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Summary

Many a times, cancer patients undergo chemotherapy before being subjected for surgery. Such patients pose
some serious interactions and complications during the anaesthetic management. So, it is very important to know such
interactions, and problems in advance for a smoother and uncomplicated management of anaesthesia. Herewith, a
detailed review of this problem is discussed along with the current concepts and solutions.
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Introduction

Cancer is treatable ifdetected early.Cancer is
the second leading causeof death in United States1. It
is a complex matter having special considerations.
Hence,cancerpatientsdeserve specialanaesthetic con-
siderations. It requires avery closecooperation among
surgeon, anaesthesiologist,and referringphysician to
assure the conduct of surgicalprocedures on the pa-
tient with cancerwith maximal safety.

Chemotherapy forms animportant aspectofcan-
cer treatment. With an increased number of patients
survivingfor a longer period of time, a numberof pa-
tients, who have received chemotherapy, may be sub-
jected to elective and emergency surgery, therefore it
is essential to know the effects of the chemotherapeu-
tic agentson normalorgan systems.The toxicityofcan-
cer chemotherapy drugs and their relevance to
perioperative anaesthesia management relates to the
specific agentsused, theircumulative dosage,and drug
toxicity etc.Themostcommon toxicitiesto chemothera-
peutic agents includecardiac,pulmonary, hematologic,
bone marrow, and gastrointestinal effects.
Coagulopathies, thrombocytopenia, and anaemia with
ulceration and bleedingofthegastrointestinaltractmay
often occur.2.

Table1summarizes variouscancerchemotherapy
agents, their toxicities, and their relevance to the
anaesthesiologist3. Of particular importance to the
anaesthesiologist in the peri-operative period are the
effects of chemotherapeutic agents on the cardio-pul-
monary systemas wellas theotherorgansystems which
is discussed underneath in details.

Table 1 Common complications associated with
cancer chemotherapy agents

Systemtoxicity Chemotherapeutic agents

Cardiac toxicity Busulphan, cisplatin, cyclophosphamide,
daunorubucin, 5-fluorouracil

Pulmonarytoxicity Methotrexate, bleomycin, busulphan,
cyclophosphamide, cytarabine,
carmustine

Renal toxicity Methotrexate, L-asparginase, carboplatin,
ifosfamide, mitomycin-C

Hepatic toxicity Actinomycin D, methotrexate, androgens,
L-asparginase, busulphan, cisplatinum,
azathiopine

CNS toxicity Methotrexate, cisplatin, interferon,
hydroxyurea, procarbazine, vincristine

SIADH secretion Cyclophosphamide, vincristine
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The effects and problems occurring because of
anticancerchemotherapy and it’s implications on the
anaesthetic management can be discussed under the
followingheadings-

A)Cardiovasculareffects andcomplications following
chemotherapy
B) Pulmonary effectsand complicationsfollowing che-
motherapy
C)Other systems affected by chemotherapy (Hepato-
renal, CNS,Haemopoetic system)
D)Miscellaneousimportant complications
A) Cardiovascular effects and complications fol-
lowing chemotherapy

Cancer patients receivea series of chemothera-
peutic agents that may adversely affect the heart.4-6

Anthracyclines; i.e. doxorubicin (adriamycin),
daunorubicin,and epirubicinare thecommonest agents
implicated in the developmentof cardiac toxicity after
cancerchemotherapy. Cardiac toxicity can manifest at
various times during and followingthe courseof che-
motherapy, three typesdepending on their appearance
in relation to timing of therapy, havebeen identified.

Anthracyclineagents may impairmyocardial con-
tractility.7. Similarly,patients receivingmitoxantrone at
a totaldose of more than 140 mg/m2 can suffer con-
gestive heart failure and anthracycline-induced cardi-
omyopathy.Another agentknown tocause myocardial
tissueinjury iscyclophosphamide 8

Acyclophosphamidedose rangeofmore than 120
mg.kg-1 over2 days can result in severecongestiveheart
failure andhaemorrhagicmyocarditis,pericarditis,and
necrosis.Patients receivingbusulfan inconventionaloral
daily dosagemay sufferendocardialfibrosis,with signs
and symptoms ofconstrictive cardiomyopathy.9,10

Patients with preexisting cardiacdisease receiv-
ing interferon in conventionaldoses may have exacer-
bations of their underlyingillness. More recently, the
use ofmitomycin forextended periodsof timeand dos-

ages has been shown to producemyocardialdamage.11

Previous treatmentwith anthracyclines may en-
hance the myocardialdepressiveeffectof anaesthetics
even in patients with normal restingcardiac function.12

Thepreoperativeand anaestheticassessment of thepa-
tients who have received theseabovementioned agents
may require 2D-echocardiogram ornuclear medicine
studies. Such studies permit precisemeasurement of
the left ventricular ejection fraction and detection of
regional and global myocardialdysfunction. Where
congestive failure is discovered, thephysicianwillhave
to treat it preoperatively.

In addition to theabove sideeffects,anthracycline
agents can cause dysrhythmiasunrelated to thecumu-
lative dose.13. Such dysrhythmias may occurhours or
even days after administration.Commonly observed
dysrhythmias include supraventricular tachycardia,
completeheart blocks,and ventricular tachycardia. In
addition,doxorubicin may prolong the QTinterva1.14

In recent years, it has been observed that
paclitaxel,when given in combinationwith cisplatinum,
may also produce ventricular tachycardia I5

Acute andSubacute cardiotoxicity:

It can occur immediately after a single dose or
a courseof anthracycline therapy.Acute toxicity com-
monly (40%)takes the form of ECG changes such as
nonspecificST-Tchanges,decreased QRSvoltage,and
QT prolongation. Decreased R wave amplitude has
beenthoughtby some tosignaldevelopmentofchronic
cardiomyopathy later, though it is not proved. Sinus
tachycardia is the most common rhythm disturbance
but avariety ofarrhythmias, includingventricular, su-
praventricular, and junctional tachycardia,have been
reported.Atrioventricular and bundle-branch block
have also been seen16.

Thesechanges occur at alldose intervals and ex-
cept fordecreased QRSvoltage, resolve1 to 2 months
aftercessation of the therapy.Sudden death may also
occur,due to ventricular fibrillation.Rare cases of sub-
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acutecardiotoxicity resultingin acute failure of the left
ventricle, pericarditis or a fatalpericarditis-myocarditis
syndrome,particularly in children,havebeen reported17

If these patientsrecover they should not receive further
treatment with anthracyclines. In elderly patients with
preexistingheart disease,congestive heart failure can
occur,which isgenerally transient and responds to nor-
malmedicalmanagement.

Chronic or late cardiotoxicity:

Chroniccardiotoxicity after anthracyclines clas-
sically takesthe form of cardiomyopathy.CXR review
may reveal cardiomegaly. ECG changes occur with
these agents and includenon-specific ST-and T-wave
changes, prematureatrial and ventricular contractions,
sinus tachycardia and low-voltageQRS complexes.18

Anthracyclinecardiotoxicity is a cumulative dose re-
lated phenomenon. The incidence ofcongestive heart
failure secondary to anthracycline induced
cardiotoxicity increases with dose. Praga et al 19 re-
ported that an average incidence of7% at550 mg/m2,
15% at 600 mg/m2, and 35% at 700 mg/m2. At total
doses20 less than 400 mg/m2 the incidence of CHF is
0.14%. Therapid increase in incidenceof CHFafter a
dose of550 mg/m2 has made it apopular empiric-lim-
itingdose fordoxorubicin-induced cardiotoxicity.

Late onset cardiotoxicity:

Severalrecent studies, extensively reviewed
elsewhere 21 havereported occultventricular dysfunc-
tion, heart failure and arrhythmias occurringin previ-
ously asymptomatic patients more than a year after
anthracycline therapy.22,23. It is postulated thatdoxoru-
bicin cancausesubclinicalmyocardialinjuryduringpre-
adolescentyears and this in later years retards appro-
priate growth of themyocardium duringgrowth spurt.

Pathogenesis ofanthracycline cardiotoxicity:

The anthracyclineantibiotics react with cyto-
chrome P-450 reductase in the presence of reduced
nicotinamide adeninedinucleotide phosphate to form
semiquinoneradical intermediates, which in turn can

react with oxygen to form superoxide anion radicals.
These can generate both hydrogen peroxide and hy-
droxylradicals,whicharehighlydestructive tocells thus
causingmyofibrillarlysis,cytoplasmicvacuolization,and
degeneration of nuclei and mitochondria in the
myocytes.Severemyocytedamageresultsin decreased
myocardial contractility and CHF.

Risk factors for development of anthracycline
cardiotoxicity:

Apart from the totaldose, patients who have
received high dose radiation to the mediastinum and
thosewho areon concurrentcyclophosphamide therapy
areparticularly susceptibleto thiscardiomyopathy.The
otherrisk factors are extremes of age, prior ischaemic
heartdisease, hypertension,valvular heartdisease and
liverdiseases.The riskinvolved at acumulativedose in
the range of 300-450 mg/m2 is about 1-10%, while
doses higher than this invites a riskof >30%.

Investigations for the detection of anthracycline
cardiotoxicity:

Thebestcurrently availablenoninvasivemethod
for assessing cardiac function is radionucleide angio-
cardiography.Thecommonly studied parameters with
radionucleidestudies are left ventricularejection frac-
tion (LVEF).Adecrease in LVEF to less than 45% is
considered to indicate anthracycline-induced
cardiotoxicity.2-Dechocardiography is anon-invasive
methodofcardiacevaluation. Diastolicdysfunction on
echocardiogram mayrepresent an earlier manifestation
of anthracycline toxicity. Thenewernoninvasivemeth-
ods to know the actualmyocardialdamage are by us-
ingimagingwithmonoclonalindium– 111– antimyosin
antibodies.Theseantibodies bindto theexposed myosin
in the necrosed myocardial cells.A diffuse uptake on
imaging indicates a generalised process such as
anthracyclinecardiomyopathy; afocaluptakewill sug-
gest localpathology such as myocardial infarct. 24

Other chemotherapeuticagents also haveadverse
cardiac effects, which are important for the anaesthe-
tist to know. Table 2summarizes them as follows:-



21

Problems withanaesthesia management:-
An appropriate anaestheticplan includingthe in-

vasivemonitoring techniques hinges on thorough pre-
operative assessment. Invasive arterialblood pressure
recordings and apulmonary artery catheterization may
be necessary if significant myocardialimpairment is
present.Anthracycline treated patients under anaesthe-
siacan develop acute intraoperative leftventricular fail-
ure refractory to - adrenergic receptor agonists.
Amrinoneand sulmazoleare the new class of cardio-
tonics with inotropic drugs usefulinsuch conditions.
B)Pulmonary effects and complications of cancer
chemotherapy

Cancerpatientscommonly sufferpulmonary com-
plications.75% to 90% of pulmonary complications
aresecondary to infection. Thecancer patient can suf-
fer infectiouscomplications secondaryto chemotherapy
(e.g.,Bleomycin), thoracic radiation, and multiple pul-
monary resections.25

Pulmonary complications are asignificant prob-
lem; respiratory failure in cancer patients requiring as-
sisted mechanicalventilation is associated with a75%

mortality rate.26-28 In patients with systemiccancer, the
differentialdiagnosis of pulmonaryinfiltrates seen on a
routine chest radiograph is extensive; there are many
causes for such infiltrates.29-31

Administration of several chemotherapeutic
agents, suchas busulfan,cyclophosphamide,paclitaxel,
etc,can lead to pulmonary complications. Bleomycin,
an antitumour agent, is the foremost of these in pro-
ducinglung damage.

Several patterns of pulmonarytoxicity produced
by bleomycin have been described:

1. Dosedependent interstitialpneumonitis progressing
to chronic fibrosis

2.An acutehypersensitivity pneumonitis with periph-
eraleosinophilia resemblingeosinophilic pneumonia.
3.An acute chestpain syndrome.
4.Abronchitis obliterans with organising pneumonia.
5. Pulmonary veno-occlusive disease.

About 0-40% patients are reported 32 to de-
velop pulmonary toxicity, 11-30% patients will have
non-lethalpulmonary fibrosisand themortality associ-
ated with bleomycin toxicity will range from 2-10%.
Progressive interstitialpneumonitis and fibrosis is the
most commonpattern ofbleomycin lunginjury.Symp-
toms generally occur between 4 to 10 weeks after
bleomycin therapy,however in about 20%patients with
radiographicand histologicalfeatures ofbleomycin tox-
icitymay bepresentwithoutany clinicalsymptoms.The
risk factors for bleomycin pulmonary toxicity are old
age, acumulative dose >400-450 U, poor pulmonary
reserves, radiotherapy, uraemia, higher inspired oxy-
gen concentrations, and concomitantly administered
otheranticancer drugs.

Mechanisms of pulmonary toxicity:

Though thethreshold doselevelforthedevelop-
mentofpulmonarydiseaseis inthe rangeof400to450mg,
fatalpulmonary fibrosishas beenreported withdoses as
lowas 50mg.Themechanism ofpulmonarytoxicity as-
sociated with theuse of bleomycin, is probably due to

Table 2 Other chemotherapeutic agents having
adverse cardiac effects.
Agent Cardiovasculareffect

Cyclophosphamide Fulminant CHF secondary to
hemorrhagic myocarditis
Acute Pericarditis with effusion

Risk increased with dose > 200mg/m2 &
anthracycline combination

Bleomycin Acute pericarditis

5 – Fluorouracil Coronary insufficiency presenting as
angina / myocardial infarct due to
coronary spasm

Paclitaxel and Asymptomatic bradycardia, severe
docetaxel brady & tachyarrhythmias including

ventricular fibrillation& asystole,
conduction disorders myocardial
ischaemia, infarction, risk increased with
concomitant cisplatinum therapy
peripheral edema due to fluid retention
(docetaxel)
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directcytotoxicityandinpatientsreceivingbleomycin,type
I pneumocytes are replaced by type II pneumocytes.
Continuedexposure to bleomycin prevents reversion of
type IIto type Ipneumocytes andfurther leads to meta-
plasia of the typeII cellsto cuboidalepithelium. Further
exposureprevents effectiverepair and fibrosblasts and
macrophages migrateinto theinterstitium andthealveoli.
Ultimately pulmonary fibrosis results. One proposed
mechanismforbleomycintoxicity involvestheproduction
ofsuperoxideandotherfree radicalmoieties,which then
cleavenuclear DNA.Theproductionof thesehighly oxi-
dizingradicalsmightbeincreased bythe inspirationoffor-
tified concentrationsofoxygen.

Clinical presentation:

The lesions seen frequently are in the lower
lobes and sub pleural areas and chest X-ray shows
bilateralbasaland peri-hilar infiltrates withfibrosis .The
first signs and symptoms of toxicity are fever, cough,
dyspnoea and bibasilar rhonchiand rales,which may
progress to exertional dyspnoea with mild X-ray
changes and a normalresting PaO2 ora severe form of
hypoxiaat rest.The earliestdetection ofpulmonary fi-
brosismay beachieved through theserialevaluation of
pulmonary function.Sequentialmeasurementof car-
bon monoxide diffusion capacity (DLCO)may indi-
cate thepresence of occult pulmonary changes.Arte-
rialhypoxemia is commonly found and spirometry re-
veals decreased lungvolumes compatiblewith restric-
tive lungdisease.Regression oramelioration ofthe toxic
pulmonary pathology may occur with immediate ces-
sation of therapy.Steroidtherapy has been foundto be
effective in some cases.

Occasionally, it may manifest itself as
noncardiogenicpulmonary edema,chronic pneumoni-
tis and fibrosis, andhypersensitivity pneumonitis.33

Hyperoxia & Bleomycin:

Of utmost importance to the anaesthesiologist
is the debateabout theamount ofoxygen to be admin-
istered to a patient coming up for surgery after being

given bleomycin.Thedebatewas sparkedoffby a land-
markreport by Goldiner et al 34They described 5 pa-
tients undergoingsurgery after receiving bleomycin,
given>39%oxygen intraoperatively,developedARDS
and died. Subsequent 13 patients, given > 25% oxy-
gen,survived thesurgery withoutpulmonary compli-
cations 35 This need to restrict inspired oxygen con-
centration was subsequently questioned byLa Mantia
et al, who reported a series of16 patients with uncom-
plicated perioperativeperiod in spite ofreceiving high
FiO2 (>0.41) intraoperatively 36

A recent study by Donat et al 37 evaluating 77
patients undergoing97 extensiveresection procedures
after receiving bleomycin seems to have solved the is-
sue.Theyfound that,though the inspired concentration
of oxygen was > 40%, and 25% patients did develop
minorpulmonary complications;none of them devel-
oped ARDS or died. The authors concluded that
perioperativeoxygen restriction is not necessary and a
meticulous perioperative fluid balance including trans-
fusions as a significant predictor ofpostoperative pul-
monarymorbidity. Theyalso noted that theduration of
surgery and post-chemotherapy forced vital capacity
aresignificant predictive factors of procedure related
pulmonary morbidity. On the basis of availabledata it
seems prudent to reduce the concentration of inspired
oxygen to the lowest level to maintain SpO2 > 90%.
Intraoperativemonitoringis thekey to safeadministra-
tion of oxygen to these patients. Arterial blood gas
analysis should be performed by an indwelling arterial
cannula or intermittent sampling.The judicious use of
intraoperativePEEP to enhance oxygenation and the
postoperative use of rigorous physiotherapy to treat
ventilation-perfusion abnormalities may be preferable
to the use of enriched oxygen concentrations. Fluid
balance is another important factor in predicting pul-
monary morbidityin-patients receivingbleomycin.Con-
servative fluid management isimportant; useofcolloids
is beneficialas compared to crystalloid.

Other chemotherapeuticagents also haveadverse
pulmonaryeffects, which are very vital forthe anesthe-
tist to understand.Table3summarizes themas follows:-
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C) Effects of cancer chemotherapy agents on
hepato-renal, and CNS systems:

i) Renal complications :-

Cisplatinum, acommonlyusedanticancerdrug
hasbeen found to produce toxic effects like nephro-
toxicity,myelosuppression, neuropathy in stocking
and glove distribution,auditory and visual impair-
ment. Thedose-limiting factor for singleagent use,
however, is nephrotoxicity.30% ofpatients receiv-
ingcisplatinumwilldevelopnephrotoxicity,especially
if the hydration is notproperly controlled. It causes
coagulation necrosis of proximaland distalrenal tu-
bularepithelial cells and in the collectingducts lead-
ingto a reduction in the renalblood flowand glom-
erular filtration rate (GFR). Cisplatinum leads to
wastingofmagnesium and potassium.Asingledose
of 2mg/kgor 50-75mg/m2 willproduce nephrotox-
icity in 25-30% ofpatients 38

Acute renalfailurecan resultwithin 24hours of
administration ofa singledose of cisplatinum. The
long-term effects were reported by Fjeldberget al
39who found a 12.5% reduction ofGFR after16 to
52months afteradministration ofcisplatinum. Proper
hydration with forced diuresis seems to decrease the
incidence ofrenal toxicity by reducingthe concen-
trationofcisplatinumin renaltubules andtheamount
of time it remains in contactwith renal tubules. Use
ofnormalsalineis particularly beneficialas high chlo-
rideconcentrations in thetubules inhibitthe hydroly-
sis of cisplatinum.The renaltoxicity may be accen-

tuated if thepatient receives aminoglycosides concomi-
tantly. The newer analogues of cisplatinum, such as
carboplatinum and oxaloplatinum areless nephrotoxic
withequalefficacy in controllingthemalignancy.

Methotrexate causes the acutenephrotoxicity as
a result of its intratubular precipitation 40.

Other chemotherapeuticagents also haveadverse
renal effects are summarized in theTable 4as follows:-

Table 3 Other chemotherapy agents having adverse pulmonary effects
Agents Incidence Description
Busulfan 4-10% Pulmonary fibrosis, Pulmonaryalveolar lipoproteinosis

Cyclophosphamide <2% pneumonitis with or without fibrosis
Mitomycin <10% Similar to bleomycin

Cytosine arabinoside 5 -32 % Non-cardiogenic pulmonaryedema with or without pleural effusion

Methotrexate 7% Hypersensitivity pneumonitis like picture or
Non-cardiogenic pulmonaryedema or
Pulmonary fibrosis or
Pleurisy with acute chest pain

Table 4 Other chemotherapy agents having adverse
nephrotoxic effects

Drug Description
Mitomycin Chronic progressive rise in serum creatinine

tomicroangiopathic hemolytic anemia

Methotrexate Physical effect because of precipitation of
drug in renal tubules

Ifosphamide Acute tubular necrosis & renal failure

ii)CNS complications:-

Vinca alkaloids were the first anticancer drugs
found to have neurotoxiceffects. Vincristine is prob-
ably theonly drugwhose dose limiting toxicity is neu-
rotoxicity. It can affect the central, peripheral or the
autonomicnervous systems. Peripheralneuropathies
presentas peripheralparesthesias with depression of
deep tendon reflexes.The paresthesias progress proxi-
mally with therapy. Motordysfunction and gait disor-
ders can occur. Vincristine,41vinblastine,procarbazine,
cisplatinum 42 all can cause a toxic neuropathy with
paresthesia, loss of deep tendon reflexes and muscle
weakness.
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Autonomicneuropathy with orthostatichypoten-
sion isa rareconcomitantofneoplasia 43.Cranialnerve
effects may manifest asopthalmoplegiaandfacialpalsy.
Autonomic neuropathy can present as orthostatic hy-
potension,erectile dysfunction,constipation, difficulty
in micturition, bladderatony, etc.

Cisplatinum,alongwith its effects on the kidney
also affectsthe nervoussystem. 50%patients receiving
cisplatinumwilldisplayneurotoxicitydependingon dose
and treatment duration. It generally takes the form of
paresthesias.Continued treatmentwillleadto lossofdeep
tendon reflexes, vibrationsense,andsensory ataxia.

As faras regionalanaesthesia is concerned, one
should be aware that in a considerable percentage of
patients asub-clinical, unrecognized neuropathy may
be present in patients with previous cisplatinum che-
motherapy.Recently, adiffuse brachialplexopathy af-
ter interscalene blockade has been reported in a pa-
tient receiving cisplatinum chemotherapy. Thus, if re-
gionalanaesthesia is contemplated, a detailed pre-op-
erativeneurologicalexamination andcarefulassessment
of the risks and benefits is warranted.44

Other chemotherapeuticagents also haveadverse
CNS effects are enumerated in theTable 5as follows:-

iii) Hepatic complications :-

Hepatocellular dysfunction is manifested as
raised serum enzymes, fatty infiltration of liver and
cholestasis,due to direct toxiceffect of the drug or it’s
metabolite. L-asparginase and cytarabine are most

commonly implicated agents inhepatocellulardysfunc-
tion.Adecreased synthetic function with low proteins
and coagulation abnormalities may be seen. Ascites,
painfulhepatomegaly,and encephalopathymay result
afteradministration ofcytarabine, cyclophosphamide,
mitomycin,etc.

D) Miscellaneous adverse effects of cancer che-
motherapy agents:

i) Haematological complications:- Bone mar-
row function in cancer patients may bedisturbed by
primary bone marrowdisorders (e.g., leukemia), bony
metastases (e.g., from breast cancer), as well as
myelosuppressivechemotherapy.Theproductionofany
or allblood elements may be impaired. There is dys-
functional coagulation.The PTand PTTare shortened.
There is increase in factor I, V, VIII, IX, XI and FDP.
There is reduced survivalof the platelets and the de-
creased antithrombin III activity.There areno prospec-
tive trials to datethat establishtheminimalplatelet count
necessary to preventbleedingwith specificprocedures.
Some investigators have maintained a minimallevelof
50,000 platelets per microliter in the intraoperative and
postoperative period.Correction ofother coagulation
disturbances is important beforeundertaking surgical
intervention in the thrombocytopenic patient. In view
of these findings,a closecooperation among the sur-
geon, anaesthesiologist,and hematologist is required
foroptimalmanagement and maximal safety.45

Myelo-suppression causedby allthechemothera-
peutic agents is partiallyor completely reversible within
1 to 6 weeks of termination of therapy.

Table 5 Other chemotherapy agents having adverse neurotoxic effects
Drug Incidence of toxicity Description

Cytarabine 15 –37 % Cerebellar dysfunction, peripheral neuropathy, seizures, encephalopathies,
myelopathy, pseudobulbar palsy

Ifosphamide 0–10% Cerebellar dysfunction, hemiparesis, coma, extrapyramidal abnormalities

5- Fluouracil 0-5% Cerebellar dysfunction, multifocal leukoencephalopathy
Methotrexate 0-2% Meningeal irritation, transient paraparesis, encephalopathy

Paclitaxel 50 – 70% (high dose) Peripheral neuropathy, autonomic neuropathy

Procarbazine --- Cerebral effects: lethargy, depression to psychosis, peripheral neuropathy
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ii) Syndromeof inappropriateantidiuretichor-
mone secretion (SIADH):-

Another metabolic abnormality in patients with
cancer like lung, pancreas-adeno-carcinoma, duode-
num, thymoma, mesothelioma, leukaemia, hodgkin,
reticulum cellsarcoma, is SIADH,which occurs in 1%
to 2% ofcancer patients.

Somedrugs,such asvasopressin,carbamazepine,
oxytocin, vincristine,vinblastine, cyclophosphamide,
phenothizianes, tricyclic antidepressant agents, narcot-
ics,andmonoamine oxidaseinhibitors,canalso induce
SIADH.46

iii)Steroid administration:

Theoncology patientoften has a history of exog-
enous glucocorticoid administration as part of a che-
motherapy regimen. Thephysician at the timeof pre-
operative evaluation has to decide on the useand the
amountof stress steroid coverage.The patientwho has
received >2 weeks of glucocorticoids within the past
yearis consideredat riskforadrenalsuppression.How-
ever, many of these patients are capable of a normal
stress response. The corticotrophin (ACTH) stimula-
tion test is the definitive test to identify adrenal sup-
pression.

iv) Tumorlysis syndrome:-

Another frequently seen complication in cancer
patients is the tumor lysis syndrome.47 Chemotherapy
induces rapid tumor cell lysis in patients with a large
malignant cellburden overan exquisitely sensitive tu-
mor 48,49 Thisclassically occursin patientswith Burkitt’s
lymphoma,non-Hodgkin’s lymphomas,acute lympho-
blastic and nonlymphoblastic leukemias,and chronic
myelogenous leukemia. In addition, it may also occur
continuouslyin patientswith lymphomasand leukemia
followingtreatmentwith chemotherapy,radiation, glu-
cocorticoids,tamoxifen, orinterferon.Theclinicalmani-
festationsof this syndrome are related to the metabolic
abnormalities.

In thosepatients with suspected tumorlysis syn-
drome orfor thosepatients who receive chemothera-
peutic agents likely toinduce thesyndrome, prevention
is the mainstay of treatment.To prevent the develop-
ment ofacute renalfailure, patients who are to undergo
treatment for malignancies should receivevigorous in-
travenous hydration,often with diuretics orrenaldoses
ofdopamine to ensure adequateurine output.

v)Chemotherapy andwound healing:-

The outcome of surgical procedures may be
affected by thewound-healing impairmentcaused by
antineoplastic agents used to treat theunderlying tu-
mor.The neutropenia that accompanies some chemo-
therapy within 7 to 10 days ofadministrationcan inter-
fere with the early phases ofwound healing.Most pa-
tients with WBC count 500/mm3 have no adverse ef-
fects of leukopenia on surgicalwound healing.Chronic
anemiaalso has little effecton surgicalwound healing
50.

The effects ofchemotherapy directly on wound
healing depend on doseand the timing ofdrug admin-
istration relative to creation of thewound. Ahigh inci-
dence of wound complications has been reported in
women undergoingmastectomy after receivingpreop-
erativechemotherapy andradiation. Bleomycin has not
been associated with increased wound complications.

Anaesthetic considerations for patients after che-
motherapy

The interaction between ananaesthesiologist and
a cancer patient starts with a preoperative visit for a
surgical procedure. The goals of such a preoperative
visitwould be as follows:-

To optimize patient’s physical status.

To assess effectsof cancerand cancer therapies (che-
motherapy, radiotherapy,and surgery)on patient.

Some of the important features and care before
planninganaesthesia in such achemotherapy received
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patient are as follows –

 In pre-anaesthetic checkup,one mustobtain a
pertinent, comprehensivepast medicalhistory, preex-
istingconditionsprior to surgery andanaesthesia,medi-
cations, allergies, family history and a complete sys-
temicexamination. Theanaesthesiologist’s role in pre-
operative evaluation and preparation of the surgical
patient and intraoperative and postoperative manage-
ment is of great importance. This begins with a thor-
oughhistory andphysicalexamination.

Routineclinicaltestslikecompleteblood count,
urineanalysis, serum electrolytes, fastingblood sugar,
serum BUN, pulmonary function tests, PaO2 and
PaCO2 contents by arterialblood gas analysis, serum
osmolality,bilirubin,creatinine,amylase,liver function
tests, chest X-ray and ECGare mandatory.51Aware-
ness of theside effects of thevarious chemotherapeu-
ticagents enables other appropriate investigations to
be carried out and institution of corrective measures
when possible will ensure awell-prepared patient.

 Immuno-suppresion occurs with the useof all
thealkylatingagents.Meticulousattention mustbegiven
to aseptic techniques in theperioperative period in or-
der to avoid potentially lethaliatrogenic infection.

Pneumonitis and pulmonary fibrosis may be
induced bymany of thechemotherapeuticagents. His-
tory orsymptoms suggestiveof exertionaldyspnea or
dyspnea at rest should alert thephysician to this prob-
lem .In addition to chest X-ray, arterial blood gases
arenecessary. Pulmonaryfunction tests including arte-
rial blood gas, spirometry, and carbon monoxide dif-
fusingcapacity should be evaluated.Findings compat-
iblewith interstitialfibrosis include increased alveolar-
arterialgradient, restrictive lung disease,and decreased
carbon monoxidediffusing capacity.52 Patients who had
a bleomycin therapy should not receivehigh inspired
oxygen concentrations and thatcolloid rather than crys-
talloid replacement should bepreferred bothduring and
aftersurgery. Ventilatorsupport should be anticipated
in thepostoperative period.

Cardiotoxicity may occur in-patients who have
received anthracyclines.TheECG may revealdiminu-
tion ofthe QRSvoltage, systolictimed intervalmay be
increased, and ejection fraction as well as fractional
shorteningmay bedecreased. Congestiveheart failure
is treated using diuretics,digitalis and oxygen. Operat-
ing andrecovery roommonitoringshouldinclude ECG,
urinary output,centralvenous pressure and when fea-
sible pulmonary arterial and wedge pressures.
Huetteman and colleagues12 showed thatprevious treat-
mentwith anthracyclinemightenhancethe myocardial
depressant effects ofanaesthetics even in individuals
with healthy cardiac function at rest.

Hepatotoxicity may occurwiththeuseofmost
of theanticancerdrugs.Anaestheticdrugs incriminated,
as causingliver damage should not be administered.
Busulfan, methotrexate, cisplatinum and others may
cause nephrotoxicity. Balanced electrolyte solutions
started the eveningbefore surgery will aid in maintain-
ing optimalrenal flowand glomerular filtration. Poten-
tially nephrotoxicdrugs should be avoided.

The effects of cyclophosphamide, a pseudo-
cholinesterase inhibitor,could last for 3–4weeks from
the end of its use,and Zsigmond and Robins 53argued
that this occurrence might justify or explain the
recognised hazard becauseof thedrug’s interaction with
suxamethonium (a depolarising muscle relaxant,
metabolised by pseudocholinesterase), inducinga risk
of protracted postoperative apnoea.

Negative interactions between methotrexate
and non-steroidal anti-inflammatory drugs (NSAIDs)
arewellknown.Although themechanism ofthis inter-
action is not completely clear,NSAIDS areknown to
reduce the excretion of methotrexate.A competition
for receptor sites at renaltubular excretion has been
postulated but the mechanism is not yet understood;
this interaction might result in potentially fatal side-ef-
fects for patients.54

Central and autonomic nervous system toxic-
ity and peripheralneuropathies occurwith vincristine,
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cisplatinum andothers. Thereforeregional anaesthesia
is contraindicated. Thepreoperativestateof sensorium
and neurologic deficits should bedocumented.Anti-
cholinesterase effects ofalkylating agents are signifi-
cant. Reduction of dosageof succinylcholine is indi-
cated to prevent prolonged respiratory depression.
Monoamineoxidase like inhibitionmay occurwith the
administration ofprocarbazine. Becauseof synergistic
action barbiturates, antihistaminic,phenothiazines,nar-
cotics and tricyclic antidepressantsshould beused with
caution. Diarrhea is a side effect of many of the anti-
cancer drugs.Attendant serum electrolyte and fluid
abnormalities should be corrected beforesurgery and
also in thepostoperative period.

The cancer patient like any other high risk pa-
tients requiringanaesthesia deserves a specialcare and
considerations.Agrowingnumber ofpatients undergo
surgicalprocedures with general anaesthesiasoon af-
ter receivingchemotherapy; occasionallysuch treatment
canbe given duringsurgery.Therefore, it is worthwhile
and prudent to understandthe pathophysiology ofcan-
cerand consider the pharmacologicalinteractions be-
tween anticancerand anaesthetic drugs. Anti-cancer
chemotherapeutic drugs may causegeneralized and
specific organ toxicities and may also give rise to vari-
ous unpredictable or life-threatening peri-operative
complications, rendering a detailed pre-operative as-
sessmentofpatientswith previous chemotherapy man-
datory. Thus,special consideration and understanding
of the cancerpatient’s anaesthesia-related needs will
result in superiorpatient careand outcomes.
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