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Effect of Radiation and Chemotherapy 
On Wound Healing

M.C. McEntee, D.V.M. and
The current trend in cancer therapy combines dif
ferent treatm ent m odalities such as surgery, 
radiation and chemotherapy. The rationale for 
combined treatment is to maintain or reduce the 
morbidity of single agent therapy, and improve 
local response rates. However, complications of 
delayed or disrupted wound healing can occur with 
combined therapy.

Phases of Wound Healing

Wound healing involves an immediate (day 1-3) 
v a s c u la r re sp o n se  w ith  a b r ie f  p e rio d  o f 
vasoconstriction follow ed by vasodilation, in 
creased cap illary perm eability and leukocyte 
m igration into the wound site. Tissue macro
phages phagocytize debris and stimulate fibroblast 
proliferation and neovascularization.
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In  the second phase (day 4-14), formation of 

collagen and mucopolysaccharide occurs with a 
concomitant increase in mechanical strength of the 
wound. The fin al phase (day 14 +  ) involves 
rem odeling and a further increase in  wound 
strength. l '

Studies on wound healing often neglect to 
report sufficient detail to allow comparison. The 
species studied, the wound site, method of assess
ing w ound strength, the system ic effects of 
chemotherapy on wound repair as w ell as the dose, 
route and timing of drug adm inistration must be 
documented.3 Tensile strength and rate of col
lagen deposition determ ine wound integrity and 
are evaluated in the m ajority of studies with a der
mal wound model.

Chemotherapy

The m echanism  by w hich chem otherapeutic 
agents affect wound healing is unknown. The 
m ajority of antineoplastic agents function through 
interference with D N A  rep licatio n , R N A  or 
protein synthesis, or cell division. A ll of those 
mechanisms are involved with fibroblast prolifera
tion and collagen synthesis. M ore specifically, the 
effects of chemotherapeutic agents on the three 
phases of wound healing are as follows:

Phase 1 - inhibition of vasodilation, thereby 
prolonging the inflammatory phase and decreasing 
fibrin deposition.
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Phase 2 - inhibition of fibroplasia, reduction in 
co lla g en  d e p o sitio n  and decreased neovas
cularization, or interference w ith the norm al 
processes of wound contraction.

Phase 3 - alteration of collagen metabolism.

Additional factors must also be considered. 
Neutropenia commonly occurs in  a number of dif
fe ren t an tin e o p la stic agents. E xp erim en tal 
m od els have not su p p o rte d  the id ea that 
neutropenia has any effect on wound healing. 
However, absence of neutrophils during the in 
flammatory phase of healing may predispose the 
wound to in fectio n  and, thus, delay healing. 
D ecreased m acrophage in filtra tio n  has been 
shown to alter wound healing. Nutritional status 
of the patient may also affect wound complication. 
M alnutrition from protein and calorie deprivation 
which results in  a loss of more than 15 to 20 per
cent of body weight significantly im pairs wound 
healing.

Specific antineoplastic agents and reported ef
fects on wound healing are outlined in Table 1.

Radio therapy

Radiation interacts with body tissue by generating 
free rad icals that damage D N A  or D N A -as- 
sociated proteins. The result is cell death at the 
time of attempted cell division. W ithin a wound 
site, early and late responding tissues may be af
fected by radiotherapy. Infiltration of leukocytes 
and fibroblast proliferation are critical to wound 
healing in tissues which may be im paired by radia
tion. W ound in fectio n or decreased tensile 
strength may result from radiation during the first 
two weeks following surgery.

Experim ental studies evaluating the effect of 
preoperative radiation on the survival of skin flaps 
indicate that surgery should be done no later than 
sue weeks following radiation.4 A  longer delay may 
increase interference with healing due to the

delayed effects of radiation which includes fibrosis 
and tissue hypoxia. Another study evaluating the 
effect of postoperative radiation therapy on the 
survival of skin grafts showed a maximal effect on 
healing at two weeks. The authors suggested that 
radiotherapy could safely begin at week 3-4 follow
ing surgery.

Optim al timing of pre- or post-surgical radia
tion has not been evaluated in  a prospective, 
randomized clinical trial. Those studies generally 
involve single radiation doses to wounds subjected 
to great stress. Extrapolation of fractionated doses 
of radiotherapy in a clinical setting is tenuous at 
best. If  surgery is planned knowing that radiation 
therapy is to be included in the treatment scheme, 
the surgical procedure should be altered to reduce
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Table 1. Antineoplastic Agents and Wound Healing

A gents d etr im en ta l to 
wound healing:

• Nitrogen M ustard
• Cyclophosphamide
• Methotrexate
• Doxorubicin 
.  B C N U
• Corticosteriods

Agents with variable or no 
effect on wound healing:

• Thio-TEPA
• 5-flurouracil
• Azathioprine
• Vincristine

Agents inadequately stud
ied for effect on wound 
healing:

• M itomycin C
• Actinom ycin D
• Bleomycin
• 6-mercaptopurine

the need for excessive tensile strength of the 
wound. Few wound problems would exist, even

with radical dissection, if  the surgeon and the 
radiotherapist plan the treatment together.

Com bined chemotherapy and radiation are 
being used concurrently in many institutions. One 
study evaluating the effect on wound healing using 
adriamycin and radiation, alone or in combination, 
showed that withholding treatment until day 7 did 
not im pair the healing process when compared to 
control wounds.

Conclusion

The majority of research in this field supports the 
avoidance of adjuvant therapy in the immediate 
perioperative period. C linically, common sense 
indicates that, as long as too much is not required

of the tissues or incision, adjuvant therapy can be 
safely combined with surgery.
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Part II: Lead
Leonard

E ditor’s Note: Part I, published in volum e 4:1, dis
cussed causes, signs and diagnosis o f  lead poisoning 
in cats.

Therapy for lead poisoning should be directed at 
preventing further exposure, decreasing absorp
tion from  the gastrointestinal tract, rem oving 
tissue lead , and p ro vid in g  suppo rtive care. 
Hospitalization is usually adequate in preventing 
further exposure, but cats may require bathing to 
remove lead particles from a contaminated coat. 
The owners should also be informed that bathing 
other household cats may prevent ingestion of ad
ditional lead. In  cases of indoor paint sanding or 
scraping of older homes, the owners should also be 
inform ed of their own risk from inhaling and even
tually swallowing lead particles.

Em etics, enemas, and cathartics accelerate the 
gastrointestinal elim ination of lead. In  addition to 
its cathartic properties, Epsom  salts (magnesium 
sulfate) precipitates lead as lead sulfate in the in
testine and thus decreases absorption.

In  m ild cases of lead poisoning, simply remov
ing the source of lead may result in a fu ll recovery. 
However, if  there are high blood lead levels or 
neurologic signs, chelation should be instituted to 
control acute symptoms and prevent permanent 
n e u ro lo g ic  d e fic it s . C a lc iu m  d iso d iu m  
ethylenediaminetetraacetic acid (C a E D T A ) and 
penicillam ine are readily available for use as 
chelating agents. Both of these compounds form 
nontoxic complexes with lead that are excreted 
prim arily in the bile or urine.

C alcium  ED TA
Calcium  E D T A  (Calcium  Disodium  Versenate, 
Havidot, Calcium  Disodium  Edetate) is used sub

cutaneously, or less commonly intravenously, and 
is absorbed rapidly by the parenteral route. It is 
concentrated mainly in  the extracellular fluid since 
its ionic properties do not perm it penetration of 
cell membranes, including red blood cells and the 
blood-brain barrier. Because of this property, it is 
thought that C a E D T A  removes lead directly from 
bones, resulting in lower lead levels in soft tissues 
from  e q u ilib ra tio n  w ith bone. Because this 
process is very slow, repeated treatments may be 
needed based on the severity of the toxicity. C al
cium E D T A  is excreted unchanged or complexed 
with lead by the kidney with a half-life of one hour. 
Subcutaneous injection is preferred to prolong 
therapeutic levels in the blood. It is important that 
the calcium  form be used since disodium salt, 
which is made by the same manufacturer, can 
cause hypocalcemia. A dditionally, cats should 
receive calcium  supplementation if  they have had 
a deficient diet. Treatments are usually lim ited to 
five-day periods due to potential nephrotoxicity.

Calcium  E D T A  is available as a 20 percent 
solution in 5 ml ampules or as a veterinary prepara
tion of 6.6 percent in 500 ml bottles (Havidot, 
H aver-Lockhart). These concentrations are pain
ful on injection, so diluting these solutions to a final 
concentration of no greater than 1 percent (10 
mg/ml) with saline or 5 percent dextrose is recom
mended. Dosage is 27.5 mg/kg subcutaneously 
every six hours for two to five days. The dose 
should not exceed 2 grams per day in small animals. 
If  the in itia l lead levels are greater than 100 
micrograms/dl a second course of therapy should 
be initiated after a five-day interval either with 
C aE D T A  or with another chelating agent. Blood 
lead levels taken w ithin 14 days post-chelation are 
misleading since soft tissues, red blood cells and



5

Poisoning in Cats
rd Rice, D.V.M .

bone are not yet in  equilibrium  and levels may be 
depressed.

D-penicillam ine

D -penicillam ine (d-m ethylcystine, Cupra-m ine, 
Depen Titratabs) is an oral chelating agent which 
is rapidly absorbed and excreted unchanged by the 
kidney. It  undergoes some metabolic degradation 
and has an elim ination half-life of one to two 
hours. Long term adm inistration can deplete cal
cium, but short term clinical use of penicillam ine 
may result in  less severe, reversible side effects 
such as vomiting, listlessness and anorexia. It 
should not be used while animals are showing 
gastrointestinal or neurologic signs but can be used 
after an in itial course of C aE D T A . One study 
demonstrated that penicillam ine was just as effec
tive as C a E D T A  in decreasing blood lead and 
urine A L A .

Penicillam ine can be given orally at home, thus 
avoiding m ultiple injections and a prolonged 
hospital stay. It should be administered on an 
empty stom ach to avoid chelation of dietary 
minerals. Dosages vary, but the standard recom
mended dose is 110 mg/kg/day for one to two 
weeks. However, the extended regimen requires 
one week treatment, one week without treatments 
followed by one week of treatment. The dose can 
be divided into three or four daily doses to 
decrease its side effects, or antiemetics can be 
given one-half to one hour prior to dosing. A lter
natively, a lower dose may be administered. There 
is some evidence that a dose of 35 to 55 mg/kg/day 
may be just as effective as the higher dose in 
animals. The capsule form may be divided for cats. 
Since the drug is not palatable and has a strong

odor, it may be dissolved in an acidic fluid such as 
fruit juice for oral administration. Penicillamine 
should not be used in animals with a history o f  ad 
verse reactions to penicillin.

Besides fluid and nutritional support, specific 
gastrointestinal therapy is usually not required 
since signs usually resolve with chelation therapy 
in 24 to 48 hours. However, neurologic signs are 
an indication of cerebral edema and treatment 
with mannitol (20 percent, 1 to 2 grams/kg slowly 
intravenous), dexamethasone (1 to 2 mg/kg sub
cutaneous or intram uscular), or D M SO  (1.5 to 2.5 
grams/kg of 10 percent solution in saline, in 
travenous, every 8 hours) may be beneficial. If  
seizures occur, pentobarbital or diazepam should 
be administered to effect.

Prognosis

If  severe neurologic problems have not occurred, 
prognosis is good with proper therapy. Prognosis 
is not related to the blood lead level, but rather 
should be based on the severity of clinical signs and 
the response to therapy. Continuous or uncon
tro lle d  s e iz u re s  m ay re s u lt in  perm anent 
neurologic deficits. Additionally, since behavioral 
abnorm alities in  children are associated with 
chronically elevated blood lead levels, we can at 
least speculate that such a situation may exist in sail 
animals if  therapy is inadequate.

Leonard Rice, DVM, is a resident in sm all anim al 
internal medicine at Cornell’s College o f  Veterinary 
Medicine. H e received his D VM  degree from  Vir
ginia! M aryland R egional College o f  Veterinary 
Medicine.
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Clip ’n Save

The follow ing chart was developed as a quick 
reference guide for veterinarians to use in deter
m ining diagnostic protocol for sick cats that 
suggest feline im m unodeficiency virus or feline 
leukem ia virus infections. Inform ation on treat
ment protocols for F IV  and F e L V  have been 
published in the following Feline Health Center 
publications:

• Feline Leukem ia, Feline Inform ation  
Bulletin  # 5 ,1983.

• E x p la n a t io n  o f  F e L V  V a c c in e  
Guidelines, Feline Health Topics, Sum
m er 1985.

• Feline Immunodeficiency Virus, Feline 
Health Topics, Vol.3(3), 1988.

Educational brochures on F IV  and F e L V  are 
available from the Feline H ealth Center to dis
tribute to clients. The cost is $20 per 100 copies 
ordered.

The Sick Cat: Diagnostic/Treatment Protocol

L. J
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Feline Health News Service

The Feline Health News Service is free to professional members of the C ornell Feline H ealth Center. This 
service provides camera-ready articles for client newsletters. The size of the columns and the type faces 
chosen were based on a survey that was published in Feline Health Topics (3:2). The quarterly packet in 
cludes three different articles that can be "cut and pasted" into your newsletter format, or you can reprint 
"Feline Forum" as one entire page of your newsletter or as a separate flyer.

Professional members can receive the first issue by com
pleting and returning the form below. (You are a member if 
the mailing label is in red ink.)

If  you are not a member, you can become a professional 
member by sending $15 (U S funds, check or money order 
made payable to C ornell Feline Health Center) to: Profes
sional Membership, C ornell Feline Health Center, College of 
Veterinary M edicine, Ithaca, N Y  14853-6401.

Order form for Members to receive the Feline Health News Service

[ ] I  am currently a professional member of the Cornell Feline Health Center and would like to 
receive the first issue of the Feline Health News Service.

Name

Street Address

City, State ZIP

Com plete and return this form  to Cornell Feline Health Center, News Service, College o f  Veterinary 
Medicine, Ithaca, N Y  14853-6401.



Feline Health Topics 8

In the News...

Tuna Diet Effects Feline Behavior

D r. Katherine Houpt, professor of physiology; Dr. 
Donald Lisk, Toxic Chem icals Laboratory; Linda 
E ssick, and Eve Shaw at C o rn e ll’s College of 
Veterinary M edicine studied the behavioral effects 
produced by feeding a com m ercial tuna diet to kit
ten s. S ix  six -w e e k -o ld  k itte n s w ere fed a 
com m ercial red-meat tuna diet exclusively for 188 
days, w hile the six control kittens were fed a com
m ercial beef ration. The researchers concluded 
that the kittens fed the tuna diet were less playful, 
less active, more vocal, and spent more time eating 
than the beef-fed kittens.

M arine fish such as tuna contain appreciable 
concentrations of methyl mercury, a neurotoxin 
that crosses the blood-brain barrier of consumers 
of fish. It has been reported that cats fed 46 
micrograms of mercury per kilogram  body weight 
d a ily  d e ve lo p e d  a m in im a l n o n p ro g re ssive  
neurological deficit after 60 weeks. D r. Houpt cau
tions that her study is not a toxicological study, and 
that it cannot be said with certainty, that the mer
cury in  the com m ercial tuna diet caused the 
observed behavioral changes. (Resource: Veterinary 
Viewpoints, N um ber 4 ,1988 .)

C ornell Feline H ealth  C en te r 
C ornell U niversity 
College of V eterinary  Medicine 
Ithaca, N ew  York 14853

Cholecalciferol Rodenticides: A New 
Health Threat

The new class of rodenticides, containing cholecal
ciferol (vitam in D 3), poses a new health threat for 
cats. Those rodenticides initiate organ failure (and 
death) through soft tissue calcification. The kid
neys, heart, and lungs are very susceptible to 
calcification.

In  cases of accidental poisoning it is important 
to identify the active ingredient, since vitam in K  an
tagonists and cholecalciferol are treated different
ly. C lin ical signs are a valuable aid in  determining 
the poison if the owner does not know what roden
ticide was ingested. Hypercalcem ia and the resul
tant clinical signs of azotemia, twitching, nausea, 
abdominal pain, tachypnea, hematemesis, melena, 
dehydration, or E C G  changes are indicative of 
cholecalciferol poisoning.

Treatm ent is m ultifaceted and may include 
fluid therapy, gastric lavage or induction of emesis, 
enemas or cathartics, corticosteriods, and diuretics. 
(Resource: Friskies Research Digest, 2 5 (l):2 -4 , 
1989.)


