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INTRODUCTORY.

Trae first real advance in our knowledge of the p'hgraiulngy of
transfusion was made when Leacock in 1817 and Blundell in 1825
drew attention to the marked difference in the result, according as
the blood transfused was obtained from an animal of the same
species—*“gimilar * blood, or from an animal of another species—
* diggimilar” blood. The later researches of Panum, Ponfick,
Landois, and others fully established that this difference was due
to the poisonous action of the hemoglobin of dissimilar blood on
the organism. The investigations made in recent years have,
therefore, had reference more particularly to the behaviour of
gimilar blood, and the fate of its different elements—corpuscles,
hsmoglobin, organic constituents of the plasma—after transfusion.
As the result of these, much light has been thrown on many
important points connected with the physiology and pabho]ﬂﬁv of
transfusion ; on the importance of proper oxygenationof the blood
by Bischoff and Brown-Séquard ; on the differences between pure
blood and blood after defibrination, and the relative advantages of
each for purposes of transfusion by Dumas and Prévost, Martin,
Pannm, If‘anﬁck,, Landois, Hayem, von Ott, Armin Kohler, and
others; on the fate of the red corpuscles after transfusion by
Panum, Worm-Miiller, Hayem, von Ott, myself, and others ; on the
fate of the organic constituents of the transfused bloed by Worm-
Miiller, Lesser, Tschiriew, and Forster ; and, lastly, on the physical
properties of transfused blood and of saline solutions by Kronecker
and Sander, Schwarz, von Ott, Maydl, and many others.
Nevertheless, the guestion as to the value of transfusion seems
ever to remain an open one, and still retains its interest both for
the lay and for the medical mind. The present attitude of medical
opinion may be described asone of healthy scepticism. The advo-
cacy of transfusion is left in the hands of a few; and the fre-
quency with which one meets with descriptions of new instru-
ments instead of reports of successful cases may be regarded as
lending some colour to the suspicion that even in the minds of
these few there is some lurking doubt as to the safety or value of
the operation. Much of this hesitancy is traceable to two circum-
stances. First, that after taking all due precautions, the
operator feels himgelf liable at any moment to be confronted with
certain dan of whose nature he has but imperfect knowledge,
and which he is, therefore, not in a position to avoid or confi-
dently dgrappla with. Secondly, that even when these have been
avoided or overcome he is, to a great extent, ignorant of the
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rationale of the operation ; he is ignorant how far or in what WAY
his interference has contributed to the result, even when success-
ful ; and he cannot explain why the operation fails under condi-
tions that, so far as he can &uﬂgﬁ. are equally favourable to suceess,
The problems presented by a study of transfusion are thus
fmrt-l}; physiological, partly pathological. The physiological prob-
em is to determine the fate of the different elements of the trans-
fused blood, and to ascertain the functions they severally or col-
lectively dischar%a in the body of their host. A knowledge of
these iz essential whether the operation of transfusion is to be
advocated or rejected. The pathological portion of the problem is
to explain the nature of the disturbances, such as dyspneea, violent
action of the heart, tendency to syncope, and other symptoms,
objective and subjective, frequently presented by the patient
during the performance of the operation,
Lastly, there always remains the important practical question,
What 1s the value of transfusion and in what conditions is its
erformance indicated? The answer to this question implies a
nowledge of the naturs of the changes in the blood in disease,

and it is this portion of the problem of transfusion which has -

hitherto received an attention altogether inadeguate to its real
importance.

PHYSIOLOGY OF THE Broon.

Attention was then directed to some points eonnected with the
ph{lﬂinlogj' of the blood, a knowledge of which is essential to a
I!iliz;a ?1 understanding of the principles on which transfusion is
e . ]

The ground idea of transfusion is that we are replacing a
structure incapacitated by loes or disease for the dischar nl?git-a
functions by one of similar nature, presumably capable ugetn.king
up these functions.

What are the functions of the blood in health, and how is it
fitted by structure or composition to discharge them ?

The physiology of the blood presents problems of peculiar diffi-
culty, arising from its fluid nature and its close relation to all
other tissues of the body—a relationship peculiar to it alone.
What is the hegnﬁu:lr of the blood h:ndﬂr auchl circumstances ?
Its quantity and quality appear to constantly varying. Are
we then entitled to regard I1:'1:. as a tissue at all, seeing that it
apparently has no stable composition? When we speak of the

ood, do we speak not so much of a tissue as of a mass of fluid
of varying quantity and quality, holding certain corpuscular ele-
ments in suspension, and Erﬂaenl:-m merely a certain average
compogition in virtue of the united action of all the tissues?
Unlike all other structures to which we give the name of “tissue,”
it appears to possess no single characteristic property, its compo-
gition being determined so el& by the quantity and quality of the
material i|;>cu.:.1'«a-:1 into it by the various tissues. Hence it is con-
sidered “ far more profitable, indeed necessary, to treat of the blood,
not as a tissue by itselt but as the great means of communication
of material between the tissues Pmperlg 8o called ” (Foster). It
is usual to r:gn.rﬂ it as o mass of material by which the tissues

are bathed. Hence the title frequently given to it of * the nutri-
tive fluid of the tissues.”

To regard the blood in this light seems reasonable enough in
health, where we have to do with a certain average activity of all
the of the body. Even as a working hypothesis—and it is
as such that this view chiefly recommends itself—this view com-

et 5 et
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pletely breaks down in the presence of the far more difficult
problems presented by the blood in disease. So far from the
blood being a mixture of water, proteids, carbohydrates, fats, ete.—
from being “the nutritive fluid of the tissues,”—a consideration of
all the evidence afforded by a study of its behaviour in health
and disease points irresistibly to the conclusion that it is no more
the “nutritive fluid” than it is the “respiratory fluid” of the
tissues. In both cases alike the material, whether gaseous or
solid, contained in the blood and used up by the tissues is in the
blood simply in virtue of ita carrying function—is in the blood
simply in course of transit to the tissues,

The most remarkahle feature presented by the blood is not, as
is usually supposed, its varying composition, but the remarkable
power it possesses of maintaining a composition as ﬁ%ht]‘};:an-
titled to be termed stable as that of any other tissue of the body
and that notwithstanding that its close relation to all the other
tissues renders it peculiarly subject to such changes,

The evidence pointing to this conclusion is of a twofold kind :
(1) that derived from a study of the behaviour of the blood both
in health and disease, under conditions tending to alter its composi-
tion both in quantity and quality ; (2) that derived from a study of
the nature and composition of the plasma.

The former evidence — functional evidence—shows that the
blood possesses one of the most characteristic properties of living
tissues, namely, great irritability ; evidenced in its case by its in-
tolerance of the presence of bodies, even those normally present
in it, such as water, sugar, peptones, salts, that do not reach it by
the ordinary channels, or that reach it in too great quantity,
even by the ordinary channels.

The latter evidence—structural evidence—goes to show that not
only in the corpuscles, but also in the plasma, we have to do with
proteid material built up into organised form, and differing from
the proteid material introduced into the blood from the food.

The key to the solution of the problems presented by the blood,
both in health and disease, isto be found in the recognition of this
fact, that what are termed changes in its composition are in the
great majority of instances merely changes in virtue of its func-
tion as the earrying tissue of the body. A clear distinction is to
be drawn between changes in the blood as a tissue— structural
changes—and changes in virtue of function—functional changes.
Thelatter, however marked—sugar in diabetes, uric acid in gout
—do not constitute disease of the blood: the former, however
slight—deficiency in heemoglobin, in the number of corpuscles,
ete,—do constitute disease, and their cause must always be sought,
not in the tissues as a whole, but in certain organs specially con=-
cerned in the fate of the blood, the so-called blood-organs,

The conclusions arrived at from a study of the behaviour of the
blood in health and disease were the following :

1. That the blood is in all respects a living tissue of highly
gpecialised structure, adapted for the performance of certain
gpecialised functions—namely, the conveyance of food material,
gaseous and solid, to all the sissues of the body.

2, That it possesses, in common with all tissues, the power
which is the characteristic feature of living tissue—the power,
zg.:nnﬁg; lo‘f:{) mnmt_,:x}mn_g t]certa.in phygifﬁ&lll structure and a certain

mpogition in the presence 1 1
conditions, . = e ATy P yieaL

3. That the peculiar fluid nature of its matrix necessitates in its

case special arrangements for the regulation of its composition not
required by the other tissues. e
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4. That this mechanism is to be found partly in itself—its white
corpuscles and the endothelinm of its capillary walls—partly in
certaln organs in specially close relation to the blood, which are
80 situated that its composition even as a carrying tissue iz regu-
lated at certain convenient points in the ecirculation—namely,
gastro-intestinal mucous membrane, more especially the follicular
tissue aronnd the portal radicles, the spleen, liver, bone-marrow,
and lymphatic glands. With the exception of the latter, all these
blood-organs possess in varying degree certain features more or
less common to them all—namely, (1) slowness of circulation—
common to all; (2) closeness of relation of cells to the blood—
gpleen and bone-marrow; (3) power of accommodating large and
varying quantities of blood, chiefly venous, which the portal
gystem, including the spleen, possesses in special degree,

PHYSI0LOGY OF TRANSFUSION.

Nutritive Properties of Blood.—In transfusing blood we are
thus transfusing a living tissue presumably capable of carrying
on all the functions of healthy blood. It is necessary now to con-
sider more particularly what these are; and, first of all with regard
to the nutritive properties so generally aseribed to the blood.

In Health—Any nutritive value the blood may have must de-
Eand on the presence of its proteid constituents. Of these the

lood contains about 20 per cent., distributed unequally between
the corpuscles and the plasma, rather more than 15 per cent. being
mlmtnmed in the corpuscles, rather less than 5 per cent. in the
plasma.

How is the blood affected in starvation? As the so-called
“nutritive fluid of the tissues,” does it suffer in any special degree
at a time when the waste of the tissues is not being replaced by
food material from without? We know that, under such circum-
stances, the loss of substance does not affect all tissues equally.
Some, as the heart muscle and the brain, suffer but little ; others,
as the muscles, generally lose much. Does the blood become poor
in albuminous constituents out of all proportion to the loss in the
other tissues, as might be expected if its substance is in the first
instance used up as food ? the contrary, the observations of
Voit, Panum, and Heidenhain show that the loss in weight of the
blood is proportional to the general loss in weight of the tissues
generally, and that the proportion of its various constituents re-
mains unaltered. In starvation, as in health, the blood suffers
quantitatively and qualitatively as other tissues, It behaves, not as
a mass of nutritive material, but as a tissue. Its cu.rrlying function,
nutritive and respiratory, remains the same to the last. The fact
that some tissues, such as skeletal muscle, suffer much, while others,
such as the heart muscle, functionally active tothe very last,lose but
little in weight, implies that the latter must have been nourished
at the expense of the former; that food material must have been
conveyed by the blood from the muscles to the héart, The nutri-
tive function which the blood thus subserves in virtue of its carry-
ing funetion remains the same as in health. The same holds true
of its respiratory funetion. Lastly, the quantity of blood never
falls below the point at which the ecirculation is unable to be
maintained; so that the great function of circulation which the
blood is enabled to dizcharge in virtue of its physical properties—
volume, viscosity, etc.—remains unaffected. y

After Transfusion.—Since the blood has no nutritive value in
itself in health, apart from the material it carries, we should
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hardly expect it to have any after transfusion. Nevertheless, it
is one of the many properties claimed for transfused blood that,
even if it be destroyed, it may subserve some purpose of nutrition
in the organism.

Any nutritive value the blood may have must depend on the
presence of its proteid constituents. Now, the one fact definitely
pstablished with regard to the fate of proteids introduced as food
by the ordinary channels is that their utilisation as food by
the tissues implies their breaking up in the first place, and the
excretion from the body of a quantity of nitrogen, chiefly in the
form of urea, closely corresponding to the amount contained in
the food. No such process 18 known in the body as a building up
without a breaking down. Anabolism and ccatabolism always go

hand in hand.
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Fig. 1. »=2M grm, Blood transfused (15.06 grm, Nitrogen).
—+=a70 grm. Meat by the Mouth (12.75 grm. Nifmg}en}.

TIf to an animal in a state of starvation—whose excretion of
nitrogen is entirely at the expense of its own tissues, and after a
time remains fairly constant—we give a certain amount of proteid
material as food, we might expect that the greater part of the
material thus given would be built up into tﬂ tiszues and but
little be excreted. What we do hnd, however—as will be seen by
reference to the accompanying charts, in which 1 have repre-
sented graphically the results obtained by Forster in his experi-
ments—is that the whole of the nitrogen thus introduced is
excreted from the body at once; there is an increased excretion
of nitrogen cm:re:g-o;ldmg to the quantity given in the food.

If to an animal in a similar condition a certain quantity of

blood be given by the mouth, we have a similar result; the
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compatible with each other, Life of the blood implies absence of
nutritive value.

Under the conditions in which such experiments can Lest be
made—namely, in starvation—the metabolism of the body is at its
lowest, We shall see when we come to study the fate of the
corpuscles after transfusion that starvation is particularly favour-
able to a lengthened stay of the red corpuscles in the circulation
of their host. Hence it may be urged, and with some justice,
that the more rapid destruction of blood when transfused under
conditions more closely approximating those of health than the
state of starvation, is, or may imply, a greater nutritive value
of the blood under such circumstances than that above indicated.
This is doubtless true : but in no case ean the nutritive value be
greater than that of a similar quantity given by the mouth, and
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Fig. 8. X=430 ce. Blood Serum transfused (6,88 , Nit n
—+=200 grm, Meat by the Mouth. g Foke)

in the small quantities transfusible in man this is so small com-
pared with that of the food required daily by the tissues, that it
may be entirely overlooked. To transfuse Elnmi on account of
any nutritive properties it may be supposed to possessis an ope-
ration entirely devoid of any physiological basis. Hence we find
that the loss of weight in starvation is unaffected by transfusion
of blood in whatever t%uantitiea and however often repeated ; and
this is the case even although at death the blood may be not only
increased in quantity, but actually richer in quality, than in
health. Thus in one of Tchiriew's experiments in which trans-
fusion had been repeatedly made, and in which the weight had
fallen steadily from 6,928 to 4.583 kilos,, the uantity of blood ob-
tained from the body amounted to about 87 per cent. of the
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red corpuscles, simply on account of their firmer periplastic
structure. But it kills the plasma of the blood as certainly as the
removal of myosin from muscle would be equivalent to ifs
death. !

The nutritive value of blood serum is the same whether given
by the mouth or by injection into the blood-vessels (Figs. 3, 4, 5,
and 6); but this is so small that the chief value of serum for
transfusion purposes must depend upon its physical properties;
and these are in no I'EELPEG'E greater than those belonging to a
corresponding quanity of neuntral saline solution, such as § per-
cent, sodium c!:ﬂuriﬂa solution.
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Fig. 5. =050 cc. Serum transfused (15.08 grm., Nitrogen).
—+=500 grm. Meat by the Mouth.

. Transfusion of pure blood is the transplantation of a living
tissue made up of cellular elements floating in a fluid matrix,
Transfusion of defibrinated Ulood is the transplantation of certain
cellular elements, the red corpuscles, and also some white cor-
puscles, floating in a medium, the serum, which is not living, We
might describe it therefore as the im?'lantntion of certain elements
of a tissue into the living matrix of another tissue of the same
kind, the plasma of the host’s blood; the implantation being
rendered possible by the resistant character of the red corpuscles
and the Huid nature of their matrix. In either case the trans-
fused blood has a respiratory value so long as the red corpuscles
remain within the circulation of their host, and this is the only
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LECTURE II.

BESPIRATORY PROPERTIES 0F TRANSFUSED DLooD.

Life Duration of the Red Corpuscles—We have now to consider
what value is possessed by transfused blood in virtue of the
presence of the red corpuscles. So long as they remain within
the cireulation of their host, they will act as carriers of oxygen,
and will thus have a certain respiratory value. What, then, is
their life duration after transfusion? This subject I have dis-
cussed at length elsewhere.! After transfusion of large quan-
tities of blood, there is a gradual and steady fall in the number of
corpuscles till the normal 15 reached two to three weeks later. This
lengthened life duration is only found when large quantities are in-
jected, and only applies to rabbits, With smaller quantities. the
life duration is correspondingly shorter. In dogs a longer life
duration than ten days was not observed. The two factors influ-
encing it in all cases are—(a) the quantity of blood transfused ;
{b) the condition of the animal at the time of the transfusion and
subsequent to it. As regards the latter, the following conclusions
could be drawn from a study of the results obtained in the dif-
ferent experiments:

1. Any cendition in which metabolism is diminished, as in
starvation, tends to prolong the life of the red corpuscles. This
applies both to the animal’s own corpuscles and to the corpuscles of
transfused blood (Fig. 7).

2. Any condition uivpmaching that of health, in which meta-
bolism 18 active, tends to shorten the life duration of the trans-
fused corpuscles (Fig, 8).

3. In any condition in which metabolism is increased, the lifa
duration of the red corpuscles is shortest of all (Fig. 9).2

The quantities of blood transfusible in man are so small that,
under the most favourable conditions, the life duration of the red
mlr?uﬂclea i8 pmbghly.rnralﬂ longer than two to three days.

! {mt of Defibrination—Defibrination destroys the character of
the blood as a tissue by destroying its matrix., On the red cor-
puscles, however, it has little or no injurious effect, Their life
duration after defibrination is, under favourable circumstances,
the same as when pure blood is transfused. (Fig.7.) This con-

1 Life Duration of Red Corpuscles after Transfusion,” ete., JOURNAL, i, 1887,

2 For fuller discussion of these curves see m rin Jowrnal of Anatemy and
FPhysiology, vol, xﬂ?lﬁlﬁe v ’
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the blood must be affected by the discharge of its functions as
the carrying tissue of the body. A certan wear and tear is con-
nected with this process, which must affect in varying degree the
various elements—plasma, white corpuscles, and red corpuscles.

Fate of the White Corpuscles—The white corpuscles are most
active during digestion. The changes in the blood at this time
are, s we have seen, most marked within the portal blood and
the organs conneeted with it. It is in this system that the changes

in the leucocytes are also most marked at this period. There is
an increase in their number, and their activity is otherwise shown

Percentage of red corpuseles,

135

il

g
| [ 0 I 0 L
ey
-_-_-_-_--___-_-—-.

8 I
AL L
i B
/r-___‘-—-'_
‘*“1.
“»

2] 21 I [ I
BT
:}, 7|

 EE 1
OAY | s [ S 2o 25

i

95 e

'L

S0

Fig. 8.—Life-duration of red corpuscles after transfusion of pure blood into
m;ml cavity. The health of the animal exceptionally good

by the number and variety of the karyokinetic changes presented

by their nuclei. Since increased metabolism implies increased disin-

tegration,weshould ;:apent to find someevidence of this latter change

in the blood, Such evidence is, I believe,to be found in the greater

Elandsncy of the pprt.althlt;:nd tqtcuugulnte. After transfusion of
00 ,aam}'exﬁmmenss ow, it i8 not infrequen

compact thrombi in certain of the branches nfet]'.fu; npigl:dullgzﬁ

within the liver at periods varying from ten days to several
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ments is the hemeglobin of the blood, and the daily excretion of
these pigments points to the existence of some cause at work in
the blood 1 :ading to a certain destruction of heemoglobin, and pre-
sumably therefore to a certain daily destruction of red corpuscles,
The first question which nu.tumllgr arises is why there should be
any such destruction, The rile of the he@moglobin in respiration
is o comparatively passive one; the mere carrying to and fro of
oxXygen EEIES. not appear to demand the exercise of much func-
tional activity, or necessitate very great metabolism on the part
of the red corpuscles. Nevertheless, change is involved in this pro-
gess. There is evidence that even if the sole function of the blood
were respiratory, the red corpusecles would after a time become
unfit for their work, relatively slight though it be. Their h@emo-
globin cannot earry oxygen for an indefinite period. Hence itis
that the outworn hesmoglobin has to be got rid of. The appear-
ance of the red corpuscles in the animal scheme 1s contemporary
with the appearance of an organ—the liver—one of whose special
functions it is to remove pigment matters from the system.

When blood destruction is spoken of, we refer more particularly
therefore to the destruction u? the red corpuscles. What iz the
nature of this destruetion? What are its seats, the agencies by
which it is effected, and the conditions influencing it? The sub-
ject is one of no little complexity. In the following account, based
on the results of a lengthened series of investigations, I shall con-
fine myself to a consideration of such facts as Eear more especially
on the ultimate fate of the red corpuscles after transfusion.

TeEE NATURE oF Broon DESTRUCTION.

Two forms of blood destruction are to be recognised, distinguish-
able alike by their character,the conditions influencing thﬂnﬁnd
their relative importance to the organism.

1. The first is a slow and gradual decay of the red cor-

uscle, manifested chiefly b[y changes in colour and shape, and
1ts resistance to the action of reagents. The hsmoglobin remains
within the corpuscle to the last, and becomes gradually eonverted
into a %Iobula of inert blood pigment, retaining the size and
spherical shape of the red corpuscle. To this form of blood de-
struction I propose to give the name of Passive destruction. It
is the mode of death of the red corpuscles which would occur
were the blood subjected to no other changes than those involved
in carrying on its respiratory functions. It iz to a great extent
independent of the action of cells. The final conversion of the
hemoglobin into effete blood pigment is, however, the result of
the activity of cells. The chief evidence of passive destruction is
the presence of pigment in certain urﬁana of the body, chiefly in
the spleen, capillaries of the liver, and bone marrow. The chief
character of this pigment is the large and varying size of the in-
dividual pigment particles, and their irregular shape. This
feature is best seen in animals in which the red corpuscles are
normally very large; for example, in frogs and birds. The larger
the animal’s red corpuscles, the larger the pigment particles re-
gulting from their give destruction.® %E 8. 10 and 11.)
When once formed this blood pigment is remarkably resistant
to the action of reagents; it can be recognised long after the

3 The plgment formed from extravasated blood or as the result of congestion
presents the characters of that resulting from passive destruction. The Aemﬂp—
tion about to be given of this process has no reference to the oceurrenes of
axtravasation or r:nn{(e&tian, the pigment resulting from which can at onee be
recognised by certain other features which need not here be specified.
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igment resulting from active destruction. The presence of this
Eind of pigment within the liver eells is in a special degree an
evidence of excessive active destruetion, and a further character-
iatie is that it is always most abundant in the liver cells of the
portal zone of lobule. (Figs. 12 and 13.) Pigment resulting from
passive destruction, however great it may be, 18 never found within
the liver cells, but always lies enclosed in leucocytes within the
capillaries, and it possesses the character beionging to pigment
resulting from passive destruction. (Fligs, 10 and 11,) This
distinction 18 one of great importance. In the spleen and bone-
marrow the character of the pigment is our only guide as to the
nature of the blood destruction that has occurred. ﬂl the liver we
have to consider not only the character of the pigment, but also
its situation, whether within the liver-cells or within the
capillaries.

Fig. 12, Fig. 13

Coxprrrons INFLUENCING Broop DESTRUCTION,

Age.—What is the relative amount of active and of passive de-
struction in health? It varies first of all according to the age.
The spleen and bone marrow in youn healthy animals—for
example, in rabbits, dogs, cats—contain %ut little pigment. The
amount, of pigment tends to increase with age, and in old ani-
mals, especially in dogs, it may be found very abundant, not onl
in these two organs, but also in the capillaries of the liver, Wg
must conclude, therefore, that in the oung animal there is but
little passive destruction; it is, indeed, at a minimum in young
healthy animals, at & maximum in old animals. The significance
of this is that in the former the conditions are not favourable to
the slow and gradual decay of the red corpuseles; whereas, as age
advances[the conditions become more favourable. With active de-
struction the very reverse is the case. It is greatest in youth,
and diminishes gradually with advancing age. e proof of this
is that the formation of bile pigments is most active in young
and healthy animals; and this process is entirely subserved by
active destruction of blood.. There is, in fact, no relation between
the amount of passive destruction and the formation of bile pig-
ments, & conclusion differing from that come to by previous ob-
i:;rn\rgrihmmpcke. ]{ut?kﬁtzl,lﬁiimyn, tlmd Minkowslki), 31:3 the other

, there i8 an ex [ oge relation i
tion and the latter prncaas.r Gtk
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accumulation of pigment in the spleen and other organs in old
age, in the fasting state, in conditions of wasting disease, 18 not an
evidence of greater destruction of blood, but indicates that the
conditions have been peculiarly favourable to the slow and
gradual decay of the red corpuscles. In all these conditions blood
destruction is at a minimum, The changes in the red corpuscles
are most marked at the period of greatest activity of the leucocytes
of the blood, and of the cells of the spleen and follicular tissue of
stomach and intestine. The activity of these cells is regulated by
the character and amount of the food given, With a rich suﬁlpl
of food their metabolism is greatest and the destruction of bloo
is also greatest. Since, however, with a rich supply of food the

rocess of blood formation is most active, it follows that in the
Elm::d, as in all other tissues, anabolism and catabolism are closely
associated. The conditions that favour its building up lead
also to its breaking down. The final argument is thus sup-
plied in support of the conclusion previously arrived at, that the
blood is in all respects a tissue—in structure and behaviour,in its
formation and its destruction.

UrtimATE FATE oF THE TRANSFUSED CORPUSCLES,

The appearances presented by the various organs most inti-
mately concerned—great accumulation of pigment within the
gpleen and bone marrow, its absence altogether from the liver, or
presence in only slight amount within the liver-cells —
point to the conclusion that their fate is precisely the
game a8 that of the animal’s own corpuscles. Transfusion
of red corpuscles is a real implantation. Their destruction
is effected in the same way and by the same agencies as in health,
It is partly active, partly passive. The existence of the latter form
of destruction is important, pointing as it does to the conclusion
that the conditions may be so entirely favourable, that the cor-
puscles transfused are allowed to undergo a process of natural
decay. The seats of their destruction are the spleen, the radicles
of the portal vein, the capillaries of the liver, and the bone-
ﬂnmirt?]w. The agencies by which this is effected are the same asin

ealth.

Lastly, the conditions influencing its character and amount
are the same ; it is specially aﬁeuted%y the amount and character
of the food, Passive destruction is favoured by abstention from
food, active destruction is favoured by increasing the supply of
food. The bearing these conclusions have on the utility of trans-
fusion will be geen when we come to consider the rationale of this
operation. So far as transfusion of blood may be supposed to
Serve any respiratory purpose, any value it possesses depends on
the hfq-gurat!;on of the red corpuscles, I1en£§ﬂthe impm[-}ta.nua of
determining precisely what the most favourable conditions are
flortpmlungmg their existence within the circulation of their

ost.

HEMoGENIC PROPERTIES oF TRANSFUSED BLOOD,

Fate of the Hemoglobin—lts fate varies according as the
destruction of the red corpuscles is active or passive. Pas-
sive destruction is conducive to the storing up of a
la.}'%:a_ quantity of blood pigment within the ﬁuﬂy, chiefly
within the spleen and bone-marrow. This pigment con-
tains all the iron of the original hmmoglobin. Enjrthi_ng that
tends to render destruction jmore active than passive favours the
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TaE respiratory as well as the hemogenic value of transfused
blood is subject to the same conditions, and depends on the same
two factors—(1) the quantity of blood transfused, (2)the nature
of the blood destruction in progress at the time of the transfusion.

The greater the quantity of blood transfused, the longer are red
corpuscles likelE to remain within the circulation, and the more
likely is their hemoglobin and the iron it contains to remain
within the system. Over this factor, however, we can exercise
but little control. The quantity of blood transfusible in man can
rarely be more than about 5 per cent. of the quantity of blood
already in the body. And the life-duration of the red corpuscles
u?ﬁer such circumstances is probably to be reckoned by a period
of hours.

Of far more importance as a factor is the nature of the blood
destruction at the time of the transfusion and subsequent to it.
The more the blood destruction is * active,” the shorter is the life-
duration of the red corpuscles; and how active this may at times
be is evidenced by casesin which the transfusion is followed almost
immediately by rigors, fever, and the appearance of free hemo-
globin in the urine, There are certain forms of ansmmia in which
excessive blood destruction is the essential feature, and these from
their very nature are certainly unsuitable for transfusion. We
shall presently see that it is possible for us to recognise by certain
clinical features the nature of the ansmia we have to deal with,
and in this way to avoid the operation of transfusion under cir-
cumstances that would probably render it of little, if any, service.
In addition to these pathological variations, the activity of blood
destruction is, as we have seen, subject to certain physiological
variations chiefly having relation to the ingestion of food ; and this
factor it is in our power to some extent to control by having regard
both to the quantity and quality of food subsequent to the trans-
fugion. Our object would be best attained by withholding food
altogether, in this way rendering blood destruetion, as far as
possible, “passive.” In any case the food should be as little
nitrogenous as possible, since a nitrogenous diet undoubtedly in-
creases blood destruction more than a simple earbohydrate one,

PHYSIOLOGICAT, AOTION OF BoDIUM PHOSPHATE.

It is by interfering with this—what may be regarded as the
primary—indication in transfusion, namely, to reduce blood
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destruction to & minimum, that the use of sodium phosphate for
purposes of transfusion to prevent coagulation of the blood is at-
tended with certain disadvantages that require here to be noted.
First recommended now some years since by Dr, Braxton Hicks
and Dr. Barnes, the use of this salt has recently been revived,
apparently with much success, in the hands of Mr, Cotterill, Dr.
John Dunecan, and others,
_ This practice of mixing the blood with saline solutions before
injection, and in this way getting rid of certain of the dangers
incidental to the operation, is based on an assumption that is as
erroneous as it is widespread, namely, that the behaviour of salts,
poisons, etc., on the red corpuseles outside the body affords any
clue to their probable behaviour on the blood after their injection.
The conditions of an experiment outside the body and those exist-
ing within the body are entirely different. Outside, the conditions
are physical; we mix the blood with the solution whose action
is being studied, and allow the red corpuscles to remain at rest,
and in contact more or less prolonged with the substance whose
action is being studied under conditions that are entirely without
parallel within the body. Within the body the conditions are
physiological : the blood is constantly in rapid circulation; all
the processes, including the process of blood destruction, are
the result of the activity of cells, and may be modified in many
wzlli},'a by the action of the drug introduced.

he faeility with which blood can be withdrawn from the body,
and the action of drugs on its corpuscles studied, has led to many
erroneous conclusions regarding tEa behaviour of various drugs on
the blood. The following observations may serve to emphasise the
above conclugions :—I have found a § per cent. solution of sodium
chloride to cause red corpuscles to break up and disappear in the
course of twenty-four hours, while the same solution, after the
addition of toluylendiamine in the proportion of & per cent. to 1
per cent., preserved them intact for several days. The two obser-
vations were made at the same time, and the conditions were pre-
cisely the same in both.

Nevertheless, the injection of the simple saline golution into the
circulation, even in the largest quantities, is harmless, while the
injection of a few cubic centimétres of a 1 per cent. solution of

uylendiamine causes a most marked destruction of the red cor-
puscles, accompanied, it may be, by jaundice, heemoglobinuria, or
even death,

The bearing which these observations have on the value of the
practice of injecting sodium phosphate with the blood transfused
will be evident. Its behaviour towards the corpuscles outside
the body affords no criterion of its probable behaviour after injection,
In all cases bodies so introduced are in the position of foreign
bodies. Their action will be harmless only on one condition—
namely, that they affect in no wa.'Iy the activity of the cells of the
blood on the one hand, or of the blood on the other. My
observations show that in the case of sodium phosphate this con-
dition is not fulfilled. i

In every instance in which the salt was injected along with the
blood, the subsequent blood destruction was of a more active
character than that observed after transfusion of pure defibrinated
blood alone, although the conditions of the experiments were
precisely the same in all cases. (Fig. 14.) The evidence of this
more active destruction was, in addition to the shorter life dura-
tion of the corpuscles as determined by enumeration (Fig. 14), of a
twofold nature: 1, The presence of iron in the liver in larger
amount than was ever observed in any experiment in which blood
alone was transfused, the pigment in which this iron was con-
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i ine found in the situation most characteristic of exces-
;ﬂ:ﬁﬂnﬁ[ tﬁ:stmctinu——nn.maly, within the liver cells; and (2) an
increase in the colouring matters of the feces pointing to an In-

eased formation of bile pigments. ?

I:"r[."lliniq:nl evidence of npsﬁmi}ur change in the character and
amount of the bile excreted after transfusion is, I 'nehewlz:, afforded
by an interesting case recorded by Dr, Halliday Croom. On the
day following transfusion of a mixture contaimng 5% ounces of

1]

Exr.|8,

|.1.E:-.- =

ElLAA

1

T T A T T W
i b k o ELf_

EH

3
1

o~
e \hl
Fig. 14.—Injection of 100 cubie centimitres of blood and 30 cubie centimptrea
of a b per cent, solution of sodium phosphate into the peritoneal cavity
of a rabbit, under the same conditions and with the same precautions

a8 in the preceding series with fum and defibrinated blood. Greater
quantity of blood transfused. Idfe-duration of red corpuscles shorter.

blood and 24 ounces of a 5 per cent. golution of sodium phosphate,
there was a well-marked attack of jaundice. It is possible that
the oceurrence of the jaundice subsequent to the transfusion may
have been a mere coincidence, but recent observations tend more
and more to establish the importance and frequency of that form

L Edin, Obstetric. Sec., June, 1887,
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with which it is generally regarded, nutwithatr}ndin‘f that
the operation is one attended with no great technical difficul-
t'iEHP

Up till 1821, the operation of transfusion consisted in the injee-
tion of pure blood. In that year attention was drawn for the first
time by two French observers (Dumas and Prévost) to the fact
that transfusion of defibrinated blood was equally efficacious in
rescuing animals from impending death from hemorrhage, Their
observations were confirmed a few years later by Dieffenbach
(1828) ; but the use of defibrinated blood gained ground so slowly
that up till 1860 only 13 cases had been recorded.

The great impetus to its use was given by the researches of
Panum (1863). Undeterred by Magendie's experiencies as to the
dangers accompanying the transfusion of such blood, Panum
advocated transfusion of defibrinated blood to the entire exclusion
of pure blood, urging as one of its mlvn,nta%ea that large tanks of
it could be kept ready for use on the field of battle, These were,
in truth, the palmy days of transfusion.

The disturbances noted by Magendie following the transfusion
of defibrinated blood were chiefly the appearance of blood-
stained froth at the nose and mouth, cedema and congestion of
the lungs, subpleural heemorrhage, swelling and congestion of the
mucous membrane of stomach and intestine, with occasionally the
presence of blood in the feces, and were ascribed by him to an
alteration in the viscosity of the blood from the remowal of the
fibrin. Panum met with similar changes in a number of his
experiments; but he attached no importance to them, considering
them merely as the result of the rupture of certain of the
capillaries from increased action of the heart after the transfusion.
Ponfick and Landois, who also met with them, explained their
occurrence in different ways ; the former regarding them as the
result of irregularities in the mode of injection, the latter as the
result of blocking up of certain eapillary districts with * fibrin-
gtroma " —the stromata of the injected corpuseles—and the subse-
quent rupture of adjacent capillaries, None of these explanations
:ﬁrfe in any way to account for these various pathological

anges,

With regard to the last one more particularly it may be noted
that it is possible, as I have found, by means of destructive agents
injected into the blood, to reduce the greater number of the red

uscles to the form of stromata, and to have them circulating
in the blood for days without producing any of the disturbances
:fhﬁh Dlgay gometimes be eaused by the injection of a few drops
ood.

The observations that threw most light on the true nature of
these diat:;lﬂ:imqﬁl wlfm those Efthﬁgrmm Kihler (1877). The
various pathological changes, with their accompanying symptom
are the results of a widespread capillary thmpmhc%giﬂ%ﬁnui
parts of the body, occurring more especially, however, in the
capillaries of the ngg and gastro-intestinal mucous membrane,
occasionally also in the mesenteric veins and mesenteric glands,
sometimes throughout the entire blood vascular system.

The conditions favouring the occurrence of this thrombosis are
gtill in great part unknown. Defibrinated blood obtained by
allowing the blood to coagulate spontaneously, and then pressing
out the clot, was found by Kihler to be much more active in in-
ducing thrombosis than that obtained in an ordinary way by &
process of whipping. The great feature of defibrinated blood in
all cases, however obtained, 1s the uncertainty of its action. It is
sometimes quite harmless, at other times highly dangerous, this
regult being entirely independent of the quantity injected or the
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of the symptoms which preceded death, and the pathological
changes which underlay them. The peculiarity of the throm-
bosis was that it was complete, extensive, and ‘H"lt]ﬁ:ﬁpl‘&‘.tld: The
ghape of the thrombi in the lung showed that thrombosis had
occurred independently at different parts, and had not extended
out from one centre. The individual thrombi were remarkable for
their extreme toughness. Microscopic examination showed that
they were specially numerous in the smaller arterioles and capil-
laries of the lung., The distribution of the thrombosis in the
portal system was, unfortunately, not noted. "

In the light of these observations the various disturbances so
frequently met with during the performance of transfusion acquire
a new significance and importance. The sudden gasping for
breath, or the quick and laboured breathing, the feeling of tight-
ness and oppression over the chest, or of recordial anxiety, the
forcible cardiac action, or the threatened failure of heart and great
weakness of pulse, the restlessness and distress from pains in loins
and abdomen, with urgent calls to stool, and the vomiting, these
and other symptoms are undoubtedly the manifestation of
changes in all respects similar to those found in animals under
gimilar circumstances, Kihler, indeed, found that in animals
killed while showing similar symptoms of distress, small thrombi
could be discovered in the capillaries of the lungs and gastro-
intestinal mucous membrane, sometimes in the mezenteric veins.

I have frequently found changes of less degree (numerous sub-
pleural hemorrhages) after the transfusion of 10 or 20 cubic centi-
métres of an animal’s (rabbit’s) blood into its own peritoneal cavity
—under ecircumstances, therefore, that entirely precluded the
operation of any factors such as the introduction of air, too hasty
injection, or overfilling of the system.

The following cases of Quincke may serve to illustrate the
nature of the dangers attending transfusion of blood.

Cases of Pernicious Anemic.—Arterial transfusion of 85 eubic
centimatres of defibrinated blood. Towards end of the transfusion
face became flushed and covered with perspiration, followed sad-
denly by pallor and complete collapse. Heart sounds inaudible;
pulse not to be felt. Under influence of irritants and stimulants,
recovery, but great complaint of cold during the next three hours,
with violent abdominal pains and diarrheea, Urine passed the
same day albuminous, and contained a considerable quantity of
free hiemoglobin, with casts. The temperature, which before the

ration was 98° F., roze in the course of four or five hours to
102°, falling again in the evening to 98.5°.

In another case (Case x11), in which 50 eubiec centimétres of
defibrinated blood were injected, the transfusion had to be stopped
on account of the feeling of great anxiety on the part ofp the
patient with sickness. Half an hour later there was a rigor,
which lasted three to four hours, violent pains in the abdomen,
and repeated urgent calls to stool lasting several hours. The
temperature, which before was 99° F', rose in the course of two
hours to 102.4°, and seven hours later still remained at over 100°,

In a third (Case xv), in which 105 eubic centimdtres of defibri-
nated blood were transfused, there was diarrheea, and icteric tinge
of conjunetivie became more marked,

In another (Case xv1) transfusion of 100 cubic¢ centimétres of
defibrinated blood was followed by giddiness and rigors, pulse
rose from 84 to 160, temperatnre to 1029, and in the course of two
hours there were no fewer than six loose motions into the bed,
urine became albuminons, and contained free hiemoglobin with
numerous hyaline and granular casts,

The use of sodium phosphate along with the blood is not unat-
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The largest quantities of blood may under ordinary circum-
stances be transfused from one animal into another of the same
species without the occurrence of any hiemoglobinuria, The
explanation of this is, as we have seen, that the seats of destruction
are the same as in health. 3E. 3 i . 40

The appearance of hwmoglobin in the urine 18 an indication
therefore that the conditions of the blood within the general
circulation are entirely inimical to the preservation of the red
corpuscles, even for a few hours. z

'ﬁm rigors and fever which mark this occurrence are connected
with the liberation of the hmmoglobin. The same phenomena
attend the liberationof hemoglobin in paroxysmal heemoglobinuria.

Any value which blood transfusion possesses over the infusion
of saline solutions, we have seen, depends upon the presence of
the red corpuseles and their heemoglobin in the general eircula-
tion. We now find that the chief dangers of transfusion are con-
nected with the presence of the white corpuscles of the injected
blood and from changes in the white corpuscles and plasma of the
recipient’s blood. p

Any advantages that transfusion of red corpuscles may have
over simple saline injections are counterbalanced by the dangers
attending the simultaneous injection of the white. In the case of
defibrinated blood the latter so preponderate that transfusion of
defibrinated blood is an operation not only dangerous in itself, but
one whose practical value by no means serves to compensate the
additional risks run in carrying it out.

PRACTICE OF TRANSFURION.

We have up to this point considered transfusion as partly a phy-
giological, partly a pathological, problem. It is not in health, how-
ever, iz which condition we have been hitherto studying it, but in
disease, that transfusion finds its practical application.

We have seen that transfused blood (1) possesser no nutritive
value., Transfusion of blood is, therefore, useless in all forms of
“atrophic” ansmia, by which term rather than by the unfortunate
term * symptomatie,” hitherto given, I would distinguish all forms
of an@emia in which the changes in the blood simply correspond
in degree to the wasting changes oceurring in other tissues. The
anmwmia of all forms wasting disease 1s, therefore, of this cha-
racter. [t is important to note that the degree of ansemia cannot
be judged of by the amount of pallor. Examination of the blood
alone enables us to determine whether the ansemia is * atrophic” in
its nature or not.

(2) If the condition to be met iz a want of red cor-
puscles, or an ineapacity on the part of those already present to
carry on their respiratory functions, then transfusion of blood
may possibly be of value. The red corpuscles transfused remain
for a certain time within the circulation of their host. Transfusion
of blood may conceivably be of value in carbonie oxide poisoning,
where the red corpuscles are incapacitated for their work by a
close union of the gas with the hmmoglobin of the corpuscles.
Successful cases have been recorded without, however, any clear
demonstration, that the most dangerous stage of the poisoning had
not been passed before the operation was performed. In most of
the cases recorded, chiefly by German observers, the transfusion
was not made for mn.nglr hours after the symptoms of poisoning
were fully developed. In any case the transfusion must in this
instance always be preceded by a venesection. Even when this is
done, the operation is of doubtful value,
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as post hoc it is imposgible in any case to determine. If it really
is of any value it must be solely by assisting blood formation. I
am inclined, however, to regard it of doubtful value even from this
point of view, and that for the following reasom: that in animals
the subsequent recovery after loss of blood is certainly not accele-
rated by transfusion of blood, but in most cases is actually retarded
(Hayem, von Ott), If this be the case where the blood-forming
organs are active as in health, it is difficult to understand how
the result will be different in disease. The recovery is effected
with greater rapidity when simple saline solution (3 per cent.
golution of common salt)is injected than when blood is trans-
fused. My own experiments show that the recovery after infusion
of saline solution is remarkably rapid. The time required for the
return of the red corpuscles to their original number after loss of
blood, without subsequent infusion or transfusion, varies from
two to three weeks, With subsequent infusion of simple saline
solution it is the same; whereas with subsequent transfusion of
blood complete recovery is delayed a week longer or more.
Further, what is perhaps more striking and certainly i3 of more
importance, is the fact that during the subsequent recovery the
animal generally appears to be in better health after infusion of
salines than after transfusion of blood.

Even in traumatic anmemia resulting from long-continued losses
of blood, transfusion of blood has in all probability no value not
possessed by simple saline solution. The former may actually
retard blood formation ; the latter is at least always harmless, and
might be beneficial if it were required.

n the other forms of idiopathic angemia, pernicious ansemia, and
lencocyth@mia, transiusion of blood can, in my opinion, never be
indicated. In both, the condition of the blood is the result of
%TEEBB in the blood-forming or blood-destroying processes, or in

th.

In leucocythsemia the disturbance is one of blood formation in
the first instance, evidenced by the increase in the leucoeytes of
the blood, while the diminution in the number of the red I find to
be due in great part to excessive blood destruction, probably in-
duced by the activity of the leucoeytes. In pernicious ansgmia,
the condition of the blood is mainly the result of excessive de-
gtruction. Transfusion of blood under such circumstances is not
unattended by dangers as we have seen, butis followed in most cases
by rapid destruction of the injected red corpuscles as evidenced by
fever, sometimes by heemoglobinuria, oceasionally also by increase
in the slight icterus which so frequently marks the progress of
the disease.

It is important therefore to be able to distinguish between pro-
found anemia of traumatic origin and pernicious anemia: and
this 1 find it is possible most eu;si%y to do, by having regard to the
character of the urine in the two cases, Yﬁnﬁ that the urine of
pernicious an@mia contains large quantities of pathological uro-
bilin, recognisable both chemically and on gpectroscopic examina-
tlon, and that its colour is correspondingly high. In marked
cages, or during periodic exacerbation of the destructive process
within the blood, this character of the urine is a very striking
one; more especially as it is unaccompanied by any diminution in
the quantity, is frequently quite independent of the occurrence of
i:a?;-_r}, and the specific gravity is usually very low (1010 to

3).

The urine of traumatic anmmia, on the contrary, is exceedingly
pale in colour, and is free from pathological urobilin, If in
addition we note the condition of the bl in the two forms of
anz mia, with special reference to the relation between the richness
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will there be of the injection of air—a source of danger to which
far too much importance has long been attached, as 1t is also one
which can readily, with a little care, be altogether avoided; (2)
that the temperature of the solution should never rise above that
of the body.

Under no circumstances is transfusion of milk or of other mixtures
possessing what are supposed to be nutritive properties, ever indi-
cated. They possess no value not possessed by an equal bulk of
saline solution.













