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	1. CLINICAL
REVIEW
The Principlesof SurgicalOncology
JuliusM.Liptak
Department
ofCompanion
Animal
Medicine
andSurgery
TheUniversity
of  Queensland 4072
INTRODUCTION
Cancer is one of the major causesof death in cats and
dogs (Ogilvie, 1995:Withrow, 1996a).Successfulcancer
treatment requires a positive and dedicated attitude by
both the owner and veterinarian but this approach should
also be realistic. The treatment of cancer requires
knowledge of tumour behaviour,surgicaltechniques,and
adjunctive therapies such as chemotherapy and
radiotherapy.
The role of surgery in oncology is multifactorial and
includes diagnosis with various biopsy techniques,
curative with completeexcision of the tumour, palliative
when the type or severity of tumour prevents curative
surgery, adjunctive or cytoreductive surgery to facilitate
the effectiveness of other therapies such as cryosurgery,
chemotherapy and radiotherapy, and the resection of
metastaticdisease.
DIAGNOSIS
Many cancerpatientsare old and henceit is important to
assesstheir health (Soderstrom & Gilson, 1995). The
following tests should be considered on an individual
basis: haematology, biochemistry, electrocardiogram,
radiography, computed tomography scans, nuclear
medicine, and magnetic resonance imaging (Straw,
r99s).
Radiography always requires a minimum of two views
for proper assessmentof the size and extent of the
tumour. Thoracic radiographs require four views to
ensure the best opportunity of detecting metastatic
disease. These projections are right and left laterals,
dorsoventraland ventrodorsal(Straw, 1995). Secondary
nodules are usually identifiable if their diameter is
greaterthan lOmm or if their cross-sectional
diameteris
lessthan that of a major pulmonary vessel(Straw, 1995).
The two lateral views are requiredas atelectasisand
increased
perfusionoccursin the dependant
lung fields
which resultsin poorerdefinition of metastatic
nodules
(Straw, 1995). The non-dependant
lung fields have
increased
ventilationand, combinedwith the greater
lesion-to-film magnification,make diagnosisof
metastaticpulmonary noduleseasier (StraW 1995).
Metastasis
may still exist despitethe failure to detect
pulmonary
nodules.
ParaneoplasticSyndromes
Cancer
canalterthemetabolism
andfunctionof all body
partsattheprimarytumoursite,metastatic
disease
siteor
distantto the actualtumour(Ruslander
& Page,1995).
Thesearecalledparaneoplastic
syndromes.
Theyarenot
relatedto tumour size, metastasis
or tissueof origin
(Ruslander
& Page,1995).The causeof paraneoplastic
syndromes
is unknownbut hypothesised
to resultfrom
tumour cell productionof biochemicalsincluding
polypeptides,
hormones,
hormone-likesubstances
and
toxins (Gilson & Stone, 1990b; Gorman, 1990;
Ruslander & Page, I995). The incidence of
paraneoplastic
syndromes
is unknownbutaffectsl5Voto
20Va
of htmanpatients,
notincludingcachexia,
andupto
75Voof patientswith untreatable
cancers(Gilson &
Stone, 1990b).Paraneoplastic
syndromesoccur most
frequentlywith endocrine
and haematological
tumours
(Gorman,1990).Paraneoplastic
syndromes
havebeen
reviewed in the veterinary literature (Dyer, 1992;
Forrester& Fallin, 1992;Forrester& Relford, 1992;
Rogers,
1992;
Ruslander
& Page,
1995;
Ogilvie,1996).
INTRODUCTIONTO SURGERY
The surgicalremovalof localisedtumourscuresmore
human and animal cancersthan any other mode of
therapybutit is only partof a multidisciplinaryapproach
involving tumour biology, chemotherapy,
radiotherapy
Oncology is a field in veterinary medicine which is demanding more
attention from both veterinarians and their clients. An understanding of the
principlesof oncology andits treatmentis essentialfor a successful
outcome.
The role of the veterinary surgeon in treating cancersin companion animals
is reviewed.(Liptak, J.M. (1997). Aust. Vet.Practit. 27:114)
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andothertreatment
modalities
(Gilson& Stone.1990a:
Birchard,  1995; Soderstrom& Gilson, 1995) A
knowledge
of theseprinciplesshouldbe acquired
by all
oncologistsand oncological surgeons.The goal of
therapyis to maximisethebenefitsof treatment
andcure
rateswhile minimisingtheside-effects
(Gilson& Stone,
1990a).The advantages
of surgery are that it is
non-carcinogenic
andlessimmunosuppressive
compared
to chemotherapyand radiotherapy(Gilson & Stone,
1990a;Soderstrom
& Gilson,1995).The disadvantages
include the morbidity and mortality associatedwith
procedure,
decreased
functionanddisfigurement
(Gilson
& Stone,1990a).
Important
questions
tobeasked
priorto
planningoncologicalsurgeryare(Withrow,1996c):
1.WhatamI treating?
2.Do thebiopsyresults
fit theclinicalsituation?
3.Whatis theknownbiolosicalbehaviour
of thecancer?
4. Is a curepossible?
5. What is the propersurgicalapproach
(intralesional,
marginal,
wideor radical)?
6. Whataremy alternatives
to treatment?
7.Whataretheexpectations
andattitudeof theownerand
arethese
reasonable?
There are five different surgical goals with cancer:
prevention,
diagnosis,
cure,palliation,andcombination
therapy(Withrow,1996c).
Pre-operativeAssessment
The pre-operative
management
of the oncological
surgical patient should include an assessment
of
intercurrent
disease
whichmayberelated
(e.g.,vomiting
and dehydrationwith a gastro-intestinal
tumour) or
unrelated
(e.g.,renalor hepatic
disease)
to theneoplastic
process(Gilson& Stone,1990b).Intercurrent
disease
increasesthe morbidity and mortality associated
with
surgery,can limit the extent of surgery and alter
post-operativemanagementbut it should not be a
contraindication
to surgicaltherapyasits recognitionand
management
will reducephysiological
stresses
(Gilson
& Stone,1990b;
Soderstrom
& Gilson,1995).
Theriskof
haemorrhage
is a serious
complication
with bothbiopsy
and surgery, and hence blood coagulationtests and
correctionof any haemostatic
abnormalities
shouldbe
performedprior to surgicalintervention
(Straw,1995).
Chemotherapy,
radiotherapyand/or surgery can be
altered,incorporatedor eliminatedon the basis of
intercurrentdisease(Gilson & Stone, 1990b).For
example,nephrotoxic
chemotherapeutic
agentssuchas
cisplatinshouldnotbeusedin animals
with renalfailure
and limb amputationshouldnot be performedif other
joints are affected by degenerative
joint disease.
Paraneoplastic
syndromes
should
betreated
or controlled
prior to surgery to minimise surgical morbidity and
mortality.
Cancer Cachexia& Nutritional Support
Cancer cachexia,a form of malnutrition due to
competition between the host and the tumour for
nutrients,
resultsin a numberof nutritionalimbalances,
cancause
immunesystem
failure,inhibitwoundhealing,
andincrease
morbidity associated
with surgeryandother
treatment alternatives(McCaw, 1989; Gilson & Stone,
1990b;Ogilvie, 1993;Ogilvie &Vail, 1996).The most
significantnutritional imbalancesinclude disturbances
in
carbohydrate,protein and lipid metabolism.
The tumour metabolisesglucosefor energyby anaerobic
glycolysis which forms lactate as an end product. The
hostusesenergyto convertlactateto glucosethrough the
Cori cycle resulting in a net energy gain for the tumour
and lossfor the host (Holyroyde & Reichard,1981).This
is exacerbatedby diets high in simple carbohydratesand
intravenousfluids containing either glucose or lactate,
suchaslactatedRinger's solution,astheseincreaseblood
lactateconcentrations(Ogilvie, 1993).
Cancercausesdecreased
body muscle massand skeletal
protein synthesis, negative nitrogen balance, and a
concurrent increasein skeletalprotein breakdown, liver
protein synthesis, and whole-body protein synthesis
(Langstein, 1991). Tumours preferentially use amino
acids via gluconeogenesisat the expense of the host
(Kurzer & Meguid, 1986). Amino acids are also
important in the treatment of tumours. Arginine
stimulates lymphocyte blastogenesis and decreases
tumour growth and metastatic rate in some rodents
( T a c h i b a n ae t a l . , 1 9 8 5 ) . G l y c i n e r e d u c e s
cisplatin-inducednephrotoxicity (Heyman et al., l99l).
Fat loss accounts for the majority of weight loss in
animals with cancer cachexia. Abnormalities in lipid
metabolisminclude decreasedlipogenesisand increased
lipolysis (Ogilvie, 1993). Some tumour cells have
difficulty in utilising lipids as an energy source hence
enabling the host to continue oxidising fats for energy
(Ogilvie, 1993). Researchhas demonstratedthat high
amounts of specific types of fat, such as omega-3 fatty
acid, can improve nitrogen intake and balance,in vitro
lymphocyte mitogenesis, and wound healing time
(Tisdaleet al., l99l).
The most effective method of treating cancer cachexia is
through the elimination of the primary tumour, although
the alterations in carbohydrate, protein and lipid
metabolism can continue after the animal is tumour free,
but it can be managedwith enteral or parenteral nutrition
such as nasogastric,pharyngostomy, oesophagostomy,
gastrotomy or jejunostomy feeding tubes (Gilson &
Stone, 1990b).Nutritional support should be considered
when anorexia is present for greater than five days, there
is greater than a l0%a acute loss of body weight, the
existenceof a diseaseor tumour which interferes with
oral feeding for greater than three days, and laboratory
results indicating hypoalbuminaemia, lymphopaenia
and/oranaemia(Gilson & Stone,1990b).Total parenteral
nutrition is effective but technically demanding and
expensive(Gilson & Stone,1990b).
Peri-operative Treatment
Prophylactic antibiotics should be used with cancer
surgeryas infection is likely due to immunosuppression
resulting from anaesthesia,surgery, chemotherapy,
radiotherapy, neoplastic disease, malnutrition,
splenectomy, and/or intercurrent disease (Gilson &
Stone,1990b).
Blood or blood basedproducts are often requried to treat
the anaemia of chronic diseasepresent with tumours,
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chemotherapy
andradiotherapy,
malnutrition,andblood
lossor myelophthisis
(Gilson&  Stone,1990b).Blood
transfusionscan cause marked immunosuppression
through prostaglandinE-mediatedsuppression
of
macrophage
and lymphocytefunction and increasedT
suppressor
cell activity(Gilson& Stone,1990b).
Blood
transfusions
decrease
five yearsurvivalratesby 26Voin
human cancer surgery but are still indicatedwhen
required(Gilson& Stone,1990b).
Tumour-associated
pain is presentin l5%oof
non-metastatic
tumours,33Va
of earlymetastatic
tumours
and60Vo
to 90Vo
of advanced
metastatic
tumours(Gilson
& Stone,1990b).Sixty two percentto 78Voof pain is
tumour-relateddue either to mechanicalor chemical
stimulationof nociceptors(Gilson & Stone, 1990b).
Nineteenpercentto 25Voof pain is dueto thetreatment
regimes
(Gilson& Stone,1990b).
Paincanbecontrolled
through the administration of narcotic agents,
non-steroidal
anti-inflammatories,
andlocalanaesthesia.
PREVENTATIVESURGERY
Forms of preventative surgery include early
ovariohysterectomy,
to reducetheincidence
of cancers
of
theovary,uterusandmammaryglands;andcastration
to
prevent sertoli cell tumours in cryptorchid dogs and
perianaladenomas
(Gilson& Stone,1990a;
Soderstrom
& Gilson.1995).
DIAGNOSTICSURGERY_ BIOPSY
The ideal biopsy techniqueshould safely and simply
provide an adequatesample of tissue that will
consistentlyprovide an accuratediagnosis(Soderstrom
& Gilson,1995).Thereareseveral
methods
to obtaina
biopsy,including fine needleaspirate,
needlebiopsy,
surface-bitinginstrument,incisionalbiopsy, and
excisional
biopsy(Withrow,1996b).
Improper
useor the
useof faultybiopsyinstruments
maydamage
thebiopsy
sampleand henceshouldbe avoided.
Forceps,
suction
andotherhandlingmethodsmayalsodamage
thebiopsy
sample
(Withrow,1996b).
All biopsiesshouldbe submittedfor histopathological
examinationby a trained veterinarypathologist
(Withrow,1996b).Medicolegal
concerns
dictatethatall
biopsy samplesbe submittedfor pathologyand,if the
ownerdoesnot wantto submitthebiopsy,thenatleastit
should be stored in formalin (Straw, 1995). The
histologicaltype andgradeof tumour areimportantfor
assessing
surgical
technique,
hence
mostbiopsies
should
be performedprior to surgery(Withrow,1996b).Biopsy
resultsshouldbe discussed
with thepathologist
asthey
should
fit theclinicalfindings(Straw,
1995).
If theresults
do notfit theclinicalfindings,thenrequest
resectioning,
special
stains
for possible
tumourtypes(suchastoluidine
blue for mast cells, or a secondopinion from another
pathologist(Straw, 1995).A pre-operative
biopsy is
recommendedif the tumour type will affect the
treatment,the extent of treatment,or the owner's
willingnessto proceedwith treatment(Powerset al.,
1995;Withrow1996b).
Fine NeedleAspiration
Fine needleaspiration(FNA) is an inaccuratebiopsy
method but should differentiate betweenbenign and
malignant
tumours(Clinkenbeard
& Cowell,1994).It is
an acceptable
methodfor the diagnosisof round cell
tumours such as mast cell tumour, lymphoma and
histiocytoma(Clinkenbeard& Cowell, 1994).All skin
tumours should have FNA performed as one study
showed that 74Voof skin tumours were diagnosed
correctlywith FNA cytology (Clinkenbeard& Cowell,
1994). Other collection methods for cytological
evaluationinclude transtracheal
washesand
bronchoalveolar
lavage.Histopathologicalconfirmation
followingexcision
is stillrequired.
NeedleBiopsy
Needlebiopsiesare atraumatic,easyto use,relatively
inexpensive,versatile,and long-lasting(Withrow,
1996b).Tumoursarepoorly innervatedandhencelocal
anaesthesia
is not requiredbut the overlying skin will
needto be anaesthetised
anda smallstabincisionmade
for theinsertion
of thebiopsyneedle(Withrow,1996b).
Multiple specimens
shouldbe obtainedto ensurea
representative
samplefor histopathological
examination
(Withrow,1996b).
Caremustbetakenwhenhandling
the
tissueand removing it from the needle.Removethe
samplewith a scalpel
blade,hypodermic
needleor fine
toothedforceps(Withrow,1996b).Needlebiopsiesare
moreaccurate
thanFNAs but not asreliably accurate
as
incisional or excisionalbiopsies(Clinkenbeard&
Cowell,1994).
Complications
arerarebutincludefistula
formation,haemorrhage,
spread
of infection,andtumour
seeding
(Withrow,1995).
Incisional Biopsy
Incisional biopsy is recommended
in preferenceto
needlebiopsy for soft or friable tumours, peripheral
lymph nodes, and highly inflammed and necrotic
tumours (Withrow, 1996b).Incisional biopsy is
performedusing a scalpelbladeto obtain a wedgeof
tissue.The biopsy shouldincludea junction between
normaland abnormaltissue.However,somesurgeons
believe that this may disrupt and extend the tumour
margins as the peripheral tumour is where greatest
cellular activity occurs (Gilson & Stone, 1990a;
Birchard. 1994: Withrow. 1995: Withrow. 1996b).
Normaltissue
should
notbeincluded
if thattissue
will be
involved in subsequentreconstructiveprocedures
following definitive treatment (Withrow, 1996b).
Electrocauteryand other tissue damaging techniques
should be avoided as they will disrupt tumour
architecture
(Withrow,1996b).
Incisionalbiopsyshould
not be performedin areasof ulceration,necrosis,or
inflammation(Withrow,1996b).Multiple samplesare
preferredas a singlesamplemay not be representative
(Withrow,1996b).Carefulhaemostasis
and asepsis
is
required while performing incisional biopsies,dead
spaceshouldbe reduced,
andtheuseof drainsavoided
(Withrow, 1996b).The incisional biopsy should be
performedby the surgeonso definitive surgerycan be
plannedtoremovethebiopsytractwith thetumourasthe
biopsyprocedure
canseed
normaltissueandbea source
of local tumour recurrence
(Gilson & Stone,1990a;
Soderstrom& Gilson, 1995; Straw, 1995: Withrow,
1996b).
For adequate
fixation,thebiopsyshouldbe less
than one centimetrethick and placedin I0Vobuffered
formalin at oneparttissueto 10partsfixative (Gilson&
Stone,1990a;
Powers,
1996;Withrow,1996b).
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ExcisionalBiopsy
The role  of excisionalbiopsy is controversial.
Some
oncologistsbelieve that excisional biopsy is more
frequentlyperformedthanis indicatedbut someauthors
regardit asthepreferredmethodof biopsyasthebiopsy
procedure
maybe curativeaswell asdiagnostic
(Gilson
& Stone, 1990a; Withrow, 1996b).A complete
pre-operative
work-up, including eitherFNA or needle
biopsy,will provideknowledgeof thelikely tumourand
betterplanningfor curativesurgery.
For example,a mast
cell tumour can be diagnosedby FNA, but if an
excisionalbiopsy is performedwithout this knowledge
thenthetumourwill beincompletelyexcisedresultingin
anunnecessary
risk to thepatientandtheneedfor further
andmoreextensivesurgery.
The first surgeryis thebest
chancefor cureandthis shouldnot be compromised
by
inadequate
planning(Mann& Pace,
1993;Soderstrom
&
Gilson,1995;Straw,1995).Excisional
biopsyshouldbe
performedwhen the treatmentwould not be alteredby
knowledgeof the tumour type suchassplenectomy
for
splenic
masses
(Withrow,1996b).
STAGINGOF TUMOURS
The locationand extentof tumourscan be classified
accordingto the World Health Organisation
clinical
stagingsystemfor tumoursin domesticanimals(Table
l). Theclassfication
involves
local(T),regional(N) and
distant(M) disease
(Gilson& Stone,1990a;
Soderstrom
& Gilson, 1995).Stagingis an aid to the planningof
treatment,
establishing
a prognosis,
evaluating
results,
investigatingtumoursand assistingin the exchangeof
informationbetweenveterinarians
(Powerset al., 1995).
Tumour stagingshouldbe done in a standardised
and
reproducablemanner.The minimum stagingrequired
prior to surgeryshould include preoperative
biopsy,
thoracicradiographyand FNAs of the regionallymph
nodes(Soderstrom
& Gilson,1995).Othermethodsof
stagingtumours include laboratorytests,ultrasound,
computed
tomography,
magnetic
resonance
imaging,
and
nuclearscintigraphy
(Powers
etaI.,1995;Soderstrom
&
Gilson,1995).
CURATIVE SURGERY
Curative surgery involves completeexcision of the
tumour.The first surgeryis the bestchancefor a cure.
Benignandmalignanttumourswill recurif excisionis
incomplete.Tumoursrecurring after intial surgeryare
oftenmorelocally invasivedueto alteredvascularityand
local immune responses
and the destructionof normal
tissueplanesin the initial surgerywill makesubsequent
surgeries
more difficult (Soderstrom
& Gilson, 1995).
Surgical
planning
depends
onknowledge
of tumourtype,
grade,stage,
andexpected
behaviour
(Gilson,& Stone,
1990a).
If mass
biopsyor staging
hasnotbeencompleted
then surgery should be planned with all possible
considerations
including intraoperative
cytology or
frozensectionhistopathology
(Gilson& Stone,1990a;
Rogersetal., 1996).
Preparation
General anaesthesia
is usually required although
neoplasms
in appropriatelocationscan be amenableto
regionalblocksor epidurals.
Localanesthesia
shouldbe
avoidedasit candistorttumourarchitecture,
increase
the
difficulty of microscopicinterpretation,and potentiate
T1
T3
PRIMARYTUMOUR
Noevidence
of neoplasia
Tumour
< 1cmin diameter
andnotinvasive
Tumour1-3cmin diameter
or locallyinvasive
Tumour> 3cmin diameter
or evidence
of
ulceration
or locallyinvasive
NODE
N0 Noevidence
of nodalinvolvement
N1 Nodefirmandenlarged
N2 Nodefirm,enlarged
andfixedto surrounding
tissue
N3 Nodalinvolvement
beyondregional
lymphnodes
It'ETASTASIS
M0 Noevidence
of metastasis
M1 Metastasis
to oneorgansystem
M2 Metastasis
to morethanoneorgansystem
TABLEI: WorldHealthOrganisation's
TNMclassification
oftumours
indomestic
animals.
World
HealthOrganisation,
Geneva,
1980.
metastasis
(Soderstrom
& Gilson, 1995).The patient
shouldbe prepared
with a widely clippedareato allow
for anextension
of incisions
if required
(Gilson& Stone,
1990a).Asepticpreparation
is especiallyimportantas
cancerpatients
areimmunosuppressed
andhencemore
susceptible
to infections.Gentle skin preparationis
requiredasvigorousscrubbingcanresultin tumourcell
exfoliation (Gilson & Stone. 1990a:Soderstrom&
Gilson,1995).
SurgicalTechnique
Following skin and subcutaneous
skin incisions,
protectivedrapesshould be placed on skin edgesto
prevent tumour seeding(Gilson & Stone, 1990a;
Soderstrom
& Gilson, 1995).Normal tissuemust be
protectedfrom tumour cells, hence determinationof
tumourstageandmarginsbeforesurgeryminimisesthe
amountof normaltissueexposedand the disruptionof
tumour margins(Soderstrom
& Gilson, 1995).If an
exploratoryabdominalor thoracic surgeryis being
performed,thentheentirecavity shouldbe examinedto
determinethe extent of the tumour (Gilson & Stone,
1990a;
Soderstrom
& Gilson,1995).
Tumoursare consideredan infective nidus and hence
careful handling is requiredto preventexfoliation of
tumour cells and local recurrence(Gilson & Stone,
1990a;Birchard, 1995; Soderstrom
& Gilson, 1995;
Withrow, 1996c).Five-yearsurvivalratein humanswith
colonic cancer improved l00Vo with careful
intra-operative
handling(Gilson& Stone,1990a).The
tumour is isolatedwith a laparotomyspongeand, if
required,
manipulated
with staysutures.
Thesecanalso
actasmarkers
toorientate
thepathologist
(Mann&Pace,
1993; Birchard, 1995). All vascularand lymphatic
vessels
shouldbe ligatedasearlyaspossible
to prevent
therelease
of tumouremboliintotheciruclation
(Gilson
& Stone,1990a;Straw,1995;Soderstrom
& Gilson,
1995;Withrow,1996c).
This is especially
importantfor
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tumourswith good  arterial and venoussupply suchas
splenic tumours,retainedtesticlesand lung tumours
(Straw,1995).If a malignanttumouris openedduring
resection,
then it is no betterthan a large biopsy.If
tumour marginsare disrupted,then electrocoagulate
or
fulgurate the exposed surface and change gloves,
instrumentsand drapes (Gilson & Stone, 1990a;
Soderstrom
& Gilson,1995).
Tumourdissection
shouldhaveat leastonetissueplane
betweenthe massand the excision (Withrow, I996c).
Tumourand adhesions
shouldbe removeden bloc as
adhesionsmay be related to local tumour invasion
(Soderstrom
& Gilson, 1995).Lavageshouldnot be
performed in cavities as it is difficult to recoverbut
lavage of wound surfacesis acceptableas it washes
exfoliated cells away but the effect of dilution is
unknown(Gilson& Stone,
1990a;Birchard,
1995;Straw,
1995;Withrow, 1996c).Lavageshouldnot replacethe
needfor gentletissue
handling(Straw,1995).
Scalpelbladesshouldbe usedasthey aretheoretically
the smoothestand least traumatic of all the cutting
instruments
especially
on skinandholloworgans
(Gilson
& Stone,1990a;
Soderstrom
& Gilson,1995).
Theproper
useof thescalpel
will reduce
tissue
traumaandpreserve
vascular
supplybut scissors
areusefulto separate
fascial
planesand for the use in body cavitieswherescalpels
may be either impracticalor hazardous
(Soderstrom&
Gilson,'1995).Electrosurgery
is good for oral and
vascular
neoplasms
withgoodhaemostasis
anddecreased
risk of tumourseeding
but thermalnecrosiscanresultin
delayedhealing,decreased
resistance
to infection,and
distortion and damageof biopsy samplesdue to
polarisation
of mitotic figures(Gilson& Stone,1990a;
Soderstrom
& Gilson, 1995;Powers,1996;Withrow,
1996b).Other techniquesinclude laser surgeryand
cryosurgery
(Withrow,1996b).
Gloves,drapes
andinstruments
shouldbe changed
after
excision
of thetumour(Gilson& Stone,
1990a:'
Birchard,
1995).If radiationis planned,thendrains,tissueflaps,
and grafts should be placed to minimise the field of
radiation
(Straw,1995).
If chemotherapy
isplanned,
then
the use of non-absorbable
suturematerialsshouldbe
considereddue to delayedhealing especiallyif an
intestinal
anastomosis
hasbeenperformed.
Margins for Tirmour Excision
The aggressiveness
of surgeryis categorised
as
intracapsular,
marginal,
wide andradical(Soderstrom
&
Gilson, 1995;Straw,1995;Withrow,1996c).
The most
commonmistake
in oncological
surgery
isto usetoolow
alevelofaggressvieness
in surgery.
Intracapsular
surgery
is defined as debulking with macroscopictumour
remainingandis only indicated
for benigndisease
such
asdrainingof an abscess
(Soderstrom
& Gilson,1995).
Marginalsurgeryis the excisionof the tumouroutside
the pseudocapsule
with microscopic
tumourremaining
(Soderstrom
& Gilson,1995;Withrow,
1996c).
Marginal
excisionsare indicatedfor benign tumours such as
lipomas.
Widesurgery
is complete
excision
withmargins
free of tumour cells (Soderstrom
& Gilson, 1995;
Withrow, 1996c).Radicalsurgeryis completeexcision
involving the removal of a body part such as limb
amputationor mastectomy(Soderstrom& Gilson, 1995;
Withrow, 1996c).
The margins of excision should be determined on the
basisof tumour type, aggressiveness
(especiallymastcell
tumours and soft tissue sarcomas),anatomic location,
and the barrier providedby surroundingtissue(Gilson &
Stone,1990a;Soderstrom& Gilson, 1995;Straw, 1995).
Margins are three dimensional and hence are lateral,
medial and deep (Birchard, 1995; Withrow, 1996c).
Cartilage, tendons, ligaments, fascia, and other
collagen-dense, vascular-poor tissue are resistant to
neoplastic invasion (Straw, 1995). Fat, subcutaenous
tissue,muscle, and parenchymaltissue are not resistant
(Straw,1995).Muscle fasciashouldbe removedwith the
tumour. The margins of excision should be greater if the
tumour is invasive,recurrent,or inflamed (Straw, 1995).
Tumours should never be shelled out as malignant
tumours are often surrounded by a pseudocapsule of
compressed, viable neoplastic cells and not healthy,
reactive host cells (Soderstrom& Gilson, 1995; Straw,
1995;Withrow, 1996c).
The excised mass should always be submitted for
pathology to evaluate the tumour and margins. The
pathology report should include margin evaluation,
mitotic index, vascular or lymphatic invasion, and the
grade of tumour (Soderstrom& Gilson, 1995).Marking
the tumour margins with sutures or a dye is
recommendedto assistin orientating the pathologist or
the margins can be submitted separately (Mann & Pace,
1993; Birchard, 1994; Seitz et al., 1995; Withrow,
1996b). A recent study identified alcian blue as the
preferred dye but Indian Ink in acetoneand commercially
available marking kits were acceptable (Seitz et al.,
1995). Ink should not be used when hormone receptor
assaysare anticipated asfalse results are common (Mann
& Pace,1993).Pathologistsdo not often examineall the
margins and hence clean margins should not always be
interpretedas complete removal (Mann & Pace, 1993).
Further surgeryis required if the neoplasticcells extend
to the margins of excised tissue as the excision in
incomplete.
Closure
Primary wound closure is preferred if possible but, as
Straw (1995) quotesWithrow saying,
"It
is betterto leave
a wound partly open with no cancer than to close the
wound with residual cancer". The aggressivenessof
surgeryshouldnot be compromisedby the easeof wound
closure (Withrow, 1996c). Wounds can be closed with
simple reconstructive techniques, skin grafts or
secondary intention healing. The most useful
reconstructive surgery techniques are the advancement
flap, transposition flap, and axial pattern flaps such asthe
caudal superficial epigastric and the thoracodorsal flaps.
A knowledge of these techniques prior to major
reconstructive surgery will reduce patient morbidity and
decrease the risk of compromising the margins of
excision(Soderstrom& Gilson, 1995).
The Lymph Nodes
The regional lymph node is vital to the host's immune
response but studies have not been conducted to
determinethe effectsof lymph node resection(Gilson &
Stone, 1990a). The current recommendations are to
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resecttheregionallymph nodeif  firm, fixed, nodularor
if thereis histological
evidence
of tumourcells(Gilson&
Stone,1990a;
Soderstrom
& Gilson,1995;Straw,1995;
Withrow, 1996c). Firm lymph nodes may indicate
hyperplasiasecondaryto tumour antigen stimulation,
haemorrhage,or infection within the tumour (Straw,
1995).Most reactivenodesare enlargedbut soft and
non-painful while neoplasticnodesare enlarged,firm
and painful. FNA of regionallymph nodesshouldbe
performedprior to surgery(Straw,1995;Rogerset al.,
1996;Withrow,1996c).
Epithelialtumours(carcinomas)
are more likely to metastasise
to regionallymph nodes
than sarcomas(Straw, 1995; Rogerset al., 1996;
Withrow, 1996c).Enlargedlymph nodesin critical areas
(hilar, retropharyngealand mesenteric)should not be
removed
butbiopsied
asremoval
will becomplicated
and
furtheradjuvanttherapycanbeconsidered
onthebasisof
thebiopsyresults
(Straw,1995;Withrow,
1996c).
PALLIATIVE SURGERY
Palliativesurgeryis designedto improvethe quality of
life wherethetypeor extentof disease
prevents
curative
surgery (Soderstrom& Gilson, 1995; Straw, 1995).
Examples of palliative surgery include removal of
ulceratedmammary adenocarcinoma
in a patient with
asymptomatic
pulmonarymetastasis,
splenectomy
for
haemangiosarcoma,
limb amputationfor osteosarcoma,
and gastrojejunostomy
for duodenalobstruction.
The
patientgainshouldalwaysoutweigh
thepotential
riskof
surgery(Gilson& Stone,1990a;
Soderstrom
& Gilson,
1995;Straw,1995;Withrow,1996c).
Heroicsurgery
may
not be indicated and the questionwe have to ask
ourselves
is whendo we giveup?
CYTOREDUCTIVESURGERY
Cytoreductivesurgeryis the incompleteremoval of a
tumourwhichis rarelyanacceptable
or indicatedform of
sole therapyas tumoursthat are incompletelyexcised
will usuallyrecurin a shortperiodof time(Straw,1995;
Withrow,1996c).It is a practicalconsideration
prior to
cryosurgery and may increase the efficacy of
chemotherapyor radiotherapy(Straw, 1995;Withrow,
1996c).
Combination therapy involves decreasingthe tumour
load with cytoreductivesurgeryand using adjuvant
therapies such as chemotherapy,radiotherapy,
hyperthermia,or immunotherapy(Withrow, 1996c).
Cytoreductive surgery removes drug and radiation
resistanttumour cells,circulatingimmunecomplexes,
and tumour associated
immunosuppressants
(Withrow,
1996c).Expermentally,
surgeryinducescell divisionbut
this is a short-livedphenomenon
(Straw,1995).The
residualcellsaresensitive
to chemotherapy,
radiotherapy,
and immunotherapy(Withrow, 1996c).The principles
andindications
for hyperthermia
(Page,1993),radiation
therapy (Adams, 1991; Gillette & Gillette, 1995;
McEntee,1995;Thrall& Ibbott,1995;LaRue
& Gillette,
1996) and chemotherapy
(Helfand, 1990; Squires&
Gorman, 1990; Read, 1992: McEntee, 1995) are
described
elsewhere.
The timing of adjunctive therapiesis an important
considerationwhen planning curativeor cytoreductive
surgery.Neoadjuvanttherapy, which is administered
NEOADJUVANT
Advantages
Reduction
intumoursizeto facilitate
surgical
resection
Treatment
of metastatic
disease
Determines
tumoursensitivity
to chemotherapy
for
post-operative
treatment
Disadvantages
Riskoffurther
tumourgrowthmakingcomplete
surgical
resection
ditficult
Possible
delayed
woundhealing
INTRAOPERATIVE
Advantages
Directadministration
of chemotherapy
to tumourbed
(intralesional
therapy)
Increased
tumourdruglevelswithoutincreased
systemic
toxicity
Treatment
of microscopic
metastatic
disease
Disadvantages
Decreased
woundhealing
ADJUVANT
Advantages
Chemotherapy
moreetfective
whenmicroscopic
diseasepresent
andcellturnover
rateis higherat
bothprimary
andmetastatic
sites
Woundhealing
is notdelayed
Definitive
surgeryis notdelayed
Disadvantages
Efficacy
of chemotherapy
ditficult
to determine
when
onlymicroscopic
diseaseis present
Decreased
bloodsupplyto tumourwithfibrous
tissueformation
TABLE 2: The advantages and disadvantages of
chemotherapyadministered either as a neoadjuvant (or
prior to surgery), intra-operatively or adjunctively
(following surgery). [McEntee, ] 995l
prior to surgery, has some potential benefits (Tables II
and III) but their disadvantages depend on the agent
being used and its adverseeffects such as bone marrow
suppression(McEntee, 1995). For example, vincristine
has no adverseeffects on wound healing (Cohen et al.,
1975)but wound breaking strengthwas decreased
for up
to 30 days when doxorubicin was administeredto rats
prior to, during and after surgery (Lawrence et al., 1986.
Radiation therapy is indicated prior to surgery as the
vascularsupply of the tumour is not disturbedand hence
tumour cells are better oxygenated and more
radiosensitive.The risk of disseminationof tumour cells
at surgery is reduced and tumour size may be decreased
(Adams, 1991). Radiotherapy should be administered
three weeks prior to surgery to allow the acute side
effects of radiation to subside and to minimise the delay
in wound healing (Adams, 1991;McEntee, 1995).If the
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PRE.OPERAtrIVE
Advantages
Bloodsupplyto tumouris  maintained,
which
decreasesthe riskof radio-resistant
hypoxic
tumour
cells
Smallerradiation
fieldso lessnormalsurrounding
tissueis irradiated
Decreased
riskof disseminating
tumourcellsduring
surgery
Reduction
intumoursizefacilitates
surgical
resection
Dlsadvantages
Delayed
woundhealing
INTRA.OPERANVE
Advantages
Visualisation
of tumourbedandaccurate
delivery
of
radiation
dose
Decreased
exposure
of surrounding
normal
tissueto
irradiation
Abilityto deliverlargertotalradiation
doseto tumour
Disadvantages
Special
facilities
required
Complications
of largertotaldoseincludes
fibrosis
andstricture
of hollowviscera
Delayed
woundhealing
Potentialincreasedriskof lale radiationetfectsand
tumour
induction
POST.OPERANVE
Advantages
Definitive
surgeryis notdelayed
Woundhealingis notdelayed
Stagingof diseasemorecomplete
Dlsadvantages
Largerradiation
fieldrequired
lncreased
riskof disseminating
tumourcellsduring
surgery
Altercdbloodsupply
to tumourwithincreased
radio-resistant
hypoxic
tumourcells
Repopulation
of tumouraftersurgeryandbefore
radiotherapy
TABLE 3: The advantages and disadvantages of
radiotherapy administered either pre-operatively,
intra-operatively or post-operatively (McEntee, I 995).
lag period between radiotherapy and surgery is greater
than three weeks then thereis an increasedrisk of tissue
fibrosis and compromised regional vasculature which
may also affect wound healing (McEntee, 1995).
Adjunctive treatmentis more commonly employed with
chemotherapeuticagents.These should be administered
after the animal has recovered from surgery and wound
healing has advanced to the remodelling stage.
Chemotherapy can be started when the animal is
recovering from anaesthesia
as neoplasticand metastatic
cells are more susceptibleto the effects of
chemotherapeutic
agentsimmediately after surgery
(McEntee,1995). Post-operative
radiotherapyis not
recommended
(McEntee,
1995).
POST.OPERATIVE
MANAGEMENT
Post-operative
management
shouldincludeassessment
of the wound healing process,a return to normal
physiologic function, and checking for tumour
recurrence
andmetastasis
(Gilson& Stone,1990b).
This
may be performed with any of the diagnostic tests
previously mentioned.Re-evaluations
should be
individually assessed
accordingto the tumour type,
grade,
andstage
(Gilson& Stone,1990b).
OTHER INDICATIONSFOR SURGERY
IN VETERINARYONCOLOGY
The five-year survival rate for surgical resectionof
metastatic
disease
is 25Vo
to 65Vo
in humans(Gilson&
Stone,1990a).
Thecriteriafor surgery
includes
absolute
control of the primary tumour, long tumour doubling
time (greaterthan 40 days), late onset of metastatic
disease
(greater
thanoneyear),
thelocation
of metastasis,
and, to a lesserextent,the tumour type, numberof
metastaticnodules,and effectiveness
of adjuvant
treatment
(Gilson& Stone,1990a;
O'Brien et al., 1993:,
Straw,1995).The aim of metastectomy
is to providea
cure and hencerequirescareful patient selectionand
thoroughpreoperativestagingto determinethe extent
and behaviourof the tumour (Soderstrom
& Gilson,
1995).
Palliative
surgery
of metastatic
disease
is possible
buttreatment
shouldnotbeworsethanno treatment.
The
role of surgeryin the treatmentof radiationinjury has
beendescribed
elsewhere
(Dernell& Wheaton,1995a;
Dernell& Wheaton,
1995b).
COMPLICATIONS
The major complicationof oncology is tumour
recurrence(Gilson & Stone, 1990a1,
Kisseberth&
MacEwen, 1996).This can occur due to inadequate
tumourremoval,
microscopic
infiltrationof tumourcells
outsidethe surgicalmargins,
or tumourcell exfoliation
into the surgerysite or circulation.Recurrence
can be
minimisedby reducingtumourcell exfoliationthrough
gentletissuehandlingand wide exposureto prevent
tumourmanipulation
(Soderstrom
& Gilson,1995).
Metastasis
is a majorcauseof mortalityin humanand
animal cancers(Kisseberth& MacEwen, 1996).
Microscopic
or macroscopic
metastases
may be present
at the time of surgery.
The risk of metastasis
can be
predicted
fromtheclinicalstage
andhistological
grade
of
the tumour and its location(Kisseberth
& MacEwen,
1996).
Delayedwoundhealingcanresultfrom chemotherapy,
radiotherapy,
cachexia,
andtumourtype(McCaw,1989).
Wound healing is delayed with chemotherapyand
radiotherapydue to damagedmacrophages,
capillary
endothelialcells, and collagenproducingfibroblasts
(McCaw,1989;Gilson & Stone,1990b).This can be
exacerbatedby malnutrition and intercurrent disease
(McCaw,1989;Gilson& Stone,1990b).
Someof these
complicationsare nevertheless
unavoidable
due to
tumour behaviour,host defences,and physiological
status.
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CONCLUSION
Surgeryis a  primarytool in thediagnosis
andtreatment
of cancerbut is only a part of a multidisciplinary
approachwhich also includes chemotherapy,
radiotherapyand immunotherapy.
The surgeonshould
have a thorough knowledge of tumour type and
behaviourprior to definitive surgery.A FNA or biopsy
shouldbe performedby the surgeonandexaminedby a
qualified veterinary pathologistprior to surgery.The
surgeryshouldbe plannedsothatadequate
marginsare
achievedin three dimensions,
especiallydeep to the
tumour. Other roles of surgeryin oncologyinclude
prevention,
palliation,
cytoreduction,
andmetastectomy.
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