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idual anaesthetist. From this point of iew a ystem
that works ati factorily for personal u e may lose alidity
when applied to the work of a department as a whole. The
Californian formula ha the advantage there of tandardiza­
tion, but it is coupled with a rigidity which I con ider to
be a di advantage. However it hould not be impo ible
in a well-organized ho pital department to establi hay tern
whereby individual a e ment is made on each case, the
records being under regular crutiny and super i ion by
the departmental head.

CONCLUSIO S

A cheme introduced in America for the valuation of anae ­
thesia fees and accepted with approval by 90% of the anaes­
thetists concerned, has been described. Its adaptation for
use in record-keeping by an individual trainee anaestheti t
has also been noted. What are the po sible application
of such a scheme in general anaesthetic training? They
are as follows:

1. It would enable the standard of anaesthetic experience
demanded by universities and colleges before permitting a
candidate to sit for a degree or diploma to be greatly im­
proved. To take an example from one South African uni­
versity: Before writing the final examination a candidate
must have administered 2,000 anaesthetics, at least half
of which must have been for major surgical procedures.
I have shown by examples that major surgical problems and
major anaesthetic problems do not necessarily go hand in
hand. Then is the anaesthetist in compiling his 2,000 cases
to regard skin grafting as a major surgical procedure or
not? In the tiny infant with extensive areas to be covered,
or in the elderly debilitated epileptic with associated anaemia
and malnutrition following the burn, the anaesthetic problem
must be regarded as major, regardless of (he a essment
from the purely surgical point of view.

How then would the unit y tern be applied with ad­
vantage? The e perience I have had with everal hundred
anae theti admini tered in a teaching ho pital (King
Edward VID Ho pital, Durban) obviously need to be
many times multiplied by my elf and duplicated by others;
but the following have been my con tant and con i tent
impre ion:

(i) The average unit alue per anae th ti h been
5 unit and

ii) the number of ana theti totalling 5 or more
units, has con i tantly been 3 out of every admini­
tered. A univer ity could therefore, in addition to
demanding 2,000 ca es, in i t that th e 2 000 hould
total not le than 10 000 unit and that 750 case
(3/ th) hould be worth 5 or more units each.

2. Ari ing from the above uggestion, the total worth of
anaesthetic work done in a ho pital department can be
compiled and on this the following condu ion are based:

(iii) The Medical Council could obtain an accurate
criterion for deciding on the merit of a particular
ho pital for the purpose of recognition.

(iv) With the strict record keeping of anae thetic
techniques and the drugs used, and their equelae,
we could expect a greater number of valuable publica­
tion from our ho pitals.

(v) The Society of Anaestheti ts i trongly urged to
consider the adoption of a relative unit value cheme
for private, medical aid, and W.GA. work, and 0 to
arrive at tariffs more ati factory to public bodies,
anae thetists and patients alike.

My warme t thanks for their advice and encouragement are
extended to Drs. H. Grant-Whyte and J. T. Hayward-Butt.
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It is now widely recognized that the therapeutic and diagnostic
u e of radiation carries with it certain hazards both to the
individual and to the species. These dangers are greater when
exposure of infants or foetuses is involved, and have been
experimentally demonstrated by work 01'1 animals. For
example, Speert et al. (1951) administered 1311 to pregnant
mice, and found that not only was the growth of the offspring
retarded, but that fibrosis and adenoma formation occurred
in the thyroid, followed later, in a large percentage of cases,
by goitre formation and chromophobe adenomas of the
pituitary.

The uptake of 1311 by human foetuses in the early stages of
pregnancy has been studied by Chapman et al. (1948),
Marinoni (1951) and Hodges et al. (1955), and has been shown
to occur as early as at 14t weeks of gestation. While these
workers measured the uptake of 1311 by the foetal thyroid,
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the mass of thyroid tis ue was not recorded, and therefore
the specific uptake of 1311 per gram of thyroid tis ue cannot
be calculated.

Instance of the administration of therapeutic do es of 1311
to thyrotoxic pregnant women without termination of preg­
nancy are recorded by Chapman et al. (2 cases) and Hodges
et al. (I ca e), and in all three cases the off pring were reported
to be apparently normal 1 or 2 years after birth. The 1311 was
administered at 8, 19 and 24 weeks of pregnancy, and the
impre sion is gained from the e case that the therapeutic
u e of 1311 at the e stages of pregnancy carrie little danger
to the foetu .

At the on-European Ho pital, Johanne burg, the oppor­
tunity aro e recently of tudying the uptake of 1311 by an
18-week human foetus. The results obtained indicated that
the admini tration of 1311 to a pregnant woman involve
greater danger to the foetus than appear from earlier work,
and the ca e is accordingly here reported in ome detail.
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RESULTS

The radio-activity of the maternal secondary carcinoma,
the foetu , the foetal thyroid, and tpe placenta, is given in
Table 1.

I. The foetus and placenta were weighed to the nearest gram,
and the foetal thyroid to the nearest 5 mgm.

2. The activity of the maternal secondary deposit was measured
on 4 January, i.e. 24 hours after administration of the 131l. The
activity of the foetus, placenta and foetal thyroid was measured
on ] 1 January, i.e. days after administration. 0 allowance
is made in the table for radio-active decay.

Hi tologically, the foetal thyroid contained a few follicles
enclo ing deeply stained colloid. These more mature follicles
were mainly ituated peripherally in the organ, and most of
the follicle pre ent were immature and contained little or
no colloid (Fig. 1). An occasional pyknotic nucleus was
present, but no changes definitely attributable to radiation
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Fig. 1. Low-power photomicrograph of l8-week foetal
thyroid, stained with H. & E. Note the presence of colloid
in the more mature follicles, and the absence of colloid in
many of the follicles.
Fig. 2. Photomicrograph of an autoradiograph of a similar
section from the same thyroid. Note the marked uptake of
1311 by many follicles still in an immature condition.

damage were noted. The autoradiograph (Fig. 2) showed
marked uptake of the 1311 by many follicles, including some
that apparently contained little or no colloid. Where a
follicle contained appreciable quantities of colloid, most of
the activity was present in the colloid.

Histology and AlItoradiograph

In view of the earlier unsuccessful attempt at termination
of the pregnancy, the normal histological appearance of tbe

Specific
Activity

About 165 /LC/g.
0·315/LC/g.
0·270/LC/g.
380/LC/g.

About 40 mC
7/LC

51\ /LC
38/LC

TABLE (

ActivityWeight

CASE REPORT AND METHODS

Mr . R.S., a 27-year-old African woman, was admitted to Barag­
wanath Ho pital, Johannesburg, in ovember 1956 complaining
of a painle s swelling of the neck for 1 year, and a painful welling
over the ternum for 2 months. She had 2 children, aged 2 and 7
years, and her last menstrual period was reported to have been
at the end of October. This menstrual hi tory, however, was
probably inaccurate.

On examination, a mass about 6 cm. in diameter wa found
in the left lobe of the thyroid, and a large, firm, tender ma s was
present over the upper half of the sternum. 0 signs of thyroid
dysfunction were present. A biop y of the sternaI mass revealed
a econdary carcinoma, probably of thyroid origin, and a total
thyroidectomy was performed at Baragwanath Hospital on 26

ovember. The mass in the thyroid was found to be a carcinoma,
and the patient was transferred to the non-European Hospital,
Johannesburg, for radiotherapy.

On 18 December a tracer dose of 0.56 mC 131r was administered
orally, and a scintigram on 20 December revealed marked uptake
by the secondary deposit over the sternum and no functioning
thyroid tis ue in the neck.

A Xenopus pregnancy test in December was positive, and
it was decided to terminate the pregnancy before the administra­
tion of a therapeutic do e of 1311. On 31 December the patient's
cervix was dilated to size ]4 Hegar under general anaesthesia
and the foetal membranes were ruptured. However, the foetus
did not abort.

On 3 January 195771·5 mC 131) was administered orally, and
the volume of the secondary deposit over the sternum was esti­
mated with the aid of lateral roentgenograms and a pIa ter cast
of the protuberant ma s. Thp. next day (4 January) the activity
of 131 1 in the mass was measured approximately, with the aid
of a 'Tracerlab' Ionization-type Survey Meter (previously cali­
brated against a known quantity of 1311) held at a known distance
from the mass.

On 9 January the pregnancy was terminated by abdominal
hysterotomy and an apparently normal 18·week male foetus
delivered (crown·rump length 16 cm., weight 276 g.). The whole
foetus was fixed in 10% formalin, and on 11 January the thyroid
was carefully di sected out. The thyroid was weighed, and the
radio-activity of the foetus, foetal thyroid, and placenta measured
separately with an 'Ecko' Scintillation Counter.

Paraffin sections of the foetal thyroid were prepared, and
autoradiographs made with 'Kodak' Autoradiographic Stripping
Plate AR. 10.

Maternal second-
ary carcinoma About 150 g.

Foetus .. 276 g.
Placenta .. . .222 g.
Foetal thyroid 100 mg.
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thyroid is important, ince it ha been hown (Trunnel et al.
1953) that necrotic ti ues take up more radio-iodine than
any normal tissues except thyroid. The absence of igns of
radiation damage is con i tent \ ith the work of Freedberg
et al. (1952b), who found no histological change in n rmal
human thyroids 7 days after the admini tration of 17-20 m of
1311, a time at which there was ukely to be already marked
functional impairment of the gland.

Chapman et al. (1948) a ociated the onset of function of
the foetal thyroid with the appearance of definite follicles
containing colloid. In the present autoradiographs the
radio-iodine i present not only in colloid-containing follicle,
but also in immature folucles containing little or no colloid.
This is consistent with the findings of Koneff et al. (1949),
who reported organically bound iodine in the thyroids of
foetal calves before the appearance of histologically detectable
intracellular colloid or follicle formation.

Quantitative uptake of 1311 by the foetal thyroid
The uptake of the 1311 by the foetal thyroid, as compared

with the rest of the foetus, is similar to that found by Speert
et al. (1951) in foetal mice.

The dose of radiation in rads received by an organ contain-
ing 1311 is given by the expression

D=14'45 At, where A is the initial concentration of the
isotope in /-,C/g., and t is the effective half-life, in days (de
Valence 1957).

The effective half-life is some fraction of the physical
half-life, and is a function of the loss of iodine from the tissue,
in addition to the radio-active decay. It will be noted that in
the present case the initial concentration of isotope in the
foetal thyroid is unknown, and the only measurement
available is the concentration 8 days after administration.
The initial concentration 'A' bears the following relationship
to the concentration 'a' 8 days later:

a=Ae·SK, where e is the base of the natural logarithms, and
K is the decay constant given by the expression Kt=O·693.

Although the effective half-life is unknown, and the exact
dose received by the thyroid is therefore also unknown, it
can be calculated that the minimum dose received by the
foetal thyroid is of the order of 80,000 rads. This dose corre ­
ponds to an effective half-life of 5· 54 days; for any other
value of the effective half-life the calculated dose would be
larger. Of the assumptions implicit in this result the only
one which is likely to increase the calculated result i the
assumption that all the radiation emitted by the isotope in
the foetal thyroid will act on thyroid tissue; in the case of a
small mass of thyroid, a certain proportion of the radiation
will in fact escape into the surrounding tissues.

A dose of 80,000 rads is far in excess of that which produces
gross pathological changes in an adult thyroid (Freedberg
et al., 1952a and 1952b), and it is therefore extremely likely
that the foetus, if allowed to live, would have suffered from
thyroid dysfunction and perhaps other pathological changes
as well (Speert et al., 1951). It should be noted that the
initial concentration of 1311 in the foetal thyroid was more
than 4 times that in the maternal secondary carcinoma.

In comparing the above results with those of Chapman
et al. (1948) and Hodges et al. (1955), several points hould
be considered, although their relative significance is hard to

a e . Fir tl in the previou ca e the weight of the foetal
th roid wa not re orded, and the do of radiation i there­
fore impos ible to calculate. ndly, the do e of 1311
administered here for carcinoma of (he thyroid was everal
times greater than that given to their patient for thyrotoxi­
co is. Thirdl , the percentage uptake of 131] by 10 I fri an
patient ha been found to be omewhat higher than that
reported from ome other parts of the world ( ohen, 1957),
po ibly reflecting a difference in the iodine content of the
diet. Finally, as di cu ed by Hodg et al. (1955), the uptake
of 1311 by the foetu in their serie of ca es may have been
affected by the fact that the mother were thyrotoxic.

APPE Of

CALCULATlO OF THE MINIMUM DO E OF RADIATIO RECEIVED BY
THE FOETAL THYROID

D=14'45 At, where D is the dose in rads, A is the initial
concentration of 131} in uC/g., and tithe effective half-life, in
days (I).

a=Ae·SK •••••••• ••••••••••••.••• •• •. .• • . •••••. .• .. •• (2),
where a is the concentration of 131} after days, and K i given
by the expression
Kt=O·693 (3).

From equation (I), substituting values of from equation
(2) and of t from equation (3), one obtains the equation
D=14'45 At

=14,45 A O·693/K
=lOK-laesK

: = 10 aK"eSK(8-K-')

= 0 for a maximum or a minimum,
whence K= 1/8 for a minimum, and t=5' 54 days.

Substituting this value of t in equation (I) one obtains a value
of D=about 83,000 rads.

SUMMARY A 0 CONClUSIO S

71· 5 me of 131I wa administered to an African woman for
carcinoma of the thyroid with econdaries. An I8-week
foetus was delivered by abdominal hy terotomy 6 days later,
and the foetal thyroid was found to contain enough radio­
iodine to ensure a dose of radiation of at least 80,000 rad .
By autoradiography 1311 was found even in immature follicle
containing little or no colloid.

It is concluded that the administration of therapeutic
doses of 1311 to women in this stage of pregnancy is un­
justifiable, unless one is prepared to terminate the pregnancy.

This work was conducted under the upervision of Dr. P. Keen
Superintendent of the non-European Hospital, Johannesburg,
and of Dr. L. C. Cohen, Senior Radiotherapist at the Johanne ­
burg General Hospital. I should like to thank them for per­
mission to publish this case. A supply of autoradiographic ma­
terial was obtained through the courtesy of the Department of
Botany, Univer ity of tbe Witwatersrand.
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