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Special Article

Anticancer Chemotherapy and it’s Anaesthetic
|mplications(Current Concepts)

Summary

R P Gehdoo

Many atimes, cancer patients undergo chemotherapy before being subjected for surgery. Such patients pose
some seriousinteractions and complicaionsduring the anaesthetic management. So, itisvery important to know such
interactions, and problems in advance for a smoother and uncomplicated management of anaesthesia. Herewith, a
detailed review of thisproblem isdiscussed a ongwith the current conceptsand solutions.

Key words

Introduction

Cancer istreatableif detected early. Canceris
the second leading causeof death in United States®. It
isa complex matter having special considerations.
Hence, cancer patientsdeserve special anaesthetic con-
Sderdtions. Itrequires avery closecooperation among
surgeon, anaesthesiologist, and referring physician to
assurethe conduct of surgical procedures on the pa-
tient with cancer with maxima safety.

Chemothergpy formsanimportant aspect of can-
cer treatment. With an increased number of patients
survivingfor alonger period of time, anumber of pa-
tients, who have receved chemothergpy, may be sub-
jected to dective and emergency surgery, thereforeit
isessentid to know the effects of the chemothergpeu-
tic agentson normal organ systems. Thetoxicity of can-
cer chemotherapy drugs and their relevance to
perioperative anaesthesiamanagement relaesto the
specific agentsused, their cumulative dosage, and drug
toxicity etc. Themaost common toxicitiesto chemothera:
peutic agentsincludecardiac, pulmonary, hematologic,
bone marrow, and gastrointestinal effects.
Coagulopathies, thrombocytopenia, and anaemiawith
ulceration and bleeding of thegastrointestind tract may
often occur2

Anticancer chemotherapy drugs, Systemic effects, Implications to anaesthetic management

Table1summarizesvariouscancer chemotherapy
agents, their toxicities, and their relevance to the
anaesthesiologist’. Of particular importance to the
anaesthesiologist in the peri-operative period arethe
effectsof chemotherapeutic agentson the cardio-pul-
monary systemaswell astheother organ systemswhich
isdiscussed underneethin details.

Table 1 Common complications associated with
cancer chemotherapy agents

Sydgemtoxicity =~ Chemotherapeutic agents

Cadiactoxidty Busul phan, cisplatin, cyclophosphamide,
daunorubucin, 5-fluorourecil
Pulmonarytoxicty Methotrexate, bleomycin, busul phan,
cyclophosphamide, cytarabine,
carmustine

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

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

Methotrexate, cisplatin, interferon,
hydroxyurea, procarbazine, vincristine
Cyclophosphamide, vincristine

Rend toxicity

Hepatictoxicity

CNStoxicity

SIADH secretion
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Theeffects and problems occurring because of
anticancer chemotherapy and it’ simplicationson the
anaesthetic management can bediscussed under the
following headings-

A) Cardiovascular effects and complicationsfollowing
chemotherapy

B) Pulmonary effectsand complicationsfollowing che-
motherapy

C) Other systemsaffected by chemotherapy (Hepao-
rend, CNS, Haemopoetic system)

D) Miscdlaneousimportant complications

A) Cardiovascular effects and complications fol-
lowing chemother apy

Cancer patients recelvea series of chemothera-
peutic agentsthat may adversely affect thehheart.*®

Anthracyclines; i.e. doxorubicin (adriamycin),
daunorubicin, and epirubicinare thecommonest agents
implicated inthe development of cardiactoxicity after
cancer chemotherapy. Cardiactoxicity can manifest at
varioustimes during and followingthe courseof che-
motherapy, threety pesdepending on their appearance
inrelaion to timing of therapy, havebeen identified.

Anthracydineagentsmay impair myocardia con-
trectility.”. Similarly, patients receiving mitoxantrone at
atotal dose of more than 140 mg/m?can suffer con-
gestive heart failure and anthracycline-induced cardi-
omyopathy. Another agentknown to cause myocardia
tissueinjury iscycdophosphamide?®

A cydophosphamidedose rangeof morethan 120
mg.kg! over 2 dayscan result in severecongestiveheart
failure and haemorrhagic myocarditis, pericarditis, and
necrosis. Patientsreceiving busulfan in conventiond ord
daily dosagemay suffer endocardial fibrosis, with sgns
and symptoms of constrictive cardiomyopathy 5

Patientswith preexisting cardiac disease receiv-
ing interferonin conventional doses may have exacer-
bations of their underlyingillness. Morerecently, the
use of mitomycin for extended periodsof timeand dos-
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ages hasbeen shownto producemyocardid damage.t

Previoustreatment with anthracydinesmay en-
hancethe myocardial depressiveeffect of anaesthetics
even in patientswith normd resting cardiac function.2
Thepreoperaiveand anaesthetic assessment of thepa
tients who have received these above mentioned agents
may require 2 D-echocardiogram or nuclear medicine
studies. Such studies permit precisemeasurement of
theleft ventricular g ection fraction and detection of
regional and global myocardial dysfunction. Where
congestivefalureis discovered, thephysicianwill have
totreat it preoperatively.

In addition to theabove sdeeffects, anthracycline
agents can cause dy srhythmiasunrelated to thecumu-
lativedose.* Such dysrhythmiasmay occur hoursor
even daysafter administration. Commonly observed
dysrhythmiasinclude supraventricular tachycardia,
completeheart blocks, and ventricular tachycardia In
addition, doxorubicin may prolongthe QT interval.

In recent years, it has been observed that
peclitaxel,when given in combinationwith cisplatinum,
may also produce ventricular tachycardia'®

Acute and Subacute car diatoxicity:

It can occurimmediately after asngledoseor
acourseof anthracyclinetherapy. Acutetoxicity com-
monly (40%) takestheform of ECG changessuch as
nonspecificST-T changes, decreased QRSvoltage, and
QT prolongation. Decreased R wave amplitude has
beenthought by sometosigna devdopment of chronic
cardiomyopathy later, though itis not proved. Sinus
tachycardiaisthe most common rhythm disturbance
but avariety of arrhythmias, indudingventricular, su-
praventricular, and junctional tachycardia, have been
reported. Atrioventricular and bundle-branch block
have also been seen®®.

Thesechangesoccur a all dose intervalsand ex-
cept for decreased QRSvoltage, resolve 1to 2 months
after cessation of thethergpy. Sudden deathmay also
occur, dueto ventricular fibrillation. Rare cases of sub-



acutecardiotoxicity resultingin acutefailure of theleft
ventricle, pericarditisor afatal pericarditis-myocarditis
syndrome, particularly in children, havebeen reported!’
If these patientsrecover they should not recaivefurther
treatment with anthracydines. In dderly patientswith
preexisting heart disease, congestive heart falure can
occur, whichisgenerdly transent and respondsto nor-
ma medica management.

Chronicor latecar diotoxicity:

Chroniccardiotoxicity after anthracyclines das-
scally takestheform of cardiomyopathy. CXR review
may reveal cardiomegaly. ECG changes occur with
these agentsand includenon-specific ST-and T-wave
changes, prematureatrial and ventricular contractions,
sinustachycardiaand low-voltage QRS complexes.®
Anthracyclinecardiotoxicity isacumulative dose re-
lated phenomenon. Theincidence of congestive heart
failure secondary to anthracycline induced
cardiotoxicity increases with dose. Praga et al re-
ported that an averageincidence of 7% at 550 mg/n,
15% at 600 mg/m?, and 35% at 700 mg/m> At total
doses® lessthan 400 mg/m? the incidence of CHF is
0.14%. Therapid increasein incidenceof CHF after a
dose of 550 mg/m?has madeit apopular empiric-lim-
iting dose for doxorubicin-induced cardiotoxicity.

L ateonset car diotoxicity:

Several recent studies, extensively reviewed
elsewhere? havereported occult ventricular dysfunc-
tion, heart failureand arrhythmias occurringin previ-
ously asymptomatic patients more than ayear after
anthracydinethergpy 2. Itispostulated that doxoru-
bicin can cause subdinica myocardid injury during pre-
adolescentyears and thisinlater yearsretards appro-
priate growth of themyocardium during growth spurt.

Pathogenesis of anthracyclinecar diotoxicity:

The anthracyclineantibiotics react with cyto-
chrome P-450 reductase in the presence of reduced
nicotinamide adeninedinucleotide phosphateto form
semiquinoneradical intermediates, which inturn can
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react with oxygen toform superoxideanion radicals.
These can generate both hydrogen peroxideand hy-
droxyl radicals, whichare highly destructiveto cells thus
causing myofibrillar lyss, cytoplasmicvacuolization, and
degeneration of nucle and mitochondria in the
myocytes. Severemyocytedamageresultsin decreased
myocardial contrectility and CHF.

Risk factors for development of anthracycline
car diotoxicity:

Apart fromthetotal dose, patientswho have
received high dose radiation to the mediagtinum and
thosewho areon concurrent cycdophosphamidetherapy
areparticularly susceptibleto thiscardiomyopathy. The
other risk factors are extremesof age, prior ischaemic
heart disease, hypertension, vavular heart diseaseand
liver diseases. Theriskinvolved at acumulativedosein
the range of 300-450 mg/m? is about 1-10%, while
doseshigher thanthisinvitesarisk of >30%.

I nvestigations for the detection of anthracycline
car diotoxicity:

Thebest curently availablenoninvasive method
for assessing cardiac function isradionucleide angio-
cardiogrgphy. Thecommonly studied parameterswith
radionucleidestudies areleft ventricular gjection frac-
tion(LVEF). A decreasein LVEF tolessthan 45%is
considered to indicate anthracycline-induced
cardiotoxicity. 2-D echocardiogrgphy isanon-invasive
method of cardiac evaluation. Diastolic dysfunction on
echocardiogram may represent an earlier manifestation
of anthracyclinetoxicity. Thenewer noninvasive meth-
ods to know the actual myocardial damageareby us-
ingimagingwithmonoclond indium—111—antimyosin
antibodies. Theseantibodiesbindto theexposed myosin
inthe necrosed myocardial cells. A diffuse uptakeon
imaging indicates a generalised process such as
anthracyclinecardiomyopathy; afocal uptakewill sug-
gest locd pathology suchas myocardid infarct. #

Other chemotherapeuticagentsalso haveadverse
cardiac effects, which areimportant for the anaesthe-
tist to know. Table 2summarizesthem asfollows:-
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Table 2 Other chemotherapeutic agents having
adverse cardiac effects.

Agent Cardiovascular effect

Cyclophosphamide Fulminant CHF secondary to

hemorrhagic myocarditis
Acute Pericarditis with effusion

Risk increased with dose > 200mg/n? &
anthracycline combination

Bleomycin Acute pericarditis

5—Fluorouradl Coronary insufficiency presenting as

angina/ myocardial infarct dueto
coronary spasm

Asymptomatic bradycardia, severe
brady & tachyarrhythmias including
ventricular fibrillation& asystole,
conduction disorders myocardia
ischaemia, infarction, risk increased with
concomitant cisplatinum therapy
periphera edemadueto fluid retention
(docetaxel)

Paclitaxdl and
docetaxd

Problems with anaesthesiamanagement: -
Anappropriate anaesthetic plan indudingthein-
vasivemonitoring techniqueshinges on thorough pre-
operative assessment. Invasive arterial blood pressure
recordingsand apulmonary artery catheterization may
benecessary if significant myocardia impairment is
present. Anthracydinetreated patientsunder anaesthe-
sacan develop acuteintraoperativeleft ventricular fail-
ure refractory to - adrenergic receptor agonists.
Amrinoneand sulmazoleare thenew classof cardio-
tonicswith inotropic drugsuseful insuch conditions.

B) Pulmonary effectsand complications of cancer
chemather apy

Cancer patientscommonly suffer pulmonary com-
plications. 75% to 90% of pulmonary complications
aresecondary toinfection. Thecancer patient can suf-
ferinfectiouscomplications secondary to chemotherapy
(e.0., Bleomycin), thoracicradiation, and multiple pul-
monary resections.®

Pulmonary complications areasignificant prob-
lem; respiratory failurein cancer patientsrequiring as-
sisted mechanicd ventilation isassociated with a75%
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mortdity rate.??% In patientswith systemic cancer, the
differential diagnosisof pulmonary infiltratesseenon a
routine chest radiograph isextensive; thereare many
causesfor such infiltrates®3

Administration of several chemotherapeutic
agents, suchasbusulfan, cydophosphamide, paclitaxd,
etc, can lead to pulmonary complicetions. Bleomycin,
an antitumour agent, isthe foremost of thesein pro-
ducinglung damage.

Several patternsof pulmonarytoxicity produced
by bleomycin havebeen described:

1. Dosedependent interstitid pneumonitis progressing
tochronicfibrosis

2.An acutehypersensitivity pneumonitiswith periph-
eral eosinophiliaresembling eosinophilic pneumonia

3.Anacute chest pain syndrome.
4. A bronchitisobliteranswith organising pneumonia
5. Pulmonary veno-occdusive disease.

About 0-40% patients are reported *2to de-
velop pulmonary toxicity, 11-30% patientswill have
non-etha pulmonary fibrosisand themortality associ-
ated with bleomycin toxicity will rangefrom 2-10%.
Progressiveintergtitial pneumonitisand fibrosisis the
most common pattern of bleomycin lunginjury. Symp-
toms generally occur between 4 to 10 weeks after
bleomycin therapy, however in about 20% patients with
radiographicand histologicd features of bleomycin tox-
icity may bepresent without any dinicd symptoms. The
risk factorsfor bleomycin pulmonary toxicity are old
age, acumulative dose >400-450 U, poor pulmonary
reserves, radiotherapy, uraemia, higher ingpired oxy-
gen concentrations, and concomitantly administered
other anticancer drugs.

M echanisms of pulmonary toxicity:

Though thethreshold doseleve forthedevelop-
ment of pulmonary diseaseisintherangeof 400t0 450mg,
fatal pulmonary fibrosishas beenreported withdosesas
low as50 mg. Themechanism of pulmonary toxicity as-
sociated with theuse of bleomycin, isprobably dueto



direct cytotoxicity and in patientsrecaivingbleomycin, type
| pneumocytes arereplaced by type |1 pneumocytes.
Continued exposureto bleomycin preventsreversion of
typell totypel pneumocytesandfurther leadsto meta-
plasiaof thetypell cdlsto cuboida epithdium. Further
exposurepreventseffectiverepar andfibrosblastsand
macrophages migrateinto theintergtitium andtheaveoli.
Ultimately pulmonary fibross results. One proposed
mechanismfor bleomycintoxicity involvestheproduction
of superoxideand other freeradica moieties, which then
cleavenuclear DNA. Theproduction of thesehighly oxi-
dizing radicdsmight beinareasad by theinspirationof for-
tified concentrationsof oxygen.

Clinical presentation:

Thelesions seen frequently arein thelower
lobes and sub pleural areas and chest X-ray shows
bilateral basa and peri-hilar infiltrates withfibross . The
first signsand symptoms of toxicity arefever, cough,
dyspnoea and bibasilar rhonchi and rales, which may
progress to exertional dyspnoea with mild X-ray
changes and anorma resting PaO, or asevereform of
hypoxiaéa rest. The earliest detection of pulmonary fi-
brossmay beachieved through theserid evaluation of
pulmonary function. Sequential measurement of car-
bon monoxide diffusion capacity (DLCO) may indi-
catethepresence of occult pulmonary changes. Arte-
rid hy poxemiais commonly found and spirometry re-
ved sdecreased lung volumes compatiblewith restric-
tivelung disease. Regression or amdlioration of thetoxic
pulmonary pathology may occur withimmediate ces-
sation of therapy. Steroidthergpy hasbeen foundto be
effectivein somecases.

Occasionally, it may manifest itself as
noncardiogenic pulmonary edema, chronic pneumoni-
tisand fibrosis, and hypersengtivity pneumonitis.®

Hyperoxia& Bleomycin:

Of utmost importance to the anaesthesiologist
isthe debateabout theamount of oxygen to beadmin-
istered toa patient coming upfor surgery after being
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given bleomycin. Thedebatewas sparked off by aland-
mark report by Goldiner etal *#They described 5 pa-
tients undergoingsurgery after receiving bleomycin,
given> 3% oxygenintraoperatively, developed ARDS
and died. Subsequent 13 patients, given > 25% oxy-
gen, survived thesurgery without pulmonary compli-
cations® This need to restrict inspired oxygen con-
centration was subsequently questioned by LaMantia
etd, whoreported aseries of 16 patiientswith uncom-
plicated perioperative period in pite of receiving high
FiO, (>0.41) intraoperatively %

A recent study by Donat et al * evaluating 77
patients undergoing 97 extensiveresection procedures
after receiving bleomycin seemsto have solved theis-
sue. They found that, though theinspired concentration
of oxygen was> 40%, and 25% patientsdid develop
minor pulmonary complications; none of them devd-
oped ARDS or died. The authors concluded that
perioperativeoxygen restriction isnot necessary and a
meticulousperioperaivefluid bdanceincuding trans-
fusions asa ggnificant predictor of postoperative pul-
monary morbidity. They also noted that theduration of
surgery and post-chemothergpy forced vital capacity
aresignificant predictivefactorsof procedurerelated
pulmonary morbidity. Onthebassof avalabledatait
seems prudent to reducethe concentration of inspired
oxygen tothelowest level to maintain SpO, > 90%.
Intraoperativemonitoringisthekey to ssfeadministra:
tion of oxygen to these patients. Arteria blood gas
andysis should be performed by anindwelling arterid
cannulaor intermittent sampling. Thejudicioususe of
intraoperative PEEP to enhance oxygenation and the
postoperative use of rigorous physiotherapy to treat
ventilation-perfusion abnormadlities may be preferable
to theuse of enriched oxygen concentrations. Fluid
balanceisanother important factor in predicting pul-
monary morbidity in-patientsreceivingbleomycin. Con-
sarvative fluid management isimportant; useof colloids
Is beneficial as compared to crystaloid.

Other chemothergpeutic agentsaso haveadverse
pulmonary effects, which are very vitd forthe anesthe-
tist to understand. Table 3summarizesthemasfollows:-
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Table 3 Other chemotherapy agents having adverse pulmonary effects

Agents Incidence Description

Busulfan 4-10% Pulmonary fibrosis, Pulmonary aveolar lipoproteinosis
Cyclophosphamide <2% pneumonitiswith or without fibrosis

Mitomycin <10% Smila tobleomydn

Cytosine arabinoside 5-32% Non-cardiogenic pulmonary edemawith or without pleura effusion
Methotrexate ™0 Hypersensitivity pneumonitis like picture or

Non-cardiogenic pulmonary edema or

Pulmonary fibrosisor

Pleurisy with acute chest pain

C) Effects of cancer chemother apy agents on
hepato-renal, and CNS systems:

i) Renal complications:-

Cisplatinum, acommonly used anticancer drug
hasbeen found to producetoxic effectslike nephro-
toxicity, myelosuppression, neuropathy in stocking
and glove distribution, auditory and visual impair-
ment. Thedose-limiting factor for singleagent use,
however, is nephrotoxicity. 30% of patients receiv-
ing cisplatinumwill develop nephrotoxicity, especialy
if the hydrationisnot properly controlled. It causes
coagulation necrosisof proximd and distal rend tu-
bular epithelid celsand inthe collecting ducts |ead-
ingto areduction in therenal blood flow and glom-
erular filtration rate (GFR). Cisplatinum leads to
wasting of magnesium and potassum. Asingledose
of 2mg/kgor 50-75mg/m? will produce nephrotox-
icity in 25-30% of patients =

Acuterena failurecan resultwithin 24hours of
administration of asingledose of cisplatinum. The
long-term effectswere reported by Fjeldberget al
®who found a12.5% reduction of GFR after 16to
52monthsafter administration of ciplatinum. Proper
hydration with forced diuresisseemsto decreasethe
incidence of renal toxicity by reducingthe concen-
tration of cisplatinumin rend tubulesand theamount
of timeit remainsin contact with rend tubules. Use
of normd sdineisparticularly beneficid ashigh chlo-
rideconcentrationsin thetubulesinhibit the hydroly-
sisof cisplatinum. Therend toxicity may be accen-
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tuated if thepatient recavesaminogly cosidesconcomi-
tantly. Thenewer analoguesof cisplatinum, such as
carboplatinum and oxaloplatinum areless nephrotoxic
withequal efficacy in controllingthemalignancy.

Methotrexate causesthe acutenephrotoxicity as
aresult of itsintratubular precipitation .

Other chemotherapeuticagentsalso haveadverse
renal effectsare summarized in the Table 4 as follows:-

Table 4 Other chemotherapy agentshaving adver se
nephrotoxic effects

Drug Description

Mitomycin Chronic progressiverisein serumcrestinine
tomicroangiopathichemolytic anemia

Methotrexate ~ Physical effect because of precipitation of
drugin renal tubules

Ifosphamide Acute tubular necrosis& rena failure

i) CNS complications:-

Vincaalkaloids werethefirst anticancer drugs
found to have neurotoxiceffects. Vincristineis prob-
ably theonly drugwhosedoselimiting toxicity is neu-
rotoxicity. It can affect the central, peripheral or the
autonomic nervous systems. Peripheral neuropathies
present as periphera paresthesias with depression of
deep tendon reflexes. The paresthesias progress proxi-
maly with thergpy. Motor dysfunction and gait disor-
derscan occur. Vincristine,2vinblastine, procarbazine,
cisplatinum % all can causeatoxic neuropathy with
paresthesia, lossof deep tendon reflexesand muscle
weskness.



Autonomicneuropathy with orthostatic hypoten-
sionisarareconcomitant of neoplasia®® Cranial nerve
effectsmay manifest asopthamoplegiaandfacid palsy.
Autonomic neuropathy can present asorthostatic hy-
potension, erectile dysfunction, constipation, difficulty
inmicturition, bladder atony, etc.

Cisplatinum,alongwith itseffectson the kidney
dso affectsthe nervoussystem. 50% paientsreceiving
cisplatinumwill display neurotoxicity dependingon dose
andtreatment duration. It generaly takestheform of
paresthesias. Continued trestmentwill leed to lossof deep
tendon reflexes, vibration sense, and sensory ataxia

Asfar asregional anaesthesiaisconcerned, one
should be awvaretha in aconsiderable percentage of
patients asub-clinica, unrecognized neuropathy may
bepresentin patientswith previouscisplatinum che-
motherapy. Recently, adiffuse brachid plexopathy af-
ter interscalene blockade has been reported in apa-
tient recaving cisplatinum chemotherapy. Thus, if re-
gional anaesthesiais contemplated, adetailed pre-op-
erdiveneurologica examination and careful assessment
of therisksand benefitsis warranted.*

Other chemotherapeuticagentsalso haveadverse
CNSeffectsareenumerated in the Table 5asfollows-

iii) Hepatic complications :-

Hepatocellular dysfunction ismanifested as
raised serum enzymes, fatty infiltration of liver and
cholestasis, duetodirect toxiceffect of thedrugor it's
metabolite. L-asparginase and cytarabine are most
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commonly implicated agentsin hepatocdlular dysfunc-
tion. A decreased syntheticfunction with low proteins
and coagulation abnormalities may be seen. Ascites,
painful hepatomegaly, and encephd opathy may result
afteradminigtration of cytarabine, cyclophosphamide,
mitomycin, etc.

D) Miscellaneous adver se effects of cancer che-
mother apy agents:

i) Haematological complications:- Bonemar-
row function in cancer patientsmay bedisturbed by
primary bone marrow disorders (e.g., leukemia), bony
metastases (e.g., from breast cancer), as well as
myeosuppressive chemotherapy. The production of any
or dl blood elementsmay beimpaired. Thereisdys-
functiona coagulaion. The PT and PTT are shortened.
Thereisincreaseinfactor I, V, VIII, IX, Xl and FDP.
Thereisreduced survival of the platelets and the de-
creased antithrombin 111 activity. There areno prospec-
tivetriasto datethat establishtheminima platelet count
necessary to prevent bleedingwith specific procedures.
Someinvedtigatorshave maintained aminima level of
50,000 plateletsper microliter in theintraoperativeand
postoperative period. Correction of other coagulation
disturbancesisimportant beforeundertaking surgical
interventionin thethrombocytopenic patient. In view
of these findings, a closecooperation among the sur-
geon, anaesthesiologist, and hematologistisrequired
for optimad management and maxima safety.®

Myelo-suppression caused by dl thechemothera-
peutic agentsispartidly or completely reversble within
1to 6 weeksof termination of therapy.

Table 5 Other chemotherapy agents having adverse neurotoxic effects

Drug Incidenceof toxicity Description

Cytarabine 15-37%

Cerebdlar dysfunction, peripheral neuropathy, seizures, encephal opathies,

myel opathy, pseudobulbar pal sy

Ifosphamide 0-10%
5- Fluourecil 0-5%
Methotrexate 0-2%
Paditaxd

Procarbazine

Cerebdlar dysfunction, hemiparesis coma, extrapyramida abnormalities
Cerebdlar dysfunction, multifocal |eukoencephal opathy

Meningedl irritation, transient paraparesis, encepha opathy

50—70% (highdose) Peripheral neuropathy, autonomic neuropathy

Cerebral effects: lethargy, depression to psychosis, peripheral neuropathy
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i) Syndromeof inappropriateantidiuretichor-
monesecr etion (SIADH):-

Another metabolic abnormality in patients with
cancer likelung, pancreas-adeno-carcinoma, duode-
num, thymoma, mesothelioma, leukaemia, hodgkin,
reticulum cdl sarcoma, is SIADH, which occursin 1%
t0 2% of cancer patients.

Somedrugs, such asvasopressin, carbamazepine,
oxytocin, vincristine, vinblastine, cydophosphamide,
phenothizianes, tricyclic antidepressant agents, narcot-
ics, and monoamine oxidaseinhibitors, canalso induce
SIADH.%

i) Steroid administr ation:

Theoncology patient often hasahistory of exog-
enous glucocorticoid administration aspart of ache-
motherapy regimen. Thephysician at the timeof pre-
operative evaluation hasto decide on theuseand the
amount of stresssteroid coverage. The patient who has
received >2 weeks of glucocorticoids withinthe past
yearisconsderedat riskfor adrend suppression. How-
ever, many of these patients are capable of anormal
stress response. The corticotrophin (ACTH) stimula-
tion test isthedefinitivetest to identify adrenal sup-
pression.

iv) Tumor lysis syndrome -

Another frequently seen complication in cancer
patientsisthetumor lysis syndrome:*” Chemotherapy
induces rapidtumor cell lysisin patients with alarge
madignant cell burden over an exquisitely sensitivetu-
mor “4® Thisclassicaly occursin patientswith Burkitt’s
lymphoma, non-Hodgkin’ slymphomas, acutelympho-
blastic and nonlymphobl astic leukemias, and chronic
myelogenous leukemia. In addition, it may aso occur
continuoudy in patientswith lymphomasand leukemia
followingtreatment with chemotherapy, radiation, glu-
cocorticoids, tamoxifen, orinterferon. Thedinica mani-
festationsof thissyndrome arerelated to the metabolic
abnormadlities.
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In thosepatients with suspected tumor lysssyn-
dromeorfor thosepatientswho receve chemothera-
peutic agentslikely toinducethesyndrome, prevention
Isthemainstay of treatment. To prevent the develop-
ment of acute rend failure, patientswho areto undergo
treatment for maignanciesshould receivevigorousin-
travenous hydration, often with diuretics or rend doses
of dopamineto ensure adequateurine output.

v) Chemotherapy and wound healing:-

Theoutcome of surgical proceduresmay be
affected by thewound-hedingimparment caused by
antineoplastic agentsused to treat theunderlyingtu-
mor. The neutropeniatha accompaniessome chemo-
thergpy within 7to 10 daysof administration can inter-
ferewiththe early phases of wound heding. Most pa-
tientswith WBC count 500/mm?2have no adverse e -
fects of leukopeniaon surgica wound healing. Chronic

anemiaalso haslittle effect on surgical wound heding
50.

The effects of chemotherapy directly onwound
hedling depend on doseand thetiming of drug admin-
istration relativeto creation of thewound. A high inci-
denceof wound complications has been reported in
women undergoing mastectomy after receiving preop-
erativechemothergpy andradiaion. Bleomycin hasnot
been associated with increased wound complications.

Anaesthetic consider ationsfor patients after che-
mother apy

Theinteraction between ananaesthesiologist and
acancer patient starts with apreoperative visit for a
surgical procedure. The goalsof such apreoperative
visitwould be asfollows:-

« Tooptimize patient’ sphysical satus.

o Toassesseffectsof cancer and cancer therapies (che-
mothergpy, radiothergpy, and surgery) on patient.

Someof theimportant features and care before
planning anaesthesiain such achemotherapy received



paient areasfollows—

« Inpre-anaesthetic checkup, onemust obtana
pertinent, comprehensivepast medica history, preex-
isting conditionsprior to surgery and anaesthesia, medi-
cations, dlergies, family history and acompletesys-
temicexamination. Theanaesthesiologist’ srolein pre-
operative evaluation and preparation of the surgical
patient and intraoperative and postoperative manage-
ment isof great importance. Thisbeginswith athor-
ough history and physical examination.

« Routinedinicd testslikecompleteblood count,
urineanalyss, serum electrolytes, fasting blood sugar,
serum BUN, pulmonary function tests, PaO, and
PaCO, contentsby arterid blood gasanalysis, serum
osmoldlity, bilirubin, cregtinine, amylase, liver function
tests, chest X-ray and ECG are mandaory.> Aware-
nessof thesde effectsof thevarious chemothergpeu-
ticagents enablesother appropriateinvestigationsto
be carried out and institution of corrective measures
when possible will ensureawell-prepared patient.

 Immuno-suppresion occurswiththeuseof all
thedkylatingagents. Meticulousattention must begiven
to aseptic techniquesin theperioperative periodin or-
der to avoid potentially lethal iatrogenic infection.

o Pneumonitis and pulmonary fibrosismay be
induced by many of thechemothergpeutic agents. His-
tory or symptoms suggestiveof exertional dyspneaor
dyspneaat rest should dert thephysician tothis prob-
lem .In addition to chest X-ray, arterial blood gases
arenecessary. Pulmonary function testsincluding arte-
rial blood gas, spirometry, and carbon monoxide dif-
fusing capacity should be eva uated. Findings compat-
iblewith interstitid fibrossindudeincreased dveolar-
arterial gradient, restrictivelung disease, and decreased
carbon monoxidediffusing capacity.® Patientswho had
ableomycintherapy should not receivehigh inspired
oxygen concentrationsand that colloid rether than crys-
taloid replacement should bepreferred both during and
after surgery. Ventilator support should be anticipated
inthepostoperative period.
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« Cadiotoxicity may occur in-paientswho have
received anthracy dines. TheECG may reved diminu-
tion of the QRSvoltage, systolictimed interva may be
increased, and gjection fraction aswell as fractional
shorteningmay bedecreased. Congestiveheart falure
istreated using diuretics, digitdis and oxygen. Operat-
ing and recovery roommonitoring shouldincdude ECG
urinary output, central venouspressure and when fea-
sible pulmonary arterial and wedge pressures.
Huetteman and colleagues? showed that previoustreet-
mentwith anthracydinemight enhancethe myocardia
depressant effects of anaesthetics evenin individuas
with hedlthy cardiac function a rest.

« Hepatotoxicity may occur withtheuseof most
of theanticancer drugs. Anaestheticdrugs incriminated,
as causingliver damage should not be administered.
Busulfan, methotrexate, cisplatinum and others may
cause nephrotoxicity. Balanced eectrolyte solutions
garted the evening before surgery will adin mantan-
ing optimal renal flow and glomerular filtration. Poten-
tidly nephrotoxicdrugs should be avoided.

« Theeffectsof cydophosphamide, apseudo-
cholinesteraseinhibitor, could last for 3-4weeksfrom
theend of itsuse, and Zsgmond and Robins®argued
that this occurrence might justify or explain the
recognised hazard because of thedrug' sinteraction with
suxamethonium (a depolarising muscle relaxant,
metabolised by pseudocholinesterass), inducingarisk
of protracted postoperative apnoea.

« Negaiveinteractions between methotrexate
and non-steroidd anti-inflammatory drugs (NSAIDs)
arewell known. Although themechanism of thisinter-
actionisnot completey clear, NSAIDSareknownto
reducethe excretion of methotrexate. A competition
for receptor sitesat renal tubular excretion has been
postulated but the mechanismis not yet understood,;
thisinteraction might result in potentially fatd side-f-
fectsfor patients™

 Central and autonomic nervoussystem toxic-
ity and periphera neuropathies occur with vincristine,
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csplatinum and others. Thereforeregiond anaesthesia
iscontraindicated. Thepreoperativestateof sensorium
and neurologic deficits should bedocumented. Anti-
cholinesterase effects of alkylating agentsare sgnifi-
cant. Reduction of dosageof succinylcholineisindi-
cated to prevent prolonged respiratory depression.
Monoamineoxidaselike inhibitionmay occur withthe
administration of procarbazine. Becauseof synergitic
action barbiturates, antihistaminic, phenothiazines, nar-
coticsand tricyclic antidepressantsshould beused with
caution. Diarrheaisasideeffect of many of theanti-
cancer drugs. Attendant serum electrolyteand fluid
abnormadlities should be corrected beforesurgery and
alsointhepostoperative period.

The cancer patient like any other high risk pa-
tientsrequiring anaesthesiadeservesaspecial careand
congderations. A growing number of patients undergo
surgical procedureswith generd anaesthesasoon -
ter receivingchemothergpy; occasionaly such trestment
canbegiven duringsurgery. Therefore, itisworthwhile
and prudent to understandthe pathophysiology of can-
cer and consder the pharmacological interactions be-
tween anticancer and anaesthetic drugs. Anti-cancer
chemotherapeutic drugsmay causegeneralized and
specific organtoxicitiesand may also giveriseto vari-
ous unpredictable or life-threatening peri-operative
complications, rendering adetaled pre-operaive as-
sessment of patientswith previouschemothergpy man-
datory. Thus, specid consderation and understanding
of the cancer patient’ sanaesthesia-related needs will
result in superior patient careand outcomes.

References

1 Jessup M, McGinnisLS, Steddo GO Jr, et d. The na
tiond cancer database: Report on colon cancer. Cancer
1996, 78: 918-26.

2. Stephen P. Fischer. Preoperative eval uation of the can-
cer patient; Anesthesia Clinics of North America
1998,16:533-546.

3. Foley JF. Complications of chemotherapy agents. In:
Foley J, Vose J, Armitage JA (eds). Current Therapy in
Cancer 2nd edn. Philadel phia: W. B. Saunders 1999; 485-
491

27

4

14,

16.

17.

Burrows FA, Hickey PR, Colan S Perioperative compli-
cations in patients with anthracycline chemotherapeu-
ticagents CanAnaesth Soc J1985;32:149-157.

LahtinenR, KuikkaJ, Nousianinen T, e d. Cardiotoxi city
of epirubicin and doxorubicin: A double-blind random-
ized gudy. Eur JHaematol 1991;46:301-305.

Lekakis J, Vassilopoulos N, Pschoyiou H, et d. Doxoru-
bicin cardiotoxidty detected by indium 111 myosin-spe-
dficimaging. Eur INucl Med 1991;18:225-226.

Weesner KM, Bledsoe M, Chauvenet A, et a. Exercise
echocardiography in the detection of anthracycline
cardiotoxidity. Cancer 1991,68:435-438.

Lewkow LM, Hooker JL, Movahed A. Cardiac compli-
cations of intensive dose mitoxantrone and cyclophos-
phamide with autol ogous bone marrow transplantation
inmetastatic breast cancer. Int JCardiol 1992;34: 273-
276.

Solley GO, Madonado JE, Gleich GJ, et al. Endomy-
ocardiopathy with eosinophilia. Mayo Clin Proc 1976;
51.697-708.

Drzewoski J, Kasznicki J. Cardiotoxicity of antineoplas-
tic drugs. ActaHaematol Pol 1992;23:79-86.

Verweij I Mitomycins. Cancer Chemother Biol Response
Modif 1996;6:48-56.

E Huettemann, T Junker and KP Chatzinikolaou, et al.
The influence of anthracyclinetherapy on cardiac func-
tionduringanesthesia. Anesth Anad g 2004;98:941-947.

Steinherz LJ, SteinherzPG Tan CT, et al . Cardiac toxicity
4 to 20 years after completing anthracycline therapy.
JAMA 1991;266:1672-1677.

Burrows FA, Hickey PR, Colan S Perioperative compli-
cations in patients with anthracycline chemotherapeu-
ticagents CanAnaesth Soc J1985;32:149-157.

Cortes JE, Pazdur R Docetaxd. JClinOncol 1995;13:2643-
2655.
Steinberg JS, Cohen AJ, Wasserman AG Cohen P, Ross

AM. Acute arrhythmogenecity of doxorubicinadminis-
tration. Cancer 1987; 60: 1213-8.

Bristow MR, Billingham ME, Mason JW, Daniels JR.
Clinical spectrum of anthracycline antibiotic
cadiotoxicity. Cancer Treat Rep 1978;62: 873 —79.

Lefor AT. Perioperative management of the patient with
cancer. Chet1999; 115:165S-171S.

Praga C, Beretta G Vigo PL, Pollini C, Bonadonna G
CanettaR, et al. Adriamycin cardiotoxicity: A survey of
1273 patients. Cancer Treat Rep 1979; 63: 827 —834.

Von Hoff DD, Layward MW, Basa P, DavisHL Jr, Von
Hoff AL, RozencweigM, et a. Risk factorsfor doxorubi-



24,

2.

3L

cin —induced congestive heart failure. Ann Intern Med
1979;91: 710—717.

ShanK, Lincoff AM, Young JB. Anthracycline-induced
cardiotoxidty. Annintern Med 1996; 125: 47 —58.

Seinherz LJ, Seinherz PG Tan CT, Heller G Murphy
ML. Cardiac toxicity 4 to 20 years after completing
anthracyclinetherapy. JAMA 1991; 266: 1672—77.

Lipshultz, SE, Colan SD, Gelber RD, Perez Atayde AR,
Sdlan SE, Sanders SP. Late cardiac effects of doxorubi-
cin therapy for acute lymphoblastic leukemiain child-
hood. NEng JMed 1991;324: 808-15.

Ganz WI, Sridhar KS, Ganz SS, Chakko S, Serafini A.
Review of tests for monitoring Doxorubicin-induced
Cardiomyopethy. Oncology 1996, 53: 461-470.

Varon J:. Acute respiratory distress syndrome in the
postoperative cancer patient. The Cancer Bulletin 1995;
47:38-42.

Dumont P, W hdM , Hentz JG et d. Respiratory compli-
cationsafter surgical treatment of esophageal cancer: A
study of 309 patients according to the type of resec-
tion. Eur JCard othorac Surg 1995;9:539-543.

Epner De, White F, Krasnoff M, et al. Outcome of me-
chanical ventilation for adults with hematologic malig-
nancy. Jinvest Med 1996;44:254-260.

RandleCJJr, Frankd LR, AmylonMD. Identifying early
predictors of mortality in pediatric patients with acute
|eukemiaand pneumonia. Chest 1996;109:457-461.

Lombara CM, Churg A, Winokur S. Pulmonary veno-
occlusivedisease following therapy for malignant neo-
plasms. Chest 1987;92: 871-876.

Meysman M, Schoors DF, Reynaert H, et d. Respira-
tory failure with diffuse patchy lunginfiltrates: An un-
usud presentation of squamous cell carcinoma. Thorax
194:49:1271-1272.

Williams DM, Krick JA, Remington JS. Pulmonary in-

fection inthe compromised host: Oncol Biol Part 1. Am
RevRexpir Dis1976;114:359-394.

Waid-Jones M, Coursin DB. Perioperative consider-
aionsfor patients treated with bleomycin. Chest 1991;
99: 993—99.

Rosenow EC 111, Myers JL, Swensen SJ, et a. Drug-
induced pulmonary disease: An update. Chest
1992,102:239-250.

Goldiner PL, Schweizer O. The hazards of anesthesia
and surgery in Bleomycin-treated patients. Seminarsin
Oncology 1979;6: 121 —124.

Goldiner PL, Carlon GC, Cvitkovic E, Schweizer O,
Howland W. Factorsinfluencing postoperative morbid-

28

41

42

47.

Indian Journal of Anaesthesia, February 2009

ity and mortality in patients treated with bleomycin.
BritshMedicd Journal 1978;1:1664 — 1668.

LaMantiaKR, Glick H, Marshall BE. Supplemental oxy-
gen does not cause respiratory failure in Bleomycin-
treated surgical patients. Anesthesiol ogy1984; 60: 65 —
67.

Donat SM, Levy DA. Bleomycin associated pulmonary
toxicity: is perioperative oxygen restriction necessary ?
The Journa of Urology 1998; 160: 1347 —52.

Mad as NE, Harrinton JT. Platinum nephrotoxicity. Am J
Med 1978; 65: 307 - 14.

Fjeldberg P, Sorensen J, Helkjaer PE. Thelong term ef-
fects of cisplatin on renal function. Cancer 1986; 58:
2214-17.

El-Badawi, MG ,Abdalla, M A, Bahakim, HM , Faddl, R
A. Nephrotoxicity of low-dose methotrexate in guinea
pigs: an ultrastructura study. Nephron 1996;73: 462—
466.

WeissH D, Walker M D & Wiernik PH. Neurotoxicity of
commonly usedartineopl astic agents N EJM 1974;291.
8L

Kedar A., Cohen M E & Freeman A I. Peripheral neur-
opethy asacomplication of ds-Dichlorodiammine-plati-
num treatment: a case report. Cancer treatment reports
1978,62: 819-821.

Semsen JK & Meister L. Bronchogenic carcinomaas-
sociated with severe orthostatic hypotension. Ann Int
Med 1963;58: 669-676.

Huettemann, Egbert Sakka, Samir G Anaesthesia and
anti-cancer chemotherapeutic drugs. Anaesthesia and
medical disease. Current Opinion in Anaesthesiology
2005;18:307-314.

Heyman MR. Cancer and therapy-related hematologic
abnormdlities. In: Lefor AT, ed. Surgical problems af-
fecting the patient with cancer. Philadel phia, PA:
Lippi ncott-Raven 1996; 373-392.

Anderson RJ, Chung HM, Kluge R, et a. Hyponatre-
mia A prospective anaysisof its epidemiol ogy and the
pathogenetic role of vasopressin. Ann Intern Med
1985,102:164-168.

Fleming DR, Doukas MA. Acutetumor lysissyndrome
in hematologic mahgnancies. Leuk Lymphoma
1992,8:315-318.

Jones DP, Mahmoud H, chesney RW. Tumor lysis syn-
drome: Pathogenesi s and management. Pediatr Nephrol
1995;,9: 206-212.

Van der Hoven B, Thunnissen PL, Szoo W. Tumour
lysis syndrome in haematol ogical malignancies. Neth J



Gehdoo RP. Anticancer chemotherapy-anaesthetic implications

SL

Med1992;40:31-35.

Scha ffer MR, Barbul A. Chemothergpy andwound hedl -
ing. In: Lefor AT, ed. Surgical problems affecting the
patient with cancer. Philadel phia, PA: Lippincott-Raven
1996; 305-320.

Mathes DD, Bogdonoff DL. Preoperative eval uation of
the cancer patient. In: Lefor AT, ed. Surgical problems

afecting the patient with cancer. Philadel phia, PA:
Lippi ncott-Raven 1996; 273-304.

29

52

Klein DS, Wilds PR. Pulmonary toxicity of antineoplas-
tic agents: anaesthetic and postoperative implications.
CanAnaesth SocJ1983; 30:399-405.

EK Zsigmond and G Robins, The effect of a series of
anticancer drugs on plasma cholinesterase activity, Can
Angesth SocJ 1972;19:75-82.

ML Frenia and KS Long, Methotrezate and NSAID in-
teractions, Ann Pharmacother 1992;26:234-237.


Virendra
Rectangle


