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A copy of St George Bernard Delisle Gray’s MD Thesis titled ‘Esboço histórico da operação 
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submitted to the Faculty of Medicine, University of Oporto, Portugal in July 1922; can be 
downloaded from the following site: 
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The content of this thesis provides not only a selective historical review of blood 
transfusion from the time of the end of the 15th century, starting with the supposed 
transfusion of Pope Innocent VIII in 1492 (which the author discredits) but also that it 
concludes with historically interesting ‘current’ (i.e. 1920s) information regarding the 
methodology for blood grouping and donor – recipient blood group matching. 

Gray mentions a variety of historical aspects of transfusion, including the work of Lower 
and King in England, Denis and Emmerez in France and Rosa and Manfredi in Italy and its 
subsequent demise following its initial early interest.  He documents its subsequent 
resurrection by Blundell and continues to include some of the research work performed in 
the 19th century that includes the development, and subsequent arguments for and against 
the use of defibrinated blood and that of Landois of transfusion between animals of different 
species.  He mentions the publications relating to the transfusion of milk in Canada and the 
US and the development of saline solutions for infusion, together with the more directed use 
of transfusion for haemorrhage and poisoning by carbon monoxide. 

The author documents the discovery of the four main human blood groups together with 
comments on the initial different terminologies as well as the development of surgical 
anastomosis techniques by different workers allowing for direct blood transfusions.  He 
mentions the early paraffin coated instruments that were used to help avoid coagulation of 
the donor blood during the transfusion procedure and the subsequent development in 1915 
of citrate anticoagulants, noting the chemical anticoagulants had been suggested much 
earlier but discarded due to their toxic properties. 

 The thesis concludes with an interesting section that documents methodology used for 
determining the (ABO) blood groups of a blood donor and transfusion recipient together with 
practical aspects of donor selection that includes comments on the development of the paid 
donor system in the USA and the voluntary blood donor system in the UK (prior to the work 
of Percy Oliver). 

The thesis contains only one reference, which I have moved to the end for the translation.  
This reference quotes a Latin text for which I have added a ‘translation’, which is in italics 
and enclosed within square brackets.  However, due to the very nature of this language, I 
cannot guarantee that the wording of this translation is completely accurate.  Instead of 
references referred to within the text, the thesis includes an extensive (and accurate) 
bibliography, which is reproduced as originally printed. 
 
 

I have produced a translation of this published thesis from the original Portuguese into 
English to enable its content to be appreciated by a wider audience.  Whilst I 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 
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frequently 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’.  I 
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 I have taken great care in accurately identifying the original text and producing a 
true representative translation of the author’s original wording I cannot guarantee that this 
work does not contain ‘translational errors’ and the reader is recommended to check specific 
details against the original text. 

I have reproduced the original paragraph settings and general layout as accurately as 
possible.  The spelling of the names of people is reproduced as originally printed. 
 
 
 
ST GEORGE BERNARD DELISLE GRAY – BIOGRAPHICAL INFORMATION 
 

My somewhat limited research of the author of this thesis identifies that he was born in 
San Francisco, California (USA) on the 16th July 1892, the son of St George Gray and 
Frederica Marie Virginie Delisle.  He became a doctor like his father and a Fellow of the 
Royal College of Surgeons of Edinburgh.  He served in the Royal Army Medical Corps 
during the 1914-18 war.  He married twice, firstly on 9th October 1920 to Genevieve Celia 
Stanton and then on the 30th March 1963 to Margaret Joan Carter.  He lived in Woodford 
Green, Essex (England) and then in Buckfastleigh, Devon (England), where he died on the 
26th December 1968 when 76 years old. 

He graduated from London University, London (England) with a Master of Arts (M.A.) and 
from the same university with a Bachelor of Medicine (M.B.) degree and subsequently 
graduated from Oporto University, Oporto (Portugal) with a Doctor of Medicine (M.D.).  He 
gained the rank of Surgeon-Commander in the Royal Navy Volunteer Reserve and was 
awarded the Royal Navy Volunteer Reserve Officer’s Decoration (V.R.D.) in 1939. 

The title page of his thesis identifies that he is the ‘Director of the English Hospital, Porto’ 
and that his qualifications are: Bachelor of Medicine and Surgery from the University of 
London; Licentiate of the Royal College of Medicine (London) and Fellow of the Royal 
College of Surgery (England), Eis Surgical Registrar & Tutor; Anderson Demonstrator of 
Clinical Chemistry, Guy's Hospital, London. 
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HISTORICAL SKETCH OF THE OPERATION OF BLOOD TRANSFUSION 
 

St George Bernard Delisle Gray 
 
 

The inherent possibility of the benefit derived from blood transfusion seems to have been 
recognized since remote antiquity.  Oré of Bordeaux says that the operation is mentioned in 
the early history of the ancient Egyptians, but does not say where.  Herophilo’s treatise on 
anatomy also mentions it, and there it is said to be a reference to transfusion in Ovid. 

Be that as it may, the first certain historical news that the operation was carried out is in 
the case of Pope Innocent VIII, in the year 1492.  In the life of Jerónimo Savonarola de Villari 
we read this fact mentioned by Sismondi.  "The Pope was immersed in such drowsiness that 
every moment he seemed dead.  Every means of reviving his spent life had been tried, when 
a Jewish doctor offered to obtain the desired result by transfusing the blood of a young man, 
a method that until then had only been used on animals.  The blood of the old and weak 
pontiff was exchanged for that of the young man.  This was done three times, and the 
experiment cost the lives of three young men; air had probably entered their veins.  No 
results were obtained.  The Pope was not saved and died on 25 April 1492.” (1). 

This passage shows that transfusion was practiced in the 15th century and also that it 
was already recognized that the entry of air into the veins could be followed by a fatal result, 
and that Blundell and others in the 18th century did nothing more than discover this forgotten 
truth once again. 

A. H. Matthews in his "Life and Times of Rodrigo Borgia” takes all the credit for the history 
of the transfusion.  When speaking of the pope's death, he says: "It is said that during his 
last illness, the operation of transfusion was unsuccessful.  Now this is an error, as follows 
from two important facts, firstly that the idea of this operation could not occur to anyone who 
was unaware of the circulation of blood, and secondly the phenomenon of blood circulation 
was only discovered in the 17th century.  Raynaldus and Infessura say that a certain Jewish 
doctor undertook to restore the Pope's health.  For this purpose he took all the blood from 
three little boys who immediately died.  With their blood he prepared a drink that failed to 
improve the sick pontiff's condition.  The saving virtue of drinking human blood was not a 
new idea.” 

Warm blood taken from a recently killed gladiator was considered by the Romans to be a 
powerful medicine. 

The mention of transfusion that appears after that is from the year 1615, in which Libavius 
published a description of the operation. 

This ancient news is interesting because it sheds light on the modern direction of thought; 
but no real progress was possible before the discovery of the circulation of the blood.  In 
1616, William Harvey in lectures at the College of Physicians (London) first expounded his 
views on the circulation of blood, but it was not until 1628 that he published his famous 
treatise on the "Movement of the Blood and the Heart”. 

Despite this great advance in knowledge, no really satisfactory method of transfusion was 
invented before the year 1892, when Von Ziemssen made known a method of indirect blood 
transfusion by means of a needle and syringes.  However, many attempts were made to 
carry out the operation with varying success, and it will be interesting to mention them in this 
dissertation. 

Giovanni Colle of Padua mentions transfusion when talking about useful remedies for 
prolonging life, in his work "Methodus facile parandi jucunda tuta et nova medicamenta" 
published in Venice in 1628. 

Francisco Folli, an Italian, published an article on transfusion in 1654 and in 1656 a 
Benedictine monk, Dom Roberto de Galatz, gave a public lecture in France on the same 
subject.  The following year, three English doctors, Timothy Clarke, Robert Boyle and 
Renshaw, on the advice of Sir Christopher Wren, the great English architect of the 17th 
century, attempted to introduce drugs into the veins. 
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In 1666 Richard Lower repeated their experiments, and, encouraged by their success, 
conceived and put into practice the idea of transfusing the blood of a four-animal. By means 
of two or more segments of goose feathers, it placed the artery of one dog in communication 
with the vein of another. In this regard, it is interesting to note that Bernheim, two and a half 
centuries later, devised an almost identical method, using a two-piece silver tube for this 
purpose. 

King followed the same line of investigation as Lower, modified his process and practiced 
veno-venous transfusion between animals of the same and different species (rams and 
calves). 

In the years 1667 and 1668 observations on this subject were published in several Italian 
newspapers by Cassani and Griffoni. 

In 1667 Emmeretz, according to Jean Baptiste Denys, physician to Louis XIV, performed 
this operation on a 16-year-old boy who had already been bled twenty times in the course of 
a febrile illness with stupor.  They bled him a final 90 grams and injected him with 270 grams 
of arterial blood from a sheep.  He recovered, and the experiment was repeated shortly after 
in a man who was in good health and who voluntarily submitted to it, without his adventure 
causing him harm.  Lower and King in England imitated Denys and Emmeretz.  Frascati, 
Bide and Manfredi in Italy repeated the experiments.  Denys and Emmeretz continued with 
varying fortunes the course of their experiments in this new branch of therapy.  One of his 
patients, however, a man called Mauroy, who seemed to have improved after the transfusion 
of sheep's blood, died suddenly under mysterious circumstances and this poisoning, which 
was not attributed to the operation, did not have the effect of compromising the acceptance 
of this method. . 

These results gave rise to the most extravagantly ardent hopes, which naturally were not 
realized.  It was believed, for example, that by replacing the blood of a madman with that of 
a sane man, he could be cured.  The operation was greatly abused and eventually a league 
was formed against it.  All the bad results were reviewed, arguments were drawn from 
history and Holy Scripture to combat its practice, and finally, after having aroused the 
brightest hopes and the most heated controversies, transfusion was condemned by the 
Supreme Court of Justice of France, which prohibited its practice until the Paris Faculty of 
Medicine approved it.  This was not achieved, and the transfusion fell into complete oblivion. 

In 1653 the surgeons Balthazar Kaufmann and Purman of Frankfurt on the Oder claimed 
that they had cured a leper by transfusing the blood of a sheep into his veins. 

In 1753, Miguel Rosa, dean of the Faculty of Medicine of Modena, stated, among other 
things: I. - That the vessels of a living animal can admit a greater quantity of blood than they 
already contain, without filling up.  II. - That, without danger to life, the blood of one species 
can be mixed with that of another (Sic).  III. - That the resurrection of a bloodless animal can 
be accomplished by introducing arterial blood from an animal of another species.  These 
opinions of Rosa, especially the second and third, were later refuted by the German school, 
represented by Bischoff and Dieffenbach. 

In 1815 the issue resurfaced once again.  James Blundell, an Englishman, assisted a 
woman who died of uterine haemorrhage.  Her impotence impressed him, and he said that if 
he had been able to replace the lost blood with an intravenous injection, the dying woman 
would have been saved.  Inspired by Hufeland, de Graefe and Baer, he dedicated himself to 
laboratory investigations.  He injected blood from a dog's artery into the veins of another and 
human blood into the veins of a dog, studied the conditions of blood clotting outside the 
vessels, the result of its passage to the recipient and several other conditions.  Applying his 
results to clinical medicine, he achieved some success in cases of puerperal haemorrhage.  
He failed in a case of pyloric carcinoma. 

The example of this surgeon did not fail to have an effect in France, because in 1823 
Milne Edwards stated that "in severe haemorrhage, blood transfusion could be resorted to." 

Around the same time, more or less, Russell in Eye, in Suffolk, England, decided to put 
aside the ordinary methods of treating a boy suffering from hydrophobia.  He opened his 
veins and let such a quantity of blood flow that he became insensible.  He then opened 
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another vein and slowly introduced the blood of two sheep by direct transfusion, and hoped 
that the patient would soon recover and regain his health and strength. 

Oré of Bordeaux used to teach his students of Physiology that one could hope to save a 
patient from hydrophobia by means of transfusion.  He had formed this opinion before he 
became aware of Russell's case, and his belief in the possibilities of this line of treatment 
seems to have been strengthened by learning of that case. 

In 1835, Bischoff conceived the idea of injecting defibrinated blood into the recipient, and 
this method was followed by Prévost, Panum, Dieffenbach and Brown-Sequard. 

The latter, from 1855, 1857 and 1858, published the results of many experiments, and as 
a consequence of his experiments and those of his precursors, the following data can be 
considered as established by 1858: 

I. - When an animal has come close to death, due to the loss of a considerable amount of 
blood, it can be immediately resuscitated by transfusion. (Richard Lower, Denys, Blundell, 
Bischoff). 

II. - The amount of blood necessary to produce this result is always less than what the 
animal lost. 

III. - Both venous and arterial blood have the quality of being able to revive the animal.  
Brown-Sequard maintained that its action was different, that the arterial blood gave the 
tissues the ability to work ("puissance"), and the other increased the action and put that 
faculty into action. (Brown-Sequard, Société de Biologie)  This assertion is somewhat forced. 

IV. - For blood transfusion to be successful, it must be done with the blood of animals of 
the same class, and especially of the same species, because, as Blundell and all 
experimenters have demonstrated, the blood of a dog resuscitates a dog, but the blood of a 
human being does not have the same property, because all animals, except man, who 
received it in their veins, quickly succumbed. 

V. - If the blood of an animal of another class is injected into an animal (e.g. mammalian 
blood into birds and vice versa) the recipient dies almost immediately, presenting 
phenomena similar to those of poisoning (Bischoff). 

VI. - The experiments by Prévost and Dumas, Diffenbach and Bischoff aim to 
demonstrate: 1°. That serum injected into the veins cannot reanimate an animal dying due to 
loss of blood.  2°. That the defibrinated blood of a bird injected into a dog did not cause any 
accident.  They concluded from this that fibrin acted as a toxic agent.  Bischoff, Giovanni 
Polli, Nicholas and Brown-Sequard taught the need to defibrinate blood for transfusion. 

In 1835, Samuel Lane gave haemophilia as an indication for transfusion and considered 
that it had a remarkable haemostatic action.  This very important fact did not become very 
well known because many years later warnings were issued against its use in cases where 
the bleeding had not been stopped.  In 1869, Buchser refers to the case of a young woman 
almost bloodless because of a haemorrhage from the bladder and vagina following 
convalescence from typhus.  Around 100 c.c. of her husband's blood was collected in a 
heated receptacle and injected with a syringe and the bleeding stopped.  In 1873, Smith 
reported a case of purpura in an 8-year-old child who bled from the nose until he was 
practically bloodless.  Defibrinated blood was used and the child was transfused using a 
syringe and cannula, with excellent results.  In these two cases there is no mention of the 
idea of haemostasis, and the transfusions were performed merely to replace the lost blood. 

In 1884, Dieulafoy transfused a 50-year-old man who, as a result of haemorrhage from 
the left nostril for 20 days, which had resisted all treatment, was at death's door.  With the 
assistance of Hagem and Perier, 120 grams of blood was injected into his arm.  The 
bleeding was stopped and the patient regained health and vigour. 

In 1875, Millier of Stockholm, experimenting with whole blood and defibrinated blood in 
animals of the same species, reached the following conclusions: 

I. - The mass of blood is considerably increased in the first hours following the 
transfusion. 

II. - Weight loss is not reduced by transfusion. 
III. - There is a clear increase in the amount of urine and urea excreted after the 

transfusion. 
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Probably conclusion III explains conclusion II, which must otherwise be false. 
Magendie came to the conclusion that defibrinated blood impaired capillary circulation, 

favouring interstitial haemorrhages, an opinion that can be explained in the light of more 
modern knowledge.  These haemorrhages are caused by capillary thromboses due to 
excess fibrin deferment introduced into the recipient with defibrinated blood.  Claude 
Bernarde was of the opinion that fibrin (he really meant fibrinogen, because fibrin as such 
never exists in healthy blood circulating through the body), served to facilitate the passage of 
blood through the capillaries.  These opinions can hardly be in accordance with modern 
thinking. 

Landois (Zeitschrift fur Chirugie, Leipzig, 1878, Band II), discovered that the result of 
transfusion with blood from different species was that the red blood cells were dissolved by 
the recipient's serum and that the released haemoglobin was excreted by the kidneys, giving 
rise to (haemoglobinuria and) albuminuria, lasting (the latter) eight days in the case of a frog 
transfused with the blood of a calf, whilst in the case of frogs transfused with the blood of 
frogs of the same species, whether complete or defibrinated, there was no albuminuria.  He 
observed the dissolution of red blood cells under a microscope and also noticed that in the 
circulation the blood cells clumped together and could thus form a small capillary embolism.  
To these embolisms, Landois attributed the paralysis of the lower extremities and the laxity 
of the central nervous system, which he frequently observed following the injection of 
mammalian blood into frogs.  He also noted that the serum of one species of animal 
dissolved the red blood cells of another species, and thus together with Roussel and Ore 
showed that the transfusion with the blood of sheep and other animals that had been tried, 
abandoned, and condemned two centuries earlier was useless and dangerous.  The 
investigations of Panum, Worm Millier, Ponfick, Lesser, Jakowicki and others also 
condemned transfusion between animals of different species. 

One might think that, after these decisive experiments, the practice of transfusing one 
animal with the blood of another, especially when the recipient was a human being, would 
have become completely extinct.  But knowledge circulates so slowly that as recently as 
1896 we read that the defibrinated blood of a sheep was used by an English doctor to revive 
a patient who had suffered a massive uterine haemorrhage. 

In 1877, Kochler pointed out the danger of defibrinated blood transfusion due to excess 
injected fibrin yeast.  Its use was also discouraged by Geselling, Ponfick and others, but it 
was nevertheless done throughout the nineteenth century and the first decade of the present 
century, until it was replaced by the simpler methods of today. 

Higginson (1857) and Aveling (1874) used two cannulas connected by tubes to a bulb 
syringe when transfusing.  Gesellius and Leisrink in 1872 used a glass cannula. 

Braxton Hicks, most famous for his method of treating placenta previa, advocated sodium 
phosphate and Richardson advocated minute amounts of ammonia as anticoagulants. 

In the early days of transfusion the results were excellent, sometimes brilliant, other times 
alarming reactions described as suffocation, oppressed breathing and a series of more or 
less serious symptoms were attributed to the accidental entry of air, although Blundell had 
shown in 1818 that small portions of air did not produce serious effects.  Oré showed that 
the entry of a large quantity of air into the circulation caused death, while small quantities 
produced no ill effects.  This was also observed by Loewenthal in 1871.  It is certain, in the 
light of current knowledge, that many of these reactions were the result of transfusion with 
incompatible blood. 

Professor Martin, of Berlin, published in 1859 reports of 57 cases in obstetric practice, 
with 43 happy results.  Blasius, 1863, collected all the cases of the previous 40 years, 
recording 116, of which 56 were successful.  In 14 of these, in which non-defibrinated blood 
was used, they were all fatal.  In short, the clinical indications for transfusion were 
approximately the same then as they are today.  Leisrink in 1872 says: "Transfusion is 
indicated in all those pathological states in which the blood is so altered in quality and 
quantity that it is unfit to fulfil its physiological duties.” 

Brunton, Hueter, and Gesellius in 1870 and 1873 advocated its use in cases of carbon 
oxide poisoning, and referred to happy cases. 
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Its value following bleeding was soon appreciated.  Hicks attributed the poor success in 
many cases to the fact that he was tried too late.  He also recognized that patients who had 
suddenly lost large amounts of blood were likely to respond less than those whose blood 
loss had been more gradual. 

In 1875 Lesser advocated auto-transfusion by applying Esmarch bandages to the 
extremities. 

In the same year the use of saline solution was introduced in order to restore the original 
quantity of blood in cases of haemorrhage and during the following thirty years there was a 
notable decline in the popularity of blood transfusion. 

In 1850, Hodder of Canada reported cases of cholera that he claimed to have 
successfully treated by the intravenous infusion of fresh cow's milk, and in 1878 Brunton at a 
conference at Jefferson Medical College, basing his opinion on Hodder's reports, 
recommended the injection of milk instead of blood transfusion.  He concluded that it was 
feasible and safe, that it was easier than blood transfusion and that this was generally 
followed by chills, that the dosage should not exceed 200 cc. and that the practice should 
not be limited to cases of prostration due to blood loss, but should also be used in conditions 
that greatly deplete blood, e.g. cholera, pernicious anaemia, typhoid fever and others. 

In the first years of the current century, great steps were taken to confront and overcome 
two of the main dangers of blood transfusion.  Landsteiner and Shattuck independently 
reported the presence of iso-agglutinins and in 1901 Landsteiner divided human beings into 
three groups, taking into account the agglutinating reactions of their blood.  In 1907 Jansky 
proved that there were four groups, and his observations were confirmed by Moss, who also 
made the important discovery that haemolysis never occurs without prior agglutination.  The 
proofs were simplified by Brem, Sanford, and others. 

The first permanent suture of the blood vessels was made by a Russian, Eck, in 1879, 
when he established the lateral anastomosis between the portal vein and the inferior vena 
cava (Eck's fistula). 

The technique of blood vessel surgery was greatly improved in the last ten years of the 
19th century and the first ten years of the 20th century and the experiments of Murphy in 
1897, Doerfler in 1899, and others, and Carrel, Guthrie, and Crile in the present century, 
gave impetus to safer methods of transfusing blood. 

Murphy in 1897 successfully anastomosed the severed femoral artery in a man, 
invaginating the proximal end into the distal. 

Carrel and Guthrie, applying the most laborious attention to detail, perfected the suturing 
of blood vessels.  Until now, the major drawback of practicing direct transfusion had been 
the danger of the formation of a lump that naturally interfered with the success of the 
operation.  In 1902, Carrel first described the method of joining blood vessels by turning the 
rough edges outward, so that when the endothelial surfaces were brought together there 
was no opportunity for a thrombus to form at the line of union. 

In 1907, Crile described 225 animal experiments and 32 clinical cases in which he had 
joined the donor's radial artery to the recipient's middle basilic vein.  The free end of the 
artery was turned backwards like the cuff of a sleeve.  First he used a tube, according to the 
Murphy button principle, with the difference that the margins were facing outwards.  Pool and 
McClure in 1910 dispensed with this aid and used the Carrel tip-to-tip suture method.  This 
method was used with the wounded during the Great War, but the obvious difficulty of 
keeping the arms of the donor and recipient fixed close to each other and then separating 
and lifting the radial artery and joining it to the basilic vein, without distending or exposing the 
vessels, any of which accidents would cause the suspension of blood flow, caused it to be 
abandoned early. 

Fullerton, Dreyer and Bazett in 1917 used cannulas joined by a rubber tube, which was 
so transparently thin that pulsations could be felt, and thus any suspension in the blood flow 
from the donor's artery to the recipient's vein was immediately discovered.  The cannulas 
and rubber tubes were first paraffin treated. 

With direct transfusion there is great difficulty in evaluating even approximately the 
portion of blood transfused, which is why the general signs of blood loss in the donor and 
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blood gain in the recipient are very variable.  Furthermore, skill and experience are so 
necessary to carry out the operation successfully that direct transfusion of arterial blood 
cannot become widespread, especially when considering the highly perfected technique and 
the incomparably greater ease with which indirect transfusion by means of paraffin tubes or 
citrated blood can be performed. 

During the war it was proved that blood transfusion was the only reliable method in cases 
of serious haemorrhage, and in the worst cases it was practiced without delay before taking 
operative measures.  It was recognized that donors could give up to 500 cc. without 
discomfort, but many clearly expressed disturbances, once this measure was exceeded. 

Oehlecker of Hamburg connected the basilica vein of the donor to that of the recipient by 
means of cannulas and rubber tubes, leaving the cannula in the donor's vein directed 
towards the hand.  In the middle of the rubber tube that connected the cannulas he inserted 
a three-way obturator, an invention of Blundell in 1818, renewed by Unger in 1914.  The third 
way of the obturator was attached to a 100 cc. capacity syringe.  Before starting the 
transfusion, 10 cc. of sodium citrate solution was introduced into the syringe that was then 
adapted; 50 cc. was extracted from the donor, the tap was turned off and the resulting 
mixture was injected into the recipient's vein.  A second syringe with 10 cc. of citrate solution 
was ready and immediately replaced the first one, as soon as the blood transfusion was 
finished.  This process was repeated as many times as necessary, transfusing 50 cc. of 
blood at a time.  In addition to preventing the formation of clots, it allowed accurate 
measurement of the transfused blood.  This plan he followed in 47 cases, generally injecting 
400 cc. but in some cases up to 800 or 1,000 cc. without inconvenience. 

In 1913, Lindemann resurrected the process invented by Von Ziemssen in 1892, and 
described a simple syringe method for injecting small amounts of blood.  He used cannulas, 
short pieces of tubing, and four to six 20 cc. syringes.  They were all paraffin treated.  The 
cannulas were inserted into the middle basilic vein of the donor and recipient respectively so 
that the blood flow through them was in the direction of the bloodstream.  Blood was taken 
from the donor and promptly injected into the recipient.  The used syringe was then passed 
to an assistant who immediately replaced it with a new syringe, washed the used syringe 
with salt solution, and lubricated it again with paraffin.  In this way, small amounts of 
unaltered blood could be transfused. 

L. Bruce Robertson employed this method in 1916. 
In order to carry out transfusion on a large scale, Kimpton and Brown (1913) used a 

paraffin glass cylinder, into which the quantity of blood that was to be transfused was 
introduced, by venesection.  The lower end of the cylinder was transformed into a tip, at right 
angles to the axis of the cylinder and formed a cannula that was inserted into the donor or 
recipient's vein depending on the stage of the operation.  The disadvantage of this tube was 
that it was always necessary to expose the vein through an incision and then ligate the vein 
once the operation was complete.  As a result of this, the same vein could not be used if a 
new blood transfusion was necessary.  To avoid this very obvious inconvenience, Beth 
Vincent (1916) modified the cylinder by adapting a needle to the cannula at the bottom of the 
glass cylinder.  By this means it was therefore unnecessary, where the veins were of a 
convenient size, (that is, in most cases), to make a cutaneous incision, so that the same vein 
could be used successively. 

The idea of using anticoagulants, as we have seen, had been suggested by Braxton 
Hicks in 1869, but had not been successful.  In many cases defibrinated blood gave sad 
results and chemical anticoagulants were considered unsuitable for practical purposes, 
because of their well-known toxic properties. 

In 1913-14, Dr. John Abel aroused a new interest in this subject, showing that hirudin 
could be used to prevent blood clotting in the dog without bad effects.  In 1914 Satterlee and 
Hooker described a naïve and safe method of using hirudine for human transfusions, but 
because of the cumbersome technique and well-known toxicity of hirudine, this method 
never became popular.  Moreover, the hirudine that entered the market was always of an 
untrustworthy composition. 
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In 1915, Agote, Huston, Lewisohn and Weil unexpectedly put anticoagulants on a solid 
footing.  Working independently of each other, they came to the conclusion that sodium 
citrate, whose anticoagulant properties had long been known, could be used with perfect 
safety on human beings, as long as care was taken to dilute it to the appropriate strength.  
Laborious experiments on animals proved how correct their discussion was, and the method 
of indirect blood transfusion using citrate promises to surpass all others. 

We have thus traced the history of the operation of blood transfusion from the earliest 
times to the present day, and since, having been an operation of a very difficult and 
dangerous character, and to which recourse should be made only on the rarest occasions, it 
has now become a procedure of such a simple and harmless character that it is used 
throughout the civilized world many times a day.  How many hundreds of people have been 
saved from premature death by haemorrhage would be difficult to calculate.  The number of 
conditions under which it is used therapeutically is growing day by day, and we have not yet 
passed the threshold of a great discovery.  At present, it is mainly because of the cellular 
contents that the blood is transfused, and experiments in which only the cellular contents are 
employed are progressing, a process that could only have been imagined after the discovery 
of a safe and appropriate anticoagulant.  Who knows if this use of the cellular content of 
blood alone will not be of transcendent importance?  Once it has been decided that a certain 
patient needs to undergo a transfusion, the first thing to do is to choose a suitable donor.  
Landsteiner, Shattuck, Janski, and Moss, by dividing human beings into distinct blood 
groups, gave us the key to the enigma that had so long tormented blood transfusion 
investigators.  Why was it that sometimes the operation gave such brilliant results, and other 
times, despite the greatest care to prevent the entry of air into the recipient's veins, the most 
unpleasant and unexpected symptoms appeared?  The answer was given to us by these 
four researchers, and it is that the recipient was given incompatible blood.  In dogs it seems 
that there is only one blood group, and that is why no awkward symptoms were manifested 
in transfusion experiments between dog and dog.  Janski called group I that group whose 
blood cells could be given to any recipient, without them being agglutinated and 
subsequently dissolved, and consequently without unpleasant symptoms appearing.  This 
group was therefore known as “The Universal Donor Group”.  The much smaller group, 
whose members could receive any blood without destroying its blood cells, was called Group 
IV.  This group was therefore known as the “Universal Recipient”.  Groups II and III were 
reciprocally antagonistic, both could receive from group I, but not from group IV, and both 
could be given to group IV, but not from group I. 

Moss confirmed the existence of these four groups, but changed their order, calling the 
"Universal Receiver" group I, and the "Universal Donor" group IV.  Groups II and III in their 
denomination were the same.  Moss's grouping is the only one universally accepted now, 
and is the only one adopted in this dissertation. 

Members of group I (accounting for about 10% of the total) do not contain iso-agglutinins 
in their serum and can therefore receive globules from their own group or from any other 
group, without haemolysis occurring.  Members of group II (40% of the total) can receive 
from group II and group IV only and agglutinate and often dissolve blood cells from groups I 
and III.  The members of group III (7% of the total) can receive from groups III and IV only, 
and agglutinate blood cells from the other two groups.  Members of group IV (43% of the 
total) can only receive blood from their own group, and destroy blood cells from the three 
other groups. 

By means of a "stock" of group II and III sera, preserved by the addition of a small portion 
of chloroform, analyzes can be carried out quickly and easily in the laboratory or in the office. 

A drop of blood from the presumptive donor and another from the recipient are collected 
in two separate tubes, each containing 1 cc. of 1.5% sodium citrate in 0.9% salt solution, 
each carefully labelled.  Two clean slides are then prepared for each blood sample that 
needs to be examined and marked II and III respectively and also with the name of the 
individual whose blood is being examined.  A drop of serum N° II is placed on the slide 
marked II and a drop of serum N° III is placed on the other slide.  One drop of red blood cell 
emulsion in sodium citrate is added to each slide as above, and a cover-slip is placed over 
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the resulting mixture.  It is necessary to be extremely careful not to allow serum II to 
contaminate serum III, and vice versa.  The slides are then examined under a moderately 
high-power microscope, and if agglutination is not immediately observed, they are set aside 
and examined every ten minutes for half an hour or until agglutination occurs.  This 
phenomenon can often be observed with the naked eye, with the clumps resulting from red 
blood cells appearing, when opposed to light, like granules of red dust suspended in the 
liquid medium.  If agglutination occurs with a certain serum, this indicates that the red blood 
cells being examined would be agglutinated and perhaps later haemolysed by a recipient of 
that particular group.  Similarly, if the blood cells have not clumped together after half an 
hour, this indicates that the blood submitted to the test can be given with impunity to a 
recipient of the group that provided the serum. 

Assuming that the globules are: 
a) Agglutinated by serum from both groups II and III.  The blood cannot belong to either 

group II or III, because if it belonged to either of them, serum from that particular group 
would not cause agglutination.  Similarly, it cannot belong to group IV, since the blood cells 
in that group are not agglutinated by any serum.  Blood cells, therefore, belong to group I, 
the “Universal Receiver” 

b) Agglutinated by group III serum but not by serum II.  As group III agglutinates the blood 
cells, they cannot belong to either group III or IV, because neither the blood cells of one of 
these groups nor those of the other would be agglutinated by the serum of group III.  They 
must, therefore, belong to either group II or I.  As they do not give group II agglutination, they 
must belong to groups II or IV, but as group IV has already been excluded by the test with 
group III serum, due to the exclusion of parts, the blood belongs to group II. 

c) By a similar reasoning, if the globules are agglutinated by serum II and not by serum 
III, they must belong to group III. 

d) If the globules are not agglutinated by either group II or group III serum, they must 
naturally belong to group IV, the "Universal Donor." 

Other things being equal, close blood relatives, such as father, mother, brother, sister, 
son or daughter, are considered the best donors in England.  It is of utmost importance to be 
sure that the donor is not a victim of acquired or hereditary syphilis or, in short, of any other 
communicable disease.  There have been cases of syphilis and malaria being transmitted to 
the recipient.  In a case referred to by Bernheim, the donor was the son of the recipient and 
had acquired syphilis, without the father and the operator knowing it.  The result was that the 
recipient became infected and, undoubtedly due to the large volume of infectious material, 
presented very serious symptoms. 

Although group IV can be given to any group without unpleasant symptoms appearing, 
several cases have been recorded in which symptoms of incompatibility have arisen when 
the recipient is transfused a second time with the same donor, when he was not from the 
same group as the recipient. 

As a rule, the operation does not pose a risk to the donor.  However, in the first months of 
this year there was a case in Scotland, in which a woman who had given her blood in vain to 
save her husband, collapsed and died days later.  No doubt in this case the loss of blood 
contributed to the death rather than was the main cause of it. 

Regarding the election of the chosen site, the blood is ordinarily taken from the donor's 
middle basilic vein and injected into the vein of the same designation in the recipient.  In the 
case of infants, the superior sagittal sinus is the site chosen when a transfusion is desired.  
Entering the midline approximately one centimeter before the posterior angle of the anterior 
fontanelle, it is easy to find the middle.  The puncture, being oblique, acts as a valve, and 
there is little or no bleeding after the needle is removed. 

The method for obtaining donors differs somewhat in different countries.  In the United 
States, for example, donors are now a profession, and have been a recognized institution for 
ten years or more.  At first, donors were obtained through newspaper advertisements, but 
now it is easy to obtain them almost at the moment in the various guest houses frequented 
by idle people in the large cities of America.  It is clear that in emergent cases it is impossible 
to advertise, and besides, there is the advantage that the attendants and certain frequenters 
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of these guest houses are familiar with the process of blood transfusion, which makes it 
easier to give security to men who would otherwise be afraid to sacrifice part of their blood 
even for large sums of money.  The result of this custom was the appearance of a small 
group of men, called "professional donors" - men who have undergone several blood 
extractions for transfusion and willingly give blood at very frequent intervals. 

Bernheim says that he knows men who have been donors half a dozen times in two 
years, and that he has heard of others in New York who have undergone this operation more 
than a dozen times. 

Regarding the practice of using paid donors, he says: "I can only say that in my 
experience they have been more desirable than relatives, for the total absence of the 
psychic element of anxiety for the patient's well-being, and, apart from a slight timidity 
motivated by their own safety (and this is rarely seen), they are brave and even sympathetic 
donors.  Most of them are young, decent and dignified, temporarily unemployed, in whose 
resolve they rely on the sporting element to take an interest in what is going on and want to 
do everything they can to ensure the success of the operation.  It is often suggested that one 
should not think about determining the amount of blood to be taken; but I am always very 
careful not to take too much, and rather I want to take too little than to incapacitate or 
weaken a man who needs his physical work to support himself.  In my experiences, the 
portion of blood taken from these donors has always been sufficient.  When I think I may 
need more blood than one man can safely supply, I get another in reserve.” 

He also says that he is not aware of the transfusion being fatal to the donor. 
In emergency transfusions in major London hospitals, the donor is often another patient 

who has suffered a minor surgical accident, such as an amputated finger, and is walking 
around waiting to be sent away in a day or two.  As a rule, students and members of clinical 
staff have their blood examined and classified into the respective group and are often invited 
to act as donors in cases where it has not been possible to obtain them, or in which a 
sudden emergency arises.  In last year's "Guy's Hospital Gazette" there is a protest against 
the too frequent use of medical students as donors, a fact that shows how common the 
practice has become in that hospital. 

As far as transfusion methods in vogue at the present time are concerned, I recommend 
to the reader Dr. B. M. Bernheim's excellent book "Blood Transfusion, Haemorrhage and the 
Anaemias" (J. B. Lippincott Company, 1917), which gives an excellent summary of the 
various techniques. 

Before finishing, may I present the following table of indications for transfusion, according 
to the classification of Ottenberg and Libman, modified by Bernheim: 
 

I. - Transfusion for present haemorrhage: 
a) Traumatic. 
b) Gastric and duodenal ulcers. 
c) Post-partum. 
d) Ectopic pregnancy with rupture. 
e) Typhoid haemorrhage. 

 
II. - Transfusion in connection with surgical operations: 

a) Before the operation, during and after it. 
b) For post-operative haemorrhage. 
c) For post-operative shock. 
d) For post-operative anaemia and prostration. 

 
III. - Transfusion to relieve hemorrhagic conditions: 

a) Hemorrhagic purpura. 
b) Haemophilia. 
c) Bleeding subsequent to: 1) blood diseases, 2) Severe infections, 3) Jaundice, 4) 

Idiopathic uterine. 
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IV. - Transfusion for blood diseases: 
a) Pernicious anaemia. 
b), Leukaemia. 

 
V. - Transfusion for infections: 

a) Infections with pyogenic organisms. 
b) Sub-acute streptococcal endocarditis. 
c) Sub-acute infection of a nature other than septicaemia. 

 
VI. - Transfusion for intoxications and poisonings: 

a) Pregnancy toxaemia. 
b) Eclampsia. 
c) Uraemia. 
d) Benzyl poisoning. 
e) Poisoning by illuminating gas. 

 
VII. - Transfusion for weakened states: 

a) Cancer. 
b) Malnutrition. 
c) Simple anaemia whatever the cause. 

 
 
(1) The following also refers to this interesting event: "Tres pueri decem annorum e venis 
quorum judaeus quidem medicus, qui Papam sanum reddere promiserat, sanguinem 
extraxit, incontinenti mortui sunt.  Dixerat namque illis, judaeus, se velle sanare pontificem, 
dummodo habere posset certam quantitatem sanguinis humani, et quidem juveniles 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 fuit." 
(Moratori, Rer. Ital. Script., t. III, parie Il, p. 1241). 
[Three ten-year-old boys, from whose veins the Jewish physician, who had promised to 
restore the Pope to health, drew blood, died of incontinence.   For he, a 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 the juveniles, 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.] 
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