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never occur and in these cases it is hopeless to expect
dilatation to succeed in maintaining an adequate
permanent lumen.

Three more patients have died as a result of treatment,
one owing to a leakingjejunostomy, one after oesophago
gastrostomy, and one from gastric haemorrhage
following dilatation of her stricture. The total mortality
has therefore been 9%. With the passage of time there
may be further deaths, for patients with oesophageal
strictures an; subject to many complications throughout
their lives.

REFERENCES

Blassingame, C. D., McArthur, R. H. and Atkinson, R. H. (1947):
Sth. Surg., 13, 626.

Bokay, J. von (1924): Wien. klin. Wschr., 37, 282.
Brown, H. W. and Kiser, G. (1942): Amer. J. Pbl. Hlth., J2, 822.
Carlson, A. J. (1922): J. Amer. Med. Assoc., 78, 784.

MICHAEL

Crowe, J. T. (1944): Amer. J. Dis. Child., 68, 9.
Gellis, S. S. and Holt, L. (1942): Ann. Otol., 51, 1086.
Green, H. N. and Bullough, W. S. (1950): Brit. J. Exp. Path.,

31, 175.
Ivy, E. Kohman- (1922): J. Amer. Med. Assoc., 78, 785.
Jackson, C. (1921): Ibid., 77, 22.
Kernodle, G. W., Taylor, G. and Davison, W. C. (1948): Amer.

J. Dis. Child., 75, 135.
Leegaard, T. (1945): J. Laryng., 60, 389.
Marchand, P. (1954): S. Afr. Med. J., 28, 415.
Martin, J. M. and Arena, J. M. (1939): Sth. Med. J., 32, 286.
Ragan, C., Grokoest, A. W. and Boots, R. H. (1949): Amer. J.

Med., 7, 741.
Ragan, C., Howes, E. L., Plotz, C. M., Meyer, K. and Blunt,

J. W. (1949): Proc. Soc. Exp. BioI., 72, 718.
Salzer, H. (1920): Wien. klin. Wschr., 33, 307.
Selye, H. (1950): Stress. Montreal: Acta, Inc.
Tucker, G. (1931): Laryngoscope, 41, 426.
Wallace, A. B. (1949): Ann. Roy. Col. Surg. Engl., 5, 283.
Witthaus, R. A. (1911): Manual of Toxicology, 2nd ed. New

York: W. Woods Co.

SERVETUS

HIS IMPORTANCE IN THE HISTORY OF MEDICINE

E. N. KEEN, M.D. (CAPE TOWN), F.R.C.S. (ENG.)

Department of Anatomy, University of Cape Town

The twenty-seventh of October 1953 was the four
hundredth anniversary of the martyrdom of Michael
Servetus in Geneva. It is therefore natural that there
should recently have been a revival of interest in the life
and works of this great Renaissance figure;if indeed this
interest can ever be said to have died. Two American
scholars have honoured the occasion by producing books
which are of the greatest value to those who wish to
study Servetus. Professor.c. D. O'Malley of Stanford
Univ.ersity has published an annotated translation of
Servetus' geographical, medical and astrological writings.
This translation is superior to any that has so. far
appeared, particularly in the faithfulness with which he
has reproduced the meaning of the original Latin for the
modem reader. Professor John F. Fulton of Yale has
published a distinguished monograph on the life and
death of Servetus. To it has been added a detailed and
authoritative bibliography of Servetus' works by
Miss Madeline E. Stanton, Librarian at Yale Medical
Library, together with a cen.sus of known copies of these
rare volumes.

This is not the place to repeat the details of Servetus'
career. The aim of this article is to draw attention to and
discuss the importance of his statements about the
vascular system, widely celebrated as the earliest
deviation from Galenic physiology. The few pages
in which they are found, for which Servetus holds
an honoured place in the history of the development
of anatomical and physiological knowledge in the
Renaissance, occur as an integral part of a theological
work entitled Christianismi Restitutio and published in
1553, which led to his execution for heresy that same
year. These statements about the heart and lungs
apparently attracted no attention for about 140 years

and were certainly unknown to Harvey when he published
his discovery of the circulation of the blood in 1628.
It has been suggested that Servettis' statements neverthe
less indirectly influenced Harvey since they were known
to-but not acknowledged by-Realdus Columbus, one
of the writers whom Harvey quotes. /

Since the re-discovery of Servetus' work a constant
succession of medical historians have commented on
the strange physiological interlude in what is otherwise
a wholly theological work. So efficiently did the ecclesiasti
cal authorities destroy the volume which they considered
heretical that only three copies are known with certainty
to have survived. It is thus not surprising that garbled
and incorrect versions of what Servetus wrote were
current for many years. Those interested in medical
history therefore owe a great debt to. the two American
scholars already mentioned-O'Malley for his scrupu
lously accurate translation of Servetus' work and FuIton
for his admirable essay and bibliography, which includes
a facsimile reproduction of the two pages containing the
essential part of Servetus' description of the heart and
lungs, taken from the original 1553 edition. With such
assistance, first-hand study of early writers is made
possible for those who are remote from the original
sources and-sad commentary on learning in this age
so often deficient in Latin.

THE BELIEFS OF GALE

In order to appreciate Servetus' contribution it is
necessary to rehearse what was gen~rallY believed in the
sixteenth century to have been Galen's teaching about
the movement of the blood. These beliefs were so
strongly supported by ecclesiastical authority as to
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constitute dogma, deviation from which was heresy.
It must be noted that what was understood in the
sixteenth century to be the teaching of Galen (who
lived in the second century A.D.) was not necessarily
what he actually wrote. Prendergast (1928) has shown
by a careful and detailed study of surviving texts that
Galen recorded, in different parts of his voluminous
writings, different and sometimes contradictory state
ments about the movement of the blood. But in the
Middle Ages his teaching was generally taken to have
been along the following lines:

To Galen there were three important organs in the
body, viz. the liver, the heart and the brain. Each of
these was associated with a system of conduits, the liver
with the veins, the heart with the arteries and the brain
with the nerves (which were believed to be hollow).
In each system of tubes there was found a different
substance or fluid, charged with a specific pneuma or
spirit. In the system of veins the venous blood containing
'natural spirit' was manufactured by the liver from the
products of digestion of fqod in the gut. This ebbed and
flowed to and from all parts of the body, according to
the specific needs of each part. The right side of the
heart was part of this system and the venous blood
entered the vena arteriosa (i.e. the pulmonary artery)
and was cleansed of impurities in the lungs by the process
of respiration. The second system of vessels, the arteries,
contained a different sort of blood charged with 'vital
spirit'. This was manufactured in the left ventricle from
venous blood which had been changed in some
mysterious way during its passage from the right to the
left ventricle through the invisible channels which per
forated the ventricular septum of the heart. This changed
blood was combined in the left ventricle with air brought
to the left side of the heart by the arteria venosa (i.e.
pulmonary vein). Arterial blood was distributed, again
by ebb-and-flow movements, to all parts of the body.
In the brain a third type ofpneuma-'animal spirit'-was
created and distributed to the body by nerves (believed
to be hollow).

In the abbreviated account given above no mention
has been made of the detailed functions of the three
pneumata. It must be admitted that, if Galen's premises
are accepted, his concept is ingenious and self-consistent,
including and explaining all the facts known to him about
the functions of the body. From a modern standpoint
the system may appear somewhat grotesque, but then
we have the advantage that William Harvey discovered
and taught the circulation of the blood over three
hundred years ago: Apart from the error inherent in
the ebb-and-flow concept of blood movement, Galen
made two errors (from a modern point of view) in his
account of the blood (or rather the two kinds of blood)
and its movements. The first error is quantitative and
has been clearly expressed by Franklin (1949). According
to the Galenic system only as much blood would move
from the right to the left ventricle as is used up by the
tissues at the periphery of the arterial system. Franklin
stated that over a period this would roughly equal the
amount of venous blood manufactured from the products
of digestion by the liver. Now this equation is perhaps
somewhat simplified, since it ignores the quantity of
venous blood which might, according to Galen's ideas

be consumed by the tissues at the periphery of the venous
system. However, it does make it quite clear that the
amount of blood transferred from right to left ventricle
would be relatively small and the rate of flow corres
pondingly slow. The second error in Galen's system is
t~e. famou~ ~n.atomical one: there are no passages,
VISIble or lllvlSlble, through the ventricular septum of
the heart. The influence of Servetus' work in correcting
these two errors will be discussed below.

SERVETUS' co TTRIBUTION

Having described the framework of physiological ideas
current in Servetus' times, let us turn to Servetus himself.
In the celebrated passage of the Christianismi Restitutio
(pp. l68-173), Servetus begins by describing how the
divine spirit is a breath of air which God breathed into
Adam's nostrils at the Creation and which He gives to
every man who breathes. This is supported by numerous
quotations from the Bible and from classical authorities.
From the outset he thus focuses attention on the process
o~ respiration ~llld therefore on the lungs. Next he deals
WI~ the questIOn of the three spirits (natural, vital and
ammal). There are not three spirits but rather one divine
spirit, he writes. Yet he allows that this exists in three
forms in the three systems, so that he does not in effect
contradict this aspect of the Galenic system. Next
follows further discussion of the Creation of Adam
during which he draws attention to the presence of a~
artery and a vein in the umbilical cord of the foetus. He
philosphizes on this point, showing how artery and vein
'are always joined in us'. The next involved and-to
modern minds-obscure passage ends with the statement
that the 'divine spirit is in the blood', rather than in the
walls of the heart, the brain or the liver. Bainton (1951)
explains the attraction which the idea of the soul residing
in the moving blood would have had for Servetus.

The next three paragraphs are those on which Servetus'
fame in medical history depends. They deal with the
creation of 'vital spirit', which is distributed by the
arteries from the left side of the heart. Mter some
phrases describing the qualities of this spirit, he writes:

'It is generated in the lungs from a mixture of inspired air with
elaborated, subtle blood which the right ventricle of the heart
communicates to the left.'

This is the general statement; he then proceeds to the
details. The exact order of the following statements
seems important, and they are therefore quoted in full:

'However, this communication is made not through the middle
wall of the heart, as is commonly believed, but by a very ingenious
arrangement the subtle blood is urged forward by a long course
through the lungs; it is elaborated by the lungs, becomes reddish
yellow and is poured from the pulmonary artery into the pulmonary
vein. Then in the pulmonary vein it is mixed with inspired air and
through exp~ration it .is cleansed of its sooty vapors. Thus finally
the whole mIxture, swtably prepared for the production of the vital
spirit, is drawn onward from the left ventricle of the hean by
diastole.' ..

It can be seen how Servetus visualizes the blood being
first elaborated by the lungs, becoming reddish-yellow
evidently changing in some mysterious way-and then
passing to the pulmonary vein where it is mixed with
tlie inspired air. The reference at the end of the passage
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to diastole as the process by which the blood proceeds
from the left ventricle reflects the belief that diastole was
the active process of the heart and arteries; this belief
was first corrected by Harvey.

Servetus next gives the reasons which led him to this
new conception. First he remarks on the 'different con
junctions and the communication of the pulmonary
artery with the pulmonary vein in the lungs'. By con
junctions it is fair to assume that he referred to the
numerous branches of the pulmonary artery and veins
which are found lying together. The communication
between them he could not, of course, observe, but they
had been postulated by Galen and were in any case
necessary to his 'long course through the lungs'. Second,
he considers that the great size of the pulmonary artery
indicates that it does more than simply nourish the lungs.
Moreover (as Galen had shown) in the embryo the blood
avoids the lungs, which must therefore be 'nourished
from elsewhere'. Consequently when blood enters the
lungs at the time of birth it must be 'for another purpose',
i.e. not only to nourish the lungs. This observation was
sound and a true advance on the views of Galen. It was,
as can be seen, an anatomical observation. Third,
Servetus reiterates the belief that the change in the brood
and the mixture'of air and blood do not take place in the
heart, but in the lungs-this because he considers the
left ventricle to be too small for the purpose-nor does
the ventricular septum possess the 'vessels and mecha
nisms' necessary for the elaboration of the vital spirit,
<although something may possibly sweat through'. This
last reservation indicates that Servetus could not com
pletely free himself from Galenic doctrine on this point.

The vital spirit, elaborated in the way described,
:according to Servetus is 'transfused from the left ventricle
of the heart into the arteries of the whole body ... '.
Fulton (1953) interprets this passage to indicate that
Servetus had some idea of the greater circulation. How
ever, without further evidence, it does not seem necessary
to infer that by these phrases he meant anything more
than was implicit in the Galenic distribution of vital
spirit through the arteries, despite the fact that he does
not specifically mention the ebb and flow of blood in
them. Some support is lent to this simpler explanation
by the context of the passage. The next two pages of
Servetus' book- are concerned only with the creation of
<animal spirit' from 'vital spirit' in the brain and its dis
tribution to the sense organs of the body by way of the
nerves; there is no suggestion of a return of the blood
from the periphery, which, after all, is the sine qua non
of a circulation. The remainder of the passage in Ser
vetus' book which O'Malley translates is not of impor
tance to the present discussion, being concerned with
the functions and disorders of the brain and the situation
of the soul.

THE NATURE OF illS CONTRmUTION

It is a remarkable fact that, despite 250 years of dis
cussion, commentators are by no means agreed on the
significance and importance of Servetus' contribution. A
recent example of disagreement may be found in Trueta
(1954), who challenges O'Malley's (1953) opinion that
the basis of Servetus' conception is to be found in Galen's

writings. If that were so; Trueta argues, why had not
others noticed this passage of Galen's before? Surely
the explanation is that those who believed in the short
septal route from the right to the left ventricle had no
need to consider an aItemative. As to whether Galen
was of any assistance, Harvey is an eloquent witness, for
'in the seventh chapter of De Motu Cordis he quotes
Galen at length in support of his views on the existence
of the pulmonary circuit.

Trueta (1948, 1954) and Fulton (1953) roundly describe Servetus
as having discovered the pulmonary circulation. (Both authors are
aware of the Arabian manuscript by Ibn an-Nafis (c. 1210-1288)
discovered 30 years ago, which contained a clear description of the
pulmonary transit of blood, repeated several times. But there is
good reason to believe that Servetus had no knowledge of the
Persian writer who had preceded him by three centuries),

Bainton (1951) is slightly less certain, and mentions some of
the objections' to the statement that Servetus discovered the
pulmonary circulation; he uses the word 'transit' rather than
'circulation' in the title of his paper.

O'Malley (1953) points out that in view of what may be found in
Galen and in Vesalius' famous first edition of the Fabrica, which
was published in 1543, no great originality was displayed by
Servetus. On the other hand O'Malley refers to the famous passage
as 'the first printed account of the circulation of the blood through
the lungs'.

Izquier1io (1937), who according to Bainton followed the views
of Max Neuburger, placed an even greater restriction on Servetus'
contribution, contending that nobody who held Galen's views
on the origin and distribution of blood in the veins could have
grasped the idea of the circulation of the blood through the lungs.

FrankIin (1949) has expressed similar views, laying stress on the
quantitative aspect of the question, which., in his opinion, disallows
the use of the word circulation (in its modem sense) before Harvey's
time.

Can one judge between these views? It is my belief that
if Servetus' account is considered in the context of
sixteenth-century Galenic doctrine, it is possible to
decide how far and in what direction Servetus deviated
from Galen's teaching. This, after all, is the crucial

. decision; on it must depend any assessment of Servetus'
achievement in the development of knowledge about the
functions of the vascular system.

The first obstacle to such an assessment is the frag
mentary nature of Servetus' account. Clearly Servetus
had no intention of describing the mechanism of the
.body except in so far as it concerned the movement of
the divine spirit through the body after it had been
inspired as air. As O'Malley has expressed it, Servetus
was more interested in tracing the movements of the
spirit in the body than in the movement of the blood in
which it was contained. Nevertheless, it is clear that the
gener.al plan of Servetus' account follows Galenic
teaching closely, which is not surprising, since Servetus
was in other matters a strict disciple of Galen. His vital
spirit is elaborated in two stages as in the Galenic system,
first as a change in the qualities of the blood as it passes
from right to left ventricle (but taking place in the lungs
rather than in the septum); second when the changed
blood is mixed with air (in the pulmonary vein rather
than in the left ventricle). There is no evidence on which
to base an opinion that Servetus had any intention of
challenging the quantitative basis of Galen's system. In
fact, the closeness with which he follows that system
indicates that, from our modern standpoint, he followed
Galen into the same quantitative error as has been des
cribed above.
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On the other hand, Servetus clearly contradicts the
Galenic belief that blood flowed through the ventricular
septum. Whether he or Vesalius deserves credit for first
questioning this famous error, does not seem to me to be
as important as the fact that Servetus drew the logical
conclusion from his observation, thus emancipating
himself from this part of Galenic doctrine in a manner
which Vesalius quite failed to do. The genius of Servetus
is that he brought. together this observation about the
septum with another on the great size of the pulmonary
artery and so arrived at the central importance of the
lungs. The fact that he was attracted to this conclusion
by his theological position and that he could have no
real understanding of the functions of the lungs only
makes it the more remarkable that he should have got
so far. Again it does not seem to me very important
whether or not Servetus could have gathered his ideas
from Galen; the role he describes for the lungs is vastly
different from anything Galen had in mind.

It is therefore with no intention of decrying Servetus
that I suggest that his achievement should be regarded as
more anatomical than physiological. Certainly he drew
fiom his accurate anatomical observations functional
conclusions; but the functions he was concerned with
were strictly Galenic. The fact that .his conclusions seem
so aptly to fit the modern knowledge of the circulation
is to a large extent an accident. Galen's system required
movement of some blood from the venous to the arterial
system. If the septal -route from the right ventricle did
not exist, what alternative was there to its passage
through the lungs? It is my belief that it is this accident

which has misled those who now claim that Servetus
described the pulmonary circulation.

Such an assertion is altogether too sweeping. Of the
opinions quoted above those of Izquierdo and FrankIin
would seem to me best supported by the facts. On the
other hand, these writers have perhaps underestimated
Servetus' anatomical achievement. To deny Servetus any
of the credit which belongs to WilIiam Harvey is not to
diminish his fame as one of the earliest who dared
question any part of the Galenic doctrine.

Servetus' life and martyrdom can be seen as an asser
tion of the right of men to proclaim the truth as they see
it, an assertion for which, in that intolerant age, he paid
the supreme penalty. His contribution to medical thought
was but a small part of his life's work. Nevertheless, were
it his only claim to fame, it would be sufficient. Coming
at the time it did, it established his right to be remembered
as one of the pioneers who began the process of freeing
medicine from the baneful influence of the Dark Ages.
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SOME IMPRESSIONS OF THE VALUE OF HEPARIN IN THE SURGICAL
TREATMENT OF PERIPHERAL ARTERIAL OBSTRUCTION
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Acute obstruction of the main arteries of the extremities
occurs fairly often, and may involve the tragic loss of a
-limb. The attempt to relieve such an obstruction of the
blood flow by surgical means is evidently indicated,
but it is often frustrated by various factors. One im
portant factor determining th.e surgical outcome is the
distal and proximal progression of the clot, which
occludes important collaterals, and particularly the
distal vascular tree. This prevents the establishment of
main arterial circulation by the deviation of the blood
flow round the site of obstruction through dilated
collaterals, or re-establishing it by extracting the ob
structing clot or bridging the gap by means of some
type of graft.

The results on a small series of cases do not allow of
statistical conclusions but, when results are definite,
certain impressions are valid and worth while recording.
The value of heparin in preventing progression of
thrombosis and thereby enhancing the chances of
successful surgery has been reported by others. My

own experience with heparin in 3 recent cases of acute
circulatory deficiency of the lower extremity has im
pressed me with its value and I propose to report and
discuss these cases.

CASE REPORTS

Case 1. European male 50 years old. In 1951, before coming
to South Africa, he developed deep thrombosis of the right leg,
with repeated thrombo-embolic episodes, and eventually recovered
after 3 months' critical illness in hospital. In July 1953 after an
attack of influenza he developed a deep thrombosis of the left
leg, followed soon by a major pulmonary embolism. To forestall
the grave danger of a second, possibly fatal, embolus, bilateral
ligation of the superficial femoral veins was advised, and carried
out the same evening, under local block anaestIiesia. In the left
leg, the loosely adherent clot, extending up the common femoral
vein. was extracted and the superficial femoral vein Iigated and
transected. Heparin administration was started intravenously at
this stage. The left femoral vein was fibrosed and densely adherent
to the artery, which had to be separated with some difficulty and
went into extreme spasm. The danger was borne in mind of
losing the artery and accidently including it in the ligature under
these circumstances. The superficial femoral vein was Iigated and




