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ÜBER DIE TRANSFUSION DES BLUTES 
 

By: W. LOEWENTHAL 
 
 

A TRANSLATION BY PHIL LEAROYD 
 
 
A copy of the paper ‘About the transfusion of blood – Inaugural Dissertation’ by Wilhelm 
Loewenthal, published in 1871 in Heidelberg by Carl Winter, can be read or downloaded 
from the following site: 
 
https://books.google.co.uk/books?id=L4O6l37AIFMC&printsec=frontcover&source=gbs_ge_
summary_r&cad=0#v=onepage&q&f=false 
 
 

Loewenthal presents his dissertation in four parts.  In the first part he discusses the 
indications for transfusion in which he identifies that the most important condition requiring 
transfusion is acute blood loss resulting in anaemia – especially due to metrorrhagia, and 
like other authors emphasizes not to delay implementation of the transfusion procedure.  
Transfusion results for anaemia due to suppuration he identifies as being ‘less favourable’ 
and that transfusion in cases of blood anomalies and infectious diseases are only palliative 
as the conditions are ‘not eliminated as such by the introduction of new blood.’ 

The methods of transfusion are discussed in part two, in which he recognises what he 
calls ‘pre and post Blundell’ techniques of direct and indirect methods respectively.  He 
states that current indirect methods concentrate on eliminating the possibility of coagulation 
occurring and the possibility of the infusion of air.  He does not identify different devices but 
states that the simplest is the glass syringe with an ‘air catcher’ device – which he 
recommends.  He concentrates extensively in this section on examining the reasons why 
injected air kills and emphasizes the lack of evidence that air ingress into a vein other than 
the jugular does not result in death – during which he also presents his own research. 

In the third section the author provides extensive details on the practical execution of 
performing a blood transfusion.  He recommends venesection only if necessary (without the 
use of a cannula which reduces the risk of phlebitis), a slow rate of infusion, identifies the 
possible transmission of disease and therefore the need for a ‘healthy donor’, as well as the 
temperature constraints and quantity of the transfused blood normally required.  He states 
that he prefers to use defibrinated blood and describes the defibrination process in some 
detail (unlike many other authors) and then also describes in great detail the syringe 
transfusion technique that he uses. 

The fourth section is titled ‘assessment and success’ in which he looks at a divers 
number of subjects, including the number of recorded transfusions to different patient groups 
and their success rates; the continued use of roborants (i.e. a medicine or treatment that has 
a strengthening or restorative effect) in cases of metrorrhagia in place of using a transfusion, 
as well as mentioning depletory transfusions.  He concludes by stressing the lack of danger 
when performing a transfusion and its benefits. 
 
 

I have produced a translation of this dissertation from the original German into English to 
hopefully enable its content to be appreciated by a wider audience.  Whilst I am obviously 
aware that instantaneous computer generated translation is available, this process however 
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 
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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 maintained the original paragraph settings and general layout of the text within the 
translation.  People’s names have been reproduced as originally printed.  References placed 
originally at the bottom of separate pages have been sequentially renumbered and placed 
together at the end of the translation, reproduced as originally printed. 
 
 
 
 
 

ABOUT THE TRANSFUSION OF BLOOD 
By 

Dr. Wilh. Loewenthal, 
Heidelberg. Carl Winter's University Bookstore. 

1871. 
 
 
Dedicated to my dear parents, the first supporters of my intellectual life, as a sign dedicated 

to my heartfelt love. 
 
 

Even in gray antiquity the operation of introducing blood into the veins of a man seems to 
have been used; but, on the other hand, this operation is still very young, for it was only a 
few decades ago that it was reintroduced into medical practice and the attention of the 
medical world turned to it again.  Whereas before this period only the immediate transfusion 
was carried out, in which a vein of the patient was directly connected with an artery of the 
blood-giving animal, - and even this only in very isolated cases, - so that the operation was 
regarded more as a curiosity than as useful for real curative purposes, from 1820 onwards, 
in which year James Blundell had the happy idea that  to transfer the blood indirectly, i.e., by 
means of an injection (whereby he was enabled to use venous human blood for the transfer) 
attracted more attention to this operation in the world of scholars.  Attempts followed 
attempts, discoveries after discoveries.  Immediately afterwards (1821) Prévost and Dumas 
found that defibrinated blood was as beneficial as that containing fibrin, thus taking a great 
step forward and depriving the operation of its most dangerous aspect.  Bischoff confirmed 
this view, as did Giovanni Polli, Brown Séquard, and others, while Martin and others 
defended the use of blood in toto, until Panum (1863) published the results of his extensive 
experiments, which proved that the former view was correct, since only the red blood cells, 
as carriers of oxygen, constituted the animating principle in the blood, but the fibrous matter 
was replaced by the body in a very short time, and for the function of the organism its 
absence during this time does not cause any harm, so that there is no advantage to use 
fibrin-containing blood, but it does have the disadvantage that it could very easily lead to clot 
formations and their serious consequences.  Nevertheless, in recent times some authors 
have preferred the use of blood in toto, so that the files on this subject are not yet closed. - In 
addition, since the flourishing of surgery, the endeavour of most authors has been directed 
towards constructing devices which would prevent the entry of air into the vein - an effort 
which, although crowned with success in most cases, also complicated the instrument 
devices to such an extent that usually only the inventor could make use of his apparatus, - 
and it was precisely through this fear of the ingress of air that the progress of the operation 
and its more frequent use was greatly hindered. 
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These brief notes may suffice to throw some light on the history of this operation, and I 
shall now proceed to the discussion of: 
 

I. the indications, 
II. the methods, 
III. the execution, 
IV. the appreciation and the successes. 

 
 

I. The operation of transfusion is indicated: 
 

1) in all acute blood losses, whether they be caused by metrorrhagia after difficult births 
or by other traumatic and pathological effects.  It can have a life-saving effect in many, nay, 
in the vast majority of such cases, and as it is quite harmless, as I shall have occasion to 
explain later, the indication for its execution is not to be given until the patient is already in 
his last stages, but immediately after such a bleeding has taken place, of which it is known  
that it can become life-threatening, even if not immediately fatal, after a shorter or longer 
time; for a profuse bleeding can become life-threatening, even if it does not kill immediately, 
and only after days of torment can bring about its end for the patient.  I therefore consider 
the operation to be indicated in all the conditions of anaemia which are caused by a profuse 
loss of blood, which cannot be replaced in later times by strong food (because of weakness 
of the digestive organs).  This is a circulus vitiorum that is often observed: there is a profuse, 
but not immediately fatal bleeding, which causes a general anaemia and weakness, and 
consequently also a weakness of the digestive organs, which therefore cannot provide 
sufficient material for the blood, and the blood, the distributor of the nourishing substance to 
all organs, becomes worse and sicker, until finally its nourishing power ceases altogether, 
and with it the existence of the organism.  Of course, this evil situation cannot be remedied 
by medicines or food, as they are poorly absorbed or not absorbed at all, and only the 
transfusion has a life-saving effect here, because it removes the cause of the disease, the 
lack of blood, and thus also its consequences.  Of course, it is better to make the 
development of such a state impossible from the outset by the supply of new blood; but if 
this has been neglected and acute anaemia has developed into a chronic one, one should 
not hesitate to use the remedy until changes have already occurred in internal organs 
important for life, or even death is already near, - for even such changes can no longer be 
lifted by the new blood.  I emphasize this chiefly because transfusion is still regarded for the 
most part (and mainly in private practice) as an ultimatum refugium, and it is only used when 
all else fails, that is, last, and in most cases too late.  But the transfusion is not a heroic 
means, it is so very little dangerous and offers the most chances in a suffering that so very 
often leads to death, - so why use it as a last resort and not as one of the first?  I do not 
mean to say that one should leave the other internal remedies completely untried, but one 
must not lose too much of the precious time with them, and if they do not evidently help in a 
short time and in the long run, one should reach for the transfusion, besides which one can 
also use the other remedies.  The same principles apply. 

2) in anaemia caused by chronic loss of juices (suppuration).  This field is by far less 
favourable for the success of the transfusion, for the lack of blood is not primary, but only 
arises from a protracted loss of juices, which deprives the blood and thus the body of more 
material than is supplied to it again by food.  The final results are also the same here: 
general weakness, thus weakness of the digestive system, and therefore an ever-increasing 
decrease in the possibility of supplying substances.  The chief difference between these and 
the cases mentioned in sub 1 lies in the fact that the anaemia here is caused by another 
affliction, which affliction is not directly relieved by a new supply of blood, so that the root 
cause of the malady remains.  The results of the operation would also be much more 
favourable if one did not wait so long with it until amyloid degeneration of internal organs, 
chronic caseous pneumonia, etc.; for these in and of themselves subsequently cause death, 
without the transfusion or any other healing method being able to eliminate them.  Repeated 



Phil Learoyd  4 
2024 

transfusions (energetic supply of substances) might have given many a patient the strength 
to overcome the persistent loss of juices and the underlying disease that caused it, and thus 
preserved their life. 

3) for blood abnormalities and infectious diseases.  The successes of transfusion in this 
field are the least tempting, and this is easily explained by the fact that most of the diseases 
summarized under the term "blood anomalies", such as haemophilia, scurvy, morbus 
maculosus Werlhofii, against which transfusion was proposed and applied, are probably not 
anomalies of the blood to be eliminated as such by the introduction of new blood.  Of the 
infectious diseases, such as pyaemia, puerperal fever, typhoid fever, cholera, for which 
transfusion was also used, most of them cause changes in internal organs from the outset, 
which in themselves are more or less dangerous and also infect the newly introduced blood 
into the body.  However, here too some favourable successes have become known, which 
encourage further attempts in this direction, and it can also be imagined that in some cases 
in infectious diseases the fresh healthy material supplies the body with sufficient strength to 
overcome the rest of the infection and, in the case of so-called blood anomalies, enables the 
organism to eliminate the basic conditions of the infection unknown to us; in order to make 
this possible, the same law applies here: application of the operation as early as possible. 

In my opinion there are no contraindications, for in most cases there is indicatio vitalis, 
and in the other chronic cases it is safe to use, because it is the only really helpful remedy 
and no more dangerous than a venesection. 
 
 

II. The methods 
 

of the operation remained the same in principle from Blundell onwards.  Before him, silver 
tubes were used for direct transfusion, which connected the artery of the blood-giving animal 
with the vein of the patient, and C. von Graefe also gave a complicated apparatus for direct 
transfusion.  From Blundell onwards, a wide variety of devices for indirect transfusion were 
used, which, however, essentially represent a pumping device with all possible precautions 
to prevent the coagulation of the blood, or the entry of air.  Blundell himself constructed two 
devices, Graefe the Elder modified one of them, but at the same time complicated it in such 
a way that it became almost unusable, and in its place he later proposed his phlebotomy (a 
weakly curved trocar), in the cannula of which fitted a simple small syringe through which the 
blood was transferred.  Other authors used and recommended simple syringes made of a 
wide variety of materials; more complicated devices, the description of which I must pass 
over here, (1) were constructed by Mathieu, Martin Moncoq de Caen, Demme, Eulenburg 
and Landois, Uterhart, von Nussbaum, Richardson, Mosler, Roussel, and finally by Belina-
Swiontkowsky.  All these devices owe their origin only to the effort to keep back the 
supposed dangers discussed above, and they also fulfill this purpose more or less 
completely.  The best and simplest way to achieve it, however, was to improve the syringe 
with air catcher constructed by Eulenburg and Landois, and by Belina, which used air 
pressure instead of the plunger pressure hitherto used in all devices.  The von Belina 
apparatus consists essentially of a graduated glass tube, which is filled with blood by a 
funnel and which, at its lower end, by means of a rubber tube, passes into an almost right-
angled metallic attachment, which at the same time forms the cannula of a trocar.  After the 
glass tube has been filled, a rubber balloon is screwed onto an opening at the top and side, 
which, when pressed, empties the air contained in it into the glass tube and thus pushes the 
blood down into the vein.  This apparatus also completely prevents the ingress of air, but it is 
too complicated, and besides, the trocar is absolutely inadmissible in all transfusion devices.  
It happens all too easily, even to skilful and cautious surgeons that the trocar pierces not 
only the anterior wall of the vein, which is exposed only from above, but also its posterior 
wall, and the blood then goes into the surrounding one.  Cell tissue pumped.  Through this 
state of affairs, Mr. Hofrath Simon also felt compelled to change the von Belina apparatus 
used in the local clinic in such a way that he took away the sharp tip of the trocar and had it 
provided with an olive-shaped button. 
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The vein into which the blood is to be injected is dissected everywhere in the usual way, 
and then opened by an incision.  Some surgeons tie the cannula firmly in the vein, others 
also prevent it below the opening site in order to prevent blood leakage, - a procedure which 
unnecessarily irritates the vein wall too much and therefore promotes the development of 
phlebitis. 

As I have said, all the above-mentioned devices were based on the view that air entering 
the veins was fatal, and therefore tried to prevent it in every possible way.  It had often been 
observed that air entering the jugular vein caused sudden death under convulsions, and 
during the autopsy air bubbles were found in the right heart, or in other cases there was no 
objective findings at all.  Now the question arises: how and by what means does the 
penetrated air kill?  Some say that this is done by the mere contact of the air with the inner 
wall of the heart, by which the contractions of the heart are immediately abolished.  That this 
view was incorrect was proved to me by a slight experiment: I opened the thorax of a frog 
and blew air directly into its right heart, but it nevertheless continued for a full seven minutes.  
I had the same success in a similar experiment on the rabbit, only the time of subsequent 
contractions did not last so long.  The air, therefore, does not kill by merely touching the wall 
of the heart, so there must be another factor underlying the danger.  The same thing was 
also found physically: the air bubbles entering the right heart are carried away by the 
bloodstream into the branches of the pulmonary artery, and there either the larger branches 
of the latter or the capillaries of a larger area become blocked; thereby both the 
arterialisation of the blood and the inflow of it into the left heart are prevented, and thus the 
sudden death as well as the convulsions accompanying it are sufficiently explained.  The air 
bubbles, therefore, act purely mechanically, like emboli, which is of importance for the further 
explanation which I shall have the honour of presenting here. 

Before I had seen a more detailed work on transfusion, and at the time when I first 
became acquainted with this operation and the danger of air ingress to be avoided in it from 
the lecture of Mr. Hofrath Simon, I remembered a process which I had witnessed in my own 
country, and which consisted in the following: that sick animals (horses, dogs) were deprived 
of blood through a thin tube for therapeutic purposes at the veins of one hind leg and then 
air was blown in; but I had never noticed a sudden death of the animal in consequence of 
this procedure.  At the same time, I noticed that in all the cases of air ingress that were fatal, 
it was the air. had entered the jugular vein, i.e. close to the heart, whereas in the above-
mentioned procedure only the veins of the hind extremities were used for the intentional 
introduction of air - so there was nothing more obvious than the thought: that the danger 
came from the vein depends on the distance into which the air enters, namely on its distance 
from the heart.  In order to obtain even more precise results, I now carried out the following 
experiments: 

1) I injected a dog of medium size with a considerable quantity of air (about 50-60 cc.) 
into the crural vein of the left leg.  The injection was carried out rather brusquely, but had no 
success at all, i.e. the dog remained perfectly healthy; 

2) I injected the same quantity of air into the same vein in another smaller dog, with the 
same success. 

3) In the same dog on which I had made the first experiment, I injected the same quantity 
of air into the crural vein of the right leg several days later, with the same negative result. 

4) The same experiment on dog No. 2; the result is the same. 
5) To the first dog, after several days, I again injected the same quantity of air into a 

strong vein in the left foreleg.  The injection happened slowly, but without interruption.  Here, 
too, there was a negative result: the dog remained completely well. 

6) Injection of 25-30 cc. of air into the axillary vein (very close to the trunk) of the second 
dog.  Negative result. 

7) Injection of only about 30 cc. of air into the left jugular vein of the dog used for the 1st 
experiment.  Immediate death under convulsions.  The autopsy revealed a good deal of air 
in the right heart, along with some frothy blood. 

8) I injected about 20 cc of air into the V. cruralis of the left leg of an adult rabbit.  The 
injection was carried out moderately quickly and gave a negative result.  After about half an 
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hour I opened the jugularis of the left side to the same rabbit: with an audible hiss, air 
penetrated, and the animal died after a few convulsions.  The immediate opening of the 
heart resulted in larger air bubbles and foamy blood in its right division. 

9) Finally, in the course of an afternoon, I combined all the experiments mentioned so far 
on another large dog, by injecting it first with about 60 cc. of air into the crural vein of the 
right leg, and then, after about half an hour, the same amount into the same vein on the left 
side; the dog did not show the slightest reaction to these injections.  After about an hour I 
injected the same dog with 50 cc. of air into a vein which was occupied in the middle of the 
left front extremity, and after half an hour I did the same on the axillary vein of the right side, 
- the dog endured all four injections excellently.  At the same time as the injections, I also 
made experiments concerning the aspiration of air by leaving an open cannula in the vein, 
but these experiments also had a negative success without exception, and thus also on the 
axillary vein. - After the four injections had been carried out, the dog remained tied up on the 
operating table for 1½ hours, during which time he breathed very calmly and only whimpered 
from time to time in pain.  After this period I prepared the internal jugular vein free on the left 
side and injected about 20 cc. of air near the clavicle; immediately the scene changed: the 
dog, who had been breathing calmly until then, suddenly developed violent dyspnoea, strong 
convulsions, took a few more convulsive breaths, in which the thorax and abdomen bulged 
more and more, and finally died, while the thorax and abdomen remained in the greatest 
possible position of inspiration.  The immediate opening resulted in the following: in the left 
heart there was an unusually small amount of blood of a non-foamy nature, no air bubbles.  
In the right heart a lot of strongly foamy blood, individual air bubbles.  The V. jugularis int. 
sin. filled with frothy blood (below the puncture site), which is filled with non-foamy blood on 
the right side.  The lungs almost completely bloodless, very light, no blood in the large 
branches of the pulmonary artery on both sides, in the smaller only very little, air bubbles 
everywhere, as far as I could follow the branches; in the cross-section, air bubbles also 
gushed out of the luminibus of the branches of the pulmonary artery.  (I am sure that I did 
not confuse the branches of the species pulmonalis with transversely cut bronchi, because I 
subsequently examined exactly the nature of the walls of the tubes from which the air 
bubbles emptied spontaneously and under pressure).  The vv. crurales showed themselves 
to be completely empty and collapsed from the injection site to the next valve, from there, 
ordinary blood in abundant quantity. 

In all these experiments I was exceedingly cautious and attentive, so that it was almost 
impossible for me to be guilty of a mistake: I first prepared the vein completely exposed, laid 
two threads loosely around it, in the space between the ligatures I inserted the cannula, to 
which the well-fitting syringe was attached airtight, then closed the upper ligation so that the 
venous wall of the cannula almost rested against it, then closed the lower ligation as well, 
and then injected the definite quantity of air at once or in several sections.  When I removed 
the syringe from the cannula in order to freshly fill it, this was always done with the greatest 
caution, the cannula remained open and then the filled syringe was inserted airtight again. 

These convincing experiments are followed by some observations at the bedside 
belonging to this category: 

a) Devay and Desgranges report (2) on a transfusion carried out in which the recovery 
took place, despite the fact that some air bubbles had penetrated during the injection. 

b) A case somewhat similar to the previous one occurred recently in the surgical clinic 
here.  Caspar H., 25 years old, was injured in both legs on 18 January of this year while 
working on the railway.  The examination revealed a complicated fracture on the lower third 
of the tibia of the right leg and several apparently superficial injuries on the left ankle.  The 
appropriate treatment was initiated, the fracture also seemed to behave quite well, but the 
wounds on the left ankle took on a very bad appearance.  Patient developed a high fever, so 
that on 14 February a more detailed examination of the ankle was carried out.  This resulted 
in a carious disease of the joint in question, and therefore the olus fibulae mallee, the lower 
end of the tibia, and the head of the talus, which showed themselves to be diseased, were 
resected.  However, the patient's condition did not want to improve, he came down very 
much due to the continuous suppuration, had a constantly high fever, which was explained 
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by the fact that the disease of the bones of the left lower leg continued upwards.  This made 
a further intervention necessary and Mr. Hofrath Simon felt compelled to perform the 
transcondylar amputation on 26 February.  But as the patient, as mentioned, was very 
anaemic and degraded, Mr. Hofrath Simon performed the transfusion immediately after the 
amputation, and injected about 5 ounces of defibrinated blood into the crural vein that had 
just been cut through by means of the modified von Belina apparatus.  In view of the 
continual stagnation in the flow of blood, which was caused by the poorly closing valve, the 
buttoned trocar was once pushed forward into the cannula (in order to remove any obstacle 
in it) and pulled out again somewhat brusquely by an assistant, so that the trocar left the 
cannula and some air bubbles penetrated into the vein with an audible noise.  In the evening 
after the operation, the patient was much better than before, had a very good appetite, ate a 
relatively large amount and spent a good night; unfortunately, however, this condition did not 
last long, it worsened again the next day, and under the steadily increasing symptoms of 
general deterioration, with the development of decubitus in various parts of the back, under 
persistent high fever, the patient died on 8 March.  The autopsy done the next day resulted 
in the following: 

Corpse severely emaciated, subcutaneous fatty tissue atrophic, sub-pericardial fat 
myxomatous.  Blood in the heart a little thin, but also clots.  Heart otherwise normal. 

The right lung adherent, containing air, oedematous only in the lower part of the lower 
lobe.  Bronchial mucosa normal.  The left lung free, bronchi also, the anterior marginal parts 
of the upper lobe somewhat emphysematous, the rest of the tissue airy and elastic.  
Atelectasis in the posterior sections of the lower lobe. 

Position of the abdominal intestines normal.  Spleen very dark, capsule clouded in one 
place, Malpighi's bodies indistinct. 

The kidneys are normal in size, capsule tender, easily soluble, bark strikingly pale and 
cloudy, slightly yellowish, pith red. 

Gallbladder small, contains very thick, mucous, brown-green bile.  Liver capsule normal.  
The hepatic tissue on average shows exquisite acinous structure, periphery of the acini and 
the adjacent two-thirds of the same intensely yellow, the small center red.  (Fat 
degeneration.  The tissue is remarkably coarse, not soft as in fat infiltration.) 

V. iliaca and cruralis on the right fresh thrombi, on the left older, but not very adherent, 
also not yet softened thrombi. 

The amputation stump represents a cavity, the centre of which is filled with the bone, and 
the walls of which are represented by purulent infiltrated soft parts and granulation tissues. 

The tibia and fibula of the right side in the lower third crooked from top and outside to 
bottom and broken inside.  The fracture ends are heavily purulent infiltrated, covered with 
sparse granulations and containing smaller and larger pieces of necrotic bone in numerous 
places. In accordance with the fracture site of the bone, the skin also shows widespread loss 
of substance. 

Pia mater pale and strongly serous infiltrated, in the oesophagus thrush evidence, - the 
integuments of the scrotum edematous, - otherwise normal findings. 

This case is remarkable in so far as the lungs showed no trace of embolism due to the air 
bubbles that had entered (hemorrhagic infarcts), which clearly proves that the air which 
entered the V. cruralis dextra certainly did not reach the right heart and the pulmonary artery, 
at least not in large quantities, but that it was completely or for the most part eliminated on 
the way there. 

c) At this point I would like to emphasize that only two cases are known in the literature in 
which air ingress caused death among the known phenomena: one case is mentioned by 
Ritgen in the “Neue Zeitschrift für Geburtskunde”, vol. XIV, p. 141., the other by Jewell in the 
Medico-Chirurg. Review. 1826. (3)  In both cases the blood was injected into the jugular 
vein, in the latter case it was often discontinued, and finally even the cannula was displaced, 
so that an aspiration of air could take place, - but there is no known case to my knowledge 
where the ingress of air into another vein would have killed. 

If I now sum up my experiments and observations at the bedside, I think I am justified in 
saying the following: 
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1) The entry of air into the venous system is completely harmless if it takes place away 
from the right heart (crural, brachial, axillary) and is fatal only at the jugular vein. 

2) The air that has penetrated and reached the right heart kills by embolism of the 
pulmonary artery, that is to say, its branches.  As a result, congestion in the right heart, 
stasis in the venous system, obstructed inflow of blood into the left heart, venous hyperemia 
and acute arterial anaemia of the central organs, paralysis of the respiratory and circulation 
vessels. 

3) There is no aspiration of the air in any vein of the body, except the jugularis, even if the 
lumen of the vein is kept open by a cannula. 

It now remains for me to answer the theoretically important question: why does the air 
penetrating into veins more distant from the right heart do no harm?  I confess that I cannot 
solve this question quite definitively, but I will try to provide some plausible explanations.  It 
is certain that the air which has entered into distant veins must not enter the right heart in 
greater quantities, for otherwise it would cause the same mechanical disturbances there and 
in the pulmonary artery as the air which has entered through the jugularis, or as all emboli of 
any kind which suddenly put a larger part of the pulmonary bloodstream out of action, and 
must therefore be removed on the way there; but how does this happen?  The following 
possibilities can now be cited for this: 

1) The air bubbles entering must necessarily pass the confluence of other veins in their 
course, and as they pass by, they are divided into smaller bubbles by the blood stream that 
strikes them obliquely, since the pressure of the blood in the venous system distant from the 
right heart is greater than the pressure that holds the air particles together in the air bubble.  
Although this is not a factor determining the removal of the air, it can support the mode of 
elimination, which will be discussed in 2 and 3 below, by dividing the air bubbles more finely, 
and thus by presenting a larger surface area to the forces acting on them. 

2) The entered air is able to diffuse through the vessel walls into the surrounding cell 
tissue by the lateral pressure prevailing in the vascular system.  Or 

3) The air is decomposed by the venous blood in such a way that the venous blood is 
arterialised, i.e. the oxygen is withdrawn from the air that has penetrated.  The nitrogen thus 
released either passes through the vascular walls (which is even lighter than air in toto, since 
it is specifically lighter, 0.971), or it is absorbed, as perhaps also some oxygen, by the blood 
serum; for it is only scarcely saturated with these two gases (4), and therefore is more 
inclined to absorption. 

These are ways in which the air as such may be removed from the vessels in a free state, 
perhaps only one or the other factor is at work, perhaps all of them work together.  The 
danger of air entering the jugular would then be supported by the circumstance that the 
blood, on the short route to the right heart, does not have time to remove the air that has 
penetrated in one way or another. 

Now, even if these attempts at explanation are not entirely satisfactory, the simple fact 
that "the air does not endanger life when it enters veins distant from the right heart" is 
sufficient for my purpose, even if this is the case in large quantities.  A small quantity of air 
can even penetrate to the right heart, and I do not think it necessary that it should have a 
deadly effect; for since they were introduced into Art. pulmonalis can only be harmful in the 
same way as other embolisms, it can also pass as harmlessly to the whole organism as 
soon as only a small part of the capillary region is put out of action, as the blockage of 
smaller vascular districts by emboli of another kind; here, too, constipation will be followed 
by collateral fluxion and collateral oedema, both in a very circumscriptive manner, so that 
these subsequent states are perceived neither subjectively nor objectively.  I can now pass 
on to the discussion of Section 
 
 

III. Method of carrying out the operation Itself, 
 
after I shall have briefly touched on a few points belonging here: 
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a) In addition to the danger of embolism of the pulmonary artery, caused either by fibrous 
clots or air bubbles, which can now be regarded as having been eliminated, the transfusion 
was also accused of the danger of phlebitis, caused by the exposure of the vein and the 
resulting irritation.  But this danger is a very small one, because of all the cases that have 
come to my knowledge so far, only 6 patients fell ill with phlebitis, and all survived it without 
any disadvantage.  And even this insignificant danger I believe I can still lessen by a slight 
modification in the method of opening the vein hitherto used.  In very many cases it is 
possible to make the vein to be opened visible by compression above the puncture site, and 
then it is unnecessary to dissect the vein from its surroundings; it will then be possible with 
easy difficulty to penetrate the skin and vein wall with one incision, as in the case of 
venesection, which is quite sufficient for the purpose of the transfusion.  And if this is 
impossible if the vein is too insufficiently filled, then it is nevertheless unnecessary to expose 
the vessel to a greater extent, for in any case it is best to avoid the placing of sutures around 
the vein, the binding of the cannula, the subsequent ligation of the vessel, and the like, for 
which purpose the vein was exposed so far, - it is therefore sufficient, in such a case, where 
direct incision is inadmissible, to first split the skin over the vein and then carefully penetrate 
to it and open it, but without preparing it freely.  The certainty that one is really in the vein 
can easily be gained by the manner in which a few drops of blood come out, by the easy 
insertion of the cannula, and by the unhindered movement of the cannula within the vein.  - I 
will return to the details of the technique of this direct incision when performing the operation. 

b) It has already happened several times that a rapid death has been brought about by 
too rapid an injection, probably by sudden overcrowding of the heart and the resulting 
paralysis of it.  This evil, however, can easily be avoided by a little caution, and caution is 
part of every operation, even the slightest one.  In addition, by suitable precautions 
(preparations for bloodletting on one arm and attentive control of the pulse and facial 
expression), even this unpleasant event, if it should occur, can be rendered harmless.  
Experience has shown that the coincidences that sometimes occur after the operation, such 
as palpitations, anxiety, even minor convulsions and other nervous phenomena, are of very 
short duration and therefore not to be feared. 

c) In the opinion of some, diseases can be transmitted through the blood, for this reason 
blood should be taken from a healthy, strong, possibly young individual.  Whether or not it 
may be possible that infecting substances may or may not persist in the blood for a longer 
period of time, the way to danger is in any case barred by the observance of this precaution.  
In my opinion, the physician does not need to take any special account of the danger, which 
is still asserted by some quarters, that bad psychological characteristics could also be 
transferred to the patient through the transfused blood. 

d) All equipment used for transfusion must of course be cleaned and kept clean in the 
most minute way. 

e) Although Blundell had already shown that the blood could stand for a long time without 
losing its animating power or changing in any way, except that it oxidized, and it is evident 
from the experiments of Nicolas (5) that blood could also be used which was many degrees 
below the normal blood temperature, Oré (6) even recommended the use of blood cooled to 
0°C as particularly beneficial, I am inclined to think that fresh blood heated to 37°С should 
be used, since the production of this temperature is not fraught with any difficulty, and yet it 
seems more and more rational to take into account as much as possible the normal 
conditions of the human organism, if it can be done without causing any other dangers. 

f) Whether defibrinated or fibrin-containing blood should be used is, as already noted in 
the introduction, still a matter of dispute.  The defenders of the use of blood, from which 
none of its constituents have been withdrawn before the transfer, emphasize chiefly that far 
more favourable results are obtained by it, because the defibrinated blood no longer has 
such invigorating properties, - but Panum's experiments contradict this, and even if there 
were a slight advantage in the use of fibrin-containing blood, it is nevertheless more than 
compensated for by the great dangers which the coagulating fibrous material brings with it in 
its presence, for it can either cause embolism of the pulmonary artery and thus sudden 
death, or it coagulates in the vein if the outflow of blood is only somewhat obstructed and 
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thus makes the continuation of the operation impossible, or finally the blood clots already in 
the syringe, as soon as there is only a small unforeseen obstacle at the beginning of the 
operation (when the vein is opened or the like), occurs, and usually the loss of precious time 
resulting from the procuring of new blood, with the cleaning and repair of the apparatus, is 
sufficient to endanger the patient's life in a high degree.  There is more to be said for the 
possibility of these dangers occurring than one case published in the literature, and I should 
therefore always prefer the use of defibrinated and filtered blood. 

g) The quantity of blood to be injected in ordinary acute anaemia is 4 to 8 ounces, 
according to the individuality of the case; experience has taught that even the former 
quantity is sufficient to rekindle the activity of the heart and to strengthen the organism in 
such a way that it can then replace the remaining blood itself.  In the case of depletoric 
transfusions, the quantity of blood to be injected and to replace the old blood will naturally be 
greater.  There are known cases in which life was saved by the introduction of one ounce of 
blood, in other cases the same favourable result was obtained by the injection of 24 ounces; 
an exact measure suitable for all cases can therefore not be determined. 

h) It is better not to chloroform the patient, since the pain of the operation is very small 
and it is always very useful to use the patient's subjective sensations during the operation to 
monitor them. 

i) The defibrination of the blood begins while it is being collected from the blood donor’s 
vein and is then continued.  For the removal of fibrin (i.e. for beating the blood), no glass 
rods are used, because splinters can very easily jump off them, but a separate instrument, 
which is modeled on the "snow beater" (for beating the protein of egg white) used in 
households.  It consists of four nickel silver wires, about 6" long, and attached to a polished 
wooden handle; they diverge downwards, and at the end, as they approach each other 
again, are united by a plate made of the same metal; they thus enclose a cavity windowed 
on four sides, which becomes smaller from bottom to top, and measures about 3/4" in its 
largest diameter.  By means of this simple instrument, defibrination is much faster and more 
convenient than with glass rods, and the danger of splintering is also eliminated. 

k) Up to now, the veins in the crook of the elbow (usually the median vein) have been 
used to inject the blood into, and in a few cases also the veins on the foot and the jugularis 
ext. on the neck.  The latter vein is to be avoided altogether because of the great danger of 
opening it, and the veins of the foot would also only be used for transfusion if the injection 
into a stronger vein of the elbow flexions were impracticable because of the weak protrusion 
of the same or too great a small part of its lumina.  If, however, these veins can be found and 
are wide enough to accommodate a cannula (which will probably be possible in the vast 
majority of cases), then I would definitely prefer them to opening the veins in the foot, for it is 
well known that it is precisely the veins on the lower extremities that are predisposed from 
the outset to varicose dilations and other diseases, and which should therefore be spared as 
much as possible from surgical interventions.  This is also the reason why the method of 
venesection at the foot is nowadays generally abandoned in favour of the opening of the 
median vein on the arm.  It will therefore only be advisable in those cases where the 
transfusion of the veins of the forearm is impracticable for one reason or another, to open a 
vein of the lower extremity, and for this purpose the integrated saphenous vein will be most 
recommended, because it is one of the stronger and easy to reach.  It is best opened in the 
middle between the tuber ossis navicularis and the tendon of the tibialis ant. muscle, 
because it is surrounded higher up by the saphenous nerve.  In place of this vein, however, 
another may be opened, which protrudes more strongly and promises to permit the insertion 
of the cannula.  - As a rule, therefore, a vein of the forearm (usually the median vein) will be 
chosen, in rare cases only a vein of the lower extremity, and in no case the jugular vein ext. 
or interna. 

l) Since I now believe that I have proved that air entering the veins at a distance from the 
right heart does not involve any danger, since, moreover, a well-made syringe does not 
allow air to enter if the operation is carried out and monitored very carefully, there is also no 
need to make use of more complicated apparatus, and there is no longer any reason at all to 
shy away from the use of the simplest injection apparatus, the syringe.  I would like to 
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suggest using a glass syringe (because it is easier to clean and allows the course of the 
injection to be better monitored) to hold about 4-5 ounces for the transfusion; it should only 
hold so much that it can be easily transported, and in the case of injections of 8 or more 
ounces of blood, it can be carried out in batches without any danger.  The syringe is 
surrounded at its lower end by a broad ring of nickel silver, which bears coils of screws on its 
outer side, by means of which the syringe can be screwed into a nickel-silver cannula bent 
almost at right angles and rounded at the tip of the angle.  The cannula is thinner at its outlet 
opening than further up, so that it can always close the opening of the vein exactly, but it is 
also advisable that each surgeon should always have a thicker and a thinner cannula in 
stock, according to the greater or lesser width of the veins in different individuals.  A well-
fitting embolus moves in the cylinder of the syringe, which is wound with fresh cotton threads 
before each operation, - the cylinder is closed at the top as usual, - and thus the simplest, 
cheapest and most convenient apparatus for transfusion is produced, which meets all 
requirements.  The whole transfusion instrument is thus reduced to a small syringe and the 
defibrinator mentioned above (which can be dismantled in the middle by a simple 
mechanism and thus made even more compendious) - lancets, knives and hooks are in the 
pocket of every practical physician - and these are objects that can be conveniently stored 
with the same kit, so that the whole apparatus is always at hand. 

Having preceded these necessary discussions, I now pass on to the description of the act 
of operation itself: 

The patient is comfortably bedded, but in such a way that he can be approached freely 
from both sides; a compression bandage is then wrapped around each upper arm, but not 
tightened.  Then, in a healthy, strong individual (whether a man or a woman), a venesection 
is carried out in the usual way and as much blood as the surgeon deems necessary is 
drained - the vessel in which the blood is collected is previously set in water heated to 40°C.  
Even while the blood is flowing in, it is beaten with the defibrinator, - if the desired quantity of 
blood is present, the vessel is placed in the warm water and continued with the beating until 
all fibrin has been excreted; during this procedure, the water must be kept at about 38°C.  As 
soon as the blood is completely defibrinated, it is filtered through a clean, moistened canvas 
cloth that is not too tightly woven into another vessel, which is again placed in the water at 
38°C and remains there until the surgeon has prepared everything on the part of the patient.  
The surgeon now tightens the compression bandage on one arm, usually the left arm, but 
takes care that the bandage is not tied so tightly that the flow of blood in the arteries is 
interrupted; in most cases, the veins will swell slightly and the direct incision will be possible, 
- but if this does not happen, the vein will not be clearly visible at all, or if it remains so 
collapsed that the direct incision cannot be made, the surgeon will make a small incision in 
the skin where the vein lies, seek it out and then open it. - But if the vein is only slightly filled, 
it is easy to make the direct incision through the skin and the vein wall at the same time, or 
first through the skin and then through the vein (but otherwise not freely prepared); the 
incision should be small, approximately equal to the thickness of the cannula 1/2" from its 
outlet opening and parallel to the longitudinal axis of the vein.  The best way to make the 
incision is probably as follows: two fine hooks, such as those used in eye surgery, are 
hooked into the skin above the vein across the longitudinal axis of the vein opposite each 
other in such a way that a small space between them remains for the puncture.  Then a 
lancet is placed between the hooks and the vein opens at the same time as the skin, - or if 
the surgeon cannot calculate the extent of the incision exactly in advance in this way, he first 
cuts through the skin above the vein parallel to the longitudinal axis with a small knife, 
penetrates carefully in the same incision further to the vein wall, and opens it, without 
exposing it further, in the same direction with the knife.  The hooks, however, are not 
tightened during the opening, but are only kept in their position, and in order to prevent 
bleeding, the vein is compressed with the thumb below the puncture site.  In the meantime, 
an assistant has carefully and slowly filled the previously cleaned, warmed syringe with fresh 
cotton threads with blood, then screwed on the cannula, turned the tip upwards and pushed 
the plunger so far forward that a few drops of blood ooze out of the cannula; the surgeon, 
after opening the vein, now takes the filled and ready syringe from the assistant, lets the 
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hooks tighten a little and pushes the cannula into the vein in the direction facing the heart 
until it closes the puncture opening of the same, i.e. about 1/2".  Then an assistant holds the 
cannula in the vein, the bandage around the upper arm is removed, the surgeon grasps the 
cylinder of the syringe with his left, the plunger with his right and slowly injects the blood, 
stopping from time to time and closely monitoring the contents of the syringe.  In the 
meantime, an expert assistant positions himself on the other arm prepared for bloodletting, 
and closely controls the patient's pulse and facial expression; as soon as the pulse is very 
full, the face suddenly reddened, breathing becomes difficult or even dyspnoea occurs, the 
surgeon immediately stops the injection, but without removing the syringe, and if after a few 
moments the condition does not improve, the assistant tightens the bandage on the other 
arm and performs a bloodletting.  If such an incident does not occur, and if it seems to the 
physician to inject more than one injection of blood, the syringe is removed, the hooks are 
left in place without tightening them, the thumb is placed on the vein below the puncture site, 
the syringe is cleaned, the embolus is provided with fresh cotton threads, blood is sucked up 
again with the precautions previously indicated, and the whole procedure is repeated.  After 
the operation is completed, the hooks are removed and the wound is bandaged like any 
bloodletting wound and subsequently treated. 
 
 

IV. Assessment and successes. 
 

Having shown how little dangerous the operation of transfusion is, and generally 
considering the danger of the ailments against which it is applied, I may proceed to consider 
its value and its results a little more closely, though briefly.  Before that, however, I must 
remind you that the transfusion has so far only been carried out in the most desperate cases 
and in these cases usually only when all other means have been uselessly tried and the 
patient is already hopelessly depressed, which of course must have an unfavourable effect 
on its success. - When they have come to the conviction, and I hope in the not too long a 
time, how little dangerous the operation is, it will have penetrated into the consciousness of 
the physicians that the apparatus necessary for this is cheap and convenient, and that the 
execution is not so difficult, then their successes will also be much more favourable, and 
many a life will be preserved by them, which would otherwise have fallen irretrievably into 
death.  The most brilliant results of transfusion have so far been achieved in metrorrhagia 
after difficult births: of 86 cases known to me, 58 patients were kept alive, while 28 died, or 
rather could not be recalled, for in many of them the respiration had ceased a few minutes 
ago, the pulse was no longer felt; in some cases death occurred by bleeding after the 
operation, in others by puerperal fever, in two by air entry into the jugularis.  Nevertheless, 
there are also cases recorded where the pulse can no longer be felt, the respiration is hardly 
present, the speech has already disappeared and yet recovery has occurred, so that even at 
this stage the operation is indicated; of course, a rational physician will not wait so long, 
since he knows in advance that such a state of affairs will occur.  Except for the two cases of 
air entering the jugularis, death never occurred through the operation itself, either directly or 
indirectly, - and all 86 patients would most likely have perished without the transfusion, 
because all of them were already very close to death.  I believe that these few figures are 
sufficient to induce every obstetrician and general practitioner to familiarize himself with this 
simple operation, and to apply it to every dangerous acute anaemia without losing precious 
time with medications until the patients are already unconscious, or even the respiration has 
already ceased.  I do not mean to say that I reject roborants, such as wine, coffee, cognac, 
and the like, but I consider transfusion to be the best roborant, and should therefore feel 
obliged to use this roborant immediately after the others, or better still, in urgent cases, with 
the others. - Another question is whether you should wait with the transfusion until the 
bleeding stops or not.  Of course, with every bleeding one will take care to stop it, and if this 
effort is accomplished, if the bleeding was such that it could cause death in a shorter or 
longer time, the transfusion will be carried out immediately.  If, however, it is not possible to 
stop the bleeding and dangerous symptoms appear during it, the transfusion will of course 
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be carried out in order to eke out life and to gain time to stop the bleeding.  And this is all the 
more so because in a certain sense the transfusion can also be regarded as a 
haemostaticum, for when new blood flows through the tissues, it is reasonable to think that 
the vessels or organs (uterus) are brought into contraction by this very stimulus.  There are 
also two cases of Klett and Schrägle published (7), where the bleeding was only after the 
operation. 

Of course, everything that has been said here also applies to any other acute anaemia, 
whether it is caused by traumatic effects or surgical interventions. 

In the case of chronic primary anaemia (by which I mean that condition of chronic 
anaemia which does not exist secondarily, as a result of another ailment, but one in which a 
chronic lack of blood arises through a single profuse loss of blood or through frequently 
recurring haemorrhages - e.g., in the case of various benign neoplasms of the uterus, etc. - 
which cannot be remedied by medications and dietary treatment), as well as in the case of 
anaemia caused by prolonged suppuration or other loss of juices, the transfusion is also 
often been beneficial effect, it would have been successful and would have had a life-saving 
effect much more often if it had not been applied so late, if secondary diseases of internal 
organs had not already occurred in most cases. 

On the other hand, in chronic anaemias which are the result of constitutional diseases 
(cancer, tuberculosis, leukaemia), I have no sanguine hopes for the transfusion, because the 
anaemia here is based on quite specific influences, which cannot be removed by the supply 
of new blood; in this case, the transfusion would only be indicated in order to eke out life for 
a short time, but it can never have a healing effect.  Facts also support this view: Blasius, 
Neudörfer, Mosler, and others never achieved a cure in such cachexias and only in rare 
cases did they achieve a temporary improvement of the condition.  In recent times, von 
Nussbaum (8) has had very favourable successes in the case of severe chlorosis and its 
sequelae (epilepsy), - a case of scurvy has also been cured by transfusion (9) - but this has 
not yet been achieved in the case of haemophilia, maculosus disease and diabetes. - Von 
Belina achieved a favourable success in a case of eclampsia puerperalis (10). – 

Against intoxication of the blood with carbon dioxide gas, the depletoric transfusion has 
been successfully used only once by Martin, Mosler and others have achieved only 
unfavourable results in all cases, for in some cases the physician arrived too late at the 
bedside, or too much time was lost in the use of other stimulants, and in part the operation 
was carried out with hastily procured and unsuitable instruments, in some cases, pulmonary 
oedema and other changes in the lungs were already present. 

Furthermore, depletoric transfusion has been used against various infectious diseases, 
such as pyaemia, typhoid fever, cholera, but always with negative results.  However, 
experiments in this direction are not yet to be completely abandoned, for von Belina (11) has 
obtained very favourable results by transfusion with previous depletion in his experiments on 
animals whose blood he infected with manure and thus produced an artificial pyaemia or 
septicemia. 

Thus, in spite of the fact that transfusion had so many unfavourable chances: complicated 
or inadequate devices, the fear of air entry, and the application for these reasons, usually 
very late, it has had such very favourable results that now that the apparatus is simple and 
cheap, the fear of air entry has been proven to be unfounded, and the operation is not 
difficult to perform, their successes will certainly be far more brilliant, since one will no longer 
have to carry them out in every suitable case, and not only when it is already too late, life 
has almost disappeared.  It is to be hoped that such cases will then no longer be submitted 
to the autopsy, such as the case which occurred in 1867 at the Dresden Maternity Institute 
(12), in which a woman who had recently given birth died on the 9th day of the puerperium in 
consequence of continued bleeding, and the autopsy revealed "seldom normal organs and 
only conspicuous anaemia in all parts of the body." - I am therefore convinced that this 
operation will soon pass into general medical practice and in this way save the lives of many 
people, and if this work of mine would contribute even a little to this, then I am richly 
rewarded for my work, then its purpose is completely fulfilled. 
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Finally, I feel compelled to thank all my esteemed professors of the Berlin and Heidelberg 
medical faculties from the bottom of my heart as those to whom I owe all my medical 
knowledge and thus also the ability to complete this work; in particular, I would like to 
express my most obliging thanks to Mr. Hofrath Simon and his assistant physician Dr. 
Hirschberg, who placed the case published under II.b. at my disposal, as well as to 
Professor Arnold Jr., who had the goodness to let me use his premises for the purpose of 
conducting some of my experiments. 
 

Postscript. The plan for this work had already matured in me in the autumn of last year, 
and at the same time I had already carried out a part of the experiments belonging to it, but I 
left the present work still unfinished, as I wanted to use it as a subject for my dissertation.  In 
the meantime, at the end of January 1870, an essay appeared by Dr. Uterhart in Rostock in 
the "Berliner medicinische Wochenschrift" No. 4, in which he also spoke in favour of the 
harmlessness of the entry of air into veins removed from the heart, and since it might seem 
as if this essay had brought me to the idea of the present work, I will here state that before 
the Christmas holidays of 1869/70, about the beginning of December 1869, I had already 
met Prof. Arnold Jr. asked for the provision of a study for the purpose of carrying out some 
more experiments during the holidays, and at the same time informed him of the 
experiments already carried out at that time and their successes.  These were experiments 
1-7, while experiments 8 and 9 were carried out here in the premises of the Institute of 
Pathological Anatomy with the permission of Prof. Arnold. 
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