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and discrepant ideas prevail than about any other disease
that could be named, and to this day, if we appeal to the
written opinions of living author, it ab olute nature
must be considered as till sub judice'.

SUMMARY

1. The cause of a thma i usually not clear-cut. Multiple
causes, especially in the more severe type of asthma, are
the rule.

2. Colds or infection, followed clo ely by allergic
factor, are the mo t important causes of a thma. They
often occur in combination in the same patient.

3. P ychological or emotional difficulties per se very
eldom cau e a thma in children. The e factor, however,

commonly influence the cour e of the asthma once it is
establi hed.

4. The tendency of asthma in children is towards
recovery.

It i with pleasure that I record my thanks to Prof. A. V.
eale, and Dr . B. Corner and J. Apley, for allowing me to

study ca es under their care.
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PROBLEMS RESULTING FROM THE USE OF LIVE ATTENUATED POLIOMYELITIS VIRUS
TYPE I IN A MASS CAMPAIG IN A LARGE URBAN AREA

EDMU, D D. COOPER, M.D., F.R.F.P.S.G., D.P.H. (Gus.), Medical Officer of HealIh, City of Cape Town, and
W. I. ROBERTSO , B.A. (CAPE TOWN), M.B., CH.B. (£DIN.), D.P.H. (CAPE TOWN), MaIernal and Child Welfare

Officer, City of Cape Town

It was only after the experimental work of Enders, Weller
and Robbin,> who, in 1949, were successful in artificially
cultivating (in variou human embryonic ti sue) the polio
myelitis viru , that the fea ibility of developing a live attenuated
virus for the purposes of human immunization became a
reality.

The success of Salk and his collaborators' in producing a
formalin-killed virus of all 3 trains of poliomyelitis, which
was antigenicaIly active in monkey and man, are sufficiently
recent and have received sufficient world-wide publicity to
require no further mention at this stage.

While all virologists are sati fied that the Salk vaccine ha
played a very important part in preventing the onset of
paralytic poliomyelitis in those individuals who have received
a full immunization cour e, they are, nevertheles, disturbed
by the fact that the formalized killed virus present in the
Salk vaccine, although effective in blocking the invasion by
virus of the central nervous system, did nothing to protect
the alimentary cells from further invasion by wild strains
of the poliomyelitis virus. As a result of the multiplication
in these cells of wild poliomyelitis virus, the individual
(although rendered reasonably safe from paralytic episodes)
nevertheless became a carrier and could be responsible for
infecting susceptible individuals.

It was as a result of these deficiencies and the fact that,
on general principles, the best hope of developing a really
effective prophylactic agent again t poliomyelitis was by the
development of an attenuated live virus, that Koprowski, Cox,
and Sabin continued their experimental work on the develop
ment of such a virus.

Sabin appears to have been more succes ful in the cultiva
tion of a sati factory avirulent attenuated live virus, as proved
on monkey testing, than either Koprow ki or Cox. After
intensively tudied small-scale experiments in man, Sabin's
attenuated live virus was accepted by the Russian medical
authorities who, over the last 18 month, have successfully
immunized over 60 million persons in the USSR against all
3 types of poliomyeliti , without any harmful effect.

These favourable reports by the Ru ian' on the use of
the Sabin oral vaccine have, to a very great extent, influenced
the Western world in their acceptance of the safety and
satisfactory immunizing powers of the vaccine in question.

Our own Poliomyelitis Research Foundation in Johannes
burg, under the able director hip of Dr. J. H. Gear, was not

low in realizing the possibilities in this country of the .use
of live attenuated poliomyelitis virus, and commenced cultlva
ting and reaping the 3 strains of Sabin virus during 1957
(personal communication).

The opportunity to use Type I vaccine occurred in 1959
as a result of the occurrence of epidemic poliomyelitis in the
island of Mauritius. Practical and field experience gained
in that outbreak, when over 200,000 persons were fed,
provided the answer to the safety of the local product.

In October - ovember 1959 an unusually early, high,
seasonal incidence of paralytic poliomyelitis manifested itself
in the Cape Western Province - features which in the past
had always been associated with the occurrence of epidemic
poliomyeliti in the midsummer and early autumn months.

As a result, a meeting of senior medical staff of the
Univer ities, Union Health Department, Cape Town City and
Cape Divisional Councils, and the Poliomyelitis Research
Foundation, respectively, was convened in Johannesburg with
a view to discussing the practicability and feasibility of the
release of the live attenuated vaccine in this area of the Union.

As the number of poliomyelitis notifications from Greater
Cape Town at this stage (early December) showed evidence
of falling, the representatives of the two large local authorities
concerned advised against release.

This viewpoint was further influenced by the fact that a
marked movement of population in this area (due to the
breaking-up of schools and the influx of holiday makers)
seemed likely to create insurmountable administrative and
practical difficulties in the initiation of a successful cam
paign; and, even were this to prove successful, the likelihood
of a high percentage of successful 'takes' in susceptible persons
could not be expected owing to interference in the alimentary
tract by other enteroviruses which are all very much more
active during this period of the year (summer). In addition,
it was felt that the psychological effects on the holiday
population of the news of such release in this area was likely
to have had far-reaching repercussions on the tourist industry.

Becau e of technical information supplied to us at
this meeting on the results obtained in other countries
following the u e of live attenuated vims, we in Cape Town
were in the very fortunate position of having been able,
for some con iderable time, to give both conscious and
subconscious thought to the planning of such a vaccination
campaign. Thu, when the vaccine was eventually released
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by the Union Health Department in October 1960, our
Department was admini tratively fully geared and prepared
to embark immediately on a hort and inten ive programme
which i all-important when using thi particular type of
vaccine.

Full publicity wa given in the lay pre s over a period
of several month to the great advantage attaching to the
use of this vaccine, while our medical colleagues were kept
informed by private circulars and articles in the medical pres .
The uccess of thi campaign can, in no small mea ure, be
ascribed to the whole-hearted support afforded us by our
many colleagues in general practice. To them we are mo t
grateful.

The need for adhering to strict temperature requirement in
the torage and handling of the vaccine, so a to maintain
potency, made its release through the general practitioner
wellnigh impo ible, and as a re ult the Union Health Depart
ment decided to make it available to only those large local
authorities which had the taff and the nece ary facilIties for
controlling these factors.
Apparatus

Although advice contained in circulars from the Union
Health Department, which emanated no doubt from the
Poliomyelitis Research Foundation, strongly recommended the
use of a semi-automatic filling type of syringe (which delivers
to the back of the throat a fixed and given quantity of
vaccine), we considered the use of such a piece of apparatus
impracticable in so far as our preschool and school-going
groups were concerned. As these were the groups which we
wished to immunize as fully as possible, it was decided to
use an absorbent type of palatable sweet on to which a definite
measured amount of vaccine could be dropped. In association
with one of the local sweet manufacturers we were successful
in obtaining just such a vehicle. The campaign owes its
uccess in no small measure to the use of these sweets for

the administration of the virus.
For babies under I year, Syrup B.P. was used, and the

measured drop of vaccine was added to half a teaspoonful of
this syrup. .

The maternal and child welfare branch of this local
authority has always been charged with the responsibility of
carrylllg out the vaccination and immunization programmes
against infectious diseases and, as a result this branch was
considered to be the most suitably organ'ized and capable
unit for carrying out the campaign in regard to the use of
the oral attenuated poliomyelitis virus.

DILUTION OF VACCI E AND STORAGE

As the Poliomyelitis Foundation had indicated that vaccine
would be dispatched to local authorities in lO ml. vials each
containing 1,000 doses, it was decided that the pri'ncipal
'pharmacist at the City Infectious Diseases Hospital should be
responsible for collecting the frozen vaccine on its arrival
by air or rail, and storing it in his dispensary in a deep
freeze cabinet.

To him, also, was allocated the responsibility of dilutin o
the vaccine and packing it into suitably sized bottles, which
were then deposited in wide-necked thermos flasks containino
cube ice, preparatory to its collection by members of th~
maternal and child welfare branch for distribution to those
centres where clinic sessions were due to take place durim!
the day in question. ~

. It became necessary to obtain specially manufactured
pIpettes which were so constructed as to deliver exactly O· J
m!. of vaccine in the form of a drop.

In carrying cut the dilutions of concentrated vaccine, it
is necessary to have available the followin!!:

1. Cold sterile normal aline containin: no bacteriostatic
substances. Such saline should preferably be refrigerated for
24 hours before use.

2. A sealed sterile syringe - 50 m!. capacity.
3.. Two .sterile needle - one fqr aspirating the concentrated

vacclDe (size J9.g X Jt inche), and one as an air vent
(size 24.g X I inch).

4. Cold sterile dropper bottle of amber or green gla s
(capacity, 2 oz.).

In preparing the diluted va ine, a phi I' of con entrated
accine, which i frozen olid, is permitted to thaw out by

immer ion under the cold water tap. he cap i then pier ed
with the air- em needle and - m!. of rhe con enrrated vaccine
dra\ n up into a 50 m!. yringe containing 45 ml. of terile
old aline. The conten are xpelled into the terile 2 oz.

dropper bottle and gently haken until well mixed. This
dropper bottle will now contain 50 m!. of a I : 10 dilutioll
of vaccine, of which a dose will be 0·1 m!. - or I drop
from the pecially manufactured pipette.

As the vaccine contain no preservative, rigid a ep is mu t
be practi ed rhroughout the process of dilution.

nu ed concentrated vaccine, together with the diluted
vac ine, must be immediately replaced in a deep-freeze, and
relained rhere until required for further diluting, or in the ase
of diluted vaccine, for use.

The bakelite cap of the dropper-bottle containing diluted
vaccine should be lightly loosened 0 a to avoid possible

racking of the glass as the re ult of the deep-freeze praces .

METHODS EMPLOYED AT CLI IC E

The group particularly at risk are preschool children, chol'l
children and young adults, in thi order.

In so far as the fir t and la t-named group were con
cerned, all-day sessions at child welfare centre or local hall
gave good result, mothers attending throughout the day with
their families, and many fathers bringing their wives and
children after work. Young adult attended first thing in the
morning, during the lunch hour, and after 5 p.m. Many
businesses and factories sent their entire staff in batches during
working hours. Schoolchildren were mosr expeditiou ly
immunized at school with the help of the principal and
teachers, consent from the parents having been obtained in
advance.

Record-keeping involve extra work, but is very necessary
for any son of follow-up or asse ment of the value of rbe
procedure. Records were kept for pre chool children and for
schoolchildren, but not for adults since they are better able
to give an account of themselves. School record card were
filled in by the school staff or the pupils rhem elve .
The vaccine was administered by nursing staff, under medical
supervision. Clerical work was done and general as istance
gIven by V.A.Ds. and orher voluntary helper.

Schools can be dealt with rapidly, provided their card are
filled in and the classes are ready to follow on without delay.
In such circumstances 2 workers can complete a school of
400 pupils in half an hour. Thus, where there are a number
of large schools in an area, 2,000 - 3,000 pupils can be
immunized in a morning. With smaller or more cattered
schools more time must be allowed to cover travelling and
setting out of equipment.

Preschool sessions, at which adults are also catered for,
must be preceded by adequate advertising in the press and by
propaganda in child welfare clinics and by health vi itor .

1n a large hall with 3 nurses and 5 lay helpers, 3,000 - 4,000
persons can be immunized in a one-day session wirhout undue
crowding or strain on the staff. 1n smaller premises, with
I nurse and 2 lay helpers, up to 1,000 persons can be
immunized in a one-day session without difficulty.

The equipment carried (in addition to the f1a ks containing
vaccIDe bottles packed in ice) should consist of sweets cor
~espondin~ to the number of doses of vaccine carried, 'syrup
ID convement bottles, teaspoons (3 doz. for a large ses ion),
a stenl:zer or orher apparatus for boiling the spoons, trays
on whIch to place the weets. and mall bowls in which to
place the bottles of vaccine, surrounded by ice while in use.

Syrup and tea poon are not needed at schools. .
Record cards and sheets for counting the total number

receiving vaccine according to age groups mu t be provided
for the lay helpers.

Sweet are be t arranged on tray in row of 10 or 20,
and should nor be dosed with \'{/ccine in advance of the
demand.

When using a dropper pipette, care mu t be taken to hold
the pipette vertical, ~ inch above the weet or yrup. Medical
upervi ors found, time and again, that certain nurses in
pite of a preparatory demonstration, were holding the
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vaccine pipette at an angle of 45· and allowing the drop to
touch the weet. This re ulted in the vaccine being drawn on
to the sweet by osmotic action, unnece arily increa ing the
dose given, and thereby adding to the co t.

The vaccine in the bottle mu t be completely thawed under
a cold tap before u e. During u e the bottle should stand
in ice, either in a bowl or thermos. At the end of a ses ion,
unused vaccine can be returned to deep freeze, but hould
be used as the fir t issue the following morning. Partly-used
diluted vaccine should not be is ued when it i older than 48
hour.

230
215
234
240

9
3Adults (teaching staff)

Preschool children

Schoolchildren

Auto-suggestion undoubtedly played a part in many
in tances. For example, a young school teacher developed
weaknes in both legs the evening after being fed the vaccine,
followed thereafter by droopiness and weakness of her eyelids.

Dizziness and headaches were reported by a number of
adults, and appeared to be more definitely related to the
feeding of vaccine than the tran ient complaints of uncon
firmed muscle weaknes .

Four cases of allergic kin eruptions were reported and
investigated. Two of these had widespread papuJlrurticarial
lesions, and 2 had a mild urticaria. All were subject to
attacks of urticaria and developed these attacks within a few
hours of taking the vaccine.
Random Sampling 0/ Preschool and School Population

In order to obtain as fair a picture as possible of the
incidence and type of reaction (if any) to the vaccine, random
sampling of the preschool and school-going groups was
carried out. As record cards for all members of these groups,
both White and non-White, were available, it was decided
to abstract approximately 250 for each racial group falling
into the preschool and school-going groups, i.e. a total of
1,000 cards from the whole batch. Fortunately the cards had
not been sorted and, in order to use as far as possible a
random sample, a card was abstracted at the beginning of a
pack and then at various points, depending on what group
was being dealt with, until the requisite number had been
obtained. Owing to some slight miscalculation a total of only
931 cards, as listed below, was extracted in this way. The
named individuals were then visited with a view to obtaining
from the parent or the child itself, or the school teacher, in
formation on any relevant and untoward effect occurring during
the period 2 weeks following the ingestion of vaccine.

European
on-European

European
Non-European
European

Ton-European

38,204 on-Eur.
62,252 Non-Eur.
36,930 Non-Eur.

13,257 Eur.
35,678 Eur.
30,589 Eur.

79,524 Eur. 137,386 on-Eur.Total

PROBLEM ENCOUNTERED IN THE VACCINATION CAMPAIGN

Good publicity is essential to the success of any campaign.
In our experience insufficient time for clinic and home
propaganda, and a poor pres at the tart of the campaign,
resulted in fairly empty clinics at the commencement, followed
by almost unmanageable crowds at the end of the campaign.

Estimation of taff requirements was difficult, and transport
had to be available to switch as istants from one centre to
another as required.

The same difficulty was encountered with regard to the
vaccine, since it is not desirable to take more than necessary
out of the deep freeze. At the end of each day a survey
of the amount of unused vaccine and the probable require
ments for the next day had to be made. Transport had to be
available to take fresh stocks of vaccine to centres which
were running short.

REACTION OF THE PUBLIC TO THE CAMPAlG

The reaction of the public was very satisfactory, judging by
the total figure of 216,910 persons immunized out of a
population of 569,990 (197,810 Europeans and 372,180 non
Europeans). The numbers in the various age and racial groups
were as follows:

Preschool children
Schoolchildren
Adults

co 'CLUSIO S

The campaign was successfully conducted for the age groups
at risk, and the vaccination has proved to be perfectly safe,
in that no cases of paralytic poliomyelitis occurred amongst
the 217,000 persons treated.

From the date on which the vaccination campaign was

Of these persons, 30 could not be traced, either because an
incorrect address had been given, or because the dwelling was
locked. when visited or re-visited.

Of the remainder (901), 808 had been perfectly well, and
20 had developed illnesses obviously unrelated to the vaccine,
e.g. tonsillitis, pneumonia, epilepsy.

The remaining 72 (8% of sample) had complaints which
might have been reactions to the vaccine. Nausea, vomiting
and diarrhoea occurred in 32 recipients; 26 of these developed.
gastrlrintestinal symptoms within 3 days of being fed the
vaccine, while only 6 developed these symptoms over the
rest of the fortnight. Most of these diarrhoeas, grouped in
thi way, could be. presumed to be due to a mild virus
infection. There were more schoolchildren in this diarrhoea
group than preschool children, which is not the usual pis:ture
in summer diarrhoea.

Headache, mild pyrexia, and general malaise were reported
in 26 cases. These symptoms were accompanied by dizziness
in 6 cases, all occurring within 3 days of taking the vaccine.
Only 2 cases of headache were reported as occurring after the
third day.

Backache and other muscular pains were reported in 8
cases as having occurred on the second or third day after
taking the vaccine.

One case of papular urticaria was discovered in this sample.
The child developed the eruption a few hours after taking
the vaccine and the rash persisted for 2 days.

The number of preschool European children fed was not
as high a hoped. This might be explained by a certain
hesitancy encountered at fust among some of the European
population of a 'wait-and-see' attitude rather than any
antagonism to the vaccine.

A considerable number of European parents refused to sign
consent forms for their children to be immunized at school,
but later changed their minds and brought them to the
general clinic sessions.

CONTRA-INDICATIONS TO THE U E OF THE VACCINE

Vaccine was not given to infants under 4 months of age, on
the a umption that maternal antibodies would reduce the
likelihood of a successful take.

Vaccination was not encouraged in people over 40, but
was made po ible for those specifically requesting it.

Pregnancy was not con idered a contra-indication, since
pregnant women are particularly at risk.

Vaccine was withheld from persons uffering from gastro
intestinal upsets, tho e with severe colds, or anyone who was
out of sorts or running a temperature.

COMPLICATIO S REPORTED

Several reports were received from private practitioners,
parents, and school teachers of a variety of conditions
attributed to the vaccine, and wherever possible the e were
followed up.

A child of 18 months was admitted to the City Infectious
Disea es Hospital with a history that it had received a dose
of vaccine a week previously, and since then had been unable
to walk. This child was diagno ed to be suffering from
post-varicella encephalitis.

Transient paralysis and muscular pains were the commonest
complaints, but not a single case of muscle weakness or absent
reflexes in those een and examined was found. Many persons
complained of a sore throat - an entity which was prevalent
at the time.

Total 931
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tarted, until the end of the fir t week in January 1961, 7
ca es of paralytic' poliomyelitis were notified in the Municipal
Area of Cape Town and were admitted to the City Infectiou
Diseases Hospital. Stool typing was carried out in 4 of the e
ases. In none of them was paralysis due to Type I viru .

Minor upsets, manifesting themselves as nausea, diarrhoe~,

general malaise, muscular pain and dizziness, occurred III
8% of the random ample of persons immunized. These
upsets were very mild and nearly all occurred within the
first 3 days after vaccination.

Skin allergy - presumably due to the protein in the
medium - was an occasional finding.

SUMMARY

The history of the introduction of the Sabin oral poliomyelitis
vaccine is outlined, leading up to its release in South Africa.

Details of the running of the immunization campaign in
Ca'pe Town in October - November 1960 are given, including
technical details regarding the handling of the vaccine.

Complaints of muscular weaknesses allegedly due to the

vaccine, and the finding that the e so-called reaction were
due to some intercurrent cause or were imaginary, are referred
to.

The follow-up hi tory of a random urvey of 901 preschool
children and schoolchildren, including the teachers, are set
out. Thi reveal the a ociation of a mild ga tre-intestinal or
general reaction, including headache, in 8% of this ample.

We would take this opportunity of offering our very grateful thanks to
tbe bealth visitors of the maternal and child welfare branch and to the
many voluntary helpers for the manner in which they execUted their
functions in the successful completion of this m campaign.

We also wish to record our very sincere thanks to Mr. J. . Linley and
his taff at the City Ho pital Dispensary, who were responsible for

. diluting nnd packing the vac ine for use at the many entres.
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REGIONAL PERFUSION FOR CARCINOMA*

I. BARNAT, F.R.C.S., University of Natal, Durban

A great deal of interest has been aroused by the technique of
regional perfusion, suggested by Klopp and introduced by
Creech of ew Orleans,' in the treatment of malignancy.
Creech' has demonstrated that it is feasible to exclude regions
of the body temporarily from the general circulation, and to
take over the circulation of such areas by means of an extra
corporeal heart-lung system. Cancericidal agents, such as the
alkylating agents of the nitrogen-mustard series, can then be
added to this isolated circuit in much higher concentration
than can be tolerated by systemic administration. For example,
the dog's hind limb, which constitutes '/Hth - '/ ,oth of the
total body volume, can safely be perfused with twice the
total body dose of these drugs. With the isolated perfusion
method of treatment effective concentration of the chemo
therapeutic agent may be largely confined to the tumour
bearing area. Isolation in many areas. can be made so complete
that the dose of the drug is limited by the local tissue tolerance,
rather than systemic toxicity. High systemic concentrations are
particularly toxic to nornial tissues of the haematopoietic
system and the gastro-intestinal tract.

It has been shown that the cytotoxic effects of these drugs
losely resemble the effects of X-rays. Radiation is more

effective at high tissue-oxygen tensions, and it is logical to
conclude that a high tissue-oxygen tension is advisable in
regional perfusion. This indicates that it is necessary to pro
vide oxygenated blood to the excluded regions by means of
an oxygenator rather than to rely on short periods of simple
exclusion.
Cancericidal Drugs

I am' not presenting a brief for the efficacy of the can
cericidal drugs. The experience of other workers must be
carefully analysed. The Tulane results' suggest that tbis
technique is of value as adjunctive therapy in localized lesions
and as palliation of advanced lesions; none of the anti-cancer
drugs at present available is considered to be curative. I have
become involved in this work purely because of my possession
of a heart-lung apparatus, and its utilization in open-heart
surgery at Wentworth Hospital. I do not profess to be an
expert in this form of cancer therapy. However, I believe
that this form of therapy may prove to be of great significance
and benefit, and its possibilities must be explored. The
techniques involved are relatively simple, and we have shown,
to our own satisfaction, that amazingly complete isolation of
a limb can be achieved.

Drugs of the nitrogen-mustard series have mainly been
used in this work. Current thought favours 'thio-tepa' in
ovarian cancer, phenylalanine mustard (pAM), or AB 100 for

• Paper presented at the Second Congress of tbe Association of Surgeons
of utb Africa (M.A.S.A.), Durban, 17-20 September 1960.

the pelvis, and nitrogen mustard for limbs. Actinomycin-D is
claimed to increase the en itivity of rhabdomyosarcoma to
deep therapy. More effective drugs will probably be discovered,
as well as tests to indicate sensitivity of different neoplasm
to individual drugs. The same type of neoplasm in different
individuals may exhibit different sensitivities.
Use of lsolation-perfusion Method

Creech and others have used the isolation-perfusion method
on all the extremities, the pelvis, breast, brain, intestine and
liver. Even the lungs have been perfuse-d, employing one
extracorporeal circuit to maintain the systemic circulation
and a second to perfuse the lesser circulation. Total exclusion
of a region is relatively easily accomplished in the limbs.
Exclusion in other areas is more difficult and less effective.
Fairly extensive dissection is required to occlude temporarily
as many collaterals as possible, but this principle may have
further application. Creech has employed total body per
fusion after sequestration of bone marrow for later re
transfusion. Cooley of Houston has been interested in irradiat
ing blood in the extracorporeal circuit in the treatment of
leukaemia. Perfusion with high concentrations of antibiotics
has been suggested in the treatment of 0 teomyelitis.
Technique of Limb Perfusion

We have confined our attempts to the relatively simple one
of limb perfusion, and have used the technique in 3 cases.
Each patient had had a melanoma of the lower limb exci ed
a short time before, and in each instance the cancericidal agent
employed was nitrogen mustard. Lugol's iodine was admini
stered pre-operatively in an attempt to protect the thyroid. An
attempt was made to include the groin in the area of per
fusion. The external iliac vessels were exposed, and cannnlated
in a distal direction after beparinization of the patient, using
3 mg. of heparin per kg. bodyweight. The venous blood was
drained by gravity into the oxygenator, oxygenated, and
returned into the external iliac artery in a di tal direction. The
oxygenator was kept warm by infra-red lamps, ince it is
believed that the cytotoxic effect of the drugs is more pre
nounced at normal body temperature. A simple rubber
tourniquet was tightened around the groin in an attempt to
occlude superficial collateral ves el . The tourniquet was kept
high in the groin by means of a Steinmann pin in erted into
the iliac cre t.

itrogen mustard, 1 mg. per kg. bodyweight, was then
injected into the arterial line in 6 divided do at 5-mjnute
intervals. Each ampoule of the olution was prepared im
mediately before injection, ince it is unstable. The efficacy of
the exclu ion of the limb was determined by injecting Evan's
blue dye (T-1824) into the isolated limb, and then testing
samples of blood taken from an arm vein for calorimetric




