, and
total lung capacity). Tidal volume is the only measurement used on
ITU.

Loss of functional residual capacity through atelectasis, supine position,
lobar consolidation and collapse, effusions, and obesity results in
hypoxia. CPAP, PEEP, and physiotherapy are aimed at limiting this loss.



This page intentionally left blank



128

CHAPTER 2 Principles of surgery

Invasive monitoring

Invasive monitoring is used on ITU and HDU because it provides accurate
and sensitive real-time measurements, routes for sampling blood, routes for
administration of drugs.

Arterial monitoring
Insertion technique and complications are described on L p. 196.

Indications
e Precise measurement where inotropic or mechanical support used.
o Frequent sampling of ABGs.

Contraindications
o Absolute. Infection at the site of insertion, distal limb ischaemia.
o Relative. Coagulopathy, proximal obstruction, surgical considerations.

Central venous pressure lines

Insertion technique and complications are described on EJ p. 198.

Indications

o Continual RA pressure (RAP) measurements in patients requiring
circulatory support.

e Infusion port for some drugs that cannot be given peripherally.

e Insertion pulmonary artery catheter or transvenous pacing wires.

e Infusion port for TPN.

Contraindications

o Absolute. SVC syndrome, infection at the site of insertion.

o Relative. Coagulopathy, undrained contralateral pneumothorax,
uncooperative patient. DVT of the head and neck vessels may make
insertion difficult. Patients with septal defects are at risk of CVA from
air emboli caused by poor technique.

Pulmonary artery catheter

Complications are as for CVP lines, additionally arrhythmias and pulmo-
nary artery infarction or perforation. The catheter has four lumens: a
proximal lumen 25cm from the tip that sits in the RA; a distal lumen con-
nected to a pressure transducer sitting in the pulmonary artery; a balloon
lumen allowing balloon inflation; a thermistor lumen.

Indications

These are indicated in patients with hypoperfusion states refractory to

first- and second-line inotropic support.

o Pressure monitoring: RAP, RV pressure (RVP), PAP, pulmonary artery
wedge pressure (PAWP).

o Flow monitoring: cardiac output.

o Mixed venous oxygen saturations.

o Derived parameters: systemic vascular resistance (SVR), SVR index (SVRI),
pulmonary vascular resistance (PVR), PVR index (PVRI), LVSV, VO,, DO,.

e Temporary atrial and ventricular pacing.

Contraindications As for CV catheters (see [l p. 198). Those specific to
pulmonary artery catheterization include tricuspid or pulmonic valvular
stenosis, RA and RV masses that may embolize, tetralogy of Fallot, severe
arrhythmias, coagulopathy.



INVASIVE MONITORING

Waveforms See Fig. 2.8.

The arterial waveform

The arterial waveform has a fast upstroke and slower downstroke with a
notch that represents aortic valve closure.

The CVP waveform

The waveform is composed of three upstrokes (the ‘@', ‘c’, and ‘v’ waves)
and two descents (the ‘X’ and ‘y’ descent). The ‘a’ wave—atrial systole;
‘v" wave—venous return filling the RA; ‘c’ wave—bulging of the closed
tricuspid valve cusps into the RA. The X’ descent occurs in atrial diastole.
The 'y’ descent occurs in ventricular diastole.

The pulmonary artery pressure waveform

Waveform progression during correct insertion of the pulmonary artery
catheter shows a sudden increase in systolic pressure as the catheter
enters the RV. As the catheter enters the pulmonary artery, the diastolic
pressure increases. There is a decrease in mean pressure as the catheter
enters the wedge position.

@) 120

Pressure (mmHg)

60 T

Dicrotic notch

© 40
0

RA RV PA <—> PAWP

Ballon Ballon

deflated inflated

Fig. 2.8 (a) Arterial waveform. (b) Central venous pressure waveform and
responses to fluid boluses. (c) Pulmonary artery pressure waveform.
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Ventilation and respiratory support

Invasive methods

Intermittent positive pressure ventilation (IPPV); controlled mechanical
ventilation (CMV); pressure control ventilation (PCV)

IPPV or CMV is the mode commonly used during routine surgery. Raising
airway pressure forces air into the lungs via an endotracheal or tracheos-
tomy tube. Expiration occurs when airway pressures are allowed to fall to
zero. This mode is poorly tolerated by the awake patient.

Positive end-expiratory pressure (PEEP)

If, instead of allowing airway pressures to fall to zero, a small positive air-
ways pressure is maintained throughout expiration (positive end-expiratory
pressure or PEEP), the collapse of small airways and alveoli that occurs at
the end of expiration is prevented.

o Functional residual capacity, intrapulmonary shunts, lung compliance,
and PaO, are improved and the work of breathing is reduced.

High levels of PEEP (>15cmH,0) may be necessary to reverse
established atelectasis, but increase intrathoracic pressure, reducing
venous return and cardiac output, which may reduce PaO,.
Barotrauma is a complication of high PEEP. PEEP as low as 5cmH,O
may cause haemodynamic compromise in the patient with poor LV.
Physiological PEEP is provided by an intact glottis: patients with COPD
purse their lips during expiration to increase physiological PEEP.

Synchronized intermittent mandatory ventilation (SIMV)

One variation of IPPV is SIMV, where positive airway pressure may be
synchronized with patient-initiated breaths. Mandatory (machine-initi-
ated) breaths are given if no spontaneous breaths occur in a preset time.
Machine-initiated breaths do not occur at the same time as patient-initi-
ated breaths. This mode is used in patients that are awake, but any patient
may safely be ventilated on SIMV.

Mandatory minute ventilation (MMYV)
Another variation of IPPV is MMV where the ventilator initiates breaths
only if patient-initiated ventilation falls below a preset minute volume.

Pressure support (PS) and assisted spontaneous breathing (ASB)
Patient-initiated breaths can be supported with a preset positive airway
pressure of 6~20cmH,O. The ventilator detects the drop in airway pres-
sures as the patient begins inspiration and assists air inflow with a positive
airway pressure. This is lower than the preset inflationary pressures in
IPPV as the patient is making some inspiratory effort.

At high levels of pressure support (>20cmH,0), the patient, although
controlling the timing and frequency of respiration, is on [PPV.

Continuous positive airway pressure (CPAP)

In CPAP, a standing airway pressure, continuous throughout all phases of
respiration, is applied via the endotracheal tube. It is more commonly used
in the extubated patient via a tight fitting facemask (see I p. 131).
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Non-invasive methods

Intermittent negative pressure ventilation (INPV) Virtually never used
today, INPV involves placing the patient inside a tank ventilator sealed at
the neck. Tank pressure is intermittently lowered, expanding the chest and
lowering intrapleural pressure.

Non-invasive intermittent positive pressure ventilation (NIPPV) This is
IPPV delivered by face or, more commonly, nasal mask. The patient must
be cooperative in order to understand how to synchronize breaths with
the ventilator. It may be used in the tiring COPD patient.

Continuous positive airway pressure (CPAP) In CPAP, a standing airway

pressure, continuous throughout all phases of respiration, is applied via an

entotracheal tube, tracheostomy, nasal, or, more commonly, face mask to

a spontaneously breathing patient.

o This results in a kind of non-invasive PEEP, where additional alveoli are
recruited with the benefits described (see £ p. 130).

o CPAP is a useful adjunct in the extubated patient with COPD,
atelectasis, pulmonary oedema, or acute respiratory distress syndrome
(ARDS).

o CPAP cannot produce ventilation by itself.

Biphasic positive pressure ventilation (BiPAP) is a solution to the problem
of air trapping that can occur in patients, particularly those with COPD,
on CPAP. Airway pressure is cycled at preset rates between high and
low levels.

High flow (Venturi) face mask (fixed performance) The key part of the

Venturi facemask is the Venturi valve which draws in an amount of air

through calibrated inlets, which is mixed with O, flowing into the valve

before entering the mask.

e More mixed air (up to 30L/min) is delivered to the mask than the
patient can use: the excess escapes though holes in the mask.

e The FiO, is set by the choice of valve, not by the patient’s breathing
pattern (hence the term fixed performance).

o The maximum FiO, that can be delivered by a Venturi mask is about
60%. There is a minimum flow rate of O, for each Venturi.

Low flow (Hudson) face mask (variable performance) O, flows at a set

rate (e.g. 2L/min) into the mask. It is diluted by air drawn into the mask,

which depends on the patient’s minute volumes, ranging 5-30L/min.

e The FiO, achieved depends primarily on the patient and the delivery
system should not be used when accurate control of FiO, is required.

o The maximum FiO, that can reliably be delivered is about 30%.

e Use of a non-rebreathing mask and reservoir bag, into which high flow
O, is drawn during expiration and then inhaled, increases FiO, to up to
60%: the reservoir bag must be filled with O, before the patient uses it.

Nasal prongs Nasal prongs deliver an FiO, that is determined primarily
by the patient, as in a low flow mask, but they are less obtrusive, allowing
the patient to expectorate and eat. They increase tracheal FiO, to barely
more than room air levels, particularly if the patient breathes through
their mouth.
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Circulatory support

Principles

Improving cardiac function and end-organ perfusion involves:

o Careful fluid balance to optimize preload or ‘filling’ (see EL p. 64);
e Using vasoconstrictors and vasodilators to optimize afterload;

e Using inotropes and chronotropes to improve cardiac output (CO);
e Mechanical support in selected cases.

Inotropes

Inotropes increase inotropy (contractility)

e q-adrenergic receptor stimulation leads to * SVR and PVR.

o (3, stimulation leads to * contractility, heart rate, and conduction.

e [3, stimulation causes peripheral dilatation and bronchodilation.

e Dopamine (DA) stimulation causes coronary, renal, and mesenteric
vasodilatation.

Adrenaline (epinephrine) 0.03-0.5micrograms/kg/min or bolus

Catecholamine produced by the adrenal medulla.

o Action. Direct agonist at «, 3, and 3, receptors.

e Pharmacodynamics. Instant onset, half-life 2min. Metabolized by MAO.

o Indications. Cardiac arrest (asystole, ventricular fibrillation (VF),
electromechanical delay (EMD)); anaphylaxis; low CO states;
bronchospasm.

Dopamine 3—10micrograms/kg/min

A catecholamine precursor to noradrenaline (NA) and adrenaline.

o Action. a, 3, B,, and DA, agonist, and release of stored neuronal
NA. At the lower doses, 3 and DA effects (increased heart rate
(HR), contractility) predominate. At >10micrograms/kg/min, a effects
predominate (t SVR, dysrhythmias).

o Pharmacodynamics. Fast onset, slow offset. Metabolized by monoamine
oxidase (MAO).

e Indications. Low CO states; renal insufficiency.

Milrinone 0.3—0.8micrograms/kg/min

Bipyridine derivative that inhibits phosphodiesterase.

o Action. Potent inotropic and vasodilator effects.

o Pharmacodynamics. Half-life is 4h. Metabolism is hepatic.
e Indication. Low CO state in the setting of * SVR.

Vasopressors

Vasopressors cause vasoconstriction

e a,-adrenergic stimulation increases SVR and PVR.
o «oy-adrenergic stimulation t contractility without * HR.
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Noradrenaline (norepinephrine) 0.03—1.0micrograms/kg/min
Catecholamine produced by the adrenal medulla.

e Action. Direct a agonist: potent vasoconstriction + B, effect = t BP.

e Pharmacodynamics. Immediate onset; half-life 2min.

o Indication. Hypotension because of low SVR in good to high CO states.

Chronotropes

Chronotropes increase heart rate

e 3, stimulation leads to t contractility, HR, and conduction.
e Muscarinic cholinergic activity is predominantly parasympathetic.

Atropine (0.3—1mg IV bolus)

Atropine is a belladonna alkaloid.

o Action. A competitive antagonist at muscarinic cholinergic receptors,
reducing parasympathetic tone to ‘reveal’ underlying sympathetic tone.

o Pharmacodynamics. Almost instant onset. When given IV, offset is
15-30min. When given IM, SC, or PO, 4h. Renal elimination.

e Indication. Bradydysrhythmias, reduction of oral secretions.

Isoprenaline (0.01-0.3micrograms/kg/min)

Synthetic catecholamine.

e Action. Direct 3, (1 contractility, conductivity, and HR) and B, *
(vasodilatation and bronchodilatation) effect. No « activity.

o Pharmacodynamics. Plasma half-life 2min. Hepatic metabolism by MAO,
40% conjugated, 60% excreted unchanged.

o Indication. Bradycardia unresponsive to atropine.

Mechanical support

Intra-aortic balloon counterpulsation

Mechanism

The intra-aortic balloon pump (IABP) is a polyethylene balloon filled with

helium, ranging from 2 to 50cm? in size, that sits in the descending aorta

just distal to the left subclavian artery. The balloon inflates in early dias-

tole, improving coronary perfusion, and deflates just before systole, reduc-

ing afterload. The myocardial oxygen supply:demand ratio is improved and

CO may be increased by up to 40%.

Indications

Weaning from cardiopulmonary bypass, refractory ischaemia, cardiogenic

shock.

Contraindications

e Aortic regurgitation (AR) (balloon inflation during diastole will worsen
AR).

o Aortic dissection.

Ventricular assist devices (VADs) These are pumps that are anastomosed

to the great vessels or cardiac chambers to support failing right, left, or
both ventricles.
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Renal support

The main aims of treatment of renal failure are:
o Maintain renal perfusion.

o Optimize fluid balance.

e Provide adequate enteral support.

e Correct hyperkalaemia and acidosis.

o |dentify and treat sepsis.

o Target therapy to underlying pathology.

o Provide renal replacement therapy.

Haemodialysis and haemofiltration

Indications for renal replacement therapy

o Refractory hyperkalemia (see EH p. 111).

Refractory acidosis.

Pulmonary oedema.

Drug toxicity.

Progressive uraemia or uraemia associated with pericarditis,
encephalopathy, seizures, or coagulopathy.

There are two main techniques of renal replacement therapy used on car-
diac ICUs: haemodialysis and haemofiltration. In both techniques, access
to the circulation is required and blood passes through an extracorporeal
circuit that includes either a dialyser or a haemofilter.

o In haemodialysis, blood flows along one side of a semipermeable
membrane as a solution of crystalloids is pumped against the other side
of the membrane, against the direction of blood flow.

In haemofiltration, blood under pressure passes down one side of a
highly permeable membrane on the other side of which is a static
crystalloid solution.

In haemodialysis, removal of solutes depends on diffusion: molecules
move from high to low concentration and smaller molecules move
faster so the amount of solute removed depends on its concentration
in the dialysis fluid and on the size of the molecule.

In haemofiltration, removal of solutes with a molecular weight up

to 20 000 depends on convective flow as in glomerular filtration:

all molecules are removed at a similar rate and virtually all ions are
removed.

In haemodialysis, large molecules are not efficiently removed.

In haemofiltration, large molecules are so effectively removed that
drugs such as heparin, insulin, and vancomycin may need to be
replaced and reduction in circulating inflammation mediators and
pyrogens leads to a reduction in pyrexia and systemic inflammation.

In haemodialysis, controlled amounts of sodium and water are
removed by creation of a transmembrane pressure gradient.

In haemofiltration, large amounts of salt and water are removed

and must be replaced by an infusion of an appropriate amount of
physiologic crystalloid into the distal port of the haemofilter.
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Types of haemofiltration

Haemofiltration has become an increasingly popular form of renal replace-
ment therapy for acute renal failure post-operatively, even though it is
several times more expensive than dialysis. This is because the continuous
nature of the process avoids the big swings in fluid balance and electro-
lytes that characterize dialysis. There are several variants.

Continuous arteriovenous haemofiltration (CAVH) This is the original and
simplest form of filtration. The femoral artery and vein are cannulated and
blood passes through the haemofilter under arterial pressure alone. It is
therefore less appropriate for patients with low CO states. Prolonged
arterial cannulation carries complications (see L p. 197).

Continuous arteriovenous haemodialysis with filtration Because clearance
rates are as low as 10mL/h with CAVH, a dialysis circuit is added to the
equipment, improving clearance rates at considerable cost.

Continuous venovenous haemofiltration (CVVH) An occlusive pump is
incorporated into the circuit to drive blood so that venous cannulation
is all that is required. This also allows control of blood flow and filtration
rate. Clearance of up to 100mL/min can be achieved. This is the most com-
monly used system in ICUs.

Continuous venovenous haemodialysis with filtration Some systems add
haemodialysis to the CVVH circuit for additional fine control.

Management of the haemofiltered patient

A double lumen catheter (Vascath) is inserted into a central vein. The
blood pump is set at 125mL/min and the haemofiltration rate to 25mL/
min. The replacement fluid pump is programmed to balance the inflow
and outflow of fluid to achieve a preset rate of fluid loss. The circuit
is heparinized with an infusion of 200-1600U/h. Lactate is the common-
est replacement anion, but in lactic acidosis, a lactate-free replacement
solution must be employed. Mg*, Ca*, PO,, and HCO, are replaced.
Hypotension is common when commencing haemofiltration.
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Enteral support

(See also [ p. 66.) Neglecting the patient’s nutritional needs increases
morbidity and mortality.

Routine management

o Patients may be started on oral intake directly after most forms of
surgery unless contraindicated. There is good evidence of reduced
pulmonary, septic, and anastomotic complications in patients fed early.

o Patients with a history of dyspepsia or peptic ulceration should be
commenced electively on an IV proton pump inhibitor (PPI).

o Analgesia should be downscaled from IV and oral opiates to non-
opiate analgesia such as paracetamol 1g qds PO/PR as soon as possible
to avoid ileus, constipation, anorexia, nausea, and vomiting.

o Avoid NSAID analgesia in patients at risk of peptic ulceration.

e Give regular IV antiemetics to treat persistent nausea and vomiting.

Enteral nutrition

This is nutrition using the Gl tract. It is superior to, safer, and cheaper
than TPN.

Routes/methods for supplemented enteral nutrition

o Sip feeds.

o Fine bore NG tube (NGT) with use of infusion pump.

o Nasojejunal tube (needs radiographic imaging).

e Percutaneous endoscopic gastrostomy (PEG) and jejunostomy.
o Open surgical gastrostomy or jejunostomy.

Examples of enteral feeds

o Standard feeds—Osmolite®, Nutrison® standard.
e Fibre enriched—]evity®, Nutrison® Multi-Fibre.

e High energy—Nutrison® Energy, Ensure® Plus.

Enteral tube feeds come in sterile, ready to hang 500mL and 1000mL packs.
Standard feeds are nutritionally complete and provide 1kcal/mL. They are
based on whole protein. Fibre-enriched feeds also provide 1kcal/mL. They
contain soy polysaccharides that are soluble, but remain undigested pass-
ing to the colon where they are fermented by bacteria to produce short
chain fatty acids, promoting absorption of sodium and water and reducing
diarrhoea. They are also probiotic. High energy feeds provide 1.5kcal/mlL
and are used in patients requiring reduced fluid input.

o Renal failure patients require high energy, low volume, and electrolyte
feeds. Nepro® provides 2kcal/mL and high protein content.

e Drugs can be given by the NGT being used for enteral feeding. Liquid
preparations designed for oral administration should ideally be used as
crushed tablets may block the tube. The feed should be stopped and
the NGT flushed with saline before and after administration of drugs.

o The therapeutic effect of warfarin is reduced by the vitamin K content
in feeds; it is frequently necessary to increase the dose of warfarin.
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e Phenytoin interacts with enteral feeds, which should be stopped for 2h
before and after phenytoin administration.

Indications for supplementary enteral feeding

o Inadequate oral intake due to anorexia, practical difficulties with
feeding, being on ITU/HDU, drug-induced nausea, poor oral health or
dentition.

e Hypercatabolism exceeding normal intake (e.g. chronic major sepsis,
malignancy, trauma, burns).

o Gut intact, but absorption impaired excessive losses; chronic
diarrhoea, high output stoma or fistula (usually low residue or
elemental feeds to maximize absorption).

Complications of supplementary enteral feeding

o Complications of feeding tube. Malposition, blockage (wound infection
around jejunostomy tubes).

o Complications of administration. Pulmonary aspiration, regurgitations,
diarrhoea, bloating, nausea, cramps.

o Complications of contents. Vitamin and trace mineral deficiencies,
electrolyte imbalances, drug interactions.

Diarrhoea is the most common complication. If feed-related, reducing the
osmotic load is effective (using half-strength feed or slowing the infusion).
Omeprazole, Lomotil®, and erythromycin may be tried. It is mandatory to
exclude other causes of diarrhoea such as subacute obstruction and infec-
tious causes (particularly Clostridium difficile).

Total and peripheral parenteral nutrition (TPN, PPN)

TPN consists of specially formulated feed given IV. Because TPN solutions
have high osmolality, they cause thrombophlebitis if infused into periph-
eral veins. They are given via central lines (subclavian or internal jugular)
which may be tunnelled for long-term use. PPN uses heparin, in-line filtra-
tion, buffering, fine bore cannulas, and reduced osmolality feeds to avoid
thrombophlebitis.

Indications

o Failure of bowel to absorb food, e.g. radiation damage, severe acute
enteritis, or malabsorption syndromes.

o Failure of adequate length of bowel for absorption (short bowel
syndrome due to Crohn’s disease or after massive intestinal resection).

e Gl tract not accessible for enteral route, e.g. acute severe pancreatitis,
oesophagogastric surgery, or disease where tube feeding not possible.

o Failure of enteral feeding to accomplish nutritional targets (rare).

Complications

e Complications of CV catheters (see L p. 199).

o Late complications: sepsis, migration, erosion, DVT, occlusion.

e Metabolic complications: ¥ glucose, K*, Na*, t+ Ca**, ¥ PO,, ¥ Zn,
Mg, folate.
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Sepsis, SIRS, MODS, and ALI

Systemic inflammatory response syndrome (SIRS) is a pro-inflammatory
state that does not include a documented source of infection. It may lead
to multiple organ dysfunction syndrome (MODS).

Definitions
SIRS
e Any two or more of the four following signs:
* Tachycardia >90 beats/min.
» Tachypnoea >20 breaths/min.
* Pyrexia >38°C (or hypothermia <36°C).
* White blood count >12 X 10°/L (or <4 X 10%/L).
o Without identifiable bacteraemia or need for organ support and in
the setting of a known cause of endothelial inflammation such as:
 Suspected infection.
* Pancreatitis.
e Ischaemia.
 Multiple trauma and tissue injury.
¢ Haemorrhagic shock.
¢ Immune-mediated organ injury.

Sepsis

Systemic response to infection manifested by two or more of:
e Tachycardia >90 beats/min.

e Tachypnoea >20 breaths/min.

e Pyrexia >38°C (or hypothermia <36°C).

e White blood count >12 X 10°/L (or <4 X 10°/L).

Multiple organ failure Presence of altered organ function in an acutely
ill patient such that homeostasis cannot be maintained without
intervention.

Acute lung injury (ALI)

e Acute onset.

e PaO,/FiO, <300.

o Bilateral infiltrates on CXR.

o PAWP <18mmHg or no clinical evidence of raised left atrial
pressure.

Acute/adult respiratory distress syndrome (ARDS) As for ALI, except PaO,/
FiO, <200.

Pathophysiology

The pathophysiology involves systems involved in inflammation, immunity,

ischaemia, and homeostasis, including complement, clotting and cytokine

cascades, cell-mediated immunity, and humoral immunity.

o Metabolic acidosis is a frequent accompaniment to SIRS and it is
derived principally from lactate.

o SIRS may affect all organ systems and may lead to MODS.
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o Cell signalling molecules involved include interleukins IL-1, IL-5, and
IL-6; chemokines; tumour necrosis factor (TNF).
o Theories explaining why SIRS develops include:

* Immunologically mediated inflammation.

* 1 intestinal permeability and colonization with Gram —ve anaerobes
that produce endotoxins that migrate across the mucosa to drive
the inflammatory and immune response.

 ‘Second hit’ hypothesis.

Acute lung injury (ALI)

Thirty per cent of patients with SIRS develop ALL. It is the pulmonary
manifestation of the global physiological insult (rarely occurs in isola-
tion). ARDS is one end of the continuum of ALl. Management of ALI
is supportive, including prone ventilation and aggressive diuresis or early
ultrafiltration.

Investigations

These are aimed at excluding differential diagnoses such as overwhelming

sepsis, cardiogenic shock, hypovolaemic shock, and hypersensitivity reac-

tions as well as identifying an underlying cause.

o U&E, LFTs, serum amylase, lactate and cardiac enzymes.

e FBC, APTT, PT, fibrinogen, D-dimers.

o Cultures of blood, urine, sputum, stool.

o ABGs.

e Pulmonary artery catheter measurements of cardiac function and
mixed venous oxygen saturations.

o Cytokine assays can be used as markers of severity.

Management
o Volume resuscitation:
* Aims to achieve normovolaemia: increases CO and oxygen delivery
without large increase in oxygen consumption.
* Hypervolaemia appropriate in selected cases.
e Albumin probably beneficial in selected cases.
* Pulmonary artery catheter may guide management.
o Maintenance of oxygen delivery:
 Airway protection and ventilatory support usually necessary.
* Inotropic support of cardiac function has important role.
» Vasoactive drugs selected so that BP is not maintained at the
expense of splanchnic vasoconstriction and hypoperfusion.
e Organ support:
¢ In addition to cardiovascular and respiratory support, these patients
frequently need renal, hepatic, and enteral support.
» Attempts to reduce translocation, e.g. introduction of competing
bacteria (e.g. lactobacillus of yoghurt), early enteral nutrition,
particularly with the use of immunostimulating enteral diets.

Prognosis Mortality ranges from 25% to100%, depending on the number
and type of organ failures involved, age, and pre-existing comorbidity.
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Cellular injury

Causative agents
Cellular injury is caused by:
o Trauma.

o Thermal injury.

o Chemicals, including drugs.
e Infectious organisms.

o |onizing radiation.

Mechanisms of injury

These causative agents cause cell damage via a number of mechanisms.

o Mechanical disruption. Trauma, freezing, osmotic imbalance.

e Failure of membrane integrity. Failure of ion pumps, cytolysis, trauma.

o Blockage of metabolic pathways. Cellular respiration (e.g. cyanide),
protein synthesis (e.g. streptomycin), DNA damage or loss (e.g.
X-rays).

o Deficiency of essential metabolites. Oxygen (ischaemia), glucose
(diabetic ketoacidosis), hormones (4 trophic hormones results in
apoptosis).

e Free radicals. Toxins (e.g. carbon tetrachloride), ischaemia-reperfusion
injury, intracellular killing of bacteria.

Necrosis
Necrosis is death of tissue or cells.

Coagulative necrosis

This is the most common form of necrosis and occurs in all organs.
Cells retain their shape as cell proteins coagulate and metabolic activ-
ity stops. Digestion by macrophages may cause the tissue to become
soft. Histologically, there is progressive loss of staining. The presence of
necrotic material normally provokes an inflammatory response.

Colliquative necrosis

This occurs in the brain because of the lack of tissue architecture provided
by substantial surrounding stroma.

Caseous necrosis

Dead tissue lacks any structure and is characterized by a white, soft, or
liquid ‘cheesy’ appearance. This is common in TB.

Gangrene

Necrosis with dessication or putrefaction (see LI p. 158).

Fibrinoid necrosis
In malignant hypertension, necrosis of smooth muscle vessel walls allows
seepage of plasma into the media and deposition of fibrin.

Fat necrosis

o Direct trauma. Release of extracellular fat produces an inflammatory
response, fibrosis and eventually, in some cases, a palpable mass.

o Acute pancreatitis. Fat is digested by pancreatic lipase to produce fatty
acids which precipitate with calcium in the process of saponification.
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Apoptosis (programmed cell death) is the cell-mediated, controlled
elimination of individual cells.

Apoptosis

Apoptosis is a physiological process requiring energy. It is the normal

means of maintaining the size of an organ in the face of continuing cell

turnover or a reduction in size during atrophy. It is mediated by endog-

enous endonucleases. The cell shrinks and fragments into apoptotic bod-

ies. Examples include:

o Physiological. Epithelium of Gl tract, bone marrow, clonal selection in
immune system, targets of cytotoxic T cells.

o Pathological. After exposure to ionizing radiation, chemotherapy,
smooth muscle cells around atherosclerotic plaque, viral hepatitis.
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Inflammation

Inflammation is the local physiological response to tissue injury. It can
be acute or chronic.

Acute inflammation

This is the initial tissue reaction to a wide range of agents: accumulation of
neutrophil polymorphs in the extracellular space is diagnostic. It lasts hours
to days and is usually described with the suffix “itis’.

Causes

e Physical and chemical, e.g. mechanical trauma, X-rays, acid, alkali.
o Infection: bacteria, viruses, parasites, fungi, or protozoa.

o |schaemia.

o Hypersensitivity.

Macroscopic appearance

Calor, rubor, tumor, dolor, and functio laesa (heat, redness, swelling, pain,

and impaired function). Special macroscopic appearances include:

o Serous. Inflammation + abundant fluid-rich exudates, e.g. peritonitis.

o Catarrhal. Inflammation + mucus hypersecretion, e.g. common cold.

o Haemorrhagic. Inflammation + vascular injury, e.g. pancreatitis.

o Suppurative. Inflammation + pus produced to form abscess or
empyema.

e Fibrinous. Exudates contain fibrin which forms coating, e.g. pericarditis.

e Membranous. Coating of fibrin and epithelial cells, e.g. laryngitis.

o Pseudomembranous. Superficial mucosal ulceration with slough, e.g.
pseudomembranous colitis secondary to C. difficile (see LHI p. 396).

o Necrotizing (gangrenous). Inflammation + tissue necrosis (see L
p. 158).

Microscopic changes
Mediated by endogenous chemicals released by cells (histamine, prostaglan-
dins, leukotrienes, serotonin, and lymphokines) and plasma factors (com-
plement, kinin, coagulation, and fibrinolytic cascades). Changes are:
e Changes in vessel calibre and flow.
* Immediate and transient smooth muscle vasoconstriction.
* Vasodilation (active hyperaemia) lasting 15min to hours.
* Capillaries, then arterioles dilate to increase blood flow.
o Increased vascular permeability and fluid exudates.
 Capillary hydrostatic pressure is increased.
 Endothelial cells contract, creating gaps.
¢ Plasma proteins escape into extracellular space.
¢ Increase in colloid osmotic pressure draws more fluid.
o Formation of cellular exudates.
* Accumulation of neutrophil polymorphs in extracellular space.
* Begins with margination of neutrophils (flow next to vessel walls).
* Neutrophils then adhere to vessel walls: mechanism unknown.
* Migrate by amoeboid movement through gaps between cells.
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* Neutrophil polymorphs phagocytose debris and kill microbes
intracellularly using oxygen-dependent (hydrogen peroxide and
hydroxyl radicals) and -independent (lysosymes) means.

Sequelae of acute inflammation

o Resolution. Restoration of tissue to normal; likely if minimal tissue
damage, rapid destruction of causal agent, rapid removal of exudates
by good vascular drainage, and organ with restorative capacity, e.g.
liver.

o Suppuration. Formation of pus (see L p. 144).

o Organization. Replacement by granulation tissue.

e Chronic inflammation.

Chronic inflammation

This is an inflammation where lymphocytes, plasma cells, and macrophages
predominate, granulation tissue often accompanies.

Causes

e Resistance of infective agent to phagocytosis (TB, viral infections).
o Foreign body (endogenous, e.g. urate or exogenous, e.g. asbestos).
o Autoimmune (e.g. contact hypersensitivity, RA, organ-specific).

o Primary granulomatous disease (e.g. Crohn’s, sarcoidosis).

e Unkown aetiology (e.g. ulcerative colitis).

Macroscopic appearances

The commonest appearances are:

o Chronic ulcer, e.g. peptic ulcer;

o Chronic abscess cavity, e.g. empyema;

e Thickening of wall of hollow viscus, e.g. Crohn’s disease;
o Granulomatous inflammation, e.g. TB;

o Fibrosis, e.g. chronic cholecystitis.

Microscopic changes

Lymphocytes, plasma cells, and macrophages (see 1 p. 145) predominate;
neutrophil polymorphs are scarce, eosinophil polymorphs are present.
Fluid exudate is not prominent.

Granuloma
This is different to granulation tissue (see E p. 147).

A granuloma is an aggregate of epithelioid histiocytes.

Causes
o Specific infections.
* Endogenous. necrotic bone or fat, keratin, urate.
» Exogenous. Talg, silicone, asbestos, sutures.
o Drugs. Sulphonamides, allopurinol.
o Unknown. Crohn’s, sarcoidosis, Wegener’s granulomatosis.
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Wound healing

Classification of wounds

e Clean. Non-traumatic wounds with no break in surgical technique,
no septic focus, and no viscus opened (e.g. hernia repair).

Clean contaminated. Non-traumatic wounds with contaminated
entry into a viscus, but with minimal spillage (e.g. elective
cholecystectomy).

o Contaminated. Clean, traumatic wounds or significant spillage from
a viscus or acute inflammation (e.g. emergency appendectomy).
Dirty. Includes traumatic wounds from a dirty source or when
significant bacterial contamination or release of pus is encountered.

General principles of healing

Tissue healing in any organ follows some basic principles:

o Cells may be labile (good capacity to regenerate, e.g. surface epithelial
cells), stable (capacity to regenerate slowly, e.g. hepatocytes), or
permanent (no capacity to regenerate, e.g. nerve and striated muscle
cells).

o Tissue architecture is important: complex arrangements cannot be
reconstructed if destroyed, e.g. renal glomeruli.

o Complete restitution occurs when part of a labile population of cells is
damaged, e.g. a minor skin abrasion.

Key revision points—the four stages of wound healing
When specialized tissue is destroyed, it cannot be replaced and a stere-
otyped response called repair then follows in four stages:

o Haemostasis (immediate). In response to exposed collagen, platelets
aggregate at the wound and degranulate, releasing inflammatory
mediators. Clotting and complement cascades activated. Thrombus
formation and reactive vasospasm achieve haemostasis.
Inflammation (0-3 days). Vasodilation and increased capillary
permeability allow inflammatory cells to enter wound and cause
swelling. Neutrophils amplify inflammatory response by release of
cytokines, reduce infection by bacterial killing, and debride damaged
tissue. Macrophages follow and secrete cytokines, growth factors,
and collagenases. They phagocytose bacteria and dead tissue

and orchestrate fibroblast migration, proliferation, and collagen
production.

Proliferation (3 days—3 weeks). Fibroblasts migrate into the wound
and synthesize collagen. Specialized myofibroblasts containing actin
cause wound contraction. Angiogenesis is stimulated by hypoxia and
cytokines and granulation tissue forms.

Remodelling (3 weeks—1y). Reorientation and maturation of collagen
fibres increases wound strength.
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o Granulation tissue is the combination of capillary loops and
myofibroblasts. This is unrelated to a granuloma (see X p. 145).

o Organization is the process where specialized tissues are repaired by
formation of mature connective tissue, e.g. pneumonia or infarcts.

o Wound contraction mediated by myofibroblasts; can reduce the tissue
defect by up to 80%, but can lead to problems, e.g. burns contractures.

o Collagen is secreted at the same time to form a scar.

Factors affecting wound healing

o |mpaired arterial supply or venous drainage (global or local).

o Excessive movement, local distension, or distal obstruction.

o Infection, malignancy, foreign body, necrotic tissue, smoking.

o Malnutrition. Obesity, recent weight loss, nutrient deficiency.

o Immunosuppressive. Cancer, steroids, immunosuppressants, HIV.

o Anticancer therapies. Radiotherapy and chemotherapy.

o Metabolic. Diabetes, jaundice, uraemia, musculoskeletal diseases, age.

Wound healing in specific tissues

Skin: first intention healing

This takes place where there is close apposition of clean wound edges.
e Thrombosis in cut blood vessels prevents haematoma formation.

o Coagulated blood forms a surface scab which keeps the wound clean.
o Fibrin precipitates to form a weak framework between the two edges.
o Capillaries proliferate to bridge the gap.

o Fibroblasts secrete collagen into the fibrin network.

o Basal epidermal cells bridge the gap and are eventually resorbed.

o The elastic network in the dermis cannot be replaced.

Skin: second intention healing

This takes place in wounds where skin edges cannot be cleanly apposed.
e There is phagocytosis to remove debris.

e Granulation tissue to fill in defects.

o Epithelial regeneration covers the surface.

Gastrointestinal tract
o Erosion is loss of part of the thickness of the mucosa.
* Adjacent epithelial cells proliferate to regenerate the mucosa.
* Healing may take place this way in a matter of hours.
o Ulceration is loss of the full thickness of the mucosa.
* Mucosa is replaced from the margins.
The muscularis propria cannot be regenerated: it is replaced by scar.
Damaged blood vessels bleed, fibrin covers the raw surfaces.
Macrophages migrate in and phagocytose dead tissue.
Granulation tissue is produced in the base.
If the cause persists, the ulcer becomes chronic.
Fibrous scar tissue may result in contractions.
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Ulcers
An ulcer is a breach in an epithelial surface.

Classification
Venous, arterial, diabetic, neuropathic, malignant, traumatic.

Features to note on examination

o Site. Neck, groin, and axilla (TB); legs and feet (vascular); anywhere
(malignant).

o Surface. Usually depressed. Elevated in malignancy, vascular
granulations.

o Size. Measure the ulcer. Is it large by comparison to the length of
history?

o Shape. Oval, circular, serpiginous, straight edges.

e Edge. Eroded (actively spreading), shelved (healing), punched out
(syphilitic), rolled or everted (malignant).

o Base. Fixed to underlying structures? Mobile? Indurated? Penetrating?

e Discharge. Purulent (infection), watery (TB), bleeding (granulation or
malignancy).

o Pain. Usually occurs during the extension phase of non-specific ulcers.
In diabetic patients, ulcers are relatively painless.

o Number. Widespread locally (local infection such as cellulitis),
widespread generally (constitutional upset).

o Progress. Short history (pyogenic), chronic (vascular or trophic, e.g.
post-phlebitic syndrome, decubitus ulceration of paraplegia).

o Lymph nodes. In the region of an ulcer may indicate secondary infection
or malignant change.

Natural history

o Extension. There is discharge, thickened base, inflamed margin. Slough
and exudates cover the surface.

e Transition. Slough separates and the base becomes clean. The discharge
becomes scanty, the margins less inflamed.

o Repair. Granulation becomes fibrous tissue and forms a scar after
re-epithelialization.

Investigations
History, biopsy and histology, serology, as indicated by presentation.

Chronic leg ulcers
Their aetiology is diverse, but can usually be diagnosed clinically.

Venous ulcers

Part of post-phlebitic limb syndrome where there may be a history of past
DVT. The ulcer is associated with oedema, lipodermatosclerosis (woody
thickening of soft tissues around the calf), and venous congestion with
secondary calf perforators and varicose veins. The ulcer is usually over
the medial malleolus, but can be large, involving the whole of the gaiter
region.
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o If pulses are absent in the foot, there may be an arterial element which
can be excluded by measurement of the ankle to brachial pressure
index (ABPI).

o |f any doubt persists, a vascular referral for arterial reconstruction
should be considered, but four-layer bandaging must be avoided when
there is arterial insufficiency.

Arterial ulcers

These are often multiple and occur distally over and between the toes or

at pressure points such as heels or malleoli. They may occur elsewhere on

the leg, usually when there is an associated diabetic or venous element.

There is usually a history of arterial disease, particularly peripheral vascular

disease with claudication.

o Unlike venous ulcers where bacterial colonization is common, the
presence of organisms suggests infection, particularly when there is
moisture around the ulcers: wet gangrene (caused by staphylococci
and streptococci, not clostridia, see later) may ensue with cellulitis.

o [f the leg is kept dry, infection is minimized and a line of demarcation
may aid in decision-making for the level of amputation.

o Arterial reconstruction should be considered before this stage.

Diabetic ulcers
These commonly occur in conjunction with arterial disease. They repre-
sent large- and small-vessel disease with an impaired ability to heal and
increased susceptibility to infection. Ulcers may occur in the arterial distri-
bution, particularly at pressure points, and involve deep tissue infections
(such as plantar abscesses) and osteomyelitis. The associated diabetic neu-
ropathy with Charcot’s joints presents with deformed feet and joints, which
are susceptible to ulceration.
e Management involves good diabetic and ulcer care, which includes
orthotist help with shoes and gait.
e Surgery aims to avoid major amputation, but requires debridement
of necrotic tissue, drainage of abscesses, and excision of dead tissue,
often involving bone as ‘ray’ excisions of toes.

Other causes

Include pressure, vasculitic, lymphatic, infective, and artefactual causes. Leg
ulcer clinics have emphasized the value of a team approach.
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Cysts, sinuses, and fistulas
Cysts

A cyst is a collection of fluid in a sac lined by endothelium or epithelium

which usually secretes the fluid.

o True cysts are lined by endo- or epithelium.

o False cysts are the result of exudation or degeneration, e.g.
pseudocyst of pancreas, cystic degeneration in a tumour.

Classification

Congenital

e Sequestration dermoid. Due to displacement of epithelium along
embryonic fissures during closure, e.g. skin. Sites include outer and
inner borders of orbit, midline of the body, anterior triangle of neck
(brachial cyst), (cf. implantation dermoid due to skin implantation from
injury).

o Tubulo-dermoid/tubulo-embryonic. Abnormal budding of tubular

structures, e.g. enteric cysts, post-anal dermoid, thyroglossal cyst.

Dilatation of vestigial remnants. For example, urachal, vitellointestinal,

paradental and branchial cleft cysts, hydatid of Morgagni, Rathke’s

pouch.

Acquired

o Retention cysts. Due to the blocking of a glandular or excretory duct,
e.g. sebaceous cyst (sweat gland); ranula (salivary gland); and cysts
of the pancreas, gall bladder, parotid, breast, epididymis, Bartholin’s
glands, hydronephrosis, hydrosalpinx.

e Distension cysts. Due to the distension of closed cavities as a result

of exudation or secretion, e.g. thyroid or ovarian cysts; hygroma

(lymphatic cysts), hydrocoele, ganglia, bursas (false cysts).

Cystic tumours. For example, cystadenoma, cystadenocarcinoma of

ovary.

Parasitic cysts. For example, hydatid cysts (Taenia echinococcus).

Pseudocysts. Due to necrosis of haemorrhage with liquefaction and

encapsulation, e.g. necrotic tumours, cerebral softening, or coalescence

of inflammatory fluid collections, e.g. pseudocyst of pancreas.

Clinical features

Subcutaneous/superficial

Smooth, spherical, soft, and fluctuant when palpated in two planes with
the fingers at right angles to each other. If tense contents, may produce
pain in the cyst or surrounding tissue. If the fluid is clear, the swelling
will transilluminate. Ultrasound and aspiration of contents are methods
of determining whether a given swelling is cystic and may differentiate a
cyst from a lipoma. May compress surrounding tissues. May produce pain
if complications supervene. They are also subject to infection, torsion if on
a pedicle, haemorrhage, and calcification.
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Treatment

o Excision. Only if symptomatic, cosmetic, or concern over diagnosis.

o Marsupialization (deroofing and suture of the lining to skin). If chronic
or infected.

o Drainage (deep site). If symptomatic or complicated. Not if concern
over malignancy.

Sinuses/fistulas

e Asinus is a blind epithelial track, lined by granulation tissue which
extends from a free surface into the tissues, e.g. pilonidal sinus.

o A fistula is an abnormal communication between two epithelial
surfaces. It is lined by granulation tissue and colonized by bacteria,
e.g. fistula-in-ano, pancreaticocutaneous, colovesical, vesicovaginal.

Causes

o Specific disease, e.g. Crohn’s.

o Abscess formation and spontaneous drainage, e.g. diverticular abscess
discharging into vagina with fistula formation.

o Penetrating wounds.

e latrogenic (e.g. anastomotic leak discharging via wound).

o Neoplastic.

Persistence of a fistula is due to the following

o Presence of foreign material, e.g. suture/bone in a sinus.
o Distal obstruction of the viscus of origin.

o Continuing active sepsis, e.g. TB, actinomycosis.

o Epithelialization of the track.

e Chronic inflammation, e.g. Crohn’s.

o Malignancy in the track.

Investigation
Establish the extent by sinography/fistulogram. MRl scan is often helpful.

Treatment

Principles of sinus treatment:

e Ensure adequate drainage, laying it open and remove granulations.
e Remove septic material, foreign bodies.

o Biopsy sinus wall if concern over underlying diagnosis.

o Loose packs may be used to help drainage.

Principles of fistula treatment:
o Treat any sepsis, fluid imbalances, and poor nutrition if associated.
o Ensure good drainage to prevent fistula extension.
o |dentify the anatomy, use examination under anaesthetic (EUA) or
imaging if required.
Biopsy the fistula if concern over underlying diagnosis.
o Definitive treatment requires:
 Excision of the organ of origin or closure of the site of origin.
» Removal of chronic fistula track and surrounding inflamed tissue.
 Closure of ‘recipient’ organ if internal or drainage of external site
if to skin.
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Atherosclerosis

Atherosclerosis is a degenerative disease of large and medium-sized
arteries characterized by lipid deposition and fibrosis.

Actiology

Reversible risk factors include smoking, hypercholesterolaemia, obesity,
and hypertension. Irreversible risk factors include diabetes, male sex, age,
and family history.

Pathological features

There are three stages of atheromatous lesion; fatty streaks are linear
lesions on the artery lumen, composed of lipid-filled macrophages, and
which progress to fibrolipid plaques and finally, complex lesions.

In sites predisposed to atherosclerosis (sites of vessel bifurcation,
turbulent flow, post-stenotic areas, areas denuded of endothelial
cells), lipid-laden macrophages enter the vessel wall via gaps between
endothelial cells.

A fibrolipid plaque contains a mixture of macrophages and smooth
muscle cells which migrate into the plaque, capped by a layer of
fibrous tissue.

Growth factors, particularly platelet-derived growth factor (PDGF),
stimulate the proliferation of intimal smooth muscle cells and the
synthesis of collagen, elastin, and mucopolysaccharide.

Lipid accumulates within the plaque extracellularly and in the
myocytes, ultimately producing foam cells.

Cell death eventually ensues with the release of intracellular lipids,
calcification, and a chronic inflammatory reaction.

High levels of circulating LDL-cholesterol are thought to lead to
atherosclerosis by damaging endothelium, both directly by increasing
membrane viscosity and indirectly through free radical formation, and
by inducing secretion of PDGF.

In larger vessels such as the aorta, atherosclerotic plaques may release
atheroemboli and mural thrombus or impinge on the vessel media,
causing tissue atrophy resulting in aneurysm formation or dissection.
Acute Ml is caused by three processes in coronary vessels: progressive
atherosclerosis, disruption of unstable plaque with acute thrombosis,
and acute haemorrhage into the intima around the plaque.
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Thromboembolic disease

Thrombus

A thrombus is a solid mass of blood constituents formed within the
vascular system.

The formation, structure, and appearance of thrombus and clot are com-
pletely different. Clinical features of thrombus—see LI p. 120.

Aetiology

Described by Virchow, the three types of risk factors for thrombus are
called Virchow’s triad (see Box 3.1). Not all three are needed: any one
of them may result in thrombus formation in arteries or veins. Arterial
thrombus is most commonly associated with atheroma, venous thrombus
with stasis.

Box 3.1 Virchow’s triad
o Disruption in the blood vessel endothelium.

* Atheromatous plaque, e.g. acute MI.

e Thrombophlebitis, e.g. DVT.

e Trauma, e.g. from pressure, surgery, fractures, previous thrombus.
o Disruption in the pattern of blood flow.

« Stasis, e.g. immobilization, surgery, low CO states.

» Turbulence, e.g. post-stenotic, atherosclerotic plaques.
o Changes in blood constituents.

o Age.

* Smoking.

» Malignancy.

e DIC, HITT.

* Pregnancy, oral contraceptive pill.

Thrombus formation

Wherever thrombus forms, the principal mechanisms are similar.

o Initial trigger is one or more of Virchow’s triad.

o Fibrin deposition on vessel wall and formation of platelet layer.

o Red cells trapped in fibrin meshwork on top of platelet layer.

e Mass projects into lumen, causing turbulent blood flow.

e Thrombus grows in direction of blood flow: propagation.

e In veins, alternating patterns of white platelets and red blood cells may
be seen: lines of Zahn.

o Thrombophlebitis is inflammation of veins secondary to thrombus.

o Phlebothrombosis is thrombus formation secondary to phlebitis.

o Phlegmasia alba dolens (white painful leg) occurs after slow thrombosis
formation in the ileofemoral veins and is a chronic condition.

o Phlegmasia cerulean dolens (blue painful leg) is due to acute massive

ileofemoral venous thrombosis and can result in shock and gangrene.

Thrombophlebitis migrans are transient thromboses in previously

healthy veins anywhere in the body, suggesting visceral cancer.
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Embolism

An embolism is a mobile mass of material in the vascular system capable
of blocking its lumen.

Types of embolism

The aetiology is very different, depending on the cause of embolism.
The clinical effects depend on the territory supplied by the vessel that is
blocked. Emboli can be divided into:

e Systemic emboli (see I p. 642) (cause stroke, end-organ ischaemia, Ml);
o PE (see [ p. 120).

Both types of embolism can be further classified by the substance
involved:

e Thrombus. Most emboli are derived from thrombi.

* Gas. Injection or entraining of air, decompression sickness.

 Fat. Long bone fractures, severe burns, extensive soft tissue
trauma.
Amniotic fluid. t Intrauterine pressure forces fluid into uterine veins
and into systemic circulation.
Septic emboli. Vegetations from heart valves.
Atheromatous plaque. Peripheral vascular disease, iatrogenic.
Tumour. Common route of metastasis.
Foreign bodies. IV drug users, medically inserted catheters.

Clot

A clot is a solid collection of blood cells within a fibrin network.

Clot forms in vessels after death or outside the body as part of the
response to trauma. Activation of the clotting cascade (see L p. 119)
results in formation of fibrin from fibrinogen, resulting in the formation of
fibrin meshwork that enmeshes cells in a solid, elastic clot.

Ischaemia and infarction

Ischaemia is tissue effect due to insufficient oxygen delivery.
Infarction is tissue death due to insufficient oxygen delivery.

Oxygen supply-demand mismatch is caused by:

o Vascular narrowing (atherosclerosis, thrombus, embolus, spasm).
o Global hypoperfusion (shock, cardiopulmonary bypass).

e Hypoxaemia (anaemia, hypoxia).

o Vascular compression (ventricular distension, venous occlusion).
o Increased oxygen demand (exercise, pregnancy, hyperthyroidism).

Pathological features

The shape of the infarct depends on the territory and perfusion of the
occluded vessel.

o Seconds. Change from aerobic to anaerobic metabolism.

e Minutes. ¥ Contractility of muscle, cell and mitochondria swell.
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o Hours. Myocyte death, coagulation necrosis, muscle pale, oedematous.
o Days. Inflammatory exudates with polymorphonuclear leucocytes, then
fibroblast infiltration beginning scar formation; macroscopically, the
infarcted area appears yellow and rubbery with haemorrhagic border.

o Weeks. Neovascularization and margins.
o Months. Scar maturation—tough, white, contracted area.
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Gangrene and capillary ischaemia

Gangrene is ischaemic tissue necrosis with dessication (dry gangrene)
or putrefaction (wet gangrene).

Gangrene

Aetiology

e Thrombosis, e.g. appendiceal artery secondary to inflammation.

e Embolus, e.g. atherosclerotic emboli in peripheral vascular disease.
e Extrinsic compression, e.g. fracture, organ torsion, tourniquet.

Clinical appearances

Dry gangrene

The affected limb, digit, or organ is black because of breakdown of hae-
moglobin, dry, and shrivelled. Dry gangrene shows little or no tendency
to spread. A zone of demarcation appears between the dead and viable
tissue and separation begins to take place by aseptic ulceration in a few
days.

Wet gangrene

Veins as well as arteries are blocked. Pain is initially severe, but lessens as
the patient becomes more septic. There is always infection (putrefaction).
The skin and superficial tissues become blistered. There is a broad zone
of ulceration which separates it from normal tissue. Proximal spread is a
feature, leading to septicaemia and death.

Gas gangrene

Gangrene complicated by infection with gas-producing anaerobic bacteria,
e.g. Clostridium perfringens. Gases elaborated from putrefaction lead to
surgical emphysema and crepitus (see I p. 175).

Principles of treatment
o Systemic treatment.
o Aggressive fluid resuscitation is often necessary.
* Pain relief (IV morphine 5-10mg).
¢ |V antibiotics—broad-spectrum (e.g. benzylpenicillin, metronidazole,
piperacillin/tazobactam, or according to microbiological advice).

o Conservative treatment. Only possible for non-vital organs affected
by dry gangrene (e.g. toes/forefoot). Aim is to let the affected areas
mummify and spontaneously separate.

o Surgical salvage procedures. Conservative excision possibly combined
with reconstruction or restoration of blood supply (e.g. foot
amputation and bypass surgery for distal lower limb gangrene).

o Radical surgical excision. Only possible where affected organ is
completely resectable (e.g. limbs, perineal tissues)—excision must
be radical in spreading or gas gangrene. Ensure all pus is released, all
affected tissue (not just the necrosed area) is excised back to bleeding
healthy tissue. Often requires ‘relook’ surgery to ensure adequate
excision of infected tissue.
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o Palliative care. Consider for unresectable gangrene (e.g. retroperitoneal
gangrene, very extensive intestinal gangrene) or for elderly sick
patients where surgery is inappropriate.

Capillary ischaemia

This is ischaemia mediated by injury to capillaries.

o frostbite. Exposure to cold with freezing results in fixed capillary
contraction, ischaemia, and infarction.

o Trenchfoot. Exposure to cold without freezing results in capillary
contraction followed by fixed dilation.

o DIC (see L p. 116).

o Cryoglobulinaemia, sickle cell, parasites.
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Tumours

Definitions

o Metaplasia. Reversible transformation of one type of terminally
differentiated cell into another fully differentiated cell type.

o Dysplasia. Potentially premalignant condition characterized
by increased cell growth, atypical morphology, and altered
differentiation.

o Neoplasia. Autonomous abnormal growth of cells which persists
after the initiating stimulus has been removed.

e A neoplasm is a lesion resulting from neoplasia.

Metaplasia

This represents an adaptive response of a tissue to environmental stress.

It is mediated by changes in expression of genes involved in cellular differ-

entiation. [t does not progress to malignancy: if the environmental changes

persist, dysplasia may result and progress to malignancy. For example:

e Change from ciliated to squamous cells in the respiratory epithelium of
the trachea and bronchi in smokers;

e Change from squamous to columnar cells in the oesophageal
epithelium of patients with gastro-oesophageal reflux disease
(Barrett's) (see [ p. 280).

Dysplasia

Potentially premalignant condition. May be a response to chronic inflam-
mation or exposure to carcinogens. Early forms may be reversible: severe
dysplasia has a high risk of progression to malignancy, for example:

e Dysplasia arising in colonic epithelium due to chronic ulcerative colitis.
e Squamous dysplasia in the bronchi of smokers (sputum cytology).

Classification of tumours

Use this classification to give a differential diagnosis for any neoplasm.
o Tissue of origin. Organ and tissue type (see Table 3.1).

o Behaviour. Benign or malignant.

o Primary or secondary.

Benign tumours

o Slow growing, usually encapsulated, do not metastasize, do not recur
if completely excised, rarely endanger life. Effects are due to size and
site.

o Histology: well differentiated, low mitotic rate, resemble tissue of
origin.

Malignant tumours

e These expand and infiltrate locally, encapsulation is rare, metastasize
to other organs via blood, lymphatics or body spaces, endanger life if
untreated.

o Histology: varying degrees of differentiation from tissue of origin,
pleomorphic (variable cell shapes), high mitotic rate.
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Table 3.1 Structural classification

Tissue of origin Tumour type

Epithelium Benign: papilloma, adenoma (glandular epithelium)

Malignant: carcinoma (adenocarcinoma, squamous cell
carcinoma indicate cell types)

Connectlvetlssue o Benign: fibroma (fibrous tissue), lipoll'lla (2,
chondroma (cartilage), osteoma (bone), leiomyoma
(smooth muscle), rhabdomyoma (striated muscle)

Malignant: sarcoma, e.g. fibrosarcoma, osteosarcoma,
etc. (if well differentiated); spindle cell sarcoma, etc.
(if poorly d|fferent|ated)

Neural tissue These arise from nerve cells nerve sheaths and
supporting tissues, e.g. astrocytoma, medulloblastoma,
neurllemmoma neuroma, etc.

Haemopoietic The leukaem|as Hodgkm s disease, mult|ple myeloma,
lymphosarcoma, reticulosarcoma
Melanocytes Melanoma
Mixed origins Eg. f|broadenoma, nephroblastoma, teratoma (all three
germ layers) chorlocarcmoma
Developmental E.g. neuroblastoma (adrenal medulla) nephroblastoma
blastomas (kidney), retinoblastoma (eye)
Invasion

Invasion is the most important single criterion for malignancy and is also

responsible for clinical signs and prognosis as well as dictating surgical

management. Factors that enable tumours to invade tissues include:

o Increased cellular motility.

o Loss of contact inhibition of migration and growth.

o Secretion of proteolytic enzymes, such as collagenase, which weakens
normal connective tissue bonds.

e Decreased cellular adhesion.

Metastasis
Metastasis is a consequence of these invasive properties: it is the proc-
ess by which malignant tumours spread from their site of origin (primary
tumour) to form secondary tumours at distant sites. Carcinomatosis
denotes extensive metastatic disease. The routes of metastasis are:
e Haematogenous. Via the bloodstream.

* Five tumours—breast, bronchus, kidney, thyroid, prostate—

classically metastasize via haematogenous spread to bone.

* Lung, liver, and brain are common sites for secondaries.
o Lymphatic. To local, regional, and systemic nodes.
o Transcoelomic. Across pleural, pericardial, and peritoneal cavities.
o Implantation. During surgery or along biopsy tracks.
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Carcinogenesis

Carcinogenesis is the process that results in malignant neoplasm for-
mation. Usually more than one carcinogen is necessary to produce
a tumour, a process which may occur in several steps—multistep
hypothesis.

e [nitiators produce a permanent change in the cells, but do not
themselves cause cancer, e.g. ionizing radiation: this change may be in
the form of gene mutation.

o Promoters stimulate clonal proliferation of initiated cells, e.g. dietary
factors and hormones: they are not mutagenic.

o Latency is the time between exposure to carcinogen and clinical
recognition of tumour due to:

* Time taken for clonal proliferation to produce a significant cell
mass.
 Time taken for exposure to multiple necessary carcinogens.

e Persistence is when clonal proliferation no longer requires the presence
of initiators or promoters and the tumour cells exhibit autonomous
growth.

See Table 3.2 for a list of common risk factors for cancer.

Tumour growth

Tumour doubling time depends on cell cycle time, growth function, and cell
loss fraction. In tumours such as leukaemias, the doubling time remains
remarkably constant: the cell mass increases proportionally with time.
This is exponential growth. In solid tumours, doubling time slows as size
increases. This is referred to as Gompertzian growth.

Genetic abnormalities in tumours

Two genetic mechanisms of carcinogenesis are proposed:

e Oncogenes. Enhanced expression of stimulatory dominant genes.

o Tumour suppressor genes. Inactivation of recessive inhibitory genes.

Oncogenes

At least 60 oncogenes have been identified. They can be classified accord-
ing to the function of the gene product (e.g. growth factors, cell signalling
agents). The proteins produced (oncoproteins) can be produced in abnor-
mal quantities or be abnormally active forms and cause:

o Independence from extrinsic growth factors.

e Production of tumours in immunotolerant animals.

o Production of proteases to assist in invasion of normal tissues.

o Reduced cell cohesiveness assisting metastasis.

e Growth to higher cell densities and abnormal cellular orientation.

Examples include BRCAT, p53, k-ras, APC, DCC.
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Table 3.2 Common risk factors for cancer

Known carcinogen Type of cancer

Chemicals

Polyaromaticﬂh;/‘drocarbons """""" Lung caﬁcer (smoking), skin cancers
Aromatic amlnes """""" Bladderucancer (rubber and dye workers)
Alkylating agéﬁé """""" Leukaen;ia """"
Vipaaai i —— ettt

Kaposi’s sarcoma, lymphoma

Hormones, e.g. oestrogens Breast and endometrial cancer
Mycotoxins, e.g. aflatoxins Liver cell carcinoma
Parasites, e.g. schistosoma Bladder cancer

Asbestos Mesothé‘lioma and lung cancer

Nickel Nasal ar;d lung cancer
Host factor§ .... : Type of; ‘cancer

R OO
Caucasians Malignaﬁ‘t melanoma, stomach cancer
i O OSSO HT S
High dietary fat """"""" Breast, &)lorectal ancer

Alcohol Breast cancer

Gender, inherited risks

Female sex . Breast céncer

Familial poly#é;is o Golorectallcancer
Multiple end;c.fine neoplasia Phaeo, bérathyroid. medullary cancer thyro'i‘aw
BRCA1-1 7qi1 """""""" Breast, svarian and prostate cancer

Premalignant lesions and conditions

Adenomatous rectal polyp Colorectal adenocarcinoma
Mammary ductal hyperplasia Breast carcinoma

Ulcerative colitis Colorectal adenocarcinoma

Diethylstiboesterol Vaginal adenocarcinoma
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Screening

Screening is testing any population for a disease.

The aim is reduction in morbidity and mortality from screened diseases.

Requirements for successful screening
e Screening test must be:
* Sensitive (see L p. 7).
* Specific (see L p. 7).
* Safe.
* Inexpensive.
* Acceptable.
e The population screened must be:
* Easily identified and contactable.
» Compliant.
e The disease screened must be:
 Detectable in a treatable, premalignant form or earlier stage.
* Preventable or more amenable to successful or curative
treatment.
A sufficient burden on the population to justify cost of screening.
 Chronic or of suitable evolution for sporadic testing to detect it.

Disadvantages of screening

o Cost (time and resources).

o The benefit may be small.

o False positive tests may be physically or psychologically detrimental.

Examples of screening programmes

Abdominal aortic aneurysm (4000 deathsly)
The UK multicentre aneurysm screening study of 68 000 men showed
screening halves aneurysm-related deaths by reducing risk of rupture. The
conclusion was that aneurysm screening should be offered in the UK. The
MASS study showed a benefit where other studies failed because:
e It was adequately powered (see L1 p. 8).
e Screening compliance was higher:

» GP-based ultrasound had a better compliance than specialist

clinics.
* Participants unlikely to attend were excluded from the study.

Breast cancer (14 000 deathsly)
A meta-analysis of thirteen breast cancer screening trials concluded that
screening mammography significantly reduced breast cancer mortality in
women aged 50-74. A BM] analysis concluded that:
e For every 1000 women screened over 10y, around 200 (depending on
age) are recalled because of an abnormal result and of these:
* Around 60 will have at least one biopsy.
» About 15 will have invasive cancer and 5 will have ductal carcinoma
in situ (DCIS).
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e About 0.5, 2, 3, and 2 fewer deaths from breast cancer occur over 10y
per 1000 women aged 40, 50, 60, and 70y, respectively, who choose to
be screened.

e Ten per cent of invasive carcinoma is not radiologically detectable.

o Risk of a false positive screen is approximately 25% over 10y.

o Studies suggest up to a 30% reduction in mortality from screen-
detected early breast cancer.

o Features looked for on screening mammography include: spiculated
calcification, microcalcification.

What is offered?

o Since 1988, population-based screening offered.

e Starts age 50 and continues to age 70 (covers peak ages of incidence
of new diagnoses and excludes low risk younger women—prevents
‘psychological morbidity of screening the well’).

o Seventy per cent of women offered it accept screening (lowest take-up
in lower socio-economic groups and those difficult to contact, e.g.
rapidly changing addresses or no fixed address).

e Two-view (lateral and oblique) mammography of both breasts.

o Suspicious or malignant-looking lesions invited for clinical assessment
by standard triple assessment.

Cervical cancer (1500 deathsly)
Since the mid-1980s, incidence of and mortality from cervical cancer in
women under 70 in England and Wales has fallen. Screening is thought to
be the most likely explanation. A BMJ analysis concluded that:
o In the NHS cervical screening programme, 1000 women need to be
screened for 35 years to prevent one death:
* 150 have an abnormal result and 75 need repeat for inadequate test.
* 80 undergo biopsy.
55 have an abnormal biopsy result.
* 2 have carcinoma, the rest have dysplasia.
o At least one woman dies within the 35y despite being screened.

Prostate cancer (9000 deathsly)

A third of men over 50y have evidence of prostate cancer at post-mortem,

but less than 1% of these have clinically active disease. Screening is con-

troversial because:

o Prostate-specific antigen (PSA), rectal examination, and transrectal
ultrasound have low specificity and sensitivity alone or in combination.

e Treatment of prostate cancer is controversial (see £ p. 374).

o No randomized trial has shown a survival benefit in screened
populations: screening may cause more harm than good.

e Screening can be carried out on request despite the evidence above.

Colorectal cancer (16 000 deathsly)
The lifetime risk of colorectal cancer is about 1in 20. A nationwide screen-
ing programme is likely, following current pilot centres:
o Several possible screening tests exist:
* Faecal occult blood (low sensitivity, 90% specificity)—requires
colonoscopy for positive results (false positives common).
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» Colonoscopy (sensitivity and specificity near 100%).
* Flexible sigmoidoscopy (sensitivity 80%, specificity near 100%).
e Colorectal cancer is suited to screening:
¢ It has a detectable premalignant phase.
* It is detectable at an earlier and potentially highly treatable stage.
* Screening has been shown to be cost-effective and acceptable.
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Grading and staging

o Staging is the process of assessing the extent of local and systemic
spread of a malignant tumour or the identification of features which
are risk factors for spread.

o Grading is the process of assessing the degree of differentiation of a
malignant tumour.

Key facts

The objectives of staging and grading a tumour are:

e To plan appropriate (treatment) for the individual patient.

e To give an estimate of the prognosis.

e To compare similar cases when assessing outcomes or designing
clinical trials.

Staging and grading methods
Staging
The commonest system is the internationally agreed TNM classifica-
tion (see Table 3.3). It is not appropriate for leukaemia, lymphomas, or
myeloma. A four-stage classification (I. Il, lll, IV) is also often used and is
compatible with TNM. Specific staging systems also exist for some tumour
sites (e.g. Duke’s stage in colorectal cancer, see [ p. 400).

Staging may be:
o Radiological (often performed preoperatively): indicated by the prefix
‘r’ before the letter (e.g. rT3, rM1). If different radiological modalities
are used, separate prefixes can be used, e.g. ‘v’ for ultrasound (uT2).
Radiological staging is used to plan treatment (e.g. neoadjuvant
therapy, selection for surgery, planning of surgery).
Pathological (performed on surgical specimens): indicated by the
prefix ‘p’ before the letter (e.g. pT3, pN2, pM1). If there has
preoperative radiotherapy used, the prefix ‘y’ is used to denoted that
the pathological stage may have been modified by this (e.g. ypT2).
Pathological staging is used to plan adjuvant treatment (chemotherapy
or radiotherapy) and for informing prognosis.

An example of lung cancer staging is:

e Stage | (TINO, T2NO), 85% Sy survival with surgery.

e Stage Il (TIN1, T2N1, T3NO), 60% Sy survival with surgery.

o Stage llla (T3N1 or any N2), 20% 5y survival with surgery.

e Stage lllb (any T4, any N3), <20% 5y survival, no benefit with surgery.
e Stage IV (M1), <10% 5y survival, no benefit with surgery.

Other pathological features may be included with the TNM system for
some tumours, for example:
o Presence of extratumoural vascular invasion VO or V1.
e Presence of extratumoural lymphatic invasion Ly0 or Ly1.
o Presence of viable tumour cells at or within Tmm of the surgical
margin of excision RO, R1 (microscopic), R2 (macroscopic).
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Table 3.3 Basic form of TNM classification*

Classification Interpretation

Primary tumour (T)

X Primary tumour cannot be
evaluated

TO No evidence of primary tumour

Tis Tumour in situ

T1, T2, T3, T4 Size and extent of primary tumour

Regional lymph nodes (N)

NX Regional lymph nodes cannot be
evaluated

NO No regional lymph node
involvement

N1, N2, N3 Number and location of involved

lymph nodes

MX Distant metastasis cannot be
evaluated

Mo No distant metastasis

M1 Distant metastasis

* Additional codes used with the TNM: pul, pulmonary; hep, hepatic; V, vascular; Ly, lymphatic
vessels; R, radial margin. Prefixes used with the TNM: u, ultrasound; r, radiological; p,
pathological.

Histological grading

Gives a guide to the behaviour of a cancer by describing the degree of
differentiation of the tumour (e.g. breast cancer).

o Grade 1, represents the least malignant tumours.

o Grade 2, 25-50% of the cells are undifferentiated.

o Grade 3, 50-75% of the cells are undifferentiated.

o Grade 4, >75% of the cells are undifferentiated.

Other methods of describing tumours
o Depth of invasion (e.g. Breslow thickness in malignant melanoma).
e Tumour type (e.g. small cell versus non-small cell lung cancer).
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Tumour markers

Key facts

e Tumour markers (see Table 3.4) are complex molecules, often
proteins that can be detected by a variety of techniques, including
chemical, immunological, or bioactivity testing.

Most are molecules normally produced by normal cells in small
amounts, but which may be produced in increased amounts by tumour
cells due to changes in cellular function (e.g. increased production,
increased gene expression, decreased degradation, increased release).

Testing

Testing is most commonly in vitro via serum measurements or testing tis-

sue specimens. Common uses include:

o Screening (detection of subclinical disease).

e Diagnosis (including differentiation of tumour origin in metastatic
disease).

o Monitoring response to treatment.

e Monitoring for development of recurrence.

Non-tumour related elevations in tumour marker levels (reducing the spe-

cificity of these tests for tumours) may occur due to:

e Increased production/release due to inflammation, infection, trauma,
or surgery.

e Decreased removal/destruction due to renal or liver disease.

Abbreviations for some tumour markers
o AFP (alpha-fetoprotein).

e 3-HCG (beta-human chorionic gonadotrophin).
o PAP (placental alkaline phosphatase).

o CEA (carcinoembryonic antigen).

o LDH (lactic dehydrogenase).

e PSA (prostate-specific antigen).
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Table 3.4 Commonly used tumour markers

Marker Useful in Notes/use
AFP Hepatoma; teratoma Elevated in liver disease,
(75% of cases); pancreatic e.g. hepatitis, cirrhosis, and
carcinoma some patients) pregnancy
B-HCG Choriocarcinoma (almost Measured both in blood
all cases); testicular and urine
tumours/teratoma (75%);
other germ cell tumours
PAP Seminoma; ovarian
adenocarcinoma
CEA Colonic adenocarcinoma; Not useful for diagnosis or
ovarian adenocarcinoma; screening. Used to monitor
advanced breast cancer; response to treatment and
pancreatic cancer identify relapse in tumours
showing raised CEA at
diagnosis. May be elevated
in pancreatitis, ulcerative
colitis, gastritis, and heavy
smokers
CA 19-9 Pancreatic cancer (80%); A polysialated antigen
advanced colorectal cancer (Lewis blood group antigen).
(75%) Ratio of CA 19-9:CEA most
sensitive for pancreatic
cancer diagnosis
LDH Lymphoma

Thyroid cancer

Medullary carcinoma of the
thyroid

Prostate cancer

Alkaline
phosphatase

Osteosarcoma

Used to monitor and
identify relapse after
treatment

Used to monitor and
identify relapse after
treatment

May be measured in

serum and tissue by
immunohistochemistry.
Serum level closely relates
to disease status

Also raised in bony
metastases, osteitis, Paget’s
disease
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Surgical microbiology

Key facts

e Three-quarters of nosocomial infection occur in surgical patients who
account for 40% of hospital inpatients.

e Risk factors for wound infection include the type of surgery, patient age,
malnutrition, immunosuppression, obesity, lack of appropriate antibiotic
prophylaxis, foreign bodies, and residual malignancy or necrotic tissue.

Nosocomial infections are acquired in hospital.
Community acquired infections are acquired outside hospital.

Sources of surgical infection
Three-quarters of nosocomial infections occur in surgical patients (see
Table 3.5) who account for 40% of hospital inpatients. Sources of infection
include:
e Patient’s own body flora:
* Failure of correct aseptic technique.
« Contaminated surgery (see [ p. 146).
e Indirect contact:
» Contact from hands of doctors, nursing staff, patients, visitors.
» Contaminated surfaces, e.g. door handles, cups.
e Direct inoculation:
* Surgeon or environmental flora through failure of aseptic technique.
» Contaminated instruments or dressings.
» Colonization of indwelling drains, catheters, intravenous lines.
e Airborne contamination:
* Skin and clothing of staff, patients, and visitors.
* Air flow in operating theatre or ward.
e Haematogenous spread:
¢ Intravenous and intra-arterial lines.
» Contaminated infusions.
* Sepsis at other anatomical sites.
e Food and waterborne.
e Faecal-oral.
o Insect borne.

Risk factors for wound infection
o General:
o Age.
* Malnutrition, obesity, malnutrition.
e Immunosuppression, including steroid therapy, chemotherapy.
* Endocrine and metabolic disorders, e.g. diabetes, jaundice, uraemia.
* Hypoxia and anaemia.
o Local:
» Type of surgery (see Table 3.5), lengthy procedures.
» Necrotic tissue.
* Residual local malignancy.
* Foreign bodies, including prosthetic implants.
e Ischaemia, haematoma.
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Table 3.5 Expected wound infection rates after surgical procedures

Rate of post-operative

Type of surgery infection (%)
Clean (no viscus opened), e.g. hernia repair <2
Clean contaminated (viscus opened minimal <10

spillage), e.g. cholecystectomy

Contaminated (open viscus with spillage or 15-20
inflammatory disease), e.g. simple appendicectomy

Dirty (pus or perforation or incision through >40
abscess), e.g. perforated appendicectomy

e Microbiology:
* Lack of antibiotic prophylaxis.
» Type and virulence of organism, size of inoculate.

Modes of occupational infections of health workers

e Direct percutaneous inoculation of infected blood (e.g. needle-stick

injury, scalpel wounds).

Entry of infection through minute skin abrasions after contact with

spilled infectious bodily fluids (e.g. blood, saliva, semen, urine, faeces).

e Entry of infection via mucosal surfaces after exposure to contaminated
infectious bodily fluids (e.g. eye splashes in theatre, faecal-oral route).

o Transfer of infection by fomites (e.g. via contaminated equipment—
prions transferred by neurosurgical equipment).

Procedures designed to minimize transmission

See also L p. 174 for HIV and hepatitis.

o |dentify infected (infectious) patients by serology.

o |dentify potentially infected (infectious) patients by risk factors (e.g. IV
drug users at risk from hepatitis B carriage).

o Specific procedures for the care of infected (infectious) patients (e.g.
barrier nursing for C. difficile diarrhoea).

o Careful disposal of disposable items related to patient care.

o Specific treatment and sterilization of non-disposable equipment.

o Additional/specific precautions for theatre staff:

» Make all procedures ‘safe’ procedures by having the highest
standards of safety and care using instruments and sharps:
remember ALL patients may be infected/infectious.

Wearing of plastic aprons in procedures with expected soiling with
urine/faeces/ascites.

Wearing of two pairs of gloves to reduce the risk of skin exposure
when gloves tear.

Wearing of re-enforced gloves for procedures with a high risk of
penetrating injury (e.g. fragmented fractures).

Wearing of glasses, goggles, or visors for eye protection.

Handle all sharps using a transfer container: never pass them hand
to hand.

Don't allow unnecessary blood or fluid spillage.
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Surgically important organisms

Normal body flora
These are usually involved in infections in surgical patients and include:

Staphylococci

o Normal flora of skin, oropharynx, and nasopharynx.

S. aureus is an important pathogen in many surgical infections.

S. aureus is the only staphylococcus that can coagulate plasma.
‘Coagulase negative’ effectively means non S. aureus staph, e.g. S.
epidermis: they are usually dismissed as contaminants, but they are

an increasingly common cause of line and prosthesis infections,
particularly in immunocompromised patients.

Antibiotic sensitivities: cephalosporins especially cefuroxime, gentamicin,
fusidic acid, vancomycin, rifampicin, teicoplanin.

Antiseptic sensitivities: chlorhexidine, povidone-iodine.
Methicillin-resistant S. aureus (MRSA) is resistant to all cephalosporins;
vancomycin, teicoplanin, fusidic acid should be reserved to treat this.

Streptococci

o Normal flora of skin, oropharynx, and nasopharynx.

o ‘a-haemolytic’ streptococci haemolyse blood agar, e.g. S. pyogenes.

o ‘B-haemolytic’ streptococci also haemolyse erythrocytes, e.g. S. viridens.

e Pneumococci and enterococci (below) are subtypes of streptococci.

o S. pyogenes has been called ‘the most important human pathogen’: it
causes ‘strep throat’, a range of skin infections, septicaemia, necrotizing
fasciitis, toxic shock syndrome, and valvular disease in rheumatic fever.

o Antibiotic sensitivities: penicillin, erythromycin, cephalosporins,
clindamycin, fusidic acid, mupirocin.

o Antiseptic sensitivities: chlorhexidine, povidone-iodine.

Enterococci

e Normal flora of large intestine.

e These are an increasingly important cause of nosocomial infections.

e Involved in wound infections, intra-abdominal sepsis, urinary tract
infections, intravascular line infections, and dialysis-related infections.

o Antibiotic sensitivities: enterococci are intrinsically resistant to many
antibiotics, including all cephalosporins, and must usually be treated by
a combination drug regime, e.g. ampicillin plus glycoside.

e Vancomycin-resistant enterococcus (VRE) is resistant to all
cephalosporins and vancomycin, and sometimes teicoplanin.

‘The Gram-negative rods’

e Normal flora of large intestine.

o Gram-negative bacilli (also known as coliforms) include Escherichia coli,
Salmonella, Klebsiella, Enterobacter, and Proteus.

o Pseudomonas and Actinobacter are non-coliform Gram-negatives.

o Antibiotic sensitivities: most are intrinsically resistant to penicillin
and there is increasing resistance to amoxicillin and ampicillin;
cephalosporins are the commonest first-line treatment for non-
resistant forms or ‘extended range’ penicillins (e.g. piperacillin/
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tazobactam), aminoglycosides (e.g. gentamicin, streptomycin, amikacin,
tobramycin), alone or in combination with cephalosporins, offer good
bactericidal action.

Anaerobes

o Normal flora of skin, oropharynx, large bowel, terminal ileum, and
genitourinary tract.

o Include Bacteroides and clostridia (bowel).

e C. difficile causes pseudomembranous colitis (see L p. 396).

o Cause anaerobic infections, including cellulitis, gas gangrene,
empyemas, and colonize diabetic foot ulcers.

o Act usually with aerobes to produce ‘synergistic’ necrotizing infections
of skin, fascia, and muscle spontaneously or after trauma or surgery.

o Antibiotic sensitivities: metronidazole is only active against anaerobes
and resistance is rare; most anaerobes are also sensitive to penicillins,
cephalosporins, clindamycin, erythromycin, and co-trimoxazole.

Specific infections

Gas gangrene

Gas gangrene is caused by Clostridium perfringens, a Gram-positive bacillus,
found in soil or faeces. Injury may be trivial. More common in immuno-
compromised patients. There is exudate and gas in the tissues; skeletal
muscle is affected. Oedema, spreading gangrene, and systemic signs follow.
Aggressive debridement and fasciotomies are required, with resuscitation,
organ support, and penicillin (2g 4-hourly IV) and metronidazole.

Synergistic spreading gangrene (Meleney’s or Fournier’s gangrene)

Also known as necrotizing fasciitis. The organisms involved are not clostrid-
ial, but rather aerobes and synergistic microaerophilic/anaerobes. Patients
may be immunocompromised. The initial wound might have been minor
or an uneventful operation. Severe wound pain and gas in the tissues
(crepitus) may be seen: the extent of subdermal gangrene may not be
apparent. Systemic support and antibiotics are required, with excision of
involved tissues.

Tetanus

This is a rare infection in the UK, but is common in many parts of the
world, with a mortality rate of about 60%. The causal organism, Clostridium
tetani, produces a powerful exotoxin which is neurotoxic. It enters the
spinal cord via peripheral nerves where it blocks inhibitory spinal reflexes.
It is found widely: infection often follows a trivial puncture wound.
Treatment is benzylpenicillin, 1g every 6h IV, metronidazole, and human
anti-tetanus immunoglobulin 30U/kg IM. If a wound is present, it is excised
and left open to heal by secondary intention. Immunization with 10-yearly
boosters is protective.

175



176

CHAPTER 3 Surgical pathology

Soft tissue infections

Cellulitis is the presence of actively dividing infectious bacteria within
the skin tissues.

Abscess is a liquid collection of pus lined by granulation tissue and fibro-
sis (if chronic).

Lymphangitis is the presence of actively dividing infectious bacteria in
the lymphatic vessels of an area of the body.

Fasciitis is inflammation of connective tissue that may be infective.
Myositis is infection or inflammation of muscle tissue.

Cellulitis

Pathological features

o Skin entry by pathogenic bacteria (scratch, ulcer, hair follicle).

e Usually Gram +ve cocci (e.g. Streptococcus pyogenes, S. aureus).

o Usually heals by resolution if treated promptly.

e Spread may result in lymphangitis, suppuration results in a furuncle (skin
gland), carbuncle (upper dermis), or an abscess (deep skin tissue).

Clinical features

o Skin widely involved: warm, red (usually blanches with pressure),
swollen (often pitting), and exquisitely painful.

o Crepitus indicates the development of gas-forming tissue necrosis
which may be an emergency (see L p. 175).

Treatment
o |V antibiotics: benzylpenicillin (1g qds) and flucloxacillin (500mg qds).
o Always assess with microscopy and culture, if possible.

Abscess

Pathological features

e Contain polymorphonuclear neutrophils (PMNs)/macrophages,
lymphocytes (live and dead), bacteria (dead and viable), and liquefied
tissue products.

e May rupture (‘pointing’), discharge into another organ (forming a
fistula eventually), or open onto another epithelial surface (sinus) (see
L p. 157).

e Incomplete treatment due to resistant organisms (mycobacteria) or
poor treatment may lead to chronic abscesses.

o Complete elimination of the organisms in a chronic abscess without
drainage can lead to a ‘sterile abscess’ (‘anti-bioma’).

Typical causes

e Suppuration of tissue infection (e.g. renal abscess from pyelonephritis).
o Contained infected collections (e.g. subphrenic abscesses).

o Haematogenous spread during bacteraemias (e.g. cerebral abscesses).

Diagnosis
o Deep abscesses are characterized by swing fever, rigors, high WCC,
and high CRP. Untreated, they lead to catabolism, weight loss, and a
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falling serum albumin. Ultrasound, CT, MR, or isotope studies may be
necessary to confirm the diagnosis.

Treatment

e Drain the pus, e.g. incision and drainage (perianal abscess), CT-guided
drain (renal abscess), closed surgical drainage (chest empyema), or
surgical drainage and debridement (intra-abdominal abscess).

o |V antibiotics (may require course of several weeks, indicating PICC
line insertion).

Fasciitis

Suspect when pain, oedema, and skin necrosis appear within 24—48h of
injury or operation.

Signs

The skin may be normal, oedematous, or mottled. There may be spiking
fever, hypotension, mental confusion.

Treatment

o |V fluids; extensive excision may be indicated.

o Antibiotics on the basis of Gram stain.

o Dress incisions with moist gauze impregnated with dilute aqueous
antiseptics. Change these frequently under general anaesthetic.

Myositis
The bacterial infection has penetrated and destroyed muscle bundles.

Cause
Usually Clostridium perfringens, a Gram-positive, anaerobic, spore-forming
rod.

Management

o Recognize the condition: there is oedema and serosanguinous exudate;
exposed muscle is swollen and ranges from salmon pink to

deep green/black in appearance. Crepitation may be present. There is
a ‘sickly sweet’ smell.

Excise dead tissue until healthy, contractile, bleeding muscle is
encountered.

Carry out Gram staining immediately. Streptococcal myositis rarely
needs amputation, clostridial may.

Replace extracellular fluid (ECF) deficit. Transfuse if needed.
High-dose penicillin (IM or IV, 0.6—1.2g every 2h). May need
antianaerobic therapy.

Excision of all infected tissue may necessitate full thickness excision of
abdominal wall with prosthetic mesh replacement. Amputations are
performed by guillotine technique and the wounds packed open.
There is no proven advantage to hydrogen peroxide dressings or

the use of hyperbaric oxygen, but passive immunization in proven
clostridial gangrene has been suggested, using a variety of bacterially
derived products.

Osteomyelitis Covered on [ pp. 558-62.
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Blood-borne viruses and surgery

Viral hepatitis

o Commonest liver disease in the world.

o May cause acute liver failure or chronic active hepatitis.

Hepatitis A

Formerly known as infectious hepatitis. This is the most common form of

jaundice in children and young adults.

e Spread is by the faecal-oral route; the incubation period is 1 month.

o The antibody to the virus is anti-HAV.

e There is no vaccine and health care workers do not have to be tested.

Hepatitis B

o Double-shelled DNA virus: 565 new cases in UK in 2000. Ten per

cent of adults fail to clear the virus after infection. Up to 5% people

worldwide are carriers.

Infection is largely blood-borne and is transmitted by blood transfusion,

inoculation, sharing syringes (drug addicts), sexual intercourse during

menstruation (with an infected partner), and anal intercourse.

Transmission from a contaminated sharps injury is 30%.

o Antigens appear in the serum: HBsAg, the surface antigen; HBcAg,

the hepatitis core antigen; HBeAg, the ‘e’ antigen; the Dane particle;

double-stranded DNA; and DNA polymerase activity.

Antibodies formed against these antigens (anti-HBs, anti-HBe) can be

detected in the peripheral blood:

» HBsAg +ve. Failure to clear infection, residual infectivity.

* HBsAb +ve. Protection marker from immunization or infection.

* HBeAg +ve. Close correlation of infectivity.

Hospital staff are routinely offered vaccination for hepatitis B:

* Infectious carriers may not perform exposure-prone procedures.

 Vaccination against hepatitis B is not compulsory. The alternatives
are frequent testing to check infectivity or limited clinical practice.

» The NHS Injury Benefits Scheme provides some benefits where
hepatitis B has been occupationally acquired.

Treatment. Any health care worker who remains HBeAg +ve may

undergo antiviral therapy under supervision by a hepatologist including:

* Immunomodulation with interferon.

* Viral suppression with nucleoside analogues.

Hepatitis C

RNA virus which causes cirrhosis of the liver and primary liver cancer.

There is no vaccination. Detected in 1 in 150 screened blood donations:

0.4% of the UK population are chronically infected. Transmission from a

contaminated sharps injury is 2—3%. Surgeons must be tested for hepatitis C

and may not carry out exposure-prone procedures if hepatitis C +ve.

Human immunodeficiency virus (HIV)

Double-stranded RNA retrovirus transmitted by passage of infected body
fluids from one person to another by several methods: anal and vaginal
sexual intercourse, peripartum, sharps, and infected blood products.
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o HIV infection results in widespread immunological dysfunction,
manifested by a fall in CD4 +ve lymphocytes, monocytes, and antigen-
presenting cells (APCs).

o There is usually a 3-month asymptomatic, but infective viraemia.

o During this period, ELISA tests for HIV antibodies are negative.

e At seroconversion, an acute illness can occur.

e This is followed by generalized lymphadenopathy.

e Acquired immunodeficiency syndrome (AIDS) develops in 5—-10y.

o Median survival with untreated AIDS is 2y, treated is >20y.

High risk populations (2004 WHO statistics)

o Prevalence in adult population of southern Africa is 15-30%.

e Prevalence in adult population of sub-Saharan Africa is 5-15%.

o Prevalence in homosexual men at London genitourinary clinics is 10%.
o Prevalence of HIV in injecting drug users in UK is about 1%.

High risk procedures

The UK General Medical Council (GMC) has made it clear that surgeons

are obliged, if required, to operate on patients with AIDS or HIV infection.

Always use universal precautions. High risk procedures include:

o Any invasive procedure in HIV +ve patients.

o Invasive procedures in at-risk populations (see above).

o Biopsies for the diagnosis of opportunistic infection or suspected HIV.

o Procedures to deal with malignancies, e.g. Kaposi’s sarcoma, B-cell and
non-Hodgkin’s lymphoma, squamous oral carcinoma.

Precautions and post-exposure prophylaxis (PEP)
e The HIV risk from an HIV contaminated hollow needle is 0.3%.
e The risk from splashes on broken skin or mucous membranes is 0.1%.
e PEP®» Go to occupational health or A&E out of hours. PEP
reduces the risk of seroconversion by over 80% if started within
1h of exposure; PEP is continued for 4 weeks. Side effects include
diarrhoea and vomiting.

Universal precautions
These are designed to protect workers from exposure to diseases
spread by blood and body fluids. B> All patients are assumed to be infec-
tious for blood-borne diseases, including HIV.
e They apply to blood; amniotic, synovial, pleural, peritoneal and
pericardial fluid; semen, vaginal secretions; and CSF.
e They do not apply to faeces, sputum, urine, vomit, or saliva.
o Universal precautions include:
» Use of protective clothing, e.g. gloves, gowns, masks, eye-guards.
* Removing hazards from work place, e.g. sharps bins, ventilation.
* Work practice, e.g. hand washing, handling of sharps, transport of
soiled goods, reducing unnecessary procedures.
« Single use disposable injection equipment.
* Hospital policy for all sharps injuries: squeeze, wash, and report.
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Bleeding and coagulation

Blood products and transfusion reactions are described on (EJ
pp. 96-9).

Haemostasis

This is the physiological process by which bleeding is controlled. It has

four components:

o Vessel wall response, primarily vasoconstriction due to smooth muscle
contraction, is the first response.

o Platelet activity results in formation of a platelet plug.

* Platelets adhere to exposed endothelial collagen, a process which
required von Willebrand factor (VWF) (factor VIII).

* Release of adenosine diphosphate (ADP), arachidonic acid,
prostaglandin, and thromboxane A2 promotes platelet aggregation.

* Aggregated platelets react with thrombin and fibrin, forming a plug.

o Aspirin irreversibly inhibits the cyclooxygenase-mediated formation of
prostaglandin, lasting for the life of the platelet (7—10 days); clopidogrel
irreversibly inhibits ADP-mediated aggregation (7—10 days).

e The coagulation cascade converts prothrombin to thrombin to
produce a fibrin clot: two interacting pathways are involved.

The intrinsic pathway involves only normal blood components and

starts when factor Xl (Hageman factor) is activated by binding to a

damaged vessel, resulting in the sequential activation of factors X,

IX, VIII, and X.

The extrinsic pathway requires thromboplastin (a tissue

phospholipid) which forms a complex with calcium and factor VI,

which activates factor X.

Both these pathways converge at the activation of factor X, which

converts prothrombin to thrombin: thrombin converts soluble

fibrinogen to fibrin to produce a stable clot.

All of the soluble factors are manufactured by the liver except

factor VIII (made by endothelium).

Warfarin inhibits the manufacture of vitamin K-dependent clotting

factors (prothrombin, VII, IX, and X): taking 3—4 days to have effect.

e The fibrinolytic system terminates thrombus propagation to maintain
circulating blood in a fluid state; it depends on four proteins.

* Plasmin, a serine protease which is produced by the action of
thrombin on plasminogen and attacks unstable bonds between
fibrin molecules to generate fibrin degradation products.

* Antithrombin Ill which deactivates thrombin, Xlla, IXa, and Xa.

* Proteins C and S which prevent thrombin generation by binding
factors Va and Vllla. Tissue factor pathway inhibitor, produced by
platelets, inhibits factors Xa and Vlla.

* Heparin potentiates antithrombin IIl with immediate effect;
protamine binds heparin, reversing its effect almost immediately.

Disorders of haemostasis

These can be thought of in terms of the four components below:

o Vessel wall abnormalities, e.g. Henoch—Schonlein purpura, Cushing’s
syndrome, steroid use, vitamin C deficiency (scurvy).
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o Platelet abnormalities.

» Thrombocytopaenia (<100 x 10?/L®) caused by reduced production
(bone marrow failure, radiotherapy, chemotherapy, infiltrative
disease, e.g. neoplasia, leukaemia); faulty maturation (e.g. folate and
B12 deficiency); abnormal distribution (splenomegaly); increased
destruction (autoimmune disorders, drugs, DIC, haemorrhage);
dilutional thrombocytopaenia in massive banked blood transfusion.

e Abnormal function, e.g. von Willebrand’s disease, uraemia, idiopathic
causes, drug effects, especially aspirin and clopidogrel.

o Coagulation abnormalities.

 Congenital, e.g. haemophilia A (¥ factor VIII), haemophilia B or
Christmas disease (+ factor IX), von Willebrand’s disease (¥ VWF).

¢ Acquired, e.g. DIC (see [ p. 118); ¥ vitamin K (which is produced
by gut flora) secondary to poor nutrition, antibiotic therapy,
obstructive jaundice; liver disease; exogenous anticoagulants.

Preoperative evaluation of haemostasis

NICE guidelines

e Routine testing not recommended unless patient is ASA 3 as a result
of renal disease.

o For at-risk patients undergoing ‘major +’ cardiac or neurosurgery,
testing may be considered.

History and examination

o Ask about bleeding problems, e.g. menorrhagia, bruising, family history
of bleeding, and medication (specifically aspirin, clopidogrel, and
warfarin which should all be stopped 5 days before elective surgery)
(see LA p. 72).

o Look for petechiae and purpura, jaundice, and hepatosplenomegaly.

Laboratory investigation

o Platelet count. Normally 200—400 x 10%/L; 70 x 10°/L is needed for
surgical haemostasis, <20 x 10%/L results in spontaneous bleeding.

o Blood film. Estimate of platelet count and indicates morphology.

o Bleeding time. Useful as normal bleeding time indicates normal
platelets, normal function, and normal vascular response to injury, but
uncommonly used as a screening test.

o Prothrombin time (PT). Reflects the extrinsic pathway (1, II, V, VII, X).

e Partial thromboplastin time (PTT). Reflects the intrinsic pathway (all
factors except VII).

o Individual clotting factor assays.

o Thrombin time (TT). Rate of conversion from fibrin to fibrinogen.

o Ffibrin degradation products. These are released by the action of plasmin
and are raised in DIC.

Principles of management

e Indications for FFP, platelets, and anti-fibrinolytics are listed on EL p. 96.

o |V heparin may be reversed with protamine and/or FFP.

o Warfarin may be reversed over 12-24h with 1mg vitamin K SC or
acutely with FFP.
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Anaemia and polycythaemia

Anaemia
This is a reduction in haemoglobin concentration below normal (approxi-
mately 13-16g/dL in men, 11.5-15g/dL in females). It is classified as
follows:
o Decreased red cell production.
* Haematinic deficiency (¥ Fe, B12 folic acid).
* Bone marrow failure (congenital, chemotherapy, radiotherapy,
infiltrative disease).
o Abnormal red cell maturation.
* Myelodysplasia.
* Sideroblastic anaemia.
e Increased red cell destruction (haemolytic anaemias).
* Inherited (e.g. sickle cell, thalassaemia).
* Acquired (e.g. autoimmune, DIC—see [ p. 118).
o Chronic disease (common cause of anaemia in surgical patients).
* Renal failure (¥ production of erythropoietin).
* Endocrine, liver disease.

Iron deficiency anaemia

Commonest cause of anaemia in surgical patients. Causes include:

e Menstruation (in 15% of females).

o Gl losses (peptic ulcer, oesophagitis, gastric carcinoma, colorectal
carcinoma).

e Reduced iron uptake (poor diet, coeliac disease, malabsorption).

Sickle cell anaemia
Single base substitution gene defect causing an amino acid substitution in
haemoglobin, making HbS instead of HbA. Deoxygenated HbS polymer-
izes and causes red blood cells to sickle, resulting in occlusion of small
blood vessels and infarction. Common in black Africans. Homozygotes
have high levels of HbS and are prone to crises. Heterozygotes (‘sickle
trait’) are only symptomatic in hypoxic conditions, e.g. unpressurized air-
craft, limb ischaemia.
e Most patients are diagnosed: screening for sickle cell is widespread.
o The patient typically has an Hb of 6-8g/dL, reticulocytes 10-20%.
o There are three types of sickle cell ‘crisis™
 Thrombotic crises. Precipitate by cold, dehydration, infection,
ischaemia, may mimic acute abdomen or pneumonia, priapism;
e Aplastic crises. Due to parvoviruses and require urgent transfusion;
* Sequestration crises. Spleen and liver enlarge rapidly from trapped
erythrocytes, resulting in right upper quadrant (RUQ) pain, 1 INR,
t LFT, § Hb.
e Treatment involves removing causes and decreasing percentage of
HbS.
» Keep warm and well hydrated, if necessary with [V fluids.
e Give O,.
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* Give opiate analgesia.
» Empirical antibiotics if any evidence of sepsis.
o If Hb <ég/L, give blood; if Hb >9g/dL, exchange transfusion.
o Exchange transfusion to maintain HbA >60% before cardiac surgery.

Thalassaemia

Thalassaemias are genetic diseases of Hb synthesis, resulting in underpro-

duction of one chain which results in destruction of red cells while they

are still in the bone marrow. a-thalassaemia leads to 4 « chain production

with unbalanced 8 chain production and -thalassaemia leads to 4 3 chain

production. Common in the Mediterranean to Far East.

o Severity correlates with the genetic deficit.

o Death may result by 1y of age without transfusion.

o Symptoms of iron overload after 10y: endocrine failure, liver disease,
and cardiac toxicity.

o Death at 20-30y due to cardiac siderosis.

Preoperative screening of anaemia: NICE guidelines

e FBC ‘should be considered’ for all surgery in adults >60y of age.

e FBC is recommended for ‘intermediate’ surgery (e.g. primary repair of
inguinal hernia, varicose vein surgery) in adults >60y of age.

e FBC is recommended in any adult undergoing major surgery.

o Sickle cell screening is recommended in any patient of African descent
undergoing a general anaesthetic: consent should be obtained.

Preoperative evaluation of anaemia

¥ Mean cell volume (MCV) or microcytic anaemia

e Iron deficiency (blood loss, dietary): + serum ferritin and iron, * total
iron binding capacity (TIBC).

o Thalassaemia (* serum iron and ferritin, ¥ TIBC).

o Hyperthyroidism.

t MCV or macrocytic anaemia

e B12 or folate deficiency (dietary, pernicious anaemia, anti-folate drugs).
e Alcohol.

o Liver disease.

o Myelodysplasia and bone marrow infiltration.

o Hypothyroidism.

Normal MCV or normocytic anaemia
Anaemia of chronic disease, renal failure, bone marrow failure, haemolysis,
pregnancy, dilutional.

Management of anaemia

o Elective patients should be investigated and treated appropriately.

e Blood transfusion (see L p. 96) is indicated in patients with Hb <8g/
dL undergoing emergency or elective surgery.

o Evidence suggests that maintaining Hb 7-9g/dL has a better outcome
than maintaining Hb 10-12g/dL, except in patients with unstable
angina.
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Polycythaemia
o Relative (+ plasma volume). Dehydration from alcohol or diuretics).
o Absolute (1 red cell mass).
* Primary (polycythaemia rubra vera).
* Secondary (altitude, smoking, COPD, tumours, e.g. fibroids).
e Treat underlying cause; consider venesection.
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Endotracheal intubation

Key facts

Indicated in cardiac arrest, serious head injury, certain acute respiratory

and trauma settings, and prior to many surgical operations.

o B Effective bag-and-mask ventilation is better than ineffective attempts
at endotracheal intubation in the arrest setting.

o P> Except in a dire emergency, this procedure should not be
performed without expert supervision.

Equipment

e Empty 10mL syringe.

e Endotracheal tube (ET; size 8-9 for females and 9—11 for males).

e Laryngoscope.

e Ribbon to secure tube, lubricating jelly.

e Connection tubing, Ambubag, and O2 (cylinder or wall connection).
e Working wall suction, tubing, and Yankauer.

Preparation

Move bed forward so that you can stand behind patient’s head and
raise it so that you are working a comfortable height. Put on gloves.
Elective setting. Pre-oxygenate the patient; attach pulse oximeter to
patient, connect Ambubag to 100% O,, use effective bag-and-mask
ventilation for 2-3min to achieve O, saturations >95%.

Emergency setting. Suction mouth (aspiration is major risk, bag-and-
mask ventilation with Ambubag, and 100% O,).

Check laryngoscope light works and blade opens and ET tube cuff
inflates and deflates with 10mL syringe.

Remove any dentures and suction again any saliva and secretions.
Extend the neck.

Insert the laryngoscope, pushing the tongue to the left.

Advance the scope anterior to the epiglottis and pull gently, but firmly,
upwards to expose the vocal cords.

Insert the lubricated ET tube between the cords into the trachea.
Confirm correct positioning of the tube by observing chest
movements and listening over lung bases and stomach.

Progressively inflate the cuff and attach ventilation equipment.
Confirm correct cuff inflation by listening for whistling or bubbling in
the larynx suggesting air leak and secure the tube in place with ribbon.
P Patients not in cardiac arrest or who maintain a gag reflex will need
anaesthetizing prior to oropharyngeal intubation, i.e. administration of
inducing agent plus muscle relaxant: this should be done only under
supervision of a trained anaesthetist.

P> The best setting to learn intubation is preoperatively in the anaesthetic
room of a theatre with good supervision in controlled conditions.

Tips and pitfalls

o Oesophageal intubation. Potentially fatal if not recognized. Always check
for bilateral breath sounds, chest movement, absence of stomach
sounds, pulse oximetry, blood gas, and capnography, if available. Bag-
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and-mask ventilation is the safest and most effective way to oxygenate
a patient if you are not experienced at endotracheal intubation.
Cannot visualize vocal cords. Ask for ‘cricoid pressure’—firm
downwards pressure from an assistant over the cricoid can help bring
cords into view. Some patients are ‘difficult intubations’ just because
of their particular anatomy and build; the safest way to maintain their
airway is to avoid repeat attempts at intubation, resume bag-and-mask
ventilation, and wait for senior help.

Inadequate cuff pressure. Too little and airway not protected from
aspiration, too much and pressure injury can result in erosion or
stenosis. The balloon should feel as firm as your fingertip.

Key revision points—anatomy of the lower pharynx and larynx
(Fig. 4.1)

Epiglottis

Vocal cords Trachea

Uvula

Catheter mount for connecting
endotracheal tube to inflation bag

inflated

Fig. 4.1 (a) Diagram of the larynx as seen at intubation. (b) Correct position of
inflated endotracheal tube cuff.
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Cardioversion

Key facts

Synchronized direct current (DC) cardioversion is the treatment of
choice for tachyarrhythmias compromising cardiac output (CO), such
as AF and supraventricular tachycardia (SVT) and for AF refractory to
chemical cardioversion.

Checklist for elective DC cardioversion
e [s it indicated? Is the patient still in AF?
o |s it safe (see Ll p. 189)2

« Either AF has lasted <24h; or

* The patient must have had at least 6 weeks of formal
anticoagulation; or

* The patient must have a TOE excluding intracardiac thrombus.

e |s the patient ready?

e The potassium should be 4.5-5.0 (otherwise, repeat AF likely).
» The INR,; if anticoagulated, should be >2.0.
 The patient should have a valid consent form.

e The patient should be starved for 6h.

DC cardioversion for AF and SVT

Patient should be anaesthetized: some anaesthesiologists prefer not to
intubate, managing the airway with a bag and mask. You can either use
adhesive external defibrillator pads which remain fixed to the patient until
the procedure is completed or handheld paddles and gel pads. As soon as
the anaesthesiologist is happy:

Expose chest.

Place pads on chest in position shown in Fig. 4.2: the aim is to direct as
much of the current as possible through the heart.

Place three ECG electrodes on the patient as shown and connect to
the defibrillator so that an ECG trace is visible.

Switch defibrillator on and turn dial on to appropriate power setting
(100}, 200}, 360)).

» Press the ‘SYNC' button and ensure that each R wave is accented on
the ECG: failure to do this can mean that a DC shock is delivered while
the myocardium is repolarizing, resulting in VF. Check that the ‘SYNC’
button is on before every shock for AF.

If you are using handheld paddles, hold them firmly on the gel pads.
Perform a visual sweep to check that no one is in contact with the
patient at the same time as saying clearly, ‘Charging. Stand clear’.
Press the ‘CHARGE’ button.

Press the ‘SHOCK’ button when the machine is charged.

If the shock has been delivered successfully, the patient’s muscles
will contract violently: anyone in contact with the patient risks
experiencing an electric shock.

Check the rhythm.

If still AF, press the ‘CHARGE’ button and repeat the sequence.
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Complications of DC cardioversion

o Complications of general anaesthesia(see L p. 218).

e Systemic embolization (see LI pp. 155, 642.)

e Failure to cardiovert.

e Burns from incorrect application of gel pads.

e Muscle pain from involuntary contraction.

o Arrhythmias, including asystole and ventricular fibrillation (VF).

Common pitfalls
Failure to deliver a shock

Check that the defibrillator is switched on and adequately charged. Check
that the correct power setting has been selected. Change the machine.

Failure to cardiovert

Check the latest available serum K* was 4.5-5.0. Check that the cor-
rect power setting has been selected. Replace gel pads with fresh ones.
Reposition the patient on their side and the pads as shown and try two
further shocks at 200] (see Fig. 4.2). Don't start at too low a power set-
ting: each shock leaves the myocardium less sensitive to further shocks.
There is some evidence that 360] as the first power setting results in less
myocardial damage and a better conversion rate than multiple shocks at
lower power settings.

@

Fig. 4.2 Using defibrillators. (a) Correct positioning for defibrillation and
cardioversion. (b) Alternative positioning for synchronized DC cardioversion.
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Defibrillation

Key facts

o Defibrillation is the treatment of choice for VF and pulseless VT.

o Biphasic defibrillators cycle current direction every 10ms: the same
amount of current (roughly 12amp and 1500V) is delivered, but with
less energy (200] compared to 360) in older monophasic models),
reducing the risk of burns and myocardial damage.

External defibrillation for VF and pulseless VT

Do not delay defibrillation for manoeuvres such as intubation, massage, or
administration of drugs.

Expose chest.

Place gel pads on chest in position shown in Fig. 4.2: the aim is to
direct as much of the current as possible through the heart.

Switch defibrillator on and turn dial on to appropriate power setting
(200] for external defibrillation).

Press ‘CHARGE’ button.

If you are using handheld paddles instead of adhesive external
defibrillator pads, place them firmly on gel electrodes and hold.
Perform a visual sweep to check that no one is in contact with the
patient at the same time as saying clearly, ‘Charging. Stand clear’.
Press the red/orange ‘SHOCK’ button on the paddles.

If the shock has been delivered successfully, the patient’s muscles
will contract violently: personnel in contact with the patient may
experience an electric shock.

Check the rhythm: if VF, charge again and repeat the sequence.

If the rhythm changes to one compatible with an output, check the
pulse before proceeding further.

Common pitfalls

Failure to deliver a shock

Check that the defibrillator is switched on and adequately charged. Check
that the correct power setting has been selected. Check that the ‘SYNC’
button is off if you are trying to defibrillate VF. Change the machine and
paddles.

Failure to defibrillate

Exclude causes of intractable VF, i.e. failure to effect rhythm changes com-
patible with an output despite repeated attempts. In internal defibrilla-
tion, decompress the heart using massage (with the flows down if you're
on cardiopulmonary bypass). Double-check that the rhythm is not in fact
asystole. Epinephrine, lidocaine, or amiodarone may improve chances of
converting VF and maintaining rhythm.
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Venepuncture

Key facts

This is a mandatory skill to learn for all doctors, but many patients will
have ‘difficult’ veins and regular practice is needed.

Indications
Obtaining venous blood samples for laboratory analysis, venesection.

Equipment

e Tourniquet.

e 23G or 21G needle, vacutainer holder.
e Syringe (appropriate size: 10-20mL).

e Alcohol swabs.

o Appropriate laboratory sample tubes.
e Cotton wool ball and tape.

o Pillow if the vein looks difficult.

Most hospitals now have vacuum tube systems as an alternative to the
‘needle and syringe’ approach for obtaining blood samples.

Preparation
Apply tourniquet above the elbow and inspect the arm for suitable
engorged veins. Place arm on a pillow, especially if you may be a while.

Method

o Clean the skin thoroughly with alcohol at the site of access.

o Tether the skin distal to the site with the thumb of your left hand.

o Pass the needle obliquely through the skin at a point approximately
2mm distal to the point of planned entry to the vein.

o Advance the needle slowly until a ‘give’ is felt as the vein is entered
and a ‘flashback’ is seen in the needle: push vacutainer onto holder.

o Aspirate the desired amount of blood while holding the barrel of the
syringe firmly.

o Release the tourniquet before gently withdrawing needle and syringe.

o Apply pressure to the site to arrest any bleeding. Do not assume the
patient can help with this, e.g. stroke patients.

Tips and pitfalls

o Poor veins. If the patient is cold and the samples non-urgent, place the
arm in warm water as this may aid venodilation. Veins on the dorsum
of the hand may be the only ones readily available; try using a smaller
or butterfly needle to obtain samples. Aspirate gently using a syringe
on a butterfly needle, not a vacutainer as this may collapse veins.
Obese patients. Try the dorsum of the hand or the radial aspect of the
wrist, access may be easier here.

Failed attempts. Repeated failed attempts will distress the patient

and demoralize the doctor! Ask someone to help. If the samples are
extremely urgent, a femoral stab may be the best option for obtaining
blood samples, e.g. during cardiac arrest.
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o |V cannulae. If blood samples and IV access are needed, obtain samples
through the cannula—simple and saves the patient another needle,
although be careful to draw blood slowly as haemolysis is more
common via a cannula.

Sample bottles and request forms. Ensure these are labelled correctly
and the appropriate tests are ordered. If in doubt about a particular
investigation, seek advice from a senior or the laboratory.

Blood cultures. Ensure that the skin is swabbed thoroughly. Do not
touch the skin again unless sterile gloves are worn. Once the sample
is taken, change the needle before transferring the sample to the
appropriate culture bottle. Document whether the patient was on
antibiotics at the time of the sample and ensure the sample is not
placed in the fridge during transfer to the lab.

Key revision points—venous drainage of the upper limb
o Superficial venous system.

» Cephalic vein. Commences from the lateral end of the dorsal
venous network overlying the anatomical snuffbox, ascending the
lateral and anterolateral aspect of the arm to the deltopectoral
groove, piercing the clavipectoral fascia to join the axillary vein.
Basilic vein. Commences from medial end of the dorsal venous
network, ascending along medial and anteromedial aspect of
forearm, piercing the deep fascia to join the venae comitantes of
the brachial artery which eventually join the axillary vein.
Median cubital vein. Connects these two veins in the cubital
fossa.

o Deep system: venae comitantes of ulnar, radial, and brachial artery,
which flow into the axillary vein.
e Most common sites for phlebotomy and cannulation are:
 Dorsal venous network.
¢ Median cubital vein.
o Cephalic vein in the forearm.
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Intravenous cannulation

Key facts

A similar skill to that of simple venepuncture, but needs plenty of practice
to become competent. If having difficulty, observe a few experts in action;
an ideal setting is in the anaesthetic room of theatres.

Indications
Venous access for administration of IV fluids, blood, or IV drugs.

Equipment

e Tourniquet.

e Cannula (20G or 18G) (see Table 4.1).

o Adhesive dressing/tape.

o Alcohol swabs.

e 5mL syringe containing 0.9% saline or heparinized saline.
o |V fluid bag with giving set, if necessary.

Preparation
Apply tourniquet above or below the elbow and inspect the arm for suit-
able engorged veins.

Method

o Clean the skin thoroughly at the site of access; put on sterile gloves.

e Identify a suitable vein.

o Tether the skin distal to the proposed site of puncture.

e Pass the cannula obliquely through the skin at a point approximately
2mm distal to the point you wish to enter the vein.

Advance the cannula smoothly until the vein is entered: a ‘give’ will be
felt and a ‘flashback’ seen in the hub of the cannula.

Hold the hub of the needle with one hand and advance the cannula
into the vein, while maintaining skin fixation until the cannula is well
into the vein.

Remove the tourniquet and press on the vein proximal to the cannula as
the needle is removed. Apply the screw cap to the end of the cannula.

Table 4.1 Size and function of different cannulae

Colour Size Flow (mL/min) Use

Blue 22G 31 Small veins,
paediatrics

Pink 20G 55 Slow infusions

Green 18G 90 IV fluids, drugs,
transfusions

White 17G 135

Grey 16G 170 Rapid IV fluids,

emergencies

Brown 14G 265
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o Secure the cannula in place with a dressing.
o [f the cannula is not going to be used immediately, flush with
heparinized saline.

Tips and pitfalls

o Poor veins, obese patients, and failed attempts. See ‘Venepuncture’
section (see [ p. 192).

Agitated or fitting patients. Try not to place the cannula over a joint as
these tend to become easily dislodged or ‘tissued’.

Secure the cannula. Cannulae are all too easily dislodged because of
poor fixation to the skin. Use of two cannula dressings (one placed
above and one below) and a bandage is often needed.

Hairy arm. Shaving the skin at the planned cannula site seems tedious,
but will allow the cannula to be secured adequately.

Non-dominant hand. Placing the cannula in the non-dominant hand,

if possible, will allow the patient a little bit more freedom and may
prevent the cannula becoming dislodged easily.

Fragile veins. Tends to be a problem in elderly or debilitated patients.
Try using a smaller cannula; the dorsum of the hand is often ideal site.
Poor peripheral access. In some patients with multiple collapsed or
damaged veins, alternative cannula sites may have to be considered,
e.g. feet. If peripheral cannulation becomes impossible, a central line
will have to be considered.

Blood transfusion. If blood is being given 1V, then an 18G or 16G
cannula will be needed.

Complete failure to cannulate

e Is a cannula necessary?

Can IV medication or fluids be omitted until elective central/long

line insertion is possible?

Can medication or fluids be given orally or via NGT?

Discuss with microbiology if antibiotics are involved: changing route

of administration often requires appropriate changes in antibiotic.

Fluid and insulin regimes can be modified to be given

subcutaneously if desperate.

Many painkillers and antiemetics can be given PR or IM.

o Ask another member of your team to try: sometimes a ‘fresh’ pair of
hands is all that is needed.

o |f no one in your team can site the cannula, ask the on-call anaesthetist
if they can help, but remember they are not a cannulation service and
do not ask them until you have asked every member of your team
unless it is an emergency!

o |f peripheral access is impossible or required for a long time (e.g. IV
antibiotic regimes for infected prostheses), consider:

* Elective PICC line insertion (long-term line inserted electively by
specialist nurse into the basilic vein);

¢ Elective central line insertion: this should be done in an anaesthetic
room rather than on ward and during daytime hours (£ p. 198).

» Femoral line insertion (less ideal as this site is more prone to line
sepsis).
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Arterial puncture and lines

Key facts

Arterial puncture is needed to sample ABGs; if serial measurements are
required or continuous monitoring of arterial blood pressure is needed,
then an arterial line should be sited (see LI p. 128).

Equipment

e Arterial puncture only requires a 22G needle on the green 5mL blood
gas syringe, an alcohol swab, and cotton wool.

o Arterial line insertion equipment generally comes prepacked in sterile
kits, but if unavailable, you will need:
e Two 20G arterial cannulas with guidewire.
» Connectors, transducer, and three-way tap.

2mL 1% lidocaine.

5mL syringe and blue needle.

10mL saline.

Skin prep, sterile gloves, small drape.

Gauze swabs.

Preparation

o Explain the procedure to the patient if appropriate.

e |tis good practice to perform Allen’s test (see below) to demonstrate
that the ulnar arterial supply to the hand arcades is intact.

e For radial artery cannula insertion, place the forearm on a pillow so
that the wrist is dorsiflexed; for femoral artery insertion, abduct and
flex the hip slightly.

Landmarks

o Radial artery. Lies between tendon of flexor carpi radialis and head of
radius.

e Femoral artery. Lies midway between the anterior superior iliac spine
and the symphysis pubis.

Technique

o Prepare and check equipment and prep skin; put on sterile gloves.

o Infiltrate local anaesthetic in the skin, but avoid distorting the anatomy.
o Palpate pulse between two fingers for 2-3cm.

e Pass cannula at 45° into skin.

o Once the cannula is in situ, aspirate and flush via the three-way tap.

Transfixion technique (see Fig. 4.3)

The cannula is passed through both artery walls, the needle completely
withdrawn, and the cannula then withdrawn slowly until flashback occurs,
at which point it is advanced into the artery.

Partial transfixion technique

The cannula is advanced until flashback stops and the needle withdrawn
while holding the cannula steady which is then advanced into the artery.
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Artery not transfixed
The cannula is advanced carefully in 0.5mm increments until flashback is
seen, at which point the catheter is slid off the needle in the artery.

Guidewire

A guidewire is useful where it is possible to get flashback, but difficult to
advance the catheter up the artery.

Complications

Ischaemia, thrombosis, bleeding, damage to radial and median nerve.
Inadvertent intra-arterial injection of drugs.

Allen’s test

Allen’s test demonstrates a patent palmar collateral circulation: the patient
clenches his fist to exclude blood from palm and the doctor firmly com-
presses both ulnar and radial pulses while patient opens his palm, which
should be blanched. The doctor releases the ulnar compression whilst still
occluding the radial pulse: the palm becomes pink in <5s if there is good
collateral supply from the ulnar artery (see £ p. 647). About 3% of people
do not have a collateral palmar supply and hand ischaemia is a real risk if
the radial artery is cannulated.

Fig. 4.3 Transfixion technique of arterial cannula insertion.
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Insertion of central venous catheter

Key facts

Indications are listed on [ p. 128. Cannulae can be single or multi-lumen,
sheaths (for insertion of pulmonary artery (PA) catheters and pacing
wires), tunnelled, or long lines.

Equipment

e Appropriate central venous (CV) catheter.

o Ultrasound probe and condom if ultrasound is to be utilized.
e Enough three-way taps for all individual lumens.
e 10mL 1% lidocaine.

e 10mL syringe.

o Blue needle and a green needle.

e 20mL saline.

e 2 or 3/0silk on a large handheld needle.

o 11-blade scalpel.

o Skin prep, sterile drape, sterile gloves, and gown.

o Gauze swabs, dressing.

Preparation

o Explain the procedure to the patient if appropriate.

o Ask a nurse to be present.

o Patient’s ECG and pulse oximetry should be continually monitored.

e Ensure that there is adequate light, a space behind the bed which you
can work in, and that it is possible to place the bed in Trendelenberg.

Landmarks

Internal jugular vein

e Central approach. Apex of triangle formed by clavicular and sternal
heads of sternocleidomastoid (SCM) muscle, aiming the needle
towards the opposite nipple.

o Posterior approach. Point where line drawn horizontally from the
cricoid cartilage to the lateral border of the clavicular head of SCM,
aiming the needle towards the sternal notch.

o Anterior approach. Medial border of the sternal head of SCM, aiming
needle towards ipsilateral needle.

Subclavian vein
Advance the needle at 45° to the junction of the outer and middle third of
the clavicle 1-2cm, then direct needle towards sternal groove.

Technique

There are numerous techniques: only one is described below.

e Prep the patient, gown, and glove.

o Drape so that all landmarks are exposed.

o Palpate the carotid pulse.

o Infiltrate local anaesthetic around the planned puncture site.

e Spend 2-3min laying out the equipment in the order of use, secure
three-way taps to central line, and turn to closed position.

o Ask the nurse to place the bed in 10-20° of Trendelenberg.
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Ballot the internal jugular vein.

Using aseptic technique and a 20G catheter on a 10mL syringe, enter

the skin at 45° as described in ‘Landmarks’ section (see EH p. 196).

On aspirating venous blood, remove the syringe and needle, but leave

the catheter in situ: check that the puncture is venous, not arterial, by

attaching manometry tubing, letting it fill with blood, and holding it

up—Ilevel should fall if venous.

Pass the guidewire down the catheter, keeping hold of it at all times.

Once an adequate length of wire is in place, remove the catheter over

the wire, and apply pressure to the vein.

Make a 3mm nick in the skin over the wire with a scalpel.

Pass the dilators over the wire through the skin, but not into the vein.

Remove the dilators, apply pressure, and pass the CV cannula over the

wire into the vein up to an appropriate length.

e The wire normally protrudes through the brown (proximal) lumen of a
triple lumen line which should therefore be left open.

o Aspirate, flush, and close all lumens and suture the catheter to the skin.

o Check that there is a satisfactory pressure trace if a transducer is used.

o Chest X-ray (CXR) to identify pneumothorax.

Complications

Immediate

Damage to nearby structures (carotid artery puncture, pneumothorax,
haemothorax, chylothorax, brachial plexus injury, arrhythmias), air embo-
lism, loss of guidewire into right side of heart, haematoma.

Late
Sepsis, thromboembolism, arteriovenous (AV) fistula formation.

Key revision points—anatomy of the internal jugular vein

o In the upper neck, the internal jugular vein may be cannulated as it
lies within the carotid sheath. The important relations here are:

* Sheath is just anterior to the anterior border of SCM.
 Carotid artery is anteromedial.
* Vagus nerve lies between the two.

o In the lower neck, the internal jugular vein may be cannulated as it

lies behind the SCM. The important relations are:

¢ Vein lies 45° lateral and 45° inferior to the junction of the sternal
and clavicular heads of the SCM.

 The pleural lies inferomedial.

¢ The subclavian artery lies lateral.

e The internal jugular drains into the brachiocephalic vein; on the right,
this is shorter and drains more vertically into the superior vena cava
(SVC), making the internal jugular vein cannulae easier to pass into
the SVC.
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Chest drain insertion

Key facts

There are three main options for most patients with pleural effusions or

pneumothoraces that need intervention:

o Needle thoracentesis. Used for first-time treatment of simple effusions
or pneumothoraces with low likelihood of recurrence.

o Pigtail thoracostomy. A 16G tube inserted using modified Seldinger
technique; good for simple pneumothorax or effusion.

o Chest tube. Large bore tube inserted, either blunt (recommended) or
using trocar to treat tension pneumothorax, recurrent pneumothorax,
haemothorax, or empyema. Indications are listed below.

Indications (British Thoracic Society guidelines)
e Pneumothorax.
¢ Inany ventilated patient.
* Tension pneumothorax after initial needle relief.
¢ Persistent or recurrent pneumothorax after simple aspiration.
* Large secondary spontaneous pneumothorax in patients over 50y.
o Malignant pleural effusion.
e Empyema and complicated parapneumonic pleural effusion.
o Traumatic haemopneumothorax.
o Post-operative, e.g. thoracotomy, oesophagectomy, cardiac surgery.

Equipment

o 28G intercostal drain.

o Underwater seal containing water to up to mark.
o Connection tubing.
e Line clamp.

o Roberts or other instrument for blunt dissection.
e 20mL 1% lidocaine.
e 10mL syringe.

o Blue needle and a green needle.

e 20mL saline.

e 2 or 3/0silk on a large handheld needle.

o 11-blade scalpel.

o Skin prep, sterile drape, gloves and gown, gauze swabs.

Preparation

o Explain the procedure to the patient if appropriate; recheck side on
X-ray and sign consent form.

e Ensure continual monitoring of pulse oximetry.

o Position the patient at 45° with the arm abducted.

Technique

e Usual insertion site is the 5th intercostal space in the mid-axillary line.

e |t may extend anteriorly to the anterior axillary line.

o Prep and drape the skin, gown, and glove.

o Infiltrate site for tube insertion with local anaesthetic, ensuring
anaesthesia at all layers down to and including parietal pleura and the
periostem of the ribs posterior to the line of the incision.
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e A 2cm transverse skin incision is made and the intercostal space (see
Fig. 4.4) is dissected bluntly.

Place purse string suture and suture to secure drain now.

Firmly and carefully pass a blunt-ended clamp over the lower rib
through the pleura (you will feel a pop as the tissue gives) and spread
to widen the hole.

Place a finger into the pleural space to ensure there are no adhesions.
Pass a chest tube without a trocar into the pleural space, guiding it
superiorly for a pneumothorax and basally for a haemothorax.
Secure drain with at least one strong suture and connect immediately
to an underwater seal and place on —20mmH,O suction.

Tips and pitfalls

o Misplacement. Subcutaneous (more common in obese patients),
intraparenchymal; always check for an air leak on coughing and a swing
to confirm that the chest tube is in the pleural space, particularly if no
effusion draining.

Trauma to other structures (diaphragm, spleen, liver, heart, aorta, lung
parenchyma, intercostal arteries). Entry sites too low (common mistake,
remember you are much less likely to cause damage if you are too
high than if you are too low), too posterior or trocar used instead of
blunt dissection. Stay on the top of the lower rib to avoid injuring the
intercostal artery and causing a haemothorax.

Surgical emphysema. Implies there is massive air leak not being drained
effectively by the chest tube. Is the tube blocked, kinked, pulled out so
that holes are communicating with skin, in too far so that it is wedged
in fissure, in the subcutaneous tissue rather than the pleura?

Wound infection, empyema.

e Pain.

Visceral
pleura
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Internal muscles
External

Fig. 4.4 Anatomy of the intercostal space.
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Management of chest drains

Technique of insertion is described on L p. 200. This section describes
the types of chest drainage systems available and basic protocols for man-
aging chest drains.

Types of drainage system

Underwater seal

Underwater seal drains used to consist of three bottles connected by

tubing, the third bottle providing suction control determined by the depth

the connection tube penetrated below the water level in the bottle. Now

most hospital wards have reliable high volume, low pressure wall suction,

which means that simple, lightweight, single underwater seal bottles can

be used instead of the cumbersome three-bottle systems. The system has

to be kept upright.

e Underwater seals are suitable for any condition requiring chest
drainage.

o They can be used with or without suction.

e Suction is usually —2-5kPa.

Heimlich valves
The Heimlich valve is a one-way flutter valve within rigid tubing. It can be
connected to a standard chest drain. The system allows air and fluid out
of the chest cavity, but prevents both from entering. The system has to be
open to air, which makes collecting liquid effluent more difficult.
Heimlich valves are usually considered in patients with a permanent air
leak for whom surgery is not appropriate and for whom the main goal of
therapy is discharge to home or palliative care.

Portex bag

e The Portex bag was designed as an ambulatory chest drainage system.
It consists of a Heimlich valve within a drainage bag which has a
capacity of about 1500mL and can be emptied intermittently. This
drainage system cannot be connected to suction.

e These drains are indicated in patients with chronic pleural collections,
in whom surgery is not appropriate.

o As the systems are airtight, an air leak is a contraindication.

Suction

Almost all conditions can be safely managed by an underwater seal system

without suction, but suction helps to reinflate the acutely collapsed lung

and improves drainage of fluid. There is a huge range in surgeons’ prefer-

ences for suction protocols: the points below represent commonly used

protocols.

e 1kPa = 7.5mmHg = 10cmH,O.

o Suction should be high volume, low pressure: approximately 2—3kPa.

o Blocked suction tubing or a blocked filter at the wall is the equivalent
of clamping the drain; have a low threshold for suspecting either.

e Most patients with chest drains should be on suction; the exceptions
to this are patients with pneumonectomies who are not placed on
suction.
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o Ventilated patients cannot generate their own negative intrapleural
pressures and therefore all chest drains in these patients, with the
exception of post-pneumonectomy drains, should be placed on
suction.

It is usually safe for a patient with an underwater seal on wall suction
to mobilize off suction for brief periods.

Discontinue suction in extubated patients after 24—48h when the lung
is fully inflated on CXR and there is no air leak (the drain does not
bubble when the patient coughs).

Suction is unlikely to secure expansion in the lung that has been
collapsed chronically; it is most effective in the immediate post-
operative period.

Clamping drains

More patients have died as a result of clamped drains than unclamped
drains. The practice of clamping chest drains during transfer is a danger-
ous one. It reveals a failure to understand how a modern underwater seal
drain works as well as reflecting outmoded practice that dates back to the
time of TB when drain bottles contained caustic sterilizing fluid that could
drain back into the patient if lifted above the level of the chest during
transfer. The only indications for clamping a chest drain are below.

Post-pneumonectomy

The post-pneumonectomy chest drain is usually clamped for an hour at
a time and unclamped briefly to allow blood to drain. Leaving the drain
unclamped risks causing mediastinal shift towards the pneumonectomy
side and cardiovascular compromise. The drain is usually removed on day
1 post-operatively.

Massive haemothorax or effusion

If more than 1500mL of fluid is drained immediately on insertion of a
chest tube and/or the patient appears haemodynamically compromised as
a result of drainage, it is appropriate to clamp the drain for a brief period.
In massive haemothorax, the effect is to attempt to tamponade the bleed,
buying a little time to organize surgical exploration. In a massive effusion,
this allows time for the lung to expand without re-expansion pulmonary
oedema and to reduce mediastinal shift caused by rapid drainage.

Decision making in long-term drains

Occasionally, a surgeon may decide to see if a patient with a chronic
effusion or air leak can manage without a drain by clamping the drain.
Tension pneumothorax may result from doing this in a patient with an air
leak. Such patients must be observed frequently for any sign of respira-
tory or haemodynamic compromise, surgical emphysema, or radiological
evidence of lung collapse, and if any of the above occur, the drain must
be unclamped and placed on underwater seal. If the patient tolerates the
clamp for 24h, it is usually possible to remove the drain.
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Pericardiocentesis

Key facts

e Occasionally used, usually by cardiologists under fluoroscopic
guidance, to relieve acute pericardial tamponade.

e There is almost no indication, outside emergencies in an under-
equipped setting, to perform this procedure blindly without
fluoroscopic or echo guidance.

o |n an emergency due to trauma where tamponade is due to
active bleeding, clots will prevent effective needle aspiration and a
thoracotomy, sternotomy, or subxipoid incision, depending on the
circumstances, should be performed.

Equipment
o Pericardiocentesis needle or catheter.

e 10mL 1% lidocaine.

e 10mL syringe.

e 18G catheter.

e 20mL saline.

e 2 or 3/0silk on a large handheld needle.
o 11-blade scalpel.

o Skin prep.

o Sterile drape.

o Sterile gloves and gown.

o Gauze swabs.

Preparation
o Explain the procedure to the patient where appropriate.
e Ensure patient has continual ECG monitoring.

Landmarks
One half centimetre below and to the left of the xiphoid, aiming at 45° to
skin, pointing at left shoulder or nipple.

Technique (see Fig. 4.5)

o Prep and drape the skin, gown, and glove.

e Infiltrate 5mL 1% subcutaneous lidocaine and make a nick in the skin.

o To begin, identify the needle entry site 0.5cm immediately to the left
of the xiphoid tip.

o Insert the catheter, applying continuous aspiration in the direction
described above.

o After needle entry into the skin and sc tissue, watch the ECG monitor
(or echof/fluoroscopic screening monitor if available) as the needle is
slowly advanced; if there are ectopics or changes in the ST segments,
stop and withdraw the needle a few mm.

e When in contact with the pericardium, advance the needle a few cm
into the pericardial space.

o |f ST segment elevation is present, this indicates contact with the
myocardium and the needle should be withdrawn slightly into the
pericardial space where no ST segment elevation should be seen.
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o When in the pericardial space, withdraw needle from catheter and
aspirate fluid.
o |f the tamponade is successfully reduced, right atrial pressures should
be decreased, cardiac output should increase and pulsus paradoxus
should disappear.
Echocardiography, normally transoesophageal, is required to show
reduction in the size of the collection and improvement in the signs of
tamponade such as compression of right atrium and ventricle.
Clotted blood cannot be evacuated in this way; a patient with
tamponade from a haemopericardium needs emergency surgical
evacuation, usually via a sternotomy if trauma is suspected.

Complications

o Cardiac puncture.

o Laceration of a coronary artery.
o Air emboli.

o Cardiac arrhythmias.

o Haemothorax.

e Pneumothorax.

o Infection.

@

Myocardium

Needle =" Flid

Pericardum

Fig. 4.5 Technique of pericardiocentesis. (a) Landmarks for needle.
(b) Pericardiocentesis.
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Cricothyroidotomy

Indications

Emergency need for a surgical airway

o Major maxillofacial injury.

e Oral burns.

e Fractured larynx.

o Need for tracheal toilet in the extubated patient.

Needle cricothyroidotomy

o Patient peri-arrest.

e Use the landmarks described below.

o Omit local anaesthetic infiltration, cut-down, and dissection.

e Pass a 12G (brown or larger) needle directly though the cricoid
membrane.

o Oxygenate using jet insufflation until a formal airway can be established.

Equipment

o Minitracheostomy, size 6.0 ET tube or 12G cannula in emergencies.
o Artery forceps.

10mL 1% lidocaine.

10mL syringe.

Blue needle and a green needle.

20mL saline.

2 or 3/0 silk on a large handheld needle.
11-blade scalpel.

o Skin prep.

o Sterile drape.

o Sterile gloves and gown.

e Gauze swabs.

Preparation

e Explain procedure to the patient where appropriate.

o The trauma patient’s C-spine should be immobilized in the neutral
position.

Landmarks
The cricoid membrane is a small diamond-shaped membrane, palpable just
below the prominence of the thyroid cartilage.

Technique (see Fig. 4.6)

o Prep and drape, put on sterile gloves.

o [f the patient is conscious and maintaining their own airway, infiltrate
local anaesthetic using aseptic technique.

o Stabilize the thyroid cartilage with the left hand.

o With your right hand, make a 2cm transverse incision (smaller for
minitracheostomy) through the skin overlying the cricothyroid
membrane and then straight through the cricothyroid membrane.

o Now turn the scalpel blade 90° within the airway so that it acts as a
temporary retractor.
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o Place an artery forceps through the incision and open it, remove the
scalpel, and insert a size 6.0 ET tube.

e Suction the tube, secure, and connect to a source of oxygen.

e Some minitracheostomy kits use the Seldinger technique; aspirating air
freely is a sign that the needle is in the trachea and that a guidewire
can be gently passed down the lumen.

Complications

o Bleeding.

o Loss of airway.

e Recurrent laryngeal nerve injury.
e Vocal cord injury.
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Fig. 4.6 Technique of cricothyroidotomy. (a) Structures involved. (b) Incision.
(c) Keeping cricothyroidotomy patent. (d) Inserting mini-thyroidostomy.
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Nasogastric tube insertion

Key facts

o Nasogastric tubes (NGT) are used to decompress the stomach and to
administer enteral feeding and drugs in patients that cannot manage
oral intake. Enteral feeding is covered on L p. 136.

Inadvertent placement of an NGT into the bronchial tree can cause
aspiration pneumonia or even respiratory arrest if it is then used

to administer feeds or other fluids; placement must always be
systematically checked (see [ p. 209) on a CXR prior to use.

Never replace an NGT in an oesophagectomy patient without
discussing it with a senior; you risk pushing the tube through the fresh
anastomosis.

It is worth learning how to place these; usually you will get a call when
the person who normally places them has failed.

Indications

o Intestinal obstruction (wide bore or Ryle’s tube).
e Paralytic ileus.

o Perioperative gastric decompression.

o Enteral feeding (fine bore tube).

Equipment

o NGT (sizes 10-12 French).
e Gloves.

e Lubricating gel.

o Lignocaine throat spray.

o NG collection bag.

o Litmus paper.

e Stethoscope.

o Sticky tape.

Preparation

e Chill NGT in fridge prior to passing. This stiffens the tube and makes it
easier to pass.

o Explain the procedure to the patient where appropriate.

o Position the patient, preferably in a sitting position, with the head tilted
slightly forward.

Method

e Wash hands and put on sterile gloves.

o Lubricate the tip of the NGT with gel.

o Pass the tube horizontally along the floor of the nasal cavity, aiming
towards the occiput.

o As the tube engages in the pharynx, ask the patient to swallow and the
tube should pass into the oesophagus.

e Some advise getting the patient to take a sip of water, hold it in their
mount while you introduce the tube and then swallow; this introduces
an aspiration risk and many patients are not able to cooperate to this
extent because of pain, nausea, confusion, etc.
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Advance the tube approximately 40—60cm.
Check the position of the tube as follows:
* Aspirating gastric contents which will turn blue litmus red; and
* Insufflate 20mL air down the tube; if in stomach, should produce
bubbling which can be heard on auscultation over the stomach; and
* All feeding tubes must be X-rayed prior to use to exclude
inadvertent bronchial intubation; you must be able to follow the
NGT all the way down to the fundus of the stomach on the CXR.
Always double-check you cannot see the tube in the bronchial
tree or pleura. This is the only true confirmation that NGT is in
stomach.
Tape tube securely to nostril and attach end to bag/suction.

Tips and pitfalls

Patient has problems swallowing. Ask the patient to swallow sips of
water as the tube is passed.

Constant coiling in the mouth. Tube may be soft; cool in the fridge.
Resistance to passing. There may be an anatomical reason for this, e.g.
oesophageal stricture. The tube may need to be passed under X-ray
control.

Tube migration. Just because the tube was in the correct position
yesterday does not mean it is today; patients pull at these, work them
out of the oesophagus with their tongue into a coil at the back of

the throat. If called to assess, always look at the back of the pharynx
(‘Open your mouth and say Ah’) and get a CXR.

Aspiration of tube feeds. In the hypoxic or obtunded patient on NGT
feeds, think of aspiration. Stop the feeds. Sit the patient up and give O,.
Assess the tube position. If you suspect aspiration (tube feeds visible in
mouth, coughing up feeds, tube in bronchus on CXR), call for senior
help; the patient may need a bronchoscopy and/or intubation.
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Urethral catheterization

Key facts

o Foley catheters are useful to monitor urine output hourly (renal
failure, fluid balance) and in immobile patients.

o Catheterization of female patients is usually performed by nursing staff;
it is useful to learn the technique as you will be asked to try if they fail!

Indications

o Perioperative monitoring of urinary output.
o Acute urinary retention.

o Chronic urinary retention.

e Aid to abdominal or pelvic surgery.

o Incontinence.

Male catheterization

Equipment

e Foley catheter (size 12-20G, 14G most commonly used).

o Dressing/catheter pack containing drapes.

o Cleansing solution, sterile gloves (two pairs).

o Lidocaine gel.

e Gauze swabs, drainage bag and/or universal specimen pot for
midstream urine (MSU).

Preparation

o Consent the patient, explaining the procedure.

o Lay patient supine.

e Expose the genital area and cover with a sterile drape with a hole in it.

Method

o Clean hands and put on sterile gloves.

e Pick up the glans penis with your non-dominant ‘dirty’ hand through
the hole in the drape; the other hand will be your ‘clean” hand.
Holding a swab soaked in sterile saline with your clean hand, retract
the foreskin and clean the urethral orifice and glans thoroughly so your
gloved fingers only touch the swab, not the glans penis.

Without letting go of the penis, discard the swab and pick up the
sterile lidocaine gel with your clean hand and inject into the urethra.
Still holding the penis in a vertical position, introduce the catheter with
the clean hand and advance gently for approximately 10cm.

Lower the penis to lie horizontally and advance the catheter fully
(through the prostatic urethra) up to the hilt.

Inflate the balloon now in the bladder via the smaller catheter channel
with the 10mL sterile water; some catheters have an integral bulb of
air which, when squeezed, inflates the balloon.

» NEVER inflate the balloon until the catheter is fully inserted as this risks
inflating the balloon within the prostatic urethra, causing urethral rupture;
ideally you should see urine before inflating the balloon.

o Attach a catheter bag firmly to the catheter.

o P> Replace the foreskin to avoid paraphimosis.
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Tips and pitfalls
o Difficulty identifying urethral orifice. Sometimes orifice is located in the
glans penis. If just difficulty retracting foreskin, use plenty of gel.
o No urine immediately.
e The bladder has just been emptied; insert a 2mL syringe into the
end of the catheter and aspirate any residual urine.
 The catheter tip may be blocked with lidocaine gel; try gently
instilling 15-20mL of sterile water and gently aspirating.
o Still no urine. The patient may be anuric or a false passage may have
been created; palpate to see if the bladder is empty or if you can feel
the catheter balloon (which should not normally be palpable).

« Treat anuria appropriately (see £ p. 112).

e Consult a senior colleague if a false passage may have been created.
Inability to insert. Try a smaller catheter or a silastic (firmer). If
unsuccessful, ask a senior for help; suprapubic catheterization may be
needed (see [ p. 212).

Decompression of grossly distended bladder. Rapid decompression of a
distended bladder (e.g. from chronic retention) may result in mucosal
haemorrhage. Empty the bladder by 250-500mL every 30min until
empty. Then monitor urine output closely as a brisk diuresis and
dehydration may follow.

Bypassing catheter. Usually due to catheter blockage. Check urine output,
flush the catheter, and observe. If urine is flowing down the catheter and
bypassing it, the catheter may be too small; try a slightly larger size.
Catheter stops draining. The catheter may be kinked or blocked. Flush
as above; if unsuccessful, try inserting a new catheter. Is the patient
oliguric or anuric? Treat appropriately (see LI p. 64).

Female catheterization

» In many hospitals, males are not allowed to catheterize awake females.
Check before doing do and request a female chaperone.

Equipment As for male catheterization.

Preparation Lie patient on back with knees bent. Ask the patient to place
heels together and allow knees to fall apart as far as possible.

Method

A similar technique is employed here to male catheterization, but note

the following:

o Separate the labia minora with the left hand and ensure the whole
genital area is adequately cleaned using the right hand.

o |dentify the external urethral orifice. If this proves difficult in obese
patients, an assistant may help by retracting the dependent fat from
the pubic area.

o Lubricate the tip of the catheter with sterile water or lidocaine gel and
pass gently into the urethra.

Tips and pitfalls

o Difficulty identifying urethral orifice. After warning the patient, place

an index finger in the vagina to elevate the anterior vulva. Guide the
catheter along the finger into the urethra.
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Suprapubic catheterization

Indications
Urinary retention with failed or contraindicated urethral catheterization.

Cautions

e Do not perform suprapubic catheterization on a patient with known
bladder tumour or previous bladder surgery; seek expert advice.

e Ensure by clinical examination (and if available, ultrasound bladder
scanning) that the bladder is full and distended.

Equipment

o Dressing pack.

o Gloves.

o Cleansing solution.

e Two 10mL syringes.

e 25G and 21G needle.

e 10mL 1% lidocaine.

o Prepacked suprapubic catheter set (usually containing catheter, trocar,
and scalpel).

e 1/0silk suture.

o Catheter bag.

Preparation

o Explain the procedure and consent the patient.

e Lie patient supine and expose abdomen.

o Confirm clinically an enlarged, tense bladder.

o |dentify catheterization site, 3—4cm (two finger breadths) above the
symphysis pubis (see Fig. 4.7).

Method

o Clean the skin thoroughly around the site and apply drapes.

e Inject lignocaine into skin and subcutaneous tissues, injecting and
aspirating in turn until urine is withdrawn.

e Two systems for introducing a suprapubic catheter are available.

‘Nottingham’ introducer (uses trocar)

e Make a 5mm incision at the identified site.

o Advance the catheter, with trocar in place, through the incision and
subcutaneous tissues. A ‘give’ will be felt as the bladder is entered.

o Withdraw the trocar and ensure that there is free flow of urine from
the catheter.

o Inflate the catheter balloon and suture the flange of the catheter to
the skin.

e Attach a catheter bag.

Bonnano (modified Seldinger technique)

o Make a 5mm nick in the skin.

e Take the introducer needle and advance it, aspirating until urine is
withdrawn.
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e Remove the syringe and pass the guidewire down the needle into the
bladder, then remove the needle, holding the guidewire in place.

o Pass the dilator firmly over the wire into the bladder.

o Remove the dilator and pass the catheter into the bladder, securing it
as above.

Tips and pitfalls

o Bypassing urine. With some types of catheter and trocar, urine may
initially bypass the catheter. This will cease with full advancement of
the catheter and decompression of the bladder.

o No urine or faeculent matter in catheter. Obtain help; you may have
entered the peritoneum or bowel.

Fig. 4.7 Site of typical suprapubic catheter insertion.
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Paracentesis abdominis

Key facts
This is a useful technique in some patients for the diagnosis and manage-
ment of ascites, often in a patient with malignancy.

Indications
o Diagnostic evaluation of ascites.
e Therapeutic drainage of ascites.

Equipment

o Dressing pack.

o Gloves.

o Cleansing solution.

10mL syringe and 21G and 25G needles.

10mL 1% lidocaine.

60mL syringe with 16G aspiration needle for diagnostic ‘tap’.
Bonano catheter or paracentesis catheter, three-way tap, and
collecting bag for therapeutic drainage.

e Specimen container if appropriate.

o Dressing.

Preparation

o Explain the procedure and consent the patient.

o Position the patient supine and expose the abdomen.

e Percuss out and identify the position of ascites.

o |dentify a suitable tap site; the right lower quadrant is the commonest
with the patient turned semilateral to ensure the ascites fills this area
(see Fig. 4.8).

Method

o Prepare the skin at the appropriate site and place sterile drapes.

o Infiltrate local anaesthetic into skin and subcutaneous tissues down to
the peritoneum. Aspirate as the needle is advanced to avoid accidental
vessel puncture.

Diagnostic tap

e Introduce the aspiration needle through the skin and subcutaneous
tissues while aspirating. A ‘give’ should be felt and fluid freely aspirated
as the peritoneal cavity is entered.

o Withdraw 15-20mL of fluid for a diagnostic evaluation.

o Remove the aspiration needle carefully and apply an occlusive dressing.

Therapeutic drainage

e Introduce catheter into abdominal wall until a ‘give’ is felt. Trial
aspirate with a syringe to ensure ascites returned.

o Slide catheter over the needle into the peritoneal cavity. Stop if
resistance is encountered.

o Allow up to 1000mL of ascites slowly over 1-2h.
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Tips and pitfalls

Unable to aspirate adequate quantity 