‘TRANSFUSION’ ,
DICTIONNAIRE ENCYCLOPEDIQUE DES SCIENCES MEDICALES

LOUIS MENARD

A TRANSLATION BY PHIL LEAROYD

A copy of the ‘Transfusion’ section (pages 4-29) of volume 18 of the Encyclopaedic
Dictionary of Medical Sciences (Edited by G. Masson) written by Louis Menard, was
published in Paris by Asselin et Houzeau in 1885, can be viewed or downloaded from the
following site:

https://books.google.co.uk/books?id=PBQpAAAAYAAJ&printsec=frontcover&source=gbs g
e_summary_r&cad=0#v=onepage&q&f=false

This entry includes a wide ranging amount of information regarding blood transfusion that
starts not unsurprisingly which a short history section, at the end of which, the author
comments on the ‘unexpected conclusions’ expected of blood transfusions, stating that after
the ‘brightest hopes and the fiercest controversies* transfusion fell into disuse.

The author then documents the experimental research that started in the early part of the
19th century, commenting on the move from immediate to mediate transfusion methods that
corresponded with the move away from the use of animal to human donor blood. This
section includes comments on the early laboratory experimental work performed by Landois
and Worm Muller of mixing the blood of different species, recognising that some mixtures
caused the red cells to haemolyse.

Some of the investigations into the use of defibrinated blood are presented and the
physiological effects of transfusion in cases of acute anaemias and carbon monoxide
poisoning. Menard discusses the ‘problems’ of air entry into the vein and subsequent
phlebitis following transfusion and examines the practicalities of avoiding these issues.

There is then a discussion of some of the types of transfusion equipment and
methodologies available, concentrating on the practicalities of performing a blood
transfusion. The entry concludes with comments on the intravenous injections of milk and
different artificial serum solutions devised by a variety of researchers and their use in
treating cholera patients.

| have produced a translation of this Encyclopaedic Dictionary of Medical Sciences
‘transfusion’ entry 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 ‘| 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 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.
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I have reproduced the original paragraph settings and general layout as accurately as
possible and maintained in the translation the words that are originally printed in italics. The
spelling of the names of people are reproduced as originally printed, though | have identified
any alternative spelling options by placing these in square brackets immediately after. The
text is not directly referenced but the author includes an extensive bibliography at the end of
the entry which is presented as a somewhat random continuous list - | have separated and
listed these in the order that they are presented. The original illustrations lack titles. Due to
the fact that | am unable to accurately interpret some of the content of the chart and table (of
‘artificial serums’) included within the original document, | have be forced to include these in
their original (un-translated) format.

TRANSFUSION

Transfusion is an operation which aims to introduce blood or other liquids into the
circulatory tract for therapeutic purposes.

We find in old authors the proof that the practice of blood transfusion is very ancient. It is
alluded to in the history of the ancient Egyptians and in the Treatise on Anatomy of
Herophilus. A passage of Ovid also seems to refer to it. Sismondi relates that Pope
Innocent VIII was subjected to this operation. The fact seems to follow from the following
passage of a contemporary author, Infessura:

“Tres pueri decem annorum e venis quorum judaeus quidam medicus, qui Papam sanum reddere
promiserat, sanguinem extraxit, incontinenti mortui sunt. Dixerat namque illis judeeus se velle sanare
Pontificem, dummodo habere posset certam quantitatem sanguineis humani, et quidem juvenis,
quem propterea extrahi jussit a tribus pueris quibus post phlebotomiam unum ducatum pro quolibet
donavit, et paulo post mortui sunt. Judaeus quidem fugit et Papa sanatus non futit.”

(Muratori, Rer. ital. Script., t. lll. part. I, p. 1241.)

[This Latin text | believe translates as follows - PL: “Three ten-year-old boys, from whose veins a
certain Jewish doctor, who had promised to restore the Pope to health, drew blood, died of
incontinence. For the Jew had told them that he was willing to heal the Pontiff, provided that he could
have a certain amount of human blood, and indeed of a young man, whom he therefore ordered to be
drawn from the three boys, to whom, after phlebotomy, he gave one ducat for each, and they died a
little later. The Jew indeed fled, and the Pope was not healed.”]

Jean Colle, professor from Padua, described it in a treatise on medicine printed in Venice
in 1628 under the title: Methodus facile parandi jucunda tuta et nova medicamenta. These
documents and a few others mentioned mainly in the works of Oré and in the aggregation of
precision thesis of Julien [Jullien]. They are nonetheless of real historical interest.

It was the Harveyan theory of circulation that suggested the idea of infusing blood into the
vessels, and it was not until the middle of the seventeenth century that the first scientific
work on this question appeared. In 1656, a French Benedictine, Dom Robert de Galatz
[Desgabets], gave a public speech on transfusion. In 1657 Timothy Clarke, Robert Bayle
[Boyle] and Henshaw, on the advice of Christopher Wren, attempted to inject medicines into
the veins. Richard Lower followed their example and, encouraged by the success, he
conceived and executed the idea of blood transfusion. He put the artery of a dog in
communication with the vein of another dog; the experiment made in 1666 was completely
successful. King continued the same animal testing; he modified Lower's procedures and
practiced veno-venous transfusion between animals of the same and different species, the
calf and the sheep.

Around the same time, laboratory experiments were also being carried out in Montpellier.
They demonstrated to Denys [Denis] the possibility of transfusion in animals and its low level
of danger. On 15 June 1667, he asked Emmeretz [Emmerez] to practice it on humans. It is
from this day that the therapeutic history of this operation dates. Denys’ [Denis’] observation
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deserves to be recalled. It was a young man of sixteen who had already undergone twenty
bloodlettings in the course of a febrile illness with stupor. He had a final blood emission of
90 grams and was injected with 270 grams of arterial lamb blood. The young man felt better
afterwards and a few days later the experiment in anima vili was repeated again on a healthy
man who took part very willingly and was not inconvenienced. Lower and King in England
imitated Denys [Denis] and Emmeretz [Emmerez]. Fracassati, Bide, Menfredi [Manfredi],
engaged in the same tests in Italy. Denys [Denis] and Emmeretz [Emmerez] continued their
trials of new therapeutics with varying success. One of their patients, Mauroy, who
appeared to have been improved by the transfusion of lamb's blood, died suddenly in
mysterious circumstances, and this event, which however does not appear to be attributable
to the intravenous injection, almost compromised the future of the method.

It must be said that the rest was strangely abused. We had wisely started with
experimentation on animals, but we drew unexpected conclusions from the harmlessness of
the first attempts. It was believed that blood could be renewed, replacing, for example, that
of an insane person who could be made wise. A league was formed against the transfusion
workers. The unfortunate cases were recalled and arguments drawn from the history of
physiology, even from Holy Scripture, were accumulated to combat this practice. Merklin's
book, from which Julien [Jullien] has given some quotations, is from this point of view very
curious to consult. We obtained a decree from Parliament which prohibited transfusion.
However, it is not true that the court of Rome fulminated against her.

After having given rise to the brightest hopes and the fiercest controversies, intravenous
injections fell into complete oblivion.

In 1788, however, the work of Michel Rosa appeared. The learned physician from
Modena operated on animals and demonstrated once again that it was possible, through the
infusion of blood, to bring back to life subjects rendered bloodless and moribund by
haemorrhage. In 1815, the question re-emerged. James Blundell assists a woman who
succumbs to uterine haemorrhage. He is struck by his helplessness and says to himself
that, if he had been able to replace the lost blood with an intravenous injection, the dying
woman would have been saved. Inspired by the work of Huleland, de Graefe, de Boer, he
first engaged in laboratory research. He injects blood from the artery of one dog into the
veins of another and human blood into the veins of a dog; he studies the conditions of blood
coagulation outside the vessels, the influence of its passage into a container and various
other conditions. Applying the results of his experiments to the clinic, he obtained certain
successes in cases of puerperal haemorrhage; he failed, as was to be expected, in a subject
suffering from cancer of the pylorus.

In 1828, Dieffenbach took up Blundell's experiments, he dealt with mediate transfusion
(with a syringe) or immediate transfusion (artery in direct communication with the vein of the
transfused); He recommends defibrinating the blood to prevent clotting. The works of this
scientist and those of Bischoff make a great step forward in the question, but it raises new
storms. Prévost and Dumas spoke out against it with great ardour. They are not afraid to
say that this operation “unfortunately too famous and which has been so abused in an
ignorant and barbaric century deserves to be abandoned”. This judgment was made in
1821. Dieffenbach's work dates from 1828, Bischoff's appeared ten years later. This author
is also a supporter of defibrination.

Silence fell again, and, apart from a few isolated facts, it was not until 1860 that scientific
research resumed.

The usefulness of transfusion is no longer in doubt. Experiments on animals are
multiplying and are most conclusive, but agreement is far from being reached on the best
mode of operation. Some want to inject human blood, others lamb's blood; defibrination has
its supporters and its enemies; many devices are offered to make the operation more
practical. Let us hasten to say that many parts have been clarified from the experimental
and physiological point of view.

It is in their presentation that the history of the last twenty-five years will naturally find its
place.

Phil Learoyd 3
2024



In the presence of a subject exhausted by profuse haemorrhage the first therapeutic
indication that presents itself to the mind is very obviously to restore to the unfortunate
person the blood he has just lost. That was Blundell's thought. The ideal seems a priori to
re-infuse him with his own blood or at least, as this is almost impractical, that of one of his
fellows.

However, the first doctors who performed transfusions used animal blood. It must be said
that this practice as they understood it was not only a necessary operation intended to
urgently replace an organic liquid whose loss endangers life: they intended rather and above
all to modify the liquid altered blood, and to somehow replace it with another better one.
They performed a real transfusion, whereas in the majority of cases we offer an injection or
infusion.

The use of animal blood would make it possible to generalize this practice and not limit it
to cases of absolute and urgent necessity. However, we must ask ourselves whether the
results will be as advantageous.

Oré concludes from his research that there is physiological identity for the transfusion of
blood from animals of the same class, although of different species. For him, the blood of
the animal presents this superiority that it is inexhaustible and always ready; that thanks to
him, in the interest of a compromised life, no existence is put at risk.

Denys [Denis] and Emmeretz [Emmerez] had successfully injected the man with lamb's
blood. Michel Rosa, Russell, Frantz Glénard, Ponza, Albini, wanted to follow this example,
Hasse as well as Gesellius, who wrote very controversial works on this point, did not hesitate
to say: transfusion with sheep's blood inaugurates an era new to medicine, that of the
dispensation of blood.

Other less exclusive authors recognize that transfusion from man to man is preferable,
but, in the absence of human blood, they accept that of a suitably chosen animal.

Despite the few successes that transfusion between animals of different species seems
to have yielded, Hayem and before him Moncocq [Moncoq], Dieffenbach, Landois, Worm
Mdiller, energetically condemn its application to human therapy. They are based on very
well-conducted experiments.

Each species has, in a way, its blood with particular physicochemical and anatomical
characteristics, and one may be somewhat reluctant to admit that the essential element of
blood, the red blood cells, can live in an environment other than their physiological
environment (Hayem).

However, if we want to perform the transfusion with blood from another species, we must
obviously choose an animal whose red blood cells are not larger than those of the
transfused person. Lamb blood has generally, for this reason, been chosen for human
transfusion.

Landois mixed human blood outside the body with lamb serum, then with lamb blood.
Varying his experiments very appropriately, he made mixtures of blood from related and
distant species. A foreign serum belonging even to a related species dissolves the globules
of the blood to which it is added. This dissolving action varies according to the species, it
does not have the same intensity with all bloods, but it is never lacking. The globules lose
their haemoglobin, become deformed, stick together; their albuminoid stroma persists alone.
Landois calls them fibrin-stroma and admits that they can produce real embolisms in the
vessels. If blood is added instead of serum, the same phenomena occur and the added
globules also dissolve. Added foreign blood not only cannot survive, but it will also
compromise the vitality of the blood of the transfused animal (Landois, Hayem). According
to the same experimenter, human globules dissolve after seven hours in lamb serum.

Things happen in the same way when the mixture takes place in the vessels and it is
quite easy to ensure this. Lamb blood cells are smaller than those of dogs; injected into this
animal, they can be found some time later in its circulatory system and their evolution can be
followed there. Worm Miiller saw them disappear very quickly and all the more quickly as
the dose injected was less abundant. The dog's blood cells are more resistant; altered by
lamb's blood, they are nevertheless not very profoundly affected. In all experiments death
occurred when the dose of injected blood rose to 20 percent of the normal mass.
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Landois had arrived at similar results, although less precise. These experiments of Worm
Muller are tainted by a cause of error because he used an artificial serum with the addition of
sulphate of soda. But Hayem, who repeated them under conditions of more rigorous
accuracy, confirmed the general conclusions.

If from the from the study of the fluid blood altered by a foreign mixture we move on to
that of the effects it produces on the transfused animal, we observe a series of important
symptoms. At the time of the operation the animal has chills, then successively
haemorrhages and haemoglobinuria; these phenomena are more or less marked depending
on the quantity of blood injected, they are less pronounced in humans than in animals. The
urine is not always uric-haemoglobin, but it constantly presents a dark colour on the first day.
We also almost constantly notice pronounced back pain and the appearance of urticaria.
Landois has even observed quickly fatal accidents among animals. Autopsies carried out on
animals revealed serious lesions of the main viscera, degeneration of the kidneys and liver,
haemorrhagic infarctions, foci of hyperaemia, vascular coagulations and haemoglobin
deposits. The transfused blood cells are destroyed and it is their haemoglobin which passes
into the urine. Ponfick noticed in fact that, if lamb serum is injected into a dog in the
proportion of 65 percent of the total mass of the blood, haemoglobinuria does not occur; on
the contrary it is the rule after an injection of whole blood. However, in both cases the
globules of the animal in the experiment are partly destroyed, but the globules specific to the
animal will provide haemoglobin used by the organism; that which comes from another
animal is on the contrary eliminated like a foreign body. This way of explaining the facts
proposed by Hayem agrees with the known results of experimental injections of albuminoid
materials. Faveret, for example, observed that albuminuria was produced by injecting into
the veins of an animal the blood serum of an animal of another species. However, not all
foreign haemoglobin is eliminated. Thus, in humans at least, the transfusion of lamb's blood
is not always followed by haemoglobinuria. On this point the results are very variable and
have been disputed.

These experiments give us a sense of the little use that transfusions made with the blood
of an animal must have.

Hayem condemns them absolutely and their most convinced supporters do not provide
very convincing proof of their usefulness. “l have collected,” says Oré, “150 observations of
transfusions made to humans with lamb, sheep and calf blood. Apart from several
unfortunate cases, in which death occurred almost immediately (Hasse had used sheep's
blood), it has been possible to say that what is remarkable in these animal transfusions,
especially in those which were carried out with lamb’s blood, is their effectiveness in some
cases and their relative safety.”

“Italian doctors rarely mentioned haematuria; it is true, and this is a fact worthy of note,
that the doses of blood introduced into the vessels have always been very low, 8, 10, 12, 25,
60 grams. The absence of accidents is probably due to the fact that the minimal dose of
foreign blood was able to be tolerated by the body and to the fact that its elimination took
place slowly enough to be accompanied by few disturbing phenomena which are always
observed with higher doses. The improvement in these cases was not very noticeable, like
the blood dose.”

But these words that we wanted to quote verbatim would certainly not carry conviction
into the mind. The author, who is a supporter of animal transfusion, seems, however, to
rather plead extenuating circumstances: “what is remarkable is their effectiveness in some
cases and their relative safety. The improvement was not very noticeable with minimal
doses.”

We are entitled to ask more from this operation, we must hope from it more than this
relative harmlessness and more than such questionable effectiveness. We will return by
exposing Hayem's work on this important point. But physiology has already shown us that
the blood of an animal is destroyed in the vessels of a subject of another species and even
has a harmful action on its red blood cells.

Concerned about avoiding blood coagulation during the operation and the formation of
emboli, several authors have proposed defibrinating it before injecting it. The red blood cells
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are undoubtedly the active part of the blood, those which carry oxygen, but this flowing flesh,
as Bordeu called it, is a tissue that cannot be divided, from which one cannot remove an
element without compromising the vitality of the whole, and the danger of coagulation would
have to be very real for us to decide to accept a liquid thus amputated. However, as we will
see in connection with the operating manual, it is very easy to avoid coagulation.

Defibrination takes about fifteen minutes, it wastes precious time in an emergency and its
result is to affect the vitality of the red blood cells.

Hayem demonstrated in fact that blood coagulation is a very complex phenomenon;
haematoblasts take part and remain trapped in the fibrinous reticulum, red blood cells and
white blood cells also participate to a certain extent in the process and are altered.

Magendie injects an animal with defibrinated blood from a bloodletting he has just
performed on it. The animal succumbs and he attributes the accident to the lack of viscosity
of the blood. Panum, who is a supporter of defibrination, has not observed the same
accidents which with low doses are not constant.

Hayem, to elucidate the question, took up Magendie's essays. He gave a dog a blood
emission and injected it with his own defibrinated blood. He then made a dog anaemic by
several repeated bleedings at short intervals and transfused it with defibrinated blood.
Bleeding an animal and returning to it after defibrination the liquid that had been withdrawn
from it means removing a certain number of elements from its blood: we also see a reduction
in globules and haematoblasts occur after this operation. The transfusion of defibrinated
blood made with the animal's own blood is in some way equivalent to long-term bloodletting
(Hayem). On the contrary, giving blood to an anaemic animal, even defibrinated, provides it
with elements of repair. Defibrinated blood is no longer living blood, its globules will
undoubtedly be destroyed, but the products of their disintegration will be used to form new
elements.

The transfusion of defibrinated blood is therefore useful in certain cases and we can
explain the success it has given, but nothing justifies its substitution for that of whole blood
which in serious cases alone will be successful.

When an animal rendered bloodless by an arterial injury is about to succumb, it
experiences great tetanic convulsions. Paul Bert and after him Hayem gave these
convulsions as certain signs of an imminent and inevitable death. For an animal in this
state, only one intervention would allow survival: it is the injection of whole blood from an
animal of the same species. With defibrinated blood, short-term survival will be obtained;
the same with blood from an animal of a related species or with serum. In the case of truly
imminent death from absolute anaemia, only complete blood can definitely bring about a
lasting, definitive recovery of the animal (Hayem). Numerous experiments by the learned
professor of therapeutics put beyond doubt this assertion which gives the practice of human
transfusion in cases of haemorrhage a most solid physiological foundation. In animals
suffering from severe haemorrhages, intravenous injections have been able to produce a
temporary benefit either by raising blood pressure or even by stimulating the heart muscle.

Blood is the physiological stimulant of the heart. A frog's heart separated from the animal
stops beating as soon as it is empty; its movements reappear if blood is introduced into the
auricle. This well-known experiment by Schiff explains the stimulating effects of blood
transfusion. But there is a good [that] any other liquid can produce by what Roussel called
hydrostatic action. Any injection can, however small, raise the blood pressure in the
circulatory system, which begins to function again and sends into the important systems the
few red blood cells that it still carries and which can maintain vital functions. But it will only
be temporary. We must restore blood cells to the body. This is the desideratum of
transfusion: grafting blood into what is still left. This graft only exists in a transitory manner.
Any blood that comes out of the vessels is destined to be destroyed.

Hayem bleeds an animal and gives it back the blood he has just taken from it. This is
what he did with defibrinated blood. The results are different. The re-injected red blood cells
survive longer; however, they perish, but not en masse and suddenly. They provide the
blood with new elements with which it will make new red blood cells. This longer survival
and this possibility of more complete assimilation explains why only injected whole blood can
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definitively bring back to life an animal imminently dying from acute accidental anaemia. In
any accidental acute anaemia, which by its abundance endangers life, blood transfusion is
absolutely indicated. The experiments of Roussel, Oré, and Moncoq had shown its happy
results. Hayem explained the mechanism.

Oré gathered 117 observations of transfusions carried out in cases of imminent danger;
he has 77 complete successes and eight notable improvements. Fournac, out of 6
unpublished observations collected with great care, reports 5 happy results. The question is
therefore judged from the clinical point of view as well as from the physiological point of
view.

Apart from these acute anaemias, which mainly relate to puerperal haemorrhages and
major trauma, blood injection can be used in other anaemias; in these cases, it provides
assistance to the organism, which will recover, if it is capable of doing so. We give him time.
We are thus broadening the scope of indications for transfusion, but we are setting limits; the
alterations of the hematopoietic organs must not be too profound.

Transfusion over-activates the blood renovation process in the transfused patient. “lt is
always the changes in blood development which take precedence over the history of
transfusion as well as that of bloodletting. We can neither subtract nor add to the blood
mass without awakening the process of renewal, nor without making the blood undergo
modifications that depend on multiple circumstances whose value must be appreciated”
(Hayem). It does not seem rational to use it in cases of essential anaemia with alterations of
the hematopoietic centres which would find themselves powerless to remake globules. In
cancer and tuberculosis, it could remedy the immediate dangers created by haemorrhage.
Some observations of improved phthisis have been published. Neudorfer praised its
application in 5 wounded members of the Austrian army exhausted by long suppurations. It
was recommended in madness and hysteria. Denys [Denis] treated a madman by injecting
lamb's blood. In modern times, Italian doctors have renewed this practice. Oré published 6
observations of hysteria with 2 successes. Fanton gave in Fournac's thesis 2 observations
favourable to this method. These examples will find few imitators. Anaemia is the only
symptom that such an operation can modify in a patient suffering from affection of the
nervous centres. Only it will be able to give any indication. It is again anaemia which will
indicate it in eruptive fevers and in typhoid fever; 2 cases of transfusion in haemorrhagic
smallpox resulted in 2 failures. In typhoid fever, it can be offered to ward off imminent
danger following intestinal haemorrhage. In 1882, Daréne collected 9 observations of
transfusions in typhoid patients. He did not observe any harmful effects and he attributed to
it, the cure in 3 cases and in 6, an improvement of more or less long duration. Channel and
Liouville obtained a temporary improvement; Gibert (from Le Havre) one cure. All the
observations cited by us so far relate to relate to cases that were in some way desperate: it
was necessary to give blood back to the organs. But this tissue can sin by its quality alone
and then an injection of better quality blood will be useful. The most striking example of this
special medication is found in carbon monoxide poisoning. Globules fixed in a particular
state, mummified in some way and incapable of absorbing oxygen, are no longer useful.
Bleed beforehand and inject unaltered blood, you will be able to bring the asphyxiant back to
life. This same theory applies to other poisonings by noxious gases. It has given good
results. Martin performs a 200-gram bloodletting and a 100-gram injection and achieves a
cure. Jurgensen also succeeded with an injection of 375 grams preceded by an emission of
400. Other cases were less fortunate and were only followed by a temporary improvement
(Traube, Mossler) or even death. Oré's statistics relate to 15 cases which resulted in 9
cures. Attempts to treat rabies by the same method, bleeding followed by injection, have
given very uncertain and not very encouraging results. The injection was often done with
lukewarm water; there were remissions (Magendie, Oré) and even a cure. In cholera, saline
injections have been used. We will talk about this again.

But there are certain dyscratic affections which appear very advantageously modified by
the venous injection of blood. These are in particular haemophilia and uraemia. Samuel
Lane, in 1859, had noticed the haemostatic action of transfusion in a haemophiliac. In 1884,
Dieulafoy also obtained a very remarkable success. A fifty-year-old man had haemorrhage
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in his left nostril for twenty days which had resisted all treatments; syncope was imminent.
Helped by Hayem and Périer, Dieulafoy injects him with 120 grams of blood. The
haemorrhage stops and the patient returns to life and health. All it took was 120 grams of
good quality blood added to what remained of the damaged blood to transform, as the
author of the observation says, a dyscratic state prepared long in advance. In the hands of
the same doctor, brigthic dyscrasia was also modified by transfusion. In two observations
that he published we are struck by the improvement obtained in the symptoms despite the
persistence of serious and irremediable lesions of important organs. We see, in one case of
uraemia with vomiting, cephalalgia, tendency to coma and convulsions, a lasting
improvement occurring by the injection of 125 grams of blood, in another observation it is the
dyspnoea which gave way. A third observation relates to a saturnine in a very serious
condition who succumbed despite the operation. Let us also point out a success obtained in
eclampsia by transfusion in a woman giving birth in great danger.

These results were produced by the injection of whole human blood. The clinic confirms
the results of the physiological experiment; it demonstrates the usefulness of this operation
performed in this way.

Should we choose venous or arterial blood? Which part of the circulatory system and
how much fluid should be injected? When experiments have been carried out in animals,
arterial blood has been used most often; therapeutic transfusion is usually the venous blood
injected into a vein. Both bloods possess the faculty of reviving. Without doubt Brown-
Séquard and Bischoff have shown that in an asphyxiated animal red blood alone brings back
life, while loaded with carbonic acid it is harmful. But transfusion is hardly indicated on such
occasions. Many experiments today demonstrate the good results obtained by venous
blood. Supporting transfusion with blood of the same species, we find phlebotomy less
serious for the transfuser than an arterial injury.

The choice of transfusing vessel determines the one transfused. Venous blood must
logically be injected into a vein, the right heart will thus be more quickly subjected to its
physiological stimulant and despite everything the oxygenation of the new blood cells does
not take long to occur by passing through the small circulation. Hueter and previously de
Graefe injected venous blood into an artery in the hand or foot. They pursued the goal of
avoiding phlebitis and the introduction of air bubbles into the venous system. They also
believed that blood passing through the capillary system would arrive at the heart in a less
abrupt manner and that any danger of plethora would thus be removed. The accidents he
feared are easy to avoid with a few precautions. However, it is not always easy to perform
an injection into the arteries. We have to overcome quite a lot of tension, to the point that
Hueter suggests making the operation easier by bleeding during the injection!

For these various reasons, we will condemn this method. Should we add to this the
difficulty of searching for an artery in the lower limbs and the real dangers of an arteriotomy.
Arterio-venous and arterio-arterial transfusions do not escape previous criticism. These two
methods were mainly used for the injection of animal blood. We will recall on this subject
and only because of its physiological interest an animal transfusion process practiced by
Franz Glénard. The physiologist from Lyon caused an animal to die by sectioning the bulb,
quickly discovering the jugular at the bottom of which he fixed a ligature. The vein swells
with blood; it links the collaterals and separates a segment limited by a new ligature placed
higher up. The blood thus imprisoned can be kept for a certain time without coagulating and,
when transported to the patient, retains its relatively beneficial properties.

But we have explained the reasons which make us reject the blood of a related species.
We therefore choose a person from the patient's entourage, they must be in good health; let
us especially eliminate syphilitics and even scrofulous and tuberculosis patients, of course.
The moral choice is dictated by circumstances; science records with pride the quite
numerous cases in which courageous doctors have, following the example of Maurice
Raynaud, took the life-giving liquid on themselves. The subject who donates blood is not
safe from all danger and is exposed to phlebitis and the variable consequences, depending
on temperament, medical constitution, idiosyncrasies, of a blood emission. We knew a
young military doctor who, after having generously offered himself to save a patient, was
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taken the same evening by pleuropulmonary accidents and succumbed a few months later
to tuberculosis cachexia. In times of epidemic, bloodletting creates a morbid predisposition,
and periodicals have published several observations relating to accidents of which some
transfusers have been victims. These misfortunes are rare, however. A judicious choice of
subject and a few simple precautions will help avoid them. The dangers inherent in the
operation itself for the transfused patient can be classified under four heads: plethora, the
introduction of air into the veins, the production of embolisms, phlebitis. The plethora can be
produced by an injection that is too rapid or too abundant, the heart stops and there are fatal
accidents. It is necessary to inject slowly and monitor respiratory phenomena; the
appearance of a small bout of coughing would be an indication that it is necessary to stop
(Béhier). As for the plethora caused by the addition of a certain quantity of blood to the pre-
existing mass, it is not to be feared. The experiments of Worm Miiller, confirmed by those of
Casse, Oré and Hayem, show that it is possible to increase the blood mass by a significant
proportion, up to 80 percent (Eulenbourg [Eulenburg] and Landois), without danger.

Perhaps the most serious objection against the practice of transfusion is that it exposes
the penetration of air into the veins. It was to avoid this danger that Hueter wanted the
arterial injection. The improved instruments at our disposal allow us to protect ourselves
from it, and Oré's experiences have taught us not to fear it too much. The entry of air into
the veins can take place by suction of the vessel or by the introduction of air by means of the
transfusion apparatus. The jugular is the only vessel capable of producing suction. Jewel
and Bayle (1826), Ritgen in 1842, having chosen this vessel for their transfusions, saw those
operated patients succumb. With a little skill and patience, one should be able to isolate a
vein which is not subject to the influence of thoracic aspiration. In the very exceptional case
where you think you have to prick the jugular, you will remember that, above the middle part,
the opening does not have the same dangers. There remains the introduction of bubbles by
the device. Nysten and Amussat studied the mechanism of death in these circumstances.
They both observed that, to produce fatal accidents, it was necessary to inject suddenly a
fairly large quantity of gas. Oré repeated their experiments. He injected, sometimes
suddenly, sometimes in small fractions, varying quantities of nitrogen, oxygen and air into
the veins of animals. His conclusions are as follows:

1° All gases, air, oxygen, nitrogen, injected into the veins, can cause death, if they are
introduced in too large a quantity;

2° All gases can be tolerated, if the dose is low; 30, 40, 50, 65 cubic centimetres of air do
not cause death in medium-sized dogs. When death occurs in laboratory experiments, it is
caused by heart failure. Oré thinks that the air exerts a sedative action on the muscular
fibre, which causes the more or less complete paralysis of the right ventricle. If, by
impossibility, the air was injected during the transfusion operation in sufficient quantity to
produce danger, the mechanism of death by sedative and paralyzing action on the cardiac
fibre indicates what mode of intervention should be resorted to; it would be necessary to
electrify the pneumogastric, place one of the conductors in the middle part of the neck, on
the path of these nerves, and the other in an incision made quickly in the chest wall; the
forced dilation of the walls, and consequently of the lungs by the action of the current, allows
these organs to rid the heart of part of the air it contains. This is how things happened in the
experiments of the physiologist from Bordeaux.

In an operation by Desgranges, air bubbles were introduced into the median basilic vein,
and this had no untoward effect. Dutems experienced the same accident, which forced him
to suspend the operation; the cure was nonetheless obtained (observation reported in
Fournac's thesis).

We have eliminated the plethora and air bubbles. There remains the danger of blood
coagulation in the device and the introduction of rapidly fatal embolic nuclei. It takes at least
four minutes for the blood drawn from the vessels to begin to clot. By injecting it immediately
after its release, and the operation lasts barely three minutes, we certainly avoid the
formation of clots. Suppose that they occur, they will obstruct the transfusing cannula, and,
if we push slowly, as is the rule, we will feel a resistance which will cause the operation to be
interrupted. One might think that the rise in temperature removes the danger of coagulation.
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Oré's experiments, confirming those of Hueter and Blundell, prove that cooled blood remains
liquid for a longer time; however, it is necessary to maintain its initial temperature when
leaving the vessel. The operation will be carried out under more physiological conditions.
For the same reasons, we reject any addition of foreign substances intended to delay
coagulation which is so easy to avoid. Baking soda, tartrate of potash, etc., are useless to
say the least. The peptonization proposed by Afanassiew has no further reason to exist.

Phlebitis is undoubtedly an accident of a certain gravity, but it can be avoided most often,
especially by using instruments which, like Dieulafoy's, do not require the vein to be
exposed. It must also be remembered that the pressing danger in view of which the
operation is performed has a different gravity than possible phlebitis. The quantity to be
injected varies. Excellent results were obtained with 60 to 80 grams. Following
haemorrhages, minimal doses may be sufficient, but we can go up to 130 grams without
inconvenience and with advantage. This is the dose that has most often been successful. It
is exceeded when the injection is made after prior bleeding. It can reach up to 300 grams in
carbon monoxide poisoning. We have cited examples of this.

Blood spilled into certain tissues eventually reabsorbs. This is perhaps what gave the
idea of injecting it into the cellular tissue or into the serous membranes with a view to a
therapeutic result similar to that of transfusion.

We have seen that transfusion is most often an urgently necessary operation. It involves
coming quickly to the aid of a body endangered by lack of blood or healthy blood cells. By
not injecting it directly into the vessels we avoid certain dangers, but we run into others and
lose time. Blood was injected into the cellular tissue (Kartz, Laudenberger, Nicaise); it
resolves with a certain slowness (Poncet, Malassez), but often causes local accidents and
does not have a well-demonstrated value from the therapeutic point of view (Casse).

Intraperitoneal injections have been the subject of a greater number of trials. Red blood
cells are absorbed by the peritoneum and enter the vessels. The experimental
demonstration of this fact was given by Hayem. Grenet injects duck blood, the elliptical
globules of which are easily recognizable, into the peritoneum of rabbits; he notes that they
are absorbed by the lymphatic pathways and partly destroyed in the ganglia [lymph nodes]
and ganglion [lymph] cells. From the point of view of the consequences of the operation, he
observed peritonitis once, and, out of 22 transfused rabbits, 4 died five to twenty-four hours
later, as a result of the injection itself. Hayem, placing himself in more physiological
conditions and taking closer species, injected dog blood into the peritoneum of kids. The
dog's red blood cells, having a diameter exceeding 7 y, are easy to differentiate from those
of the kid, whose diameter does not reach 3 p. A few hours after the injection, the dog's red
blood cells are found in the blood vessels of the kid. At the moment when absorption is in
full activity, we can ensure that the thoracic duct of the animal in the experiment carries
numerous cynic red blood cells. The lymphatic pathways therefore play a considerable part
in the absorption of blood and the red blood cells are not destroyed in the ganglia [lymph
nodes]. An intraperitoneal injection is therefore equivalent, for Hayem, to a vascular
transfusion carried out with extreme slowness.

This extreme slowness alone would be, for us, a disadvantage which does not
compensate for the alleged harmlessness of the operation.

Ponfick (from Breslau) used it in humans in 1879. He used defibrinated blood; his
patients recovered without haemoglobinuria. Kalgorowski (from Posen) performed this
operation in a case of nephritis, in a case of nervousness with anaemia, phthisis and a
complex case of alcoholism with exanthematic typhus. The phthisic survived three months,
the other patients healed more or less quickly; the quantities injected varied from 1500 to
400 grams. These somewhat disparate observations seem quite encouraging. But wouldn't
intravenous transfusion have produced results at least as advantageous and more quickly?
All the statistics are far from being so happy. Out of 27 cases published in lItaly since
Ponfick's work, Jules Dozzi (from Motta, ltaly) finds only four more or less complete
successes. There is danger of perforating the intestine, and danger of causing peritonitis.
Inflammation of the peritoneum would prevent absorption and is also life-threatening. Dozzi
and Concato each noted two deaths from this complication. Despite the work of Bizzozero
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and Golji, Obolinski and Nickolski, demonstrating by the measurement of haemoglobin or by
the blood cell count that the blood thus injected ends up uniting for a time with the blood
mass, we believe that the dangers inherent in this operation and the uncertainty of its clinical
results must make us renounce it. Italian doctors, from the court of Catherine de Medici
were accused of having sacrificed children stolen from the streets of Paris, by insinuating a
tube into their carotid artery, the tip of which penetrated the vein of a great lord. The
accusation is more or less well founded and the transfusion process quite primitive. Lower
used a tube which he formed from a series of feather pipes fitted one inside the other. It is
from this tube that all modern devices intended for immediate transfusion are derived. Other
devices receive blood in the open air and then inject it; they are used to operate the
mediated transfusion. Success has been achieved with various devices and with mediate or
immediate transfusion.

A great obstacle to the popularization of this method, which is so valuable, since it alone
can bring people doomed to certain death back to life, is the thought that a special device is
needed to put it into practice. In case of urgent need, a simple syringe can be used; the
operation is neither dangerous nor really difficult. Savy, in 1829, used a small ordinary tin
syringe; Schenneman, in 1855, did the same; Nélaton, in 1850, received the blood in a
palette kept at a temperature of 55 degrees, and injected it with a hydrocele syringe heated
to this same temperature. Fournac collected five other observations in which a simple
syringe was used and which were followed with success (inaugural thesis, 1884).

The instruments are numerous and have been successively improved.

The first is a simple tube fitted at both ends with a trocar to be inserted into the vein of the
transfuser and that of the transfused. On the path of this tube there is today a propulsion
device. For immediate transfusion, we have the Oré, Moncoq, Collin, Mathieu, Roussel and
Dieulafoy devices.

We will only describe the last two. That of Roussel has been used for numerous
physiological experiments, that of Dieulafoy, more recent, combines a greater number of
advantages, it is easier to handle and also protects against the injection of air.

Roussel's apparatus consists of a suction and pressure pump which has an exact
capacity of 10 grams. From each end of the pump there is a tube. One leads to the vein of
the transfuser, and towards its middle is placed a suction cup which can be applied to the
skin and which carries a lancet. Thanks to this suction cup, bleeding can be carried out
protected from outside air, the device being in place and filled with water. From this suction
cup comes the tube on one side which puts it in communication with the pump, and on the
other, two other tubes, one which plunges into lukewarm water, the other ending in an elastic
compression bulb. The tube which goes to the vein of the transfused patient is also
bifurcated and is equipped with a very ingenious tap which allows blood or water to pass
through one or other of its bifurcations.

With this transfuser, the blood passes directly from the vein of the blood donor into that of
the patient. Bleeding done underwater protects the blood from the air. According to its
author, it could also be used to inject a mixture of blood and water, a process that is not very
physiological and whose use has not been justified by experience. Mr. Roussel added a
device which allows in certain cases, the indication of which we do not clearly see, to pass
an electric current through the injected liquid. Adopted in certain foreign countries, it has not
become very widespread in France.

| borrow from Dieulafoy's communication the description of his device and his operating
manual. Before the operation, we first begin by choosing in the two subjects the arm which
seems the most suitable, we explore the region of the bend of the elbow, we look for which
is the most developed, the most prominent vein, the one on which the operation must be
carried out, and for this the ligature is momentarily applied to the arm, which is removed after
this operation. This ligature is a rubber band that goes around the arm only once; it can be
placed and removed in an instant. Before the operation we must also check the transfuser,
and see if it is in good condition. In the event that the piston is dried out, soften it with a little
lukewarm water, and in any case it is good to simulate the transfusion with a little lukewarm
water to ensure that all the parts of the device work well. Once this is done, the device must
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be dismantled and the different parts shaken, so that as little water as possible remains on
the walls. The trocars must be very clean, the point of the dart very sharp; they are
moistened very lightly with a little carbolic oil.

Everything being prepared, the operation begins: the two subjects, the one who will give
the blood and the one who is going to be transfused, are lying in opposite directions so that
the two arms on which we are going to operate are placed in an opposite direction, but quite
close to each other. The situation of the remaining arms is indicated in the following figure;
its purpose is to facilitate the introduction of the trocars in different directions, because the
trocar of the subject to be transfused must be introduced in the direction of the venous
current; the trocar of the subject from whom the blood is taken is on the contrary introduced
where it meets the venous current (fig. 1). The ligatures are placed on the arms, in twenty
seconds the vein is inflated, and the first trocar is introduced into the vein of the subject who
is to be transfused, and consequently in the direction of the venous current, as we see in the
figure. By removing the dart, we recognize that we have penetrated the vein because a jet
of blood flows which comes from the venous segment between the ligature and the trocar.
We then close the trocar with its small plug, we push it a little forward into the vein and we
entrust it to an assistant who also has the mission of removing the ligature.
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We then introduce the second trocar into the vein of the subject from whom we are going
to draw the blood, but in the latter the trocar is introduced, its tip turned towards the
periphery, to meet the venous current; a jet of blood that gushes out when the dart is
removed clearly indicates that we are in the vein, and the ligature is left in place for the entire
duration of the operation. As soon as the dart of this trocar is removed, the trocar is placed
in communication with the transfuser, by means of the rubber tube A. We then suck in blood
which we then push back and which appears in the container C. At this moment, the
container must not yet be fitted with tube B; this tube will be placed a little later. We
therefore push back the blood which rises in the container C until it overflows, that is to say
until it has expelled all the air contained in the device. It is then that tube B is put in place,
we then give another stroke of the piston so that the blood also expels the air contained in
this tube, then the other end of the tube is primed with the trocar placed in the vein of the
subject to be transfused, and the transfusion begins. You have to manoeuvre slowly; with
each stroke of the piston, 10 grams of blood are sucked in which are immediately pushed
back and 120 grams of blood are transfused, without hurrying, in less than two minutes. The
operation being completed, the trocars are removed and, using a sponge soaked in carbolic
water, a compression is applied which lasts two or three minutes. The trocars having only
1'/3 millimetre in diameter, the puncture made by them is so minimal that it is not necessary
to make any dressing (fig. 2).
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Fig. 3.

Practiced in this way, continues the author, transfusion seems to me to have the following
advantages: 1° the operation which consisted of stripping the vein of the subject to be
transfused, and the bleeding carried out in the subject who gives the blood, these operations
are replaced by two insignificant and absolutely harmless injections. These injections, by
sparing the veins and the skin of the region, allow the operation to be repeated quickly and
as often as is deemed necessary. There are nevertheless cases where it will be necessary
to expose the vein of the subject to be transfused when, following haemorrhage or following
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oedematous infiltration, it would not be possible to obtain a sufficiently protruding vein, large
enough or superficial enough to penetrate immediately with a trocar stroke; 2° the
transfusion is done away from contact with air, since the vacuum is created in the device and
in the container C, where the blood passes before being transfused; 3° it is impossible to
inject into the vein the slightest bubble of air, because, supposing that a few vents of air pass
through one of the parts of the apparatus, this air rises and accumulates at the upper part of
the container, while the blood is drawn from its upper part. The operation of the device is
done without valves or flaps, it is ensured by two floats, small balls of hard rubber, so
ingeniously used by Mr. Collin in his transfuser. When the operation is finished, it is
necessary to reveal the different parts of the device, which is very easy, and clean them with
a brush or a stick fitted with lint, in order to prevent the slightest blood coagulation from
remaining adhering to the one of the parts of the device (fig. 3 [Dieulafoy, Communication to
the Academy of Medicine]).

For immediate transfusion the syringe, as we have said, has been used several times.
The blood to be transfused must be received directly from the vein into the container. At
least there is no need to pour it into a palette first.

The vein is prepared for operation as in other methods, and the cannula of the syringe
loaded with blood and purged of air is introduced into it. Press slowly and steadily. To avoid
the introduction of air, Casse and Fanton recommend holding it as obliquely as possible.
The air which has not been expelled will thus reach the upper part of the instrument and, by
taking care not to push the piston to the end of its stroke, we will protect ourselves from the
accident that we fear (Fournac). This instrument could be used for defibrinated blood. For
this purpose, Bellina [Belina] used a graduated glass tube ending in a tapered end to which
a rubber tube with a trocar cannula fits (fig. 4). At the top there is an orifice to which the end
of a two-pear device similar to that of the Richardson sprayer fits. It is easy to guess the
mechanism and operation.

The whole blood devices are due to Sotteau, Moncoq, Collin [Colin], Oré, Mathieu. They
essentially consist of a pump body fitted with a generally lateral funnel-shaped receiver
made of metal or glass and which receives the blood. Collin [Colin] removed all the valves in
the one he proposed (fig. 5) and replaced them with a very well imagined ball, the density of
which was calculated and recognized to be lower than that of blood. This ball comes
successively, thanks to gravity, to be placed in front of one of the orifices of a part of the
device located at the bottom of the bowl and to which it gives the name of distribution
chamber. This distribution chamber is strictly speaking the bottom of the bowl; three equal
openings make it communicate with the pump, with the tube, with the bowl. When the bowl
is empty the ball falls to the bottom and obstructs the orifice of the transfuser tube. When
there is blood in the device, by virtue of its density, the ball floats above it.

When the piston is withdrawn for suction the ball follows the movement and descends;
when we push the piston to launch the blood into the transfuser tube it rises and prevents
the blood from flowing back into the bowl. The pump could well suck in air, but the ball
opposes its reflux in the veins, it will only have one free opening, that of communication with
the funnel.

The removal of valves and taps makes the operation easy and creates a condition
unfavourable to the formation of clots. The instrument automatically prevents the
introduction of air (Behier). We would therefore give it preference, if the Dieulafoy device,
which allows immediate transfusion and adopted the float principle, did not seem even more
practical to us.

During the operation we can feel, at a given moment, a greater resistance this could be
due to the fact that a clot has formed at the entrance to the transfusing cannula. The
operation should be stopped immediately and the cannula unclogged.
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Penetrating air would produce convulsions with tilting of the head backwards, intense
dyspnoea, tendency to syncope; stimulating frictions and, if necessary, pneumogastric
electrification could, as we said above, combat advantageously against this accident which
must be exceptional. You must inject slowly and stop if you notice dyspnoea occurring or if
the patient has coughing fits (Béhier).

When the operation is applied to combat the effects of acute anaemia, the patient
experiences a sort of awakening during the injection itself, a sudden awakening sometimes
accompanied by a general tremor. The first stage of awakening is followed by a period that
Jullien calls the general reaction stage, and in this stage we often notice a shiver an hour or
half an hour after the transfusion. This shiver is followed by heat and often perspiration then
a calm sleep completes this first scene. If there is haemorrhage, it generally stops as a
result of the operation (case of Béhier, Dieulafoy, Samuel Lane). The improvement will
continue thereafter and we can follow the progress of the blood renovation by the blood cell
count.

It can occur and is generally observed during the operation, and as a secondary
phenomenon, dyspnoea, often quite severe lower back pain and vomiting.

The phenomena are much more accentuated with animal blood. Dry suction cups
beneficially combat back pain and dyspnoea. If this last symptom were a specific indication,
it might be necessary to perform a light depleting bloodletting.
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Fig. 5.

Intravenous injections of milk and artificial serums. We have seen that blood transfusion
activates the process of molecular renovation, but that it also has a stimulating and
hydrostatic action. It was wondered if other liquids could not fulfil the same function.
Experience has demonstrated that only the whole blood of an animal of the same species
definitively brings back a subject on the verge of succumbing by haemorrhage; but Hayem's
work further proves that serum, defibrinated blood, water itself with certain salts added, can,
injected into the veins, respond to certain indications. The liquids used must be required not
to alter the vitality of the blood with which they are mixed and not to produce embolisms.

The milk used by Hodder (from Toronto) for cholera patients and since proposed by some
experimenters is far from meeting these conditions. Laborde, from 1873, and Culcer, his
student, in a thesis published in 1879, studied the effects of these injections on animals.
Fournac and Livon repeated the same tests a few years later. The results obtained are far
from encouraging. All the animals placed on the verge of death succumbed. In others, the
effects varied depending on the dose, but were generally bad. The animals presented
emboli formed by milky globules and which altered the parenchyma of various organs; in the
lungs in particular, milky corpuscles have been found, even in the capillaries of the brain.
Embolisms are less common, if care is taken to filter the liquid as Pepper advises. The
accidents observed following these experiments are especially marked when the animals
have not had prior bleeding. Culcer concludes that injections are far from having the safety
that presumptions based on certain analogies, notably the analogy with chyle, could tend to
make them attribute, and that they could never fulfil the true indications for transfusion.
Livon and Fournac arrive at the same conclusions. The injection of milk has so far given
only a few mediocre results and a large majority of poor results. The clinic does not produce
very brilliant successes either. The published observations are very disparate. We do not
know of any relating to puerperal haemorrhage. In other forms of haemorrhage, we note
rapid healing, improvement, and prompt death. Hodder's observations relate to three
cholera patients, two of whom, he says, were brought back to life. Hodder obtained an
improvement in a phthisic patient which allowed him to survive four days. William Pepper
gave two injections of milk twenty-seven days apart to a very anaemic woman who was
recovering. But in a man suffering from Addison's disease he gave three injections, the third
caused sudden death. The Gaillard-Thomas statistic is not more encouraging. Taken as a
whole, twelve cases reported by him yielded only one failure, but the successes were not, for
the most part, long lasting. We will find in Fournac's thesis and in Hayem's Revue the
analysis of these observations. The improvements obtained are only at the cost of real
dangers and severe suffering, dizziness, violent dyspnoea, visual disturbances, intense
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headache, abscesses in the cellular tissue, etc. The milk serum proposed in 1823 by
Albertoni is not practical. Its safety has not been demonstrated and, in a case of serious
haemorrhage, a lot of time would be lost preparing it. Animal serum cannot be assimilated
by humans. Landois' experiments showed us that it altered the globules. Faveret showed
that the albumin of a foreign serum was eliminated by the urine. Saline solutions can be
prepared whose composition is quite close to that of serum and which do not appreciably
alter the blood cells. These solutions have been tested in acute anaemia and in cholera.
Schiff revived the contractions of a frog's heart separated from the body by bringing it into
contact with blood. The same effect is obtained by Gaul with a solution of sea salt and
caustic soda, 6 grams of sea salt and 5 centigrams of soda per 1 litre of water. Solutions of
the same order, but of lower concentration, have given very good results in bloodless
animals, but they are far from having the effectiveness of blood injections. The experiments
of Jolyet and Laffont communicated to the Society of Biology in 1878, and those of
Kronecker later, are very significant. The method is good, but it is powerless to revive
animals doomed to certain death. This fact is put beyond doubt by Hayem and Fournac.
Their relative safety authorizes their use on humans. Bischoff, in a patient suffering from
puerperal haemorrhage, injected 1250 grams of a solution containing 6 centigrams per 100
of sea salt with added potash. He succeeded. Other observations were published by
Kustner, Cochen and Kummel. Pellacani also reported favourable experiences with this
method. Out of 19 saline injections in various cases of haemorrhage or poisoning by various
substances, William Bull recorded 13 successes. Some of these happy results have been
purchased at the cost of serious accidents. We find reports of gangrene which required
amputation of the forearm and several times abscesses in the cellular tissue; we do not
believe that saline solutions can replace whole blood in haemorrhages. However, they
produce an advantageous, albeit temporary, effect.

The indication for these injections in cholera is quite different. The blood of cholera
patients, very concentrated as a result of serous loss, circulates with difficulty through the
capillaries. Hayem assessed the concentration by counting red blood cells. It is rational to
try to dilute it to facilitate circulation.

Janichen (from Moscow) on the advice of Hermann performed saline injections during the
first epidemic of 1830. Magendie in France, Latta in Scotland, followed his example. In
each of the epidemics that followed, a few attempts were made in the same direction, but it
was mainly in those of 1865 and 1885 that the indications for this therapeutic intervention
were clearly established. In 1865, Lorain achieved remarkable success by injecting pure
water. Later, Dujardin-Beaumetz with a liquid of complex composition obtained notable
improvements. Hayem sets out the conditions for this intervention as follows: “The intestinal
lesion is the starting point of a complex process in which the alteration of the blood and
anatomical elements plays a very important role. Life is then immediately threatened by the
suspension of all major functions, and later it will be further seriously compromised when
blood vitiated in various ways comes into contact with anatomical elements already modified
by the fact of general dehydration. As soon as the thickened blood is slowed in its course,
the alteration which threatens it rapidly increases; it is the same for modifications having
their seat in the anatomical elements.”

“It is therefore important, from a therapeutic point of view, to put an end to this state as
soon as possible. Intravenous injection allows these dangers to be quickly avoided. It
raises blood pressure and allows the blood to resume its course and hematose; it restores to
the tissues the water they have lost and thus awakens important functions; it stops the
unequal distribution of calories and revives nutrient exchanges; finally, by necessarily
modifying the abdominal circulation, it perhaps has a favourable influence on the progress of
the lesion from which we have started the whole process.”

The problem is clearly posed. The liquids used did not vary much between them. Hayem
uses salt water to which he adds sulphate of soda. The purpose of this addition is to modify
the osmotic action of the liquid. We know, since Rabuteau's experiments, that sulphate of
soda injected into the veins produces constipation. With 20 grams of sulphate of soda
introduced directly into the circulation Hayem constipated a dog for five days.
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Here are some of the formulas used by the authors and the statistics of their results,
according to Jules Bernard, who published Duliscouét's observations:

SOLUTION DE LATTA

Chlorare de sodium.. . . . . . . .+ o .. . .34 5 grammes,
Sous corbonste desoude,. « ., . . . . . ... ..« 19,7
Eeudintilbies o o « v ¢ ¢t s et v et v e 3400

SOLOTION DE COLSON

Chlorure desadium. . « .« . o 0 ., L. .. 12 grammes,
Lactate de sonds o . o SE G CWDEGRlENRD  CE 8 -
Phosphate de soude. . . . . . o v . 4 0 0 0. 3 -
Eau dustillée.. . . o o & o . . . . vevaves 1950 -

FOLUTION DE DUJAROGIN-DEAUMETZ

Chloruredesodium, « . . + . 4 & = ¢ = 2 s = & 3,10
Phosphetle de soude. & & . . v ¢ ¢ ¢ s 6 ¢ + 4 o 0s 50
Carbonate desoude, . . . ... ... ...

Sulfatede potasses o o v« « 4 v o 0 o s« o+ « { &2 § gramme.
Lactate de soude . . . . . T ‘

SOLUTION DE JENNINGS

Chlorure de sodium.. « « + « + ¢ o o v ¢ « 3 grammes,
Chlorure de potassivm., « . . . . . .. .. 18 centigrammes.
Salfate de soude, . . ., . . R S 15 -
Carbonatede soulde, . . . . . . . .. TP 15 s
Phosphate de sonde.. . . . . . . . . ... . 12 —

Fandistilete, o, . + & v o v v v v o o v« o 620 grammes.

SOLUTION DE HAYEM

Chlorure desodium, . « « o 4 o v v ¢ 0 0 o+ o  grammes,
Sulfate de soudde,, . . . .+ . . . . on w oA B A 1 -—
Eaudistillée. . o ¢ « ¢+ ¢ s o 56 000+ ¢« 1000 -_—

SGLUTION DE SCHWARTZ

Chlorure de sodium. . . . . . . . . v o o 5 grammes,
Eaur I T T T T T T T T T T T T T T T S S T ‘fl'] L
Carbonate desoude, .« o . . . . . . ..« quelques contigrammes,

SOLUTION DE DU ISCOUFT

Chlorure desodium, . . . . ¢ o o ¢ & 0 4 o o 5 grammes,
Sulfate de soude.., . . v 4 & o « o o o « s o = s 20 —
Saero blale. ¢ o o 0 58 6 5 6 s n s Th 8 -
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SYNOPTIC TABLE INDICATING PUBLISHED CASES OF INTRAVENOUS INJECTIONS
IN CHOLERA AND THEIR RESULTS

" |
MUYENNE
NOMS NOMBRE r DES . )
pEY GUERISONS. | DECES. | e n |  OBSERVATIONS.
BES ALTRERS. INJECTES, Guérisons.| Décés,
| ————— T———
1 |
, | f p.100. | p. 100, |
Latta | 5 2 | 3 40 60
Lewins. . . . . . | 5 10 33,35 | 66,66
Craigie. . . . . . l | 1 - 100 -
Anderson " B 3 i 2 60 w Femme enceinte. Avor-
i tement,
Gerwood. . . . . |7 ‘. | 3 44 | 2.8
T | s | 4 | » 100 .
Carruthers 1 i 1 ' » 1o »
Christison . . al | 19 . -] 32,46 67,5
Willer. . ... | 3 | 1 {2 33,35 | 66,66 |2 rachitiques faibles,
| ] igées — 1 meurt plus
' | | tard de phiébite.
Medical Times.. . 1 1 ! » 1100 »
London Wospiral.. 1 1 » 100 .
lnozemizew .. . . i 1 l ’ 100 » |3érum humain.
Magendie.. . . . 5 » 3 . 100
Briquet.. . . . .! 7 . 7 " 100 Injecte 500 & 700 gr.
Tennant. , . . .| | " i . 100 5 fois ranimé ea 56
heures.
Boorguignon. . .| 2 - 2 | B 1 100 100 a 150 grammes.
Colsom. . . ., . . 2 - . LY
Lorain. . . . . . P 1 . 100 »  |Eau distillée,
Hérard. . . . . . v - | 4 . o |60 a 340,
Oulment . . . . . (. . | 1 . 100
Dujardin-Beaumelz 3 - ; 3 ' 100 300 a 500 grammaos,
Potaim ., . . . .. H - | 5 . 100
Bouveret. . . . . 7 1 | 6 14.28 | 85,71 |Solution Schwariz, 400
] @ 1800 grammes.
Nicolas-Duranty. | [H B 6 . 100 140 & 600 grammes.
Trastour. , . . . 6 ’ 6 » 100 Eau ordinaire.— Sérum
] artiliciel, 300 gr.
Hayem. . .. .. o) -4 | 63 30 =
Bouvier.. ... .| 53 8 | 3 32,7 67,27
Duliscouét.. . . . 15 5 | H 58,46 61,53
Toravs....| 87 | 58 [ 199 30,65 | 62,33
—I_-- - aa g i
llépital de Toolon. % ' _ » » » |P'as de renseignements.
i

Venous injections of artificial serum in the algid period of cholera have been very rightly
compared to tracheotomy in croup. They were used during collapse and at a time when any
other intervention had become most often useless. In one case, Latta injected a woman
suffering from “a cholera so serious that we did not know if it still existed; it is raised and
brought to a complete reaction by three successive injections” (Jules Bernard). We would
succeed more often if we waited less. The immediate effects of these injections when they
succeed are most astonishing. It's a dying person coming back to life. The collapse ceases,
calm is restored, if there was torpor, the cornea moistens and loses its glassy appearance,
the pulse reappears, breathing is restored and the temperature is regulated. In general, a
shiver occurs, either during or immediately after: it is a good omen and indicates the
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beginning of the reaction which will become more pronounced when the patient should
recover. We are sometimes obliged to go back to the operation. Vaterhill saves a cholera
patient by giving him seven injections of 2425 grams each in thirteen hours. The principle is
that we must return to this medication as soon as the collapse recurs. The dose injected
varied greatly. Hérard once settled for 60 grams. Latta pushed 3390 grams of his solution
in a single session. Hayem calculates that to bring the blood of cholera patients back to its
normal concentration it would be necessary to inject at least 1150 grams of liquid, a dose
which must be exceeded due to dehydration of the tissues. 2 to 3 litres constitute the
average quantity which varies depending on the case and the effects immediately produced.
The temperature at which the liquid should be must be close to that of the blood. Water at
37 degrees causes a feeling of cold; at 45 degrees it produces over-excitation of the heart.
Hayem adopts the temperature of 58 degrees. Latta put his liquid at 42 degrees. Lorain had
used 40 degree water

There is nothing particularly special about the technique of these injections. We can use
the various transfusers that we have described or a simple syringe. The use of trocars
similar to those of the Dieulafoy transfuser will make it possible to avoid exposing the vein
and to resort to the operation more often without exposing oneself to the danger of phlebitis.
We have often used an apparatus quite reminiscent of that of Bellina’s [Belina’s] for
defibrinated blood. Potain uses a bottle with three nozzles; one carries a thermometer, the
second a tube which descends to the bottom of the vase and through which the injection is
made, the third another tube which stops above the liquid and to which the insufflation
device is adapted.

We thought it necessary to present in conclusion these few indications relating to
intravenous injections in cholera. As Hayem said, they constitute a method of treatment
whose safety is absolute and which can produce completely unexpected cures.

LOUIS MENARD.
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