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The introduction to this monograph contains information relating to the history of
transfusion in which Belina states that he does not want to give a complete history but only
the main stages of its progress especially relating to physiological research. In the next
‘physiology’ section, he identifies the oxygen and carbon dioxide changes that occur in red
cells and its effects in the body, using this to state that it is best to use blood as soon as it is
obtained, but by the use of defibrination, the blood can be kept not only for ‘a fairly long time’
but also that its oxygen content is increased by the preparation (beating) process. Belina
also identifies that this process removes the worry of knowing when the blood ‘starts to
coagulate’, concluding that defibrinated blood possesses the same revivifying effect as
untreated blood. He also identifies that current research has identified that fibrin is not an
essential part of the blood as far as its resuscitation capacity is concerned.

With regard to the amount of blood to transfuse, the author states that research indicates
that transfusion is believed to have a stimulatory effect on the vessel walls and heart, and
therefore it is not necessary to replace lost blood with an equal volume — the volume
required being variable to the individual case, which he demonstrates with data from 79
blood transfusion cases. He identifies that blood transfused from a different species does
not survive as well in the recipient’s body and therefore only human blood should be used for
human transfusions.

Belina then discusses the performance of a transfusion using defibrinated blood, stating
that transfusion is no more dangerous a process that a bloodletting. His first comment is
interesting in that he states the need for ‘scrupulously clean’ equipment and materials. He
comments that although defibrinated blood avoids the dangers of clot formation this may still
occur if too much of the vein is uncovered, if ligatures need to be used and if the blood is too
cold, i.e. below 20 degrees — though he does not reference this comment. He then
considers the dangers relating to the introduction of air into the circulation and the effects of
giving the blood transfusion too quickly. He uses these problems to then introduce his own
transfusion device that he states is designed to overcome these problems, giving an
illustrated description of it and how it should be used.

The actual defibrination process is described stating that a twisted glass rod (or whale
bone) should be used for beating the blood and that a folded woollen cloth should be used
for filtering it, though unfortunately specific details of how this is actually performed are not
provided (e.g. the duration, speed and type of beating process needed and the exact type of
cloth with regard to its pore size that should be used for filtering) leading therefore to the
potential for a variability in obtaining correctly / adequately defibrinated and filtered blood.

In the following ‘observations’ section, Belina provides details of three transfusions he has
performed, i.e. a deplethoric transfusion in a case of puerperal eclampsia, a transfusion to a
asphyxiated newborn baby using blood from the mother’s placenta (using a syringe method!)
and transfusion to a case of uterine haemorrhage.

Belina stresses in the ‘therapeutic indications’ section that the major use of transfusion is
in acute and chronic anaemias, especially following childbirth but also following surgery, but
also identifies its use in asphyxia in newborns, uremic poisoning and in cases of poisonings
with carbon monoxide and hydrogen sulphide gases. He concludes by stating that the
physician should not wait too long before deciding to use transfusion as a treatment option.

| have produced a translation of this monograph from the original French into English to
enable its content to be appreciated by a wider audience. Whilst | am aware that
instantaneous computer generated translation is available, this process struggles with
accurately reading the original text and interpreting specialist terminology, as well as
producing a ‘colloquial style’ not always representative of the original text. In addition, an
‘automatic translation’ may either purposely or inadvertently alter the wording to ‘make it
read better’ but in doing so there has to be an element of interpretation involving something
on the lines of ‘I believe that this is what the author is actually trying to say’. | want to avoid
that as much as possible and try to present what the author actually wrote and as a result
the reader may find that the English text does not ‘flow’ as well as it could. Although | have
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taken great care in accurately identifying the original text and producing a true representative
translation of the author’s original wording | cannot guarantee that this work does not contain
‘translational errors’ and the reader is recommended to check specific details against the
original text.

| have reproduced the original paragraph settings and general layout of each part of the
monograph as accurately as possible. | have maintained the words that are originally
printed in italics in the translation. The spelling of the names of people and places are as
originally printed though | have identified any alternative spelling options by placing these in
square brackets. The references and authors comments listed within the original text are
identified by numbers and placed at the bottom of the relevant pages where they occur. |
have sequentially re-numbered these and placed them at the end of the translation,
reproduced as originally printed. | have also included an English translation of the
comments and titles of referenced work; these are included in italics within square brackets
after the original French text. Unusually, a ‘Table of Contents’ is located at the end of the
monograph, which | have maintained, though | have also included equivalent page numbers
for this translation as well.

DR. LADISLAO DE BELINA-SWIONTKOWSKI (1840 — 1889)

After he received his initial education at home, then at the high school in Warsaw, he
started medical studies in Berlin in 1856, but in 1859 he moved to Krakow. However, after
signing a petition to Emperor Franz Joseph demanding the introduction of Polish as a
language of instruction at the university, he was expelled from Krakow and returned to
Berlin, where he continued his studies. Because he joined the Polish independence
movement, he was also expelled from Berlin in 1863 by the Prussian authorities. He moved
to Heidelberg and continued his studies at the University Karol Rupert in 1864, primarily
under the supervision of the famous physiologist Herman von Helmholtz. There he obtained
his doctorate in December 1867 with a thesis on blood transfusion. This was subsequently
published with the title ‘Die Transfusion des Bluts in physologischer und medizinischer
Beziehung’ in 1869 in Heidelberg.

In 1869 having presented his theses in the field of midwifery and thereby obtained the
right to lecture at the university, he asked for six months leave to conduct research in
France, and never returned to Heidelberg. In 1870-71 he became a military doctor in the
119th Infantry Regiment of the French Army and participated in the war with the Prussians.
Based on the collected materials about other people's attempts at blood transfusion and his
own experience in this field, he devised his own transfusion device which he presented to
the French Ministry of War in 1870. He remained in Paris until 1874, when he left for
Mexico, where he intended to conduct further research and where he remained, perhaps as
a result of his marriage, but although he published several articles between 1878 and 1882
these were not on the subject of blood transfusion. He died of typhus in Mexico City in 1889.
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TRANSFUSION OF DEFIBRINATED BLOOD, A NEW PRACTICAL PROCESS

Dr. L. de BELINA

INTRODUCTION

It was in Paris, on 15 June 1667, that Jean Denis practiced blood transfusion on humans
for the first time in France. This operation initially excited great rumours in the city and
became a subject of discord among doctors. Two parties were formed: the transfusionists
and the antitransfusers. Lamartiniére [La Martiniére], the athlete of the anti-transfusionists,
wrote a large number of wordy brochures which he sent to ministers, magistrates, influential
members of the clergy, to great ladies, to the whole world, and in which he declared the
transfusion a barbaric operation, out of Satan's shop, and Denis an executioner. Denis, for
his part, treated his adversary as jealous, envious, a miserable tooth-puller of the Pont Neuf,
etc. The court and the city soon took sides in this quarrel, so much so that on 17 April 1668
a sentence was handed down at the Chatelet forbidding, under penalty of prison, to perform
a transfusion of blood on man.

Around the same time (1668), foreign scientists; Lower and King in England, Riva and
Manfredi in Italy, Kaufniann and Purmann in Germany, practiced transfusion on humans
several times (1).

But since the famous sentence of the Chatelet, this operation ceased to be practiced, not
only in France, but in foreign countries, and fell for a long time into discredit and oblivion,
from which James Blundell brought it out at the beginning of this century.

The first, in fact, this scientist succeeded in making this operation practically useful by
giving it a more solid physiological basis, and by inventing a safer method of operation.

On the occasion of the death of a young woman who had succumbed to metrorrhagia
following confinement, he did many experiments on animals, and, by induction, he found that
the blood of man can be used successfully for transfusion, and that this blood retains its
revivifying properties, even twenty-five minutes after being brought into contact with air.

Undeterred by a few unsuccessful attempts, Blundell performed with Doubleday, in
September 1825, the transfusion operation with the greatest success on a woman who had
recently given birth who was in the final stages of agony (2). Together with Uwin (3) and
Waller (4), he also succeeded by his method in saving the lives of two women who had
given birth.

Members of the Medical and Surgical Society of London raised several objections to
transfusion; however, the successful results subsequently obtained by Doubleday, Waller
and several other doctors ended by accrediting the practice of this operation in England,
especially in cases of intense metrorrhagia in women who have recently given birth.

About the same time, several eminent men, in France and Germany applied themselves
to the study of transfusion and sought to subject this therapeutic method to precise scientific
examination.

Dumas and Prévost (1821) in particular engaged in research that has remained famous.
These two experimenters demonstrated that the blood globules did not have the same
shape in the various species of animals; they further proved that it is sometimes enough to
inject into the veins of an animal globules of the blood of an animal of another species, for
the former to die quickly, as if it had been subjected to the action of a violent poison.
However, on the other hand, these two scientists succeeded in reviving animals on the verge
of perishing due to excessive haemorrhage, by injecting into their veins blood taken from an
animal of the same species. Despite this last result, their conclusion was that transfusion in
humans should be postponed until the active principles of the blood were better known (5).

Fourteen years later (1835-1838) Bischoff carried out a series of experiments, the results
of which for science were these important facts: that red blood cells are the revivifying
principles of blood; that they are not altered by beating, and that, on the contrary, it is
necessary to defibrinate the blood to avoid the introduction of clots into the circulatory torrent

Phil Learoyd 4
2024



and consequently to use it with more chances of success, and finally that blood can only be
usefully used from one species to the same species, but that, however, the blood of a
different species only poisons when venous and not arterial blood is used. Bischoff
presumes, without stating it, that in these cases, the poisoning is due to the foam mixed with
clots which is found in the venous blood (6).

The numerous experiments of an illustrious American doctor, now a professor at the
Faculty of Medicine of Paris, Brown-Séquard, published in 1855 and 1857, shed new light on
this interesting question of transfusion. These experiments of the eminent physiologist
demonstrated that the efficacy of the blood used depends on the quantity and nature of the
gases it contains; that venous blood has the same revivifying force as arterial blood, if it is
made red by the introduction of oxygen or if it is injected slowly enough to allow it to de-
carbonize in the lungs; that on the contrary, arterial blood acts as poison if it is changed into
venous blood under the influence of carbonic acid; that it is then that intoxication and death
can occur in the midst of very violent nervous accidents caused mainly by the deleterious
action of carbonic acid (7).

In 1863, Panum studied the objections made by certain doctors against the use of
defibrinated blood, and the result of his researches was the confirmation of the opinions of
Bischoff and Brown-Séquard. He proved that defibrinated blood possesses the same
revivifying force as non-defibrinated blood, and that, for this reason, it was necessary, in
practice, to give preference to the former to avoid accidents resulting from the introduction of
clots into the circulation. Panum remained convinced that only the blood of an individual of
the same species should be transfused into an individual, and demonstrated that blood
transfused under these conditions absolutely replaces normal blood, is subject to all its laws
and fulfils all its functions (8).

We do not pretend to want to give in this quick overview the complete history of
transfusion; we only wanted to recall the main stages of its progress.

Indeed, many other authors have dealt with this interesting question, and we find in
various publications of the last fifty years a large number of observations of transfusions
practiced in different countries.

These observations were collected by Routh (9), Soden (10), Martin (11), Blasius (12),
Goulard (13), Oré (14), Landois (15) and Marmonier (16). The first we have brought
together, numbering 175, in a statistical work published in the Archives of Physiology (17).

For the last four years, moreover, we have been engaged in physiological and therapeutic
experiments in Helmholtz's laboratory; we then experimented on man.

But, from the beginning of our research, one thing struck us above all: the inadequacy of
the operating procedures and instruments used to date. So we have sought to perfect the
process and we were fortunate enough to construct an apparatus which fulfilled all the
conditions required to perform this operation with the greatest chance of success (18).

We repeated the experiments made with the help of our apparatus at the Practical School
of the Faculty of Medicine before a commission appointed by the Academy and composed of
Messrs. Jules Béclard and Paul Broca, in the laboratory that Professor Longet had
graciously made available to us.

We have offered several doctors and surgeons from Paris hospitals the opportunity to
experiment with transfusion using our device on patients chosen by them, and so far we
have not yet had the honour of obtaining what these gentlemen hasten to grant every day to
certain instrument manufacturers.

The reader will therefore not be surprised if we report only three personal observations,
one of which was collected in the Heidelberg childbirth clinic, and the other two in the civilian
clientele.

The conclusive experiments we have carried out on animals in asphyxia and putrid
infection on the one hand, and on the other hand the happy results obtained in the clinic, not
only in cases of post-haemorrhagic anaemia, but also in asphyxia and eclampsia,
demonstrate in an indisputable manner the importance of transfusion as a therapeutic
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means, and opens a vast field to future experimenters who will benefit from the acquired
facts.

|
PHYSIOLOGY

From the numerous experiments carried out on animals, and from the clinical
observations appearing in the statistical table which we have published (19), have resulted in
a certain number of facts now acquired, which are of the greatest importance both for
physiology and for practical medicine.

I. - The blood, collected and brought into contact with the air at an average temperature,
remains invariable in its histological constituent parts and retains its chemical properties for
two or three hours.

We will not seek to fix the moment when the coagulation of the blood begins, any more
than the speed with which it coagulates; these are very variable phenomena and which it is
impossible to clearly specify. We will do it all the less, as we successfully use defibrinated
blood, thereby avoiding the risk of coagulation.

Two or three hours after the blood has been drawn from the vein and collected in a
container protected from all contact with air, there always occurs a change in the proportion
of gases. Thus there is always an excess of carbonic acid to replace the oxygen consumed.
The exact analyzes that A. Schmidt carried out on the blood of dogs demonstrated that after
two hours, at a temperature of 37 to 40 degrees, the blood had lost 0.36 of oxygen and
gained an excess of carbonic acid of 2.19. At the end of four hours, it had lost 0.71 of
oxygen and acquired 3.01 of carbonic acid (20). Even if the blood is kept at the temperature
of zero, this change still occurs, though more slowly (21).

The best is to use the blood as soon as it is obtained, after having defibrinated and
filtered it; however, it can be kept for a fairly long time at a low temperature and then used
successfully, after having warmed it to body temperature.

Il. - Red blood cells saturated with oxygen are the reviving principle of blood. Fibrin is not
an essential part. It is for the safety of the operation by avoiding the introduction of clots into
the circulation that we must prefer defibrinated blood to that which still contains its fibrin.

The experiments of Dumas and Prévost, which have been repeated by Bischoff and
Brown-Séquard, have shown that water or serum heated even to 30 degrees, if oxygenated
by agitation and introduced into the circulation of an exsanguinated animal, causes it to
perish in convulsions. If, on the other hand, the animal is injected with blood of the same
species and charged with oxygen, the animal is revived and recovers.

A great disadvantage, presented by previous practice, was the coagulation of blood in the
tubes of the apparatus. This resulted in either the impossibility of performing the transfusion,
or an even greater danger, that of introducing clots into the circulation, and consequently of
bringing death. Panum demonstrated in his research that, if the clots introduced are of a
considerable enough volume, death can occur during or immediately after the operation due
to obstruction of the pulmonary artery. If death is not immediate, it can occur consecutively
by an embolism produced by the deposit of clots in any part of the circulation (22).

Because of this, the most important result, from the practical point of view, of the
experiments of Brown-Séquard and Panum, is to have demonstrated that defibrinated blood
can be used with the greatest success for transfusion, and that fibrin is not an essential part
of the blood. This fibrin can therefore be removed with impunity: it is reproduced in forty-
eight hours, and its absence has no influence on the quantity of urea evacuated (23).
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Moreover, the use of defibrinated blood has the advantage, through the very operation
that we put the blood through to defibrinate it, of restoring oxygen to it by ridding it of
carbonic acid.

The first observations on the use of defibrinated blood were made in such unfavourable
cases that the unfortunate result of the operations caused the use of fibrinated blood to be
temporarily condemned, although the result was due only to the disease and not to the
remedy. We can, however, present a considerable number of cases where the transfusion
was carried out with defibrinated blood and where the best results were obtained, when the
operation was performed at the right time (24). Here's how to do it. The blood is
defibrinated by beating it with a glass rod twisted into a spiral. A piece of wood or
whalebone can be used if necessary; but we cannot then be sure of absolute purity, and also
one must never use the same piece of wood or whale twice. As for the duration, five or six
minutes are sufficient for the perfect defibrinisation of a quantity of blood varying between
200 and 300 grams. To filter, we take an impeccably clean piece of fine wool and rinse it
beforehand in pure water. We fold this piece of wool in half and soak it in hot water before
passing the blood.

Attempts have also been made to use chemical agents to prevent the coagulation of the
blood, or at least to retard it. Thus Neudbrfer (25) recommends adding to 120 grams of
blood 2 grams of baking soda in 30 to 45 grams of a solution of albumin or sugar water. But
it is very difficult to give an exact account of the influence of the various substances on the
blood, and, whatever Neudbrfer may say, as it is impossible to ascertain whether these
substances are eliminated by the urine, it is better to abstain from using them.

lll. - The defibrinated blood of a species, transfused into an individual of the same
species, can, through the transfusion, revive the nervous system weakened by the loss of
blood: it fulfils all the functions of normal primitive blood and undergoes all its physiological
laws. In the same way, we can combat an alteration of the blood by carrying out a prior
depletion and replacing the tainted blood with healthy blood.

Most of those who underwent surgery, when they had their awareness, declared that they
felt a pleasant warmth, moving from the place of the injection towards the shoulder and the
heart; in some cases even, through the whole body. In those who did not have their
awareness, it returned immediately or a few hours after the transfusion; the patient seemed
to wake up from a deep sleep: the dead eyes revived, the body temperature increased (26),
the barely perceptible pulse became full and strong, and even an entirely absent pulse
began to be felt again.

It has long been debated whether transfused blood only acts as a stimulant on the vessel
walls and the heart, or whether it truly replenishes the lost blood. The experiments of
Brown-Séquard which demonstrate that if blood is injected into a muscle, it recovers its lost
contractility; Schiff's experiment on a frog's heart which begins to beat again when the blood
which had been withdrawn from it is again introduced into it; clinical observations of
anaemias successfully treated by transfusion; all these facts would seem to plead in favour
of this opinion: the transfusion only excites the organs of the circulation that are about to be
extinguished, and gives the organism time to repair the loss.

On the other hand, numerous experiments made on animals which were left several days
and even four weeks without eating, but on which blood transfusions were carried out from
time to time, prove irrefutably that, as well as the excitation, a real reconstitution of the lost
substance occurs.

As to the quantity of blood to be transfused in order to obtain success, we have tried to
determine it by drawing up the following table, which includes seventy-nine observations of
transfusion followed by success, and in which the quantity of blood transfused has been
determined.
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Quantity of Number of cases

. l:?IOOd OPERATORS Blood Blood

injected with without

(Grams) fibrin | _fibrin
30 Normann and Ormond, de Belina 1 1
60 Klett and Schraegle, Kilian, Greenhalgh, Fhorne, Simon 6 -

Thomas, Hegar

60 to 75 Kilian, Berg 2 -

7510 90 Berg, Klett 2 -
90 Kilian, Marmonier 2 -

90 to 120 | Blundell, Albanese (3 cases) 1 3
120 Blundell et Waller, Ralph, Jewell, Douglas, Fox, Savy, Goudin, 14 1

Bird, Ingleby, Healay, Brown, Mosler, Philpott, Blasius, Michaux,
Gentilhomme

120 to 150 | Kilian, Martin 2 -
150 Barton, Brown, Turner 2 -
150 to 180 | Lane 1 -
180 Devay and Desgranges, Sacristan, Waller and Doubleday 3 -
180 to 210 | Martin and Badt, Orlowski and Rogowicz 1 1
210 Polli, de Belina - 2
210 to 240 | Schneemann 1 -
240 Doubleday, Waller, Blundell, Kwasmicki, Mader 3 2
270 Masfen 1 -
270 to 300 | Martin 1 -
300 Uterhart, de Belina - 2
300 to 360 | Brigham, Bickersteth, Higginson, Roussel, De Cristoforis 4 1
360 Blundell and Uwins, Higginson (2 cases), de Nussbaum (3 3 3
cases)

360 to 390 | Walton

360 to 450 | Bauner

1
1
420 Blundell and Doubleday 1 -
450 Clément, Howel, Davis and Doubleday, de Nussbaum 3 -
480 Pritchard and Clarke 1 -
540 Wheatkroft 1 -
600 De Cristoforis 1 -
660 Richard Oliver, Greaves and Waller, Wheatkroft 3 -
720 De Nussbaum - 1

*In the 2™ case depletion of 420 grams

Although in fifteen cases, and therefore most frequently, the quantity of 120 grams was
used successfully, it can nevertheless be seen that the quantity of blood transfused varies
from 30 to 720 grams. These differences are too great for us to establish a fair average
representing the quantity necessary to achieve success. However, from the numerous
observations made in cases of haemorrhage, it follows that it is not necessary to replace the
lost blood by an equal quantity of new blood to revive the patient. On the other hand, the
above table shows that success does not depend on the amount of blood transfused, but on
the particular circumstances of each case. It will therefore be up to the doctor to assess the
quantity of blood to be used in a given case.

In addition to cases of acute anaemia produced by considerable loss of blood,
complicated by complete insensibility with syncope, cessation of breathing and heartbeat,
where transfusion has been used with success, attempts have also been made to combat
several diseases by means of this operation, which have as their principle an alteration of
the blood, such as chronic anaemia, poisoning by carbon monoxide, eclampsia, asphyxia of
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newborns, epilepsy, scurvy, and even, in a case of leukocythemia, a temporary improvement
has been obtained.

Eulenburg and Landois obtained, in their experiments on animals, favourable effects of
deplethoric transfusion. They have experimented in cases of poisoning with carbonic acid,
chloroform, ether, morphine, opium, strychnine, and they recommend transfusion as the
safest remedy.

To prove that transfusion can be used in asphyxia, | carried out, in the laboratory of M.
Longet, on 19 March 1870, with the assistance of Messrs. Carville, Landowski and
Zebrowski, the following experiment: Two dogs of the same size and strength were placed in
a tank filled with lighting gas: after fifteen minutes, they gave almost no sign of life; breathing
had ceased completely, and the heartbeat was barely perceptible. Then removing them,
and leaving one to his own devices, | performed on the other a transfusion of 200 grams of
defibrinated and filtered blood taken from a third dog. The first succumbed, while the second
revived and remains in perfect condition.

| repeated this experiment, with the same result, before Messrs. Béclard and Broca, on
27 March 1870.

To determine whether deplethoric transfusion could not be used successfully in pyaemia,
puerperal fever, and diphtheria, | have performed transfusion on animals which | had put into
a similar diseased state by the putrid infection, and | have obtained favourable results.

| carried out these experiments under the direction of Professor Helmholtz, and with the
kind assistance of a colleague, Doctor Yielz. | will here give an abbreviated description of
these experiences.

On the 25 January 1868, | injected into the crural vein of an adult dog of moderate size 12
grams of the decomposed blood of a woman who had just given birth, after having spread
this blood with water and filtering it through a cloth. Immediately after the injection, the
respiration increased, and there was a trembling and shivering; the pupils did not change. At
the end of a quarter of an hour, the animal came to himself and began to run languidly
around the room where he was; at the end of a second quarter of an hour he lay quietly on
his stomach, with his hind legs extended and in a state of complete prostration.

On 26 January, the animal appeared alert and ate as usual; defecation was normal, the
wound was heavily suppurating; a fetid odour escaped from the mouth.

On 27 January, the wound suppurated very little; the same smell escaped from the
mouth.

On 25 and 29 January, same condition.

On 30 January, | drew 60 grams of blood from the dog, which | defibrinated and injected
into the jugular vein of a small and very delicate dog, from whom | had previously drawn 45
grams of blood. | defibrinated these 45 grams of blood and injected them into the first sick
dog.

In the small dog, immediately after the injection of this blood apparently so little infected,
violent convulsions occurred. Breathing and pulse became stronger, the pupils gradually
began to dilate; a few minutes later, the globes of the eyes themselves came out of their
sockets. The animal lay on its stomach and shook continuously. This state persisted over
the following days; the animal did not want to eat and visibly lost weight.

In the other dog, the thigh wound began to close; the general condition did not change.
So that the symptoms of infection would appear more clearly, | injected into the left crural
artery of the dog which seemed to me the most vigorous 12 grams of pus with a foul odour
and spread with water and filtered.

During the injection, there were weak tetanus convulsions; the breathing and pulse
increased. After the dog had been untied from the plank to which he was tied, he jumped
down and stood for half a minute quite frightened, as if he wanted to run away, then he lay
down on his stomach and began to tremble; the tremor manifested itself in the skin and in
some parts of the muscles.

On 7 February, the condition of both dogs was the same; the appetite was poor, the
trembling and shivering persisted, although to a lesser degree in the small dog. The
defecations were mostly spherical and quite moist. This state persisted for several days.

Phil Learoyd 9
2024



The wounds suppurated heavily and became covered with a diphtheritic crust. When the
kennel door was opened, a pestilential smell escaped.

On 12 February, | performed a deplethoric transfusion on both dogs. | bleed 90 grams
from the big dog; to the little one, | made one of 30 grams, and | introduced with the help of
my apparatus, through the same opening of the jugular vein, to the first 120 grams, to the
other 60 grams of the defibrinated blood of two healthy dogs of the same species and of
ordinary size.

During the operation, the large dog vomited, certainly as a result of a too hasty an
injection. The little dog vomited only two hours after a considerable mass of phlegm. The
condition of the two dogs improved noticeably, but only for a short time: the old and new
wounds suppurated extraordinarily over the following days; they showed no tendency to
scarring and had a diphtheritic appearance.

| repeated the transfusion on 18 February: | took 60 grams of blood from the big dog and
introduced 90 grams; to the little dog, | limited myself to giving a transfusion of 60 grams. |
operated with the defibrinated blood of two healthy dogs. | injected as slowly as possible,
and the vomiting did not occur; only | noticed deep inspirations and strong contractions of
the heart. Immediately after the operation, a striking liveliness was observed in both dogs.
In the following days, the condition continued to improve, and the wounds began to heal.

On 28 February 28 and 16 March, | again repeated the transfusion of 90 grams in the
large dog and 45 in the small one, without depletion; after which the condition improved
considerably: the wounds healed radically a week after the last operation, and the animals
made a complete recovery. They even became bigger and stronger than before.

IV. - The blood of animals can revive, but only in a temporary way, the animals of another
species; it decomposes quickly, and, if it has been injected in small quantities, it can be
eliminated without inconvenience; but if it has been injected in large quantities, it can cause
death.

Panum (27) has examined this question very closely in careful work. From his
experiments it appears that the blood of ruminants (sheep and calf) injected into the veins of
a bloodless dog can restore, but only for a moment, the activity of nerves and muscles, as
well as respiration and heat production. During the injection, the foreign blood does not
produce any particular symptoms; but, afterwards, it is evacuated partly by haemorrhage
and partly by the decomposition of the globules and urinary secretions. The products of
decomposition, in which the absence of urea is noted, bring serious disorders into the body
which can be tolerated if only a small quantity of foreign blood has been injected into the
individual, and if a sufficient quantity of primitive blood remains; but if a great deal of foreign
blood has been introduced, and the subject has retained little of his own, then either death
by extinction or death with nervous symptoms occurs. One-sixth to one-seventh of the mass
of blood has been replaced by an equal quantity of foreign blood, and this substitution has
brought about death within thirty hours; the same operation on three-fifths of the mass of
blood brought death in three and a half hours. On one-ninth to one-twentieth of the mass of
the blood, only serious pathological accidents have been produced, without, however,
leading to death. Neither the excess of carbonic acid, nor the lack of oxygen, nor the
excessive abundance of blood, nor even fibrin, could have been the cause of either death or
the pathological symptoms, since the blood was defibrinated and oxygenated, and the
transfusion had been preceded by depletion. The only cause, therefore, was the introduction
of blood from another species.

We will add here two personal experiments that have given the same results:

1. | depleted a large species of rabbit of 30 grams of blood, and introduced 45 grams of
the defibrinated blood of a dog into it. Except for considerable prostration and very blackish
urinary discharge, no bad symptoms appeared, and the animal recovered in a few days.

2. To another rabbit of the same species, to which | performed, in the space of a few
days, three bleedings of 15 to 30 grams each, | made a transfusion of 60 grams of the
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defibrinated blood of a calf into the jugular vein. For a moment the beating of the heart
increased, the breathing was deeper; however, the animal succumbed after an hour and a
half in convulsions. The autopsy showed a partial infiltration of blood into the lungs; in the
stomach and intestines, bloody phlegm and some sugillations; the bladder was strongly
contracted; the kidneys were blackish, hyperaemic; the brain was also full of blood, with
some small extravasations; the muscles had a characteristic dark colour.

V. Transfusion, if it is well executed, is no more dangerous than bloodletting.

To carry out the transfusion in good conditions, the operator must above all avoid: the
presence of foreign bodies soiling the blood; the formation of clots; the introduction of air into
the circulatory torrent; the precipitation of the injection, and finally phlebitis.

1. In the old practice, the first syringe that came along, the cleanliness of which could not
be controlled, was often used; it was therefore inevitable that the blood would become
soiled, and consequently lead to serious disorders which have contributed too much to the
cases of death enumerated in our statistical table. Even with the best device, the most
scrupulous care must be taken to ensure perfect cleanliness. The containers in which the
blood is collected, the glass sticks with which it is defibrinated, the wool through which it is
filtered, all of this must be of an impeccable cleanliness. If one carefully examines all the
different instruments necessary for the operation, and if one is convinced of their cleanliness,
one can surely avoid the impurity of the blood and the dangers which result from it.

2. We have already spoken of the danger of the introduction of clots into the circulation.
The use of defibrinated blood eliminates most of this danger. However, there are still two
cases where, even when using defibrinated blood, clots can form. Firstly, if the vein has not
been discovered and ligatures are used; then if the blood cools too much in the device: in
these two cases, the blood may coagulate in the vein. To avoid this danger, the vein should
be uncovered only as long as is necessary to drive the trocar in safely, i.e., an incision of
one centimetre is quite sufficient. Then it is not necessary to use ligatures, and to take care
that the temperature of the blood does not fall below 20 degrees.

3. The danger of the introduction of air has often occurred in surgical operations
performed on veins near the neck, and even two cases of death have been observed during
transfusion which had no other cause. This led to many experiments on animals. Air has
been injected into their veins, and the effects have been studied. | myself have made similar
experiments, and from my own experiences, as well as from those hitherto made by others, |
have drawn the following conclusions.

a. The introduction of a considerable quantity of air into the small circulation can lead to
sudden death.

The air enters the jugular vein, and from there into the heart, often with a perfectly
perceptible gargling sound. The injured person falls unconscious, and only in rare cases can
he be brought back to life by artificial respiration or other reviving remedies.

If the air is injected slowly and at intervals, death comes later.

The introduction of a small quantity of air only causes death after several hours or even
several days (28).

Death results from a mechanical obstruction of the circulation in the lungs and from the
invasion of air into the right part of the heart, and as a result of an alteration in the functions
of the valves. Autopsy shows air in the right heart.

b. The spontaneous entry of air into the circulation only occurs if the veins of the neck or
armpit are opened, and this as a result of respiratory movements.
By opening the veins of the extremities, the spontaneous entry of air is not to be feared.

Phil Learoyd M
2024



c. The introduction of a small quantity of air into the circulation, if it takes place slowly and
far from the heart, is not dangerous.

If we use a good device and if we ensure, before inserting the trocar, that all the air is
completely expelled from the cannula; if we also monitor the blood level in the device, and if,
in the event that it falls (see the figure below) down to zero, we push the stylet into the
cannula of the trocar, it is then impossible for air to enter the vein.

As, on humans, we almost always operate on a vein in the arm, even the introduction of
small air bubbles would not have serious consequences, as we can see in case n°. 56 in our
table, due to Devay and Desgranges.

4. Too hasty an injection can lead to sudden death. Brown-Séquard carried out
experiments on this subject on animals, and he was able to kill an animal by the hasty
injection of only 30 grams of blood. The right heart becomes too full and can no longer
contract. This danger can manifest itself very easily if a syringe is used, and with this
instrument it is often difficult to inject slowly, and the injection takes place in jerks. But, with
the help of our apparatus, provided that one is experienced, one can introduce the blood
with all the desired slowness, and consequently this danger is avoided.

5. In several cases, phlebitis has been observed at the site of the injection; however, this
phlebitis has always been mild and all the patients have recovered. It can occur if the vein is
exposed too much, if ligatures are applied, and if the walls of the vein are irritated while
operating the device. As we avoid all this, and even the translation of the movements of the
device on the trocar, by using an intermediate elastic tube, this last danger is not great, and
it does not occur to a greater degree than in a bleeding. By proper treatment, the
inflammation is easily removed.

Apart from these dangers, some unpleasant symptoms also occur in humans and
animals, such as vomiting, convulsions, chills and headaches (29).

Convulsions and vomiting occur during too hasty an injection, probably as a result of
excitation of the ends of the branches of the vagus nerve. These accidents disappear
without further bad results. Shivering occurs when the temperature of the blood to be
transfused is too low, and this is dangerous only because of the production of clots, which
can result from this lowering of temperature. Headaches appear immediately after
transfusion and usually dissipate in the following days.

We see, provided that we are perfectly familiar with all the details of the operation and
that we observe them properly, we can avoid all the dangers. We consider the transfusion
operation to be very delicate and very meticulous, but in no way dangerous.

!
OPERATIING PROCEDURE

To carry out the blood transfusion, we have until now used different syringes, which only
imperfectly meet the physiological conditions of this operation, namely:

1° That the device can be kept in a state of perfect cleanliness.

2° That its capacity is sufficient to contain the necessary quantity of blood and that it can
be handled easily and precisely.

3° That it is possible to keep the blood at the desired temperature.

4° That the introduction of air bubbles into the vein is made impossible.

The syringes ordinarily used for transfusion consist of a glass cylinder fitted with the
accessory parts of metal or rubber and a plunger covered with greased leather. When
attaching the accessory parts to the cylinder, grooves always remain between these parts.
In these grooves there is always dust, small pieces of putty, and especially blood which it is
very difficult to remove completely; this blood decomposes and can infect the blood that will
be used for a second transfusion.
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The pistons are also, in the long run, very difficult to keep in a state of absolute
cleanliness. Leather always absorbs some blood; the fat becomes rancid, and foreign
matter is detached from the leather of the piston which easily enters the blood and produces
various pathological lesions in the lungs, such as embolisms and abscesses. Several
physiologists claim that the introduction of foreign bodies into the circulation could even be
the starting point for the formation of tubercles.

Mr. Mathieu's device, with its perforated piston and gray capillary tube of grey vulcanized
rubber, of a too thin a calibre, is even more difficult to clean well than most other syringes.
Then, the rubber continually loses particles of sulphur which corrupt the blood. Furthermore,
it is impossible to keep it at the desired temperature. And even if it is defibrinated blood,
which does not coagulate, it cools off the large surface of the funnel, passing through the
pump, the hollow piston rod, the rubber tube and the nozzle that is too thin; then it
coagulates the blood in the vein by its low temperature, and causes serious accidents
resulting from the entry of clots into the circulation. This is how all the operations carried out
with Mr. Mathieu's device had no other result than the death of the patients.

| believe | have avoided all the disadvantages that | point out in the other devices by
constructing the following, which consists of:

1° An inverted cylindrical glass bottle, 25 centimetres high and 5 and a half centimetres in
diameter. This bottle ends at the bottom with a neck 4 millimetres in diameter. Below the
upper part there is an orifice b of 1 and a half centimetres in diameter. This vial is built to
hold 250 grams of blood, graded from zero to 250; above the 250 point, there remains a
chamber which will contain air.

2° A compressed air pump, made up of two rubber balls, joined together and ending in a
hose also made of rubber. The first balloon p, approximately 5 centimetres in diameter by 7
in length, is closed on the exterior side at r by a valve which opens from the outside in, and,
on the lower side at o, corresponding to the second balloon s; it is closed by a valve opening
in the opposite direction. The second valve serves as a communication between the first
and second balloon; the latter, at the resting stall, is 7 centimetres long and 3 centimetres in
diameter, which can acquire that of the first balloon. It is surrounded by a net designed to
limit the degree of distension. The pipe m, also of rubber, which terminates the second
balloon, is 27 centimetres long and 4 millimetres in diameter.

3° A trocar composed of two silver pipes and a stylet. The first pipe fn, 2 centimetres
long, discharges at almost a right angle, with a slight inclination, into the other pipe hh', 5
centimetres long. The diameter of the two pipes is approximately 2 millimetres. The stylus
ii", fitted with a small button-shaped handle, is adjusted by gentle friction with the pipe. The
tip, triangular in shape, protrudes 5 millimetres from the opening of pipe. Near k there is a
spring which relaxes, when the stylet is withdrawn, in a groove located on the stem of the
stylet, and, in this way, prevents it from being able to be withdrawn any further.

The three parts fit together in the following way:

The orifice b is filled by a perforated rubber stopper, which itself contains an ivory cannula
sticking out in the shape of a button. This button is covered with thick gauze folded in half to
stop airborne organic dust and germs. On this button fits the end of the pipe m.

The neck f of the flask is joined with the trocar pipe ending in a button by a tube ff of
black rubber, 12 centimetres long by 4 centimetres in diameter.

In order to avoid too great a variation in the temperature of the blood, especially if it is
necessary to inject very slowly, and if the temperature of the patient's room is not very high,
the flask may be fitted with a woollen blanket; an indentation has been made which allows
the quantity of blood supplied to the patient to be seen on the metric scale engraved on the
bottle.
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This device can be found at Mr. Lier and Messrs. Robert and Colin, in Paris.

The description of the device finished, here is how the transfusion will be carried out. The
first step is to defibrinate the blood using twisted glass rods; then it is filtered through a thick
cloth, and it is introduced with a glass funnel through the opening b into the bottle. The
opening b is closed with a black rubber stopper, and the flask is placed in a bath of water
heated to 40 degrees. After bandaging the patient's arm as if for a bloodletting, the median
vein is uncovered, by making an incision one centimetre long. The flask is removed from the
water, dried; then, holding the neck down, the rubber stopper is pulled out and the
compression pump is inserted into it.

The stylet is then withdrawn to n, and the blood expels all the air contained in the trocar
pipe in the direction of finished communication, which is thus restored. When this has been
ascertained, by seeing the blood flowing through the opening of the pipe, the stylet must be
replaced, the trocar must be wiped, the flask held by an assistant, and, after fixing the vein
with the left hand, the trocar must be inserted into it, then the stylet must be withdrawn.

The band is then removed from the arm; the trocar is held in place by the assistant; then
taking the bottle with the left hand, the compression pump is handled with the right. Each
pressure on the balloon p brings about 20 to 30 grams of air into the space /; the air is
compressed inside and presses on the blood. By handling this balloon in a continuous
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manner and by regulating the flow of blood by the introduction of the stylet, which can be
used here as a tap, it will be possible to make the blood flow into the vein in a safe and
uniform manner.

Many surgeons are of the opinion that all special and complicated devices are
superfluous; that a scalpel, a forceps and an enema syringe, which are found everywhere,
are sufficient to perform the transfusion. This tendency towards primitive simplicity is
deplorable.

To solve such a big problem, appropriate means are needed. Blood transfusion is a
physiological operation par excellence; it therefore requires a device that meets
physiological requirements.

The human body is very complicated. All materials that enter the bloodstream pass
through a whole system of filters; the very air we breathe enters through a canal whose hairs
and pituitary membrane remove dust, at the same time as the air from the nasal cavities
warms the air we inhale.

If we therefore want to replace the blood of one individual with the blood of another, this
blood must pass through a medium suitable for the physiological state.

The time when we wanted to do everything with a scalpel and tweezers has passed for
surgery. There are operations which, as they improve, become more complicated; and if
some surgeons complain about the meticulous devices and procedures, many patients owe
their salvation to them.

The improvement, if it is real and incontestable, if it saves even one patient in a hundred,
is a sufficient reason to adopt the new device and reserve the enema syringes for their usual
use.

The three observations which we are about to read, and which are personal to us, have
already been published in the Gazette médicale de Paris.

i
COMMENTS

I. - Puerperal eclampsia in the asphyxial state cured by transfusion of defibrinated blood.

The woman A. D., twenty-three years of age, of medium height, strongly built and in good
health, although usually a little pale, was received on 8 January 1868 in the Heidelberg
birthing clinic (30). She had always had normal periods and could not remember ever being
seriously ill.

Two years earlier, she had given birth to a live and full-term child. When she entered the
clinic, her menstruation had ceased at the end of April 1867; she could not determine the
time at which she felt the child stir for the first time. She stated, however, that these
movements had generally been barely felt, and less than during her first pregnancy.

At the first examination of the patient, a swelling of the lower eyelids was noticed; but on
the top of the hands, as well as on the whole upper part of the body, one would have looked
in vain for the same symptom. On the other hand, the lower part of the lower abdomen, and
the two feet, up to above the ankle, were swollen and presented the character of a fairly
developed oedema. On continuing the examination, it was discovered: a prominent belly, a
very large quantity of amniotic fluid; the bottom of the uterus rose about three finger widths
above the umbilicus; the heartbeat of the fetus were perceptible a little below the umbilicus;
The vulva was not swollen.

The urine contained albumin and fibrinous deposits. The dropsy increased rapidly, so
that from the feet it ascended to the upper part of the thighs, and soon the belly swelled to
the point of acquiring an enormous volume, and the oedema also appeared on the dorsal
surface of the hands.

After a very quiet night, on 23 January, at six o'clock in the morning, she was seized with
the pains of childbirth. Soon after, and without any symptoms having presaged it, came the
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eclamptic convulsions with the coma that follows them; these convulsions succeeded each
other so rapidly that three attacks had taken place before the patient could be carried to the
delivery room.

The exploration was immediately made, and it was found that the work had begun; the
cervix was not yet completely effaced, but the orifice was already open by 2 centimetres; the
child was presented by the head, the sounds of the fetus could not be detected anywhere.

The urine, obtained by catheterization, presented such an enormous quantity of albumin
that by subjecting it to the action of fire, it was made to coagulate entirely. Immediately
afterwards, the patient, seized by new pains, threw herself, exhausted with fatigue, on her
bed, uttering a dull groan, and it was not long before she was prey to a fourth attack. During
this attack and the coma which followed, the face had swollen and become a dark red;
breathing was noisy and jerky. The jugular veins were greatly swollen, the carotid arteries
were beating violently; body temperature was 40 degrees; the pulse gave 72 beats per
minute.

To hasten the delivery, the colpeurynter was used, into which hot water was introduced;
however, the desired result was only achieved after seven hours of waiting. During severe
pain, the colpeurynter was removed. The orifice then appeared well prepared, and the
child's head was engaged in the excavation. To complete the delivery more quickly,
Professor Lange, director of the clinic, decided to rupture the membranes and extract the
head using forceps. This operation presented no difficulty.

The child was dead and showed the beginnings of decomposition indicated by a slight
detachment of the epidermis.

The delivery soon took place spontaneously; after which the uterus contracted in a very
satisfactory manner and without loss of blood.

However, the hope of seeing the eclampsia end was not realized; because immediately
after the delivery, a new attack declared itself. This one did not yield to the previous ones
either in violence or in duration, and was, in the space of seven hours, followed by seven
new attacks just as strong and just as prolonged. As the anaemic appearance of the patient
and the oedema, which had increased noticeably on the top of the hands, were not likely to
encourage bloodletting, we limited ourselves to the use of twelve leeches placed on the
temples and behind the ears, but without any success. The same was true of the application
of ice to the head, of clysters, of numerous hypodermic injections with morphine in the
proportion first of 0.045, then of 0.008 of a gram, and of chloroformisations.

Thirty-two attacks in all, seven of which had already occurred since the delivery;
seventeen hours had elapsed since the appearance of the eclampsia, without the patient
having been able to take the slightest food. Since the first attack, she had been
unconscious. As a result of these numerous and violent attacks, exhausted to the supreme
degree, she remained plunged into a most profound asphyxial state. Not a symptom that
allowed us to hope for an improvement in this state.

| do not want to investigate here what are the determining causes of eclampsia; | do not
claim to decide the question of knowing to which constituent part of the urine the toxic action
on the blood must be attributed. But it is undeniable to me that the retention of urine in the
blood produces, under the action of circumstances which are not yet well known,
intoxication, and that anaemic blood during pregnancy and the great irritability of pregnant
women are much more prone to intoxication and produce very vile the most dangerous
symptoms. Thus, in the asphyxiated state of our patient, the deplethoric transfusion alone
seemed to offer me any chance of salvation. Professor Lange agreed with me, and was kind
enough to entrust me with the execution of this operation.

The median vein in the patient's left arm was opened, and after removing 420 grams of
blood, the wound was bandaged. Doctor Vietz agreed to donate his blood, and 240 grams
of it would immediately be returned to him. The blood was defibrinated, filtered through a
fine cloth folded in half and kept ready in a water bath at 38 degrees. After the patient's right
arm had been bandaged as if for bloodletting, | exposed the median vein by a cut of only
one centimetre, and while with my left hand | held the vein, with my right | inserted the trocar
and removed the stylet. Professor Lange fixed the trocar, and at the same time | introduced

Phil Learoyd 16
2024



the blood from the device into the vein, until, in the space of eight minutes, 210 grams of
defibrinated blood had penetrated into the patient’s vessels. After which the tube was
removed from the trocar and the arm was dressed as if following bloodletting.

As soon as the transfusion was finished, the pulse was weaker and more frequent and
breathing freer. The cyanosis of the face began to diminish. Half an hour later, at midnight,
a thirty-third attack of eclampsia occurred again; but it was much weaker and much less
prolonged than the previous ones. It was the last.

Soon after, the patient began to sweat all over her body; after another half hour, her
breathing became free, and she began to regain consciousness, uttering several times, but
indistinctly, the words: “I am thirsty,” and was able to swallow, although with difficulty, the
water that had poured out of her.

Soon she fell asleep in a natural, calm sleep, in which she spent the rest of the night
without waking.

On the morning of the 24th, the patient found it much easier to swallow, and we were able
to give her a small quantity, but more frequently, sometimes of water, sometimes of broth,
milk or wine. When her name was called, she opened her eyes, but only responded with a
confused murmur to the questions asked to her and went back to sleep immediately
afterwards.

On the night of the 24th to the 25th, the patient, waking up from a calm sleep, wanted to
get out of bed to satisfy her natural needs. And when she was prevented, she asked for the
vase; then she immediately went back to sleep.

On the morning of the 25th, she had somewhat regained consciousness and only
complained of dizziness and pain in the head and masseters. During the day, she spent
most of the time sleeping and waking up for soup and drinks.

From then on the convalescence, which nothing disturbed, made rapid progress; soon we
could switch to a more fortifying diet, including beer and wine, and all medication was
suspended. On 1 February, the patient asked to get up, which she was allowed to do two
days later.

Under the influence of a diuresis which occurred spontaneously, and so copious that from
24 January to 1 February the daily quantity of urine rose from 720 grams successively to 1
kilo 740 grams, 2 kilos 10 grams, 2 kilos 100 grams and 2 kilos 160 grams, the anasarca
disappeared so quickly that on the latter date no trace of it could be found. Thus the specific
weight of the urine, which rose, on the night of 23 to 24 January, immediately after the
transfusion, to 1.005, soon rose to 1.006, 1.010, 1.014, 1.015 and 1.017. The albumin in the
urine decreased in the same proportion, as demonstrated by the analysis carried out every
day. On 1 January [February — PL], the day on which diuresis began to diminish, albumin
completely disappeared from the urine.

On 8 February, the wounds on the arms were also completely healed, and on the 18th of
the same month the convalescent, in perfect health and with a flourishing air, left the clinic,
and went to Maunheim to resume service there.

According to the information she has provided us, she is doing very well, and is busy with
her domestic work as before.

Il. - Asphyxia of a new-born child successfully treated by transfusion of defibrinated blood.

On 12 April 1869, a Russian lady, Baroness de V..., being in the eighth and a half months
of her pregnancy, was travelling by train. A violent collision took place during a track change
near Carlsruhe station. This lady was suddenly seized with the pains of childbirth, and
scarcely had she arrived at a hotel near the pier, when the delivery began. As | was living in
the same hotel, | was summoned, and | found the subject in the following condition: the
membranes were already ruptured, the dilation of the cervix was complete, and the head
began to pass through the cervix, soon it was descending into the excavation. The pains
follow one another very quickly, and the head emerges spontaneously through the vulva.
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Exploration showed that the neck was tightened by two turns of the cord. As it was
impossible to free the cord, | cut it with scissors and tried to complete the delivery.

Unfortunately the development of the shoulders lasted a few minutes, and the child came
asphyxiated, very anaemic, and purple; the sounds of the heart grew weaker. | applied the
usual remedies in vain for nearly ten minutes; the sounds of the heart remained barely
perceptible. | decided to apply the transfusion.

As no one wanted to provide blood, | took blood from the mother's placenta, which
delivered spontaneously; | defibrinated it with a small piece of whalebone, and injected 30
grams in two doses into the umbilical vein with a glass syringe, which we found in a nearby
pharmacy.

Immediately after the injection, the child experienced shivering and fibrillar contractions of
the facial muscles and at the same time the child heaved a long sigh. The pulsations of the
heart became stronger, and breathing began to function regularly. After a night of sleep, the
child willingly took his mother's breast.

He was then sent to be a nurse at Lucerne. Information which | received afterwards, at
several intervals, told me that the child was very well, and that he had grown very strong.

lll. - Transfusion performed successfully for uterine hemorrhagic.

Madame S..., a delicate woman, aged twenty-six, who had already had several
miscarriages followed by severe metrorrhagia, had been pregnant for four and a half
months. On 27 August 1870, she suddenly experienced severe colic and was seized with a
profuse uterine haemorrhage. In a few hours the loss became more and more alarming, and
reduced her to a desperate state.

Doctor Gontier Saint-Martin used cold on the stomach, rubbing the extremities with
mulled wine, and inside large doses of opium and carbonate of ammonia. Despite this
treatment, the face was cadaverously pale, the lips discoloured, the extremities cold,
breathing sluggish and, ceasing at times, the pulse barely perceptible, the whole body
covered with viscous sweat. Believing that it was necessary to resort to transfusion here,
Doctor Gontier Saint-Martin sent for me and proposed that | try the operation.

When | arrived with my colleague Mr. Meyer, who was willing to assist in the operation,
the patient was in a state of deep syncope, unable to speak, and presenting all the
symptoms of imminent death. Mr. Gontier Saint-Martin practiced the tamponade while |
made preparations for the transfusion with Mr. Meyer.

Mrs B..., the sister of the patient, a robust woman of thirty years old, agreed to give her
blood, and 350 grams were taken from her, which were received in a container which was
immersed in a vase filled with water heated to 40 degrees. The blood was defibrinated,
filtered, and introduced into the device. After the patient's right arm had been bandaged as if
for a bloodletting, | exposed the median vein, and while Mr. Meyer held the device, | fixed
the vein with my left hand, and with my right hand pushed in the trocar and withdrew the
stylet. After fifteen minutes, | slowly introduced 300 grams of blood.

After the operation, there was a subtle improvement. The pulse became stronger and
gave 88; breathing was more regular; the patient opened her eyes, and was able to answer
all the questions asked of her. She felt very relieved, and said that she had felt a sensation
of warmth along her arm towards her chest.

A few hours later, there was a great deal of agility; the patient was thirsty, and felt a
painful heat in her head. After vomiting a considerable quantity of phlegm, the agitation was
followed by a general despondency. However, she was able to swallow a small quantity of
reddened water, and afterwards she fell asleep.

From that moment on, improvement took place in all respects. The pulse was still weak,
but regular; normal breathing.

The patient was able to take a little lukewarm broth, and complained only of headaches
and retention of urine. The tampon was removed, and immediately afterwards the patient
returned a considerable quantity of urine of a good nature, which gave her great relief.
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The recovery, aided by the use of gentle tonics and an appropriate diet, was progressing
little by little, when family circumstances and the upcoming siege forced Mr. S... to leave
Paris on 7 September.

After three months of anxiety about the fate of our patient, as a result of the lack of news,
| learned with pleasure that she had written to one of her relatives. She has fully recovered
and is currently enjoying good health.

v
THERAPEUTIC INDICATIONS

From the foregoing observations we may conclude that transfusion may be employed in a
number of diseases which we shall review.

In the case of acute or chronic anaemia, direct replacement of the missing blood appears
to be the most logical remedy (31). Furthermore, in cases where the blood mass is altered
by pathological or toxic causes and put in a compromising state for the body, and where it is
therefore necessary to promptly make a modification in the vital functions, it also seems
logical to replace by deplethoric transfusion a part of the diseased blood with a certain
quantity of healthy blood, and, thereby, essentially improve the mass of the blood as a
whole.

At the top of the main cases where transfusion must be applied, we will cite abundant
haemorrhages following childbirth or due to traumatic and neoplastic causes. Abortion,
vicious insertion of the placenta, laborious delivery, insufficient contraction of the uterus,
deep tears in the orifice of the uterus, vagina or vulva, all these accidents too often lead to
fatal haemorrhages. It is true that in many cases, after the haemorrhage has ceased, the life
of the patient can be saved by stimulants and a suitable tonic diet, but it often also happens
that, owing to the impossibility of her swallowing food and medicines, or of keeping them,
because of vomiting, we must give up all hope of repairing the loss by normal means, and of
reviving vital activity. It is then that transfusion offers the means of introducing directly into
the circulation this same invigorating liquid that digestion supplies to the organs during the
normal state. We have reported enough examples where this system provided prompt and
effective assistance.

Transfusion may also bring a favourable result in haemorrhages after surgery, in
exhausting haemoptysis, in haemorrhages of the stomach and intestines, when syncope has
begun or is increasing and there is a visible danger of death.

In cases where the activity of the digestive organs is weakened or completely suspended
by stricture of the oesophagus, or tetanus, or hydrophobia, we can also, by transfusion,
support the patient until the normal functions of nutrition are restored (32).

In asphyxia of newborns, where ordinary remedies are completely lacking, transfusion
especially deserves to be taken into consideration. | myself had the good fortune to succeed
in one case and to suddenly bring back to life, by the transfusion of 30 grams of defibrinated
blood, an asphyxiated newborn. Regarding this case, | want to point out an important fact:
namely, that we can very well use blood from the mother's placenta after it has been suitably
defibrinated and filtered. 10 to 15 grams are injected into the umbilical vein, as close as
possible to the umbilical ring, several times, after having previously allowed a little blood to
flow through the umbilical arteries.

After the successful experiments of Kilhne on animals poisoned by carbon monoxide, an
attempt has been made to introduce into medical practice the use of transfusion in cases of
acute poisoning.

Eulenburg and Landois recommend that, in the event that the toxic substance has
penetrated the blood and threatens life without an antidote being known, the poisoned blood
should be replaced by normal blood by means of transfusion. In this way, without changing
the whole mass of the blood, it is nevertheless possible, by repeating the deplethoric
transfusion, to greatly reduce the quantity of poison, and thus to attenuate its deleterious
effects. These physiologists have observed in animals the effectiveness of deplethoric
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transfusion in poisoning by carbonic acid, carbon monoxide, chloroform and ether, opium,
morphine, and strychnine. In non-lethal doses, they considerably shortened the duration of
the intoxication period and reduced the intensity of the symptoms, and at even in lethal
doses they were able to preserve life and the integrity of all functions (33).

Until now we have only experimented on humans in cases of carbon monoxide poisoning,
and twice the test, attempted by Badt and Martin and by Ulerhart, was followed by success.
Moreover, in this case, the prescription of the transfusion is entirely rational. Friedberg (34)
claims that in carbon monoxide poisoning, although respiration and circulation are not
stopped, serious accidents may occur continuously, such as loss of consciousness and
convulsions, accidents capable of causing death. In similar cases, normal functions are not
sufficient to eliminate carbon monoxide from the blood; we can therefore rightly think that it is
good to replace part of the poisoned blood with healthy blood. The data used to make a
prognosis in the case of carbon monoxide poisoning are too uncertain at the beginning for
one to take responsibility for waiting. Indeed, dizziness, or any other serious symptom of
poisoning, can, while resisting ordinary therapy for a long time, end in recovery as well as in
death. Therefore, if all the threatening symptoms of carbon monoxide poisoning resist
ordinary revivifying remedies, we must without further delay have recourse to deplethoric
transfusion as the only remedy in which we can then have confidence.

By experiments on animals carried out before a commission of the Academy of Medicine
of Paris, | have proved that blood transfusion can be used successfully in poisoning by
lighting gas.

Eulenburg and Landois also cite poisoning by hydrogen sulphide, for which they
recommend blood transfusion. According to Liebig, in this case, under the influence of
hydrogen sulphide gas, a combination occurs between the iron oxide of the red blood cells
and the sulphur, which forms iron sulphide; which results in the suppression of the
respiratory activity of the blood. As in this poisoning no remedy is known capable of
dissolving this sulphurous combination, deplethoric transfusion can only act by substituting
normal blood for this blood rendered, by the presence of sulphur, incapable of haematosis.
Sewer cleaning and flushing can often provide an opportunity to have recourse for
transfusion (35).

In chronic anaemia, produced little by little by repeated haemorrhages, by long and
abundant suppurations; in dyscrasia diseases, such as scurvy and Werlhof's disease, the
chances of success are lower. In these cases, there may be either weakening of the
digestive functions and stubborn diarrhoea, or dropsy of the pleura, pericardium, or oedema
of the lungs; ordinary therapy is almost always powerless to combat these symptoms. It is
then that we can try the use of repeated transfusion to combat these symptoms, especially
when cinchona and iron cannot be tolerated by the patient.

In one case of epilepsy, Professor Nussbaum applied transfusion with complete success.
We also know of a case from Brown (No. 50), where an attack of epilepsy having occurred
during childbirth, it ceased immediately after the transfusion. We must therefore rightly try
this system in such circumstances.

In uremic poisoning, transfusion has also been shown to be beneficial. A case where a
complete effect can especially be obtained is where the cause of uraemia is often
mechanical and temporary, as in puerperal eclampsia. The symptoms of severe eclampsia,
that is to say the complete loss of consciousness and sensitivity, anaesthesia of the
conjunctiva, dilation of the pupils, stertorous breathing and sometimes even ceasing
altogether, trismus, the tetanic extension of the whole body, the convulsive contractions of
the arms and face, all this presents such an analogy with the symptoms of carbon monoxide
poisoning, that one can presume that in this case , there is also an excess of carbonic acid
and an insufficient amount of oxygen in the blood. Deplethoric transfusion seems to be the
most suitable remedy here to bring about a rapid and favourable change. We have
previously given a detailed description of a case of eclampsia cured by transfusion.

Professor Lucke, from Bern, recommends transfusion in septicemia, based on theoretical
considerations. The lack of success obtained from transfusion in humans in the case of
pyaemia should not, however, cause us to give up all hope of getting good use out of it in
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such circumstances. For this | will rely on the experiments that | carried out on animals that |
had put in a similar state by putrid infection.

To perform the transfusion, especially in cases of haemorrhage, one should not delay
until the last moment, for example until breathing has stopped. If the anaemia has reached
a high degree with the signs of imminent death: discoloration, cooling of the extremities,
small and almost imperceptible pulse, weakness, we must hasten to carry out the operation.
Even if recovery were obtained in cases where all these disorders were already present,
sometimes, due to the lack of blood even for a short period of time, disorders of the nervous
system occur which can produce irreparable effects. Salvation is always more doubtful, the
more the active forces of life are hindered or altered.

As for the question of whether we should perform the transfusion before the haemorrhage
has stopped, we think that, especially in traumatic haemorrhage, we should wait until it has
stopped. When the large vessels are ruptured, they must be closed by ligation, and when
this cannot be done because they are deep, it is necessary to wait for the formation and
consolidation of the clot; because without this it could be removed by the flow of the
transfused blood, and the haemorrhage would start again.

In haemorrhages which occur after childbirth, on the contrary, transfusion does not
prevent the use of haemostatics, and, moreover, it increases and re-establishes the
contractility of the muscular fibres of the uterus and consequently hastens the cessation of
the haemorrhage. Consequently, it is indicated, during this time, to use all means capable of
helping to stop the haemorrhage. In our table there are two cases (nos. 16 and 17) where
the haemorrhage stopped after the transfusion.

At the same time as the transfusion, other stimulants should not be neglected; wine or
brandy can be given, even in high doses, if the patient can tolerate them. Likewise, in the
case of cessation of respiration, artificial respiration will be used, concurrently with
transfusion.

In poisonings, one must also have recourse to recognized antidotes and other reviving
remedies.

As for the quantity that must be injected, it is necessary, in the case of haemorrhage, to
restore as much of the lost blood as possible, and, in such circumstances, as well as after
prior depletions, even up to 400 grams may be injected. The blood of several people can be
used without inconvenience. In other cases which do not present an imminent danger, we
believe that the most suitable quantity is 150 to 200 grams. If this is not enough, the
transfusion can be repeated after a few days, performing it on the patient's other arm.

The wound on the arm must be dressed as after a bloodletting. The inflammation which
sometimes occurs disappears quickly under the influence of anti-inflammatory treatment.

In view of the successes obtained by transfusion in the diseases that we have just
reviewed, we wonder why this operation has been so rarely put into practice in France.

The answer to this question is simple and easy. This is because most practitioners are
unfamiliar with the details of this operation; most have not even seen it performed on
animals and only look at it with a feeling of disbelief.

Even those who are convinced of its effectiveness do not have the necessary instruments
on hand at the right time, and so give up practicing it, or if they do it, it is always with a poor
improvised device.

By inviting our colleagues to study the operation in all its details and to obtain the
appropriate devices, we will end this report with the following words from our master
Bischoff:

“It would be desirable that the new experiments on the properties of blood, as well as on
transfusion, serve as encouragement not to lose sight of this important mode of treatment,
which, in given cases, is the only one which can save the life."
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SUPPORTING DOCUMENTS

Letter from Mr. H. Helmholtz, Professor of Physiology at the University of Heidelberg, to Mr.
A. Wurtz, Dean of the Faculty of Medicine of Paris:

"Sir and honourable colleague,

A young Polish doctor, Dr. de Belina, has been occupied for a long time in my laboratory,
with the question of blood transfusion, and who, as | believe, has essentially perfected the
method by replacing the coarse syringes of the manufacturers of surgical instruments by an
apparatus suitable for all physiological requirements, has asked me to serve as his
introducer to you, and | can here certify that he has pursued his scientific aim with great
ardour, and that his efforts were crowned with the greatest success.

Perhaps you can recommend him to the competent medical authorities, so that he can be
given the opportunity, in one of the hospitals of Paris, to demonstrate his method and then
put it into practice.

Please accept, Sir, the expression of my most devoted sentiments.”

Signed H. HELMHOLTZ.
In Heidelberg, 20 January 1869

Certificate from the Commission of the Academy of Medicine of Paris.
IMPERIAL ACADEMY OF MEDICINE OF PARIS.

“The undersigned, members of the Academy of Medicine, certify that they attended, in their
capacity as Commission of the Academy, the blood transfusion experiments carried out by
Doctor de Belina, with the help of the device of which he is the inventor; that these
experiments were perfectly successful, and that the device seems likely to provide services
in the treatment of anaemia resulting from haemorrhage.”

Signed P. BROCA, JULES BECLARD.
Paris, 18 July 1870.
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