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{)BSERWLTIOHS ON THE PATHOLOGY OF
THE KIDNEYS.

LECTURE 1.

Mr PRESIDENT AND FELLOWS,—Io bringing before you
‘the following observations on the pathology of the kidney
I shall necessarily only touch the fringe of a large subject.
The pathology of the kidney may be considered to include
the stuﬂy ugya.f. least three more or less separate classes of
phenomena : (1) the mode of production of renal diseases;
(2) the changes produced in the kidney by renal diseases ;
and (3) the remote effects produced on other organs or
tissues by diseases of the kidney. I propose to deal mainly
with the last of thiese questions and to a cerfain but very
limited extent with the second, but net at all with the first,
important as it is.

Diseases of the kidney may affect the general economy in
one or more of the following ways: (1) the excretory
activity of the kidney may be affected so that, on the one
hand, the composition of the urine is more or less altered,
-and, on the other hand, the blood and tissues may possibly
become contaminated with excessive quantities of substances
normally excreted; (2) the producsion of dropsy; (3) the
production of cardio-vascular changes; (4) diseases of the
Eidney are associated with profound changes in the nutrition
and in the general metabolic processes of the body ; and (5)
the tendency to so-called secondary inflammations.

1 propose to comsider in these lectures a series of observa-
‘tions, experimental and clinical, dealing mainly with the
questions associated with the exzcretory activity of the
kidney (Section I.) and the influence of this organ on meta-
bolism (Section IV.); a few observations dealing with
Section III. will be detailed, but I have no observations to
describe to you on either the causation of renal dropsy or

1 Deliverad on March 15th, 1895,
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with reference to the diminished resistance to microbic
invasion that is so frequently seen in certain varleties of
kidney disease.

Ag an introduction to the pathological side of the question
it will be necessary to consider in some detail the physio-
logy of the kidney.

THE PHYSIOLOGY OF THE KIDNEY.

The modern physiologist discusses the physiology of glands.
under the headings of external and internal secretions and
according to this view the kidney would be placed in the-
former series, although some years ago Brown-Séguard
hazarded the view that this gland also possessed an internal
secretion. The kidney, however, is peculiar amongst glands,
not only owing to the peculiarity of the arrangement of the-
circulation in it, but also owing to the extreme vascularity
of the organ, so that quite apart from its functions as
a gland the kidney bas afforded a means of investigating
various problems connected with the circnlation and more
especially with the vaso-motor mechanism. I think the
very intimate relationship of the kidney to the vaso-motor
mechanism is a factor that is sometimes overlooked by the-
more mechavical school of pathologists.

The phjaiﬂlogical considerations that are of more imme-
diate interest from a pathological point of view may be

classified somewhat as follows : (1) circulation in the kidney;

(2) the excretory activity of the kidney ; (3) the synthetic
activity of the kidney; and (4) the metabolic activity of
the kidney.

I. Circulation in the kidney.—The circulation of the-
blood, as is well known, is carried on by the blood-
pressure, but in different organs it is actually effected
by very different means. In the case of the kidney
there is what may be called a high-pressure circuola--
tion; the difference of pressure between the blood in the
renal artery and that in the renal vein is brooght about by
the pressure in the artery being very high. This is due, in
the first place, to the immense number of small arteries in
the kidney, and, secondly, to the very abundant innerva-
tion that these receive from the vaso-constrictor nerve fibres.
In the case of the liver there is a low-pressure circulation,
the difference of pressure being effected, not by a high
pressure in the portal vein, but by the blood being more or
less sucked out of the organ by the low negative pressure in
the right auricle and vena cava. In the lungs, where the
vaso-motor supply is also comparatively slight, the circula--
tion is very largely effected passively by the movements
of respiration wvarying not only the amounts of air in
the lungs but also the amounts of blood. Finally, in
the spleen there is yet another means of effecting the
desired object, as here the intermittent contractions.
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and expansions of the organ must exercise a very power-
fol influence on the circulation throongh this organ. To
return to the kidney, the blood-vessels are very abund-
antly supplied with vaso- constrictor nerves and these,
like the vaso-constrictors distributed to other organs, are
derived mainly from the dorsal region of the spinal cord.
Vaso-constrictor fibres destined for all such vessels as are
supplied by them leave the cord throughout the dorsal
region and most abundantly through the lower half of the
dorsal series of mnerves. There are a few vaso-constrictor
fibres derived from the upper dorsal region from the first to
the fourth dorsal, and it is only when the sixth and eighth
dorsal nerves are reached that the outflow of these vaso-
constrictor fibres is at all abundant. The n three lumbar
nerves also contain soch fibres distribnted to the kidney
amongst other organs.

All the above remarks apply to the dog, where there
are twenty dorso-lumbar nerves, of which thirteen are
usnally reckoned as dorsal and seven as lumbar. It is
remarkable that the kidney receives its vaso-consfrictor
fibres from such a very extended series of nerve roots
-extending as it does from the sixth dorsal above to the third
lombar below and there is mo break in the series. Other
parts of the body may receive their nerves from a fairly long
series but not so long as that supplying the kidney ; thus
the fore limb is supplied from the third dorsal to the tenth
dorsal and the hind limb from the tenth dorsal to the third
lombar. The kidney, however, is a **long " organ from a
morphological point of view and this may account for the
fact that it receives these vaso-constrictor fibres from some
eleven spinal segments in the dog. The kidney not only
receives its vaso-constrictor nerves from such an extended
series, but each individual nerve root produces very marked
effects on the remal circulation. It i8 not possible to
diminish the volume of a limb (by excitation of the
vaso-constrictor nerve supplying its blood-vessels) to any-
thing like the same extent that the volume of the kidney
can be diminished; doubtless this is in part due to
the greater vascularity of the kidney, bumt it is also
due to the very abundant nerve supply distributed to the
renal vessels. The vaso-constrictor fibres pass down from
the vaso-motor centre, probably in the lateral columns of the
spinal cord, and it is of some interest that hemisection of
the spinal cord above the level at which the renal nerves
come off has no effect on the volume of the kidney. A
number of experiments were made on the effect of hemi-
section of the cord at the level of the fifth dorsal, inasmuch
as there is no appreciable outflow of remal vaso-constrictors
until the sixth dorsal root is reached. Hemisection of the
cord at this level fails to canse any dilatation of the renal
vessels, but it also does not materially interfere with the
conduction of impulses downwards from the wvaso-motor
-centre to the kidney. Esxcitation of the vaso-motor centre




6

canses, of course, constriction of the renal vessels, but if
a hemisection be made at the level of the fifth dorsal
the kidney on that side contracts on excitation of the
vaso-motor centre, as far as my observations go, just as
well as it did previously to the hemisection, Hemisection
of the cord, however, canses dilatation of the limb-veszels-
although it fails to cause dilatation of the kidney of the
same side. One half of the spinal cord, therefore, can
maintain the tone of the vesiels of both kidneys and can
convey impulses freely from the vaso-motor centre. The
fact that there is what may be called unilaterality with
reference to the spinal vaso-constrictor supply for the limbs—
and there is no such differentiation in the casze of the fibres
distributed to such a symmetrical organ as the kidney—is a.
point of some interest from an evolutionary standpoint.

Vaso-dilator filbres.— Although the vaso-constrictor fibres.
spring from such an extended area of the cord the great
bulk of these fibres is found in the lower dorsal and upper
lombar roots and here also by appropriate methods of
excitation renal vaso-dilators can be demonstrated. Their
action, however, is very slight when compared to that of the
constrictors.

Reflex effects.— It is well known that the excitation of the
central end of an afferent nerve causes reflexly constriction
of the arteries of the body and especially of the blood-
vessels of the abdominal viscera such as those of the intes-
tines, spleen, apd kidoeys. This constriction does not
normally cause any long-continued rise of blood-pressure
owing to the fact that coincidently with it the heart is
inhibited, partly directly by the action of the afferent.
stimulos on the vagus centre, partly indirectly by the
heightened blood-pressure stimulating the ends of the vagi
distribnted to the endocardium. That, after all, is the great
function of the vagus and as long as this mechanism is intact
it is practically impossible io materially raise the general
blood-pressure for any length of time. This is a factor
probably of some importance in regard to the prodoction of
high tension in disease, as from a physiological point of view
one would be inclined to say that no mechanical means could
produce high tension as long as the nervous mechanism of in-
hibiticn and the relation between the vaso.-motor system and
the cardio-inhibitory mechanism were intact. The excitation
of the central end of a posterior root causes (provided the vagi
are cut) a rise of blood-pressure just as the excitation of
any ordinary nerve does, but there are two differences of
considerable interest. If a posterior root below the third
lumbar nerve be excited the rise of blood-pressure is similar
to that seen on excitation of the great sciatic; if, however,
the central end of one of the upper lumbar or lower dorsal
posterior roots be excited the rise of blood-pressure is far
ghreatEr in amount and more sudden in its onset; in fack,
the effect is quite different to that seen with the lower roots.
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The anterior roots of these nerves contain, as we have seen,
the vaso-constrictor fibres distributed to the vessels of the
viscera and these observations fend to show that the:e
posterior roots also contain special afferent fibres capable of
aﬁeﬁﬁu% the vaso-motor system to a far greater extent than
the ordinary afferent fibres seen in sensory nerves. In
other words, this t and sudden effect on the blood-
pressure would tend to show that some posterior roots con-
tain afferent fibres derived probably from the viscera and
from the kidney amongst other viscera. The fact that there
are soch nerves distribnted to the kidney and that the
excitation of their central ends is capable of causing a
very great effect on the vessels of the body generally is
also a fact that may have some bearing on the production of
high tension in certain renal diseases. The other point of
interest about these afferent visceral fibres is that although
their excitation causes a rise of blood-pressure with general
constriction there is local dilatation of the kidney—in fact,
this is the only method by which experimentally any very
considerable dilatation of the renal blood-vessels can be
produced,

It is a common belief that there is some intimate relation-
ship between the state of the kidney vessels and those of the
skin. It is possible that such is the case, but numerous experi-
ments directed to this end have failed to demonstrate any
such relationship. I would sum up the relationship existing
between the renal and the general circulation by saying that
the kidney vessels take part in almost all effects produced by
reflex excitation of the vaso-motor centre and that the
general blood-pressure can be profoundly affected by reflex
stimuli reaching thg central nervous system through the
renal nerves, but that alterations in the calibre of the kidney
vessels only are not capable of causing anything like so
profound an effect.

II. The exeretory activity of the kidney.—The most obvious
function of the kidney is, of course, the removal of various
substances from the blood stream and as is well known in
performing this the kidney manifests marvellous selective
affinity as shown by the fact, amongst others, that although
there is some five times as much sugar in the blood as there
is urea, yet the urine contains mere traces of the former and
2 per cent. of the latter. The elimination of water by the
kidney is usnally held to be determined ultimately by the
rate of blood-flow throngh the organ and most dioretic
gubstances causing an increased excretion of urinary water
bring this result about by causing an increased rate of blood
flow through the kidney. This is sometimes effected by
dilating the renal vessels, the general blood-pressure remain-
ing unaffected ; at other times the same result is brought
about by constricting the renal vessels and at the same
time raising the blood-pressure. It is not essential for the
action of a dinretic that the diuretic substance should cause
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dilatation of the renal vessels although the most potent and
useful diuretics do this. Observations published by me in
the Proceedings of the ﬂyal Society, 1892, showed that the
quantity of water excreted by the kidneys could be affected
by excising portions of the kidneys. These results may be
shortly summarised as follows. Excision of a portion of one
kidney is followed by a slight increase in the amount
of urinary water sometimes transient, in others more
permanent in its doration, but unaccompanied by any per-
manent increased excretion of urea or by any deterioration
in general health. The excision of portions of both kidneys
is followed by a very great increase in the amount of urinary
water ; thusit may be trebled or even quadrupled in amount,
and this increase is permanent and in some of my experi-
ments has been observed as long as eighteen months after
the operation. This hydruria is not accompanied by any
other ill effects, the animal remains in good health and does
not excrete any increased quantity of urea. Bimple incision
of the kidney with subsequent suture of the damaged organ
or division of the renal plexus is not followed by any of these
effects. The excision of a portion of one kidney and the
subsequent removal of the whole of the other also canses this
extreme hydruria and provided that at least one-third of the
original total kidney weight is left such an animal will
remain in good health for prolonged periods—e.g., eighteen
months. There is no marked wasting and no mcraaﬂad
excretion of urea takes place. Such an animal, however, is
unable to excrete a concentrated urine and it very large
amounts of nitrogenous foods are given the urea formed is
readily excreted, but only thanks to a still further increase
in the amount of urine. Buch an animal resembles a case
of diabetes insipidus or of contracted kidney, but the urine
is not albuminous. The canse of the increased excretion of
urinary water when the amount of available kidney is thus
reduced is by no means clear ; it is, however, not associated
as far as my observations have gone with any very great
increase of the general blood-pressure. It is similar to the
increase seen in many renal diseases where the quantity of
kidney substance is often greatly diminished in amount.
Some physiologista have urged that the kidney not only
excretes water, bnt also that it re-absorbs water, and it
may be that if the quantity of kidney tissme is
diminished the excretion may continue and the re-absorp-
tion fail; but, as said above, I am not prepared to
explain the fact that when the kidney is thus reduced in
amount by the experimental procedures mentioned above
the urine passed is a copious dilute one. Normally an
animal such as a dog, if it reguires to excrete a (:
amount of urea, can do so in two ways, either increasing the
percentage of urea or by increasing the amount of urine.
In my experience the former is the more common, but these
animals after the above partial nephrectomies are only able
to effect the latter. There is a slight increase in the

centage of urea in the blood after this operation and it is

e e —————————
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possible that this may be the cause of the hydruria and, if
80, there is still greater resemblance between this experi-
mental hydruria and that seen in renal cirrhosis, since, as
will be seen later, the blood in this malady may contaln a
notable excess of urea. This hydruria is also seen when the
amount of kidney left is very small. Thus in one case
approximately one-tenth of the original kidney weight was
all the available kidney tissue left after the removal of a
large amount of one kidney and the ligature of the opposite
ureter, yet this animal excreted three times as much urina.r}'
water with one-tenth of the original kidney weight than 1t
did with intact kidneys. This experiment shows well the
extreme facility with which small fragments of healthy
kidney will excrete tke urinary water.

The excretion of wrea.—The excretion of urea, like the
excretion of water, is readily effected by these small -
ments of kidney, but there is this difference that whereas all

ial nephrectomies, single or double, slight or extensive,
crease the amonnt of urinary water, to different degrees,
it is true, the amount of urea is not increased by either
single partial nephrectomy, or by double partial nephrec-
tomy, or yet by the removal of one kidney and a portion of
the other, provided always that at least one-third of the
original total kidney weight is left to the animal. If,
however, this limit be exceeded and only one quarter of the
original total of the kidney weight be left them the
quantity of wurea excreted is increased. This increase
in the urea excretion is not so great as the increase
in the urinary water, but it is considerable. Thus the
amount of urea excreted may increase by half of its previouns
amonnt without any increase in dief, and more commonly,
notwithstanding a dipinution in the amount of food, owing
to failore of appetite. The increased excretion of urea sets
in from one to three days later than the increased excretion of
water, so that the animals in which three-quarters of the
total kidney weight has been removed present for the period
of one of two days a condition of simple hydruria before the
polyuria sets in. This polyuria is persistent and accom-
panied as it necessarily is with great emaciation it leads to
death in periods varying from one to six weeks, These small
fragments of kidney excrete urea abundantly and even as
when in the case quoted above the amount of kidney is
reduced to so small an amount as one-tenth of the
original weight there is no evidence that the fragment is
unable to excrete urea. In the cases where three-
fourths or more of the total kidney weight had been
removed the polyuria was marked and persistent and
invariably led to death; where, however, two-thirds of
the total kidney weight had been removed there was quite
exceptionally a slight increase in the urea excretion accom-
panied by slight wasting, but this was never marked in
amount or fatal in its course. This fact shows, however, that
there is not an absolute line to be drawn between the two-
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third and the three-quarter cates and the main point of
interest iz that a very small difference in the amount of
kidoey suhstance will turn the scale from the condition of
simple hydruria which is compaiible with good health for
prolovged periods to a condition of polyuria accompanied
by great wasting and leading rapidly to death. In these
fatal cases the body temperature falls, but there are no other
signs of mmmia ; vomiting, coma, convulsions, and dyspncea
are conspicuous by their abrence, the only marked symptoms
being progressive weakness, emaciation, and sobnormal
temperature.

Amongst the salts excreted in the urine the aromatic
sulphates are of interest as showing that substances elabo-
rated in the alimentary canal may be absorbed and excreted
by the urine instead of being voided by the rectom and
thus it is possible that when the excretory functions of the
kidneys are impaired auto-infection from the alimentary
canal may ensue.

ITT, Synthetic activity of the kidney.—The kidney is known
to effect at least one synthesis—mnamely, the formation of
hippuric acid from benzoic, and the view has been advanced
that this organ also makes uric acid possibly from urea;
that, bowever, is a question that from the physiclogical
standpoint requires a great deal more investigation before it
can be definitely accepted.

IV. Metabolie activity of the kidneys.—I1 have advanced
the view that in addition to the well-known functions of the
kidney enumerated above this organ has a further function
of in some way influencing the metabolism of the tissues so
that when the quantity of kidney substance present is greatly
reduced the proteid tissues, and more especially the muscles,
break down and liberate urea. This view is based on the
following experimental facts: (1) when the quantity of
kidney iz reduced to one quarter of the original total kidﬂ.ﬁ
weight the quantity of urea exzcreted in the urine
increased ; (2) the amount of urea in the blood is greatly
increased at a time when this increased excretion of urea is
going on ; (3) there is great emaciation even if the appetite
is maintained and the emaciation cannot be arrested by the
most abundant diet; and (4) if the appetite be completely
lost and no food be taken the amount of urea in the urine
may remain at a level as high as that at which it stood when
the normal animal was eating freely and maintaining its
body weight.

I think it is clear from a consideration of these facts that
after such operations the prodaction of urea is increased, and
in the light of the great emaciation and the muscular
weakness that ensues it is at any rate probable that
the urea is derived from the muscles. The increased
production of wea is determined by the quantity of

e
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kidney removed, or, to be more accurate, by tbe guantity
of kidney remaining. It is not brought about by any
reflex effect prodoced on the nervous system by the
operation. This is seen to be the case fiom the cop-
gideration of two facts: firat, the removal of portions of
both kidneys does not lead to this increased prodactivn,
although under the:e circumstances the maximum mutila-
tion is inflicted, and therefore if it were a reflex effect
or indeed if it. were due to any disturbance of the
nervous system the increased production of urea ought
to occur in these favourable conditions ; and, secondly, the
occurrence or not of polyuria depends entirely on the size of
the fragment of kidney found post mortem and very often a
greater mutilation and a more severe operation may result
in the removal of guite a small wedge, whereas in another
caze a large wedge may be readily and easily removed.
There ia, however, no exception to the statement that what-
ever the mutilation or severity of the operation the guestion
of the occurrence of the polyuria is entirely a question
of the weight of kidoey substance found post mortem. In
this respect these kidney experiments present a remarkable
resemblance to the experiments on the pancreas with
reference to diabetes and to those on the thyroid with
reference to myxcedema. In all these cases the results are
entirely dependent upon the quantity of gland left. In the
case of the thyroid there is definite evidence that the phe-
nomena following its removal are at any rate largely due to
the cessation of the action of an internal secretion ; in the
case of the pancreas this is also probable. Although it is
quite possible that this is so with the kidney also there is
no conclusive evidence to this effect, since for this to be the
case it would be decessary to show that the ill effects seen
after removal of the larger amounts of kidney can be
arrested or at any rate benefited by the injection of the
kidney extract, but such experiments have not as yet been
carried ‘out. Brown-Séquard considered that the so-called
nremia produced by the experimental removal of the kidneys
counld be benefited by the administration of kidney extract,
but beyond this fact there is not, I believe, any clear evidence
in favour of the view of the existence of an internal remal
secretion, probable 2s such an hypothesis is for some reasons.

If the views advanced above are correct, that the kidney
controls in some way the metabolism of the proteid tissues of
the body, it is difficult to see how this can be effected except
by the agency of an internal secretion, since the effect is not
one produced through the nervous eystem, as division of the
renal plexus not only does not prodnce any analogous effect
but division of the renal plexus in no way modifies the effects
of partial nephrectomy.

Another point of interest in the physiology of the kidney
as bearing on the pathology is the amount of kidney
substance necessary in order for life to be maintained.
This can be deduced from a comparison of the two series of
experiments—the fatal one where three-quarters of the total
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kidney weight had been removed and the other the non-fatal
series where but two-thirds had been excised and where life
was maintained for an indefinite period in good health. The
comparison of these two series shows that when the animal
possesses some 2 mmes or more of kidney per kilo
of body weight life can be maintained in good health
but when the amount of kidney substance is less than
2 grammes per kilo the typical disturbance of nutrition
described above sets in and the animal dies. The normal
amount of kidney in dogs such as those used in the above
experiments is approximately some 67 grammes per Eilo.
The comparison of the kidney weight with the body weight
gl];?&a practically the same result as the direct estimation of

e kidney weight, that is to say that as soon as there is
less than one-third of the original quantity of kidney the
danger limit is reached and a very small amount of renal
tissue will turn the scale. Prolonged life with much less
than 2 grammes of kidney per kilo is impossible, but some
experiments suggest that the duration of life even in the
fatal series is influenced by the amount of kidney—thus the
longest duration of life was fifty days and the amount of
kidney was 2'1 grammes per kilo. In another case the
duration of life was six days and the amount of kidney was

‘0'9 gramme per kilo,

Although the effects on metabolism are so marked when
three-quarters of the total kidney weight have been removed
and are so slight when two-thirds have been removed, yet
the transition from the fatal to the non-fatal series is
probably a gradual one. A careful analysis of the non-fatal
series with the larger amount of kidney left shows that this
series contains some animals where there was slight emacia-
tion and some increase in the urea excretion, so that it is
quite possible that these animals if they had been kept for a
more prolonged period might bave succumbed to a more
chronic form of the disorder. When the quantities of kidney
substance removed are still greater than three-quarters
of the total kidney weight—e.g., four-sixths, five-sixths, or
even nine-tenths, the small fragments left excrete urea freely
and I have quite failed by partial nephrectomy in producing a
kidney fragment that was unable to excrete urea freely. For
this reason, in addition to those mentioned above, I think it is
evident that the disordered metabolism indoced by the
operation can in no way be related to any impediment in the
excretion of urea, but that it must be dependent upon a
disordered production, as mentioned above.

These operations, even when fatal, bave not caunsed the
development of any typical uremic symptoms except a fall
in body temperature; coma, convulsions, dyspncea, and
vomiting have been absent ; diarrhcea has sometimes been
present and in a few cases where the marasmus was of rapid
development considerable quantities of indican have been
found in the urine. Indicanuria is a phenomenon frequently
associated with the breaking down of proteid material in the

Sy
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body either in the tissues or in the alimentary canal. In
some observations it was present where no food was eaten
and was thus similar to the increased excretion of indican
seen in starvation.

The blood in the fatal series contains a great excess of
nitrogenous extracktives and more especially urea; the
increase of urea in the blood in the fatal series may amount
to as much as twenty times the normal. This increase in the
blood is present at a time when the increased excretion in the
urine is in full swing. The increare in nitrogenous extrac-
tives, however, is not confined to the blood, but it is also seen
in the tissnes such as the mmuscles, the liver, and the brain,
and it is more especially marked in the muscles. The per-
centage amount of nitrogenous extractives is much higher in
the muscles than in the liver and approximates to that found
in the blood. Althoogh in the case of blood the increase
in the extractive matters is practically confined to an
increase in the amount of urea this is not so in the muscles ;
here there is not only a great increase in the amount of
urea—i.e., nitrogenous extractive soluble in absolute alcohol
—but there is also a great increase in the nitrogenous
extractives insoluble in absolute alcohol but soluble
in rectified alcohol. Hence the increase in the total
amount of nitrogenous extractive matter in the muscles is
still greater than it appears at first sight when compared to
those present in the blood. It is a little remarkable that the
increase in the liver should be less than in the muscles, but
this was always observed. Great as the increase in the
blood is, yet owing to the fact that the muscles form the
bulk of the body the great bulk of the increase in these
nitrogenons extractives is in the muscles and not in the
blood. As the incrdase in these nitrogenous extractives was
g0 marked in the muscles, this suggested that these bodies
were formed there direcily from the muscle proteids as a
result ¢of the deficient amount of kidney. In order to
check this observations were made on the distribution of
nitrogenous extractives and of urea after (1) double nephrec-
tomy and (2) injection of urea into the circulation after
preliminary ligature of the ureters.

1. Double nephrectomy.—After complete double nephrec-
tomy the distribution of the nitrogenous extractives in
the body is very similar to that seen after partial nephrec-
tomies described above. Thereis a great increase in the blood,
a great increase in the muscles, and a smaller increase in the
liver. The percentage increase in the muscles may equal
that found in the blood as regards the amount of nitrogenous
extractive matter soluble in absolute alcohol, but the increase
in those insoluble in absolute but soluble in rectified alcohol
is very great in the muscles and small or absent in the blood.
Speaking broadly, in the blood the great increase is confined
to bodies of the urea type, whereas in the muscles there is
not only a great increase in this but also in bodies of the
creatin class.
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2. The injection of urea.—After the injection of urea the
greatest increase is found in the blood, the next greatest in
the muscles, and the least in the liver, so that here again
there is a similarity of distribution, but there are at least two
atriking differences. In the first place the increase in the
blood, muscles, &c. is confined to material soluble in abso-
lute alcohol, and there is therefore no marked increase in the
nitrogenons extractives soluble in rectified alcohol. In the
second place, and of much more importance, is the fact that

.although the percentage in the muscles is greater than that

in the liver it does not approximately equal that in the
blood as is so frequently the case after double and after
partial nephrectomy—in other words, after complete double
or after partial nepbrectomy there ia a more uniform dis-
tribution of the increase of these extractives in the blood
and muscles, but after the intravenous injection of urea the
-only great increase is in the blood. This, however, is not
the case if the animal is allowed to survive the injection for
some hours—then there is a more nniform distribution of the
injected urea in the blood and muscles.

These facts are of considerable importance in estimating
the significance of the increased amount of nitrogenous
-extractives found in the blood and tissues after double and
after partial nephrectomy. The injection of Z0 grammes of
urea may cause a percentage increase in the blood equal to
that seen perhaps in a case of double nephrectomy, so that
it might be supposed that but 20 grammes of unrea were
retained in the latter case, whereas a comparison of the
muscle extractives in the two cases shows that in the partial
nephrectomy case the actual amount of uwrea in the body
must be far and away greater than in the case of the injec-
tion of urea, although perhaps the percentage amounts in the
blood of the two cases may be fairly equal. I insist on this
great increase in the nitrogenous extractives in the muscles
after partial nephrectomy, and at a time when the urea
excretion is increased, as 1 think it is a fundamental point
in estimating the significance of these experiments. It is
opnly in the cases where three-gquarters of the total kidney
weight bave been removed that this greatly increased
amount of nitrogenouns extractives is present in the blood and
tissues. In the cases where two-thirds of the kidney weight
have been removed and where life has been maintained and
hydruria only produced a slight increase in the urea excre-
tion was sometimes seen, and in these cases there was a
slight increase in the amount of urea in the blood, nothing,
however, comparable to that seen in the fatal series, but
still an increase. Normally, in the dog 0-015 to 0:02 would
be a fair average for the amount of urea per cemf. in the
blood. In the fatal series this may rise to 0'3 per cent., buk
the highest percentage seen in the non-fatal series was
006 per cent. This is another fact showing that no hard-
and-fast line can be drawn between the non-fatal and the
fatal cases and is, I think, further evidence that the kidney
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4in some way controls the production of urea as well as its
excretion. Inasmuch as in the three-quarter cases it is quite
impossible to hold the view that the kidney fragment is un-
able to excrete nrea and that the increased amounts in the
tissues are due simply to retention, in the two-third non-fatal
cases this view becomes still more untepable.

The general blood-pressure remains high both in the cases
where two-thirds and where three-fourths of the total kidney
weight have been removed, notwithstandiog the marasmus
and the cachectic condition of the animals in the latter series.
In this respect the blood-pressure in these cases is in striking
contrast to the general blood-pressure seen after double
nephrectomy, as here it falls rapidly and greatly. The blood-
pressure in the carotid after removal of three-quarters of the
total kidney weight varied from 94 to 100 mm. of mercury.
This height of blood-pressure is fairly comparable to that
seen in the normal dog and it cannot be said to be increased
absolutely, bot seeing the wasted and feeble condition of the
animal it has certainly increased relatively. 1 have, how-
ever, failed to produce experimentally by this operation any
permanent increase in the blood-pressure at all comparable
t0 the well-kno#n increase seen in many renal direases, and
even in cases that survived and are still surviviog the opera-
tion of removal of some two-thirds of the total kidney weight
performed some eighteen months ago the highest blood-
pressure observed in the femoral artery, as estimated by Mr.
Leonard Hill's instrument, was buot 130mm. [ have also
‘been unable to satisfy myself that any cardiac hypertrophy
was present after these operations ; but that is a very difficult
matter to settle in dogs owing to the great variations in the
gize of the heart normally, and hence the height of the blood
pressure is really a better measure of the absence of greatly
increased arterial tehsion than observations on the size and
weight of the heart. These observations would tend to
confirm the view that although heightened arterial tension is
a familjar phenomenon in certain renal diseases and although
often associated with renal disease in which there is a great
diminution in the amount of kidney snbstance, yet it is not
entirely dependent npon that diminution.




LECTURE II.

MgB. PRESIDENT AND FELLOWS,—In my last lecturs I
detailed at some length the results following
nephrectomies (of varying degrees of severity) both on the
composition of the urine and on the general metabolism of
the body, and I trust that I showed that whereas all partial
nephrectomies increased the flow of urinary water only the
more severe ones increased the excretion and production of
urea. We will now consider some of the results following
complete double nephrectomy.

Experimentally the phenomena following the cessation
of the renal functions may be studied by three differemt
methods of procedure: (1) ligature of the renal arteries;
(2) complete removal of the kidneys; and (3) the ligature
of the ureters. The first method is on the whole un-
suitable, since there is always a certain amount of doubt
as to the extent of the collateral blood supply, and therefore
in all my observations either both kidneys were removed or
both ureters ligatured. When the kidneys were removed this
was done in two operations in order to minimise the effect of
shock, &c., and this was more especially done in order that
an accurate comparison might be made between the effects
of double nephrectomy on the one hand, and the effect
of double ligature of the ureters on the other. The
ligature of both ureters from an operative point of view
is a trivial procedure, especially if they are both ligatured
throngh an incision mnear the punbes. On the other
hand, the removal of both kidneys at once, whether
throngh one incision or by two lumbar incisions, is a
very severe operation and thus it is misleading to compare
the immediate effects of the two proceedings. The re-
moval of one kidney in the dog is an operation which does
not canse much shock and with doe care hemorrhage may be
avoided. Even when the second nephrectomy is performed
and the only kidney present is removed it is astonishing to
see the small amounnt of shock that is produced. The animal
is in no way collapsed and immediately after recovery from
the anmsthetic may run about and behave very much like a
normal animal, so that, provided the kidneys be removed
like this, in two stages, there is no objection to contrasting
the effects following the operation with those seen after
ligature of both ureters.

In all the experiments on this question care was taken
that foll antiseptic precantions were msed and in buf one

T Dalivered on March 17th.
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case was there any peritonitis either local or general. This
is a point of very great importance and it is not improbable
that many of the symptomas described formerly as following
complete nephrectomy were really dependent upon the
presence of septic peritonitis and not uopon the absence
of the kidneys.

The doration of life in dogs after complete nephrectomy
carried-ont, as above described, in two stages is usually from
three to five days, the animals in no case living beyond the
fifth day and more usnally dying on the fourth day. During
the first two days very little amiss is to be noted about the
animal except that the appetite is poor and that after the
first day all food is liable to be refused. Muscolar weakness
begins to show itself on the second day, is well marked on
the third day, and progresses steadily, but the nephrectomised
animal is nsually able to run about even on the third and
perhaps on the fourth day. Thirst is sometimes present, but
not as a rule to a marked extent. Wasting is very marked
and progressive ; for instance, one dog weighing six kilo-
grammes lost three-quarters of a kilogramme in from three to
five days. The most characteristic feature apart from the
weakness and wasting is, however, the course of the body
temperature. At the time of the operation the rectal tem-
perature is probably between 101° F. and 102° F. Within
twenty-four hours of the operation it falls to 100°, on the
second day after the operation the temperature had probably
fallen to 99°, and on the third day to 98° or even to 97°.
The fall is a continuous and progressive one and the
animal remains active and lively until the temperature
reaches from 98° to 97°. When the temperature falls to 96°
the animal is really jn a moribund condition although it may
reach 95° before death actually occurs. The course of the
temperature chart is the best indication of the probable
duration of life. These are the most prominent symptoms
seen after double nephrectomy and it is most important to
bear in mind that certainly for three days and sometimes
for longer the animal not only remains conscious buf is
active and Iwe]y and able to run about. As death
Slppl'ﬂil.ﬂhﬂﬂ weakness increases and there may be

ght dr{:ws:n&as, but this is never a prominent symptom,

sonally 1 have never seen in nephrectomised dogs

anyt ng approaching to coma. Vomiting is also not a con-
spicuons symptom and in this my experience is contrary to
that of the older observers and I cannot help thinking that
the vomiting observed and made so much of by Bernard
and others was really due to septic complications such as
pentumt-:s. Vomiting, as just mentioned, is not a con-
Ipmunns symptom, and sometimes it is completely absent.
others it is present towards the end after the third day.
Convuleions I have never seen, and that very constant uremic
symptom, dyspncea, is also not conspicuous, Blight diarrheea
may be present. It will be s=zen from the above sketch
of the symptoms following complete donble nephrectomy
that they only very distantly resamble the clinical picture

C
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of acute urmmia or at any rate of the acute urzmia seen in
Bright's disease.

The results following the ligature of both wureters are
very similar if not identical with those seen after complete
nephrectomy, and I bave been quite unable as yet to
differentiate in any way between the symptoms produced by
those two procedures. The duration of life after ligature of
both ureters was if anything rather shorter than after com-
plete nephrectomy, but this may have been due, although
improbably, to both ureters having been tied at once. The
animals usually died in from three to four, instead of from
three to five, days, otherwise the symptoms were practically
identical. Vomiting was observed in one case especially
after drinking, and in this case some local peritonitis was
found, the ureters having been ligatured by two separate
incisions in the lumbar region. The vomited flnid yielded
no gas by the hypobromite method, and I think it most
probable that the vomiting arose from the peritonitis, as
this was the only instance in the series where this symptom
was at all marked.

The fact that whether the remal functions be abrogated
by the complete removal of the kidneys or by ligature of
both ureters the resu'lt.ing symptoms are practically identical
is. I think, a factor of some importance with regard to
the nature of urmmia. Ligature of the ureter experiment-
ally invariably leads to the production of hydronephrosis,
and in no case was the obstruction of the ureter followed
by that complete suppression that has been observed in
man after complete obstruction of the ureter. Inasmuch
as the ligature of the ureter is always followed by hydro-
nephrosis it might be argned that the results following this
operation ought not to be similar to those seen afber com-
plete double nepbrectomy. That this is so, however, can
be thown not only by the facts already detailed but also by
the fact that after the removal of a large portion of omne
kidney the disturbance of nutrition and the alteration in
the urine described in my last lecture are seen to follow
equally well whether (a) the upgusite kidney be excised or
(#) whether the ureter of this kidoey be tied. Not only are
the rame effects produced but the duration of life with the
fragment of one kidney is in no way prolonged by the fact
that the ureter of the opposite kidney is tied instead of that
kidney being removed. A further and perhaps even more
conclusive proof of the same fact is the following:
ligature of the ureter causes hydronephrosis, if after the
production of this the ureter be cut down upon and
opened and the hydronephrosis drained the kidney returns
to its former shape but not to its former eize. It is
to the eye apparently a normal but small kidney. On
microscopic examination such a Ekidney shows that the
epithelinm of the tubules has undergone a peculiar change,
the cells shrinking and losing their granules and becoming
glass-like in appearance ; the nuclei, however, stain, although
the protoplasm of the cells is quite clear. These appearances
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-suggesk that these are resting cells not capable of performing
their usual functions. Sach a kidney secretes a clear aci

fluid containing little if any urea. Although it secretes such
a fluid comparatively freely, such a kidney is, however,
quite useless to the economy, and if the opposite healthy
kidney be removed, all the phenomena characteristic of
double complete nephrectomy are seen. This experi-
ment shows two thinga—in the first place that ligature
of the ureter permanently damages the epithelial cell
stroctures of the kidney, for these are more affected
than the glomeroli (and there is no overgrowth of fibrons
tissue), and in the second place it affords another demon-
stration that the essential portion of the kidney is the
epithelinm lining the convolated tubules. TIhis experiment
is in strikiog contrast to those described in the first
lecture, where a small fragment of normal kidney was shown
to be capable of maintaining the renal functions for an indefi-
nite period. An entire kidney that has been exposed for
even a short time—i.e., fourteen to twenty one days—fto the
effects of the complete obstraction of the ureter with con-
sequent hydronephrosis is unable when that obstruction is
removed by draining the distended ureter to perform renal
fonctions that are of any avail in prolonging life. Such a
kidney is practically useless to the animal, although, as men-
tioned above, it is able to secrete an acid, clear liquid. It is
probable that this i3 a glomerular secrefion, modified it may
be by the amount of damage that has been inflicted on the
glomerulus by the incressed pressure that has been pro-
duced in the glomerular chamber by the ligature of the
ureter. At any rate, the ligature of the urefer leads to
much more pronoun and permanent lesions in the
epithelium of the tubules than it does in the glome-
ruli, and it seems to me that by this method of
tying the ureter and subsequently draining the hydro-
nephrosia so produced we may be able to differen-
tiate in the mammal the fuonctions of the glomerular
chamber from those of the convoluted tubanles. I have with
this object in view some observations in progress at the
present time. As ligature of the ureter causes these changes
in the epithelial structures of the kidney very rapidly it is
not very surprising that ligatures of the urefers and removal
of both kidneys should produce practically identical effects.
This fact is an argument against the existence of an
internal renal secretion, since in other cases where glands
‘have an exfernal and an internal secretion the ligature of the
excretory duct does not produce the effect seen after the
removal of the gland. This is undoubtedly the case with
the pancreas and also with the liver, since in the latter
case it is fair to look upon the glycogenic function of
the liver as an internal secretion of a kind, and the
ligature of the bile duct does not materially interfere as far
as is known with the other and metabolic fanctions of the
liver. Although it may be argued that the ligature of the
ureter very soon destroys the activity of the cells of the
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convoluted tubules, yet the production of the hydro-
nephrosis and the fairly free secretion that continues after
draining the distended ureter show that the secretory
activity of the glomernli at any rate persists, so that it
cannot be said that ligature of the ureters is theoretically
equivalent to the removal of the kidney. Some of the views
held on the nature of the different forms of nremia have
been based on the idea that the results following complete
nephrectomy and those following ligature of the ureters were
different, and this, I think, is untenable from an experimental
point of view, and I hope to adduce evidence later that it is
equally untenable in the human subject.

After ligature of both ureters and after double nephrec-
tomy there is of necessity a great accumulation of nitro-
genous extractive matters in the blood and tissues and, as
mentioned above, the increase in the muscles is not only
very great but, unlike that in the blood, it is mnot
confined to the mitrogenouns extractives, such as urea, that
are soluble in absolute alcohol, but those like creatin (in-
goluble in absolute alcohol) are also increased. The increase
of urea in the blood after double nephrectomy or after liga-
ture of both ureters may amount to some twenty times the
normal 0'3 per cent., and even more is by no means excep-
tional. This same great increase is seen in the muscles,
where normally there is no urea, the small quantities detected
by ordinary procedures being in all probability dependent
npon contamination with blood. The amount of other ex-
tractives in muscles after nephrectomy may be nearly trebled,
and seeing that normally there is as much as 02 per cent.
of creatin this means that very large quantities of creatin
and such like substances accumulate in the muscles after
double nephrectomy. Similar large quantities of these ex-
tractives accumulate in the liver and brain. I have not
been able to satisfy myself that there is any essential differ-
ence in these results whether the kidneys have been removed
or the ureters tied.

The quantities of extractives in the blood are so large that
the question naturally presents itself, and more especially in
the light of the experiments on partial nephrectomy detailed
in my first lecture, whether these quantities can be acconnted
for on the hypothesis that they are simply the products that
cannot be excreted of a normal metabolism. If the views
advanced in the first lecture are correct it is clear that after
complete nephrectomy as after partial nmephrectomy there
shounld be increased disintegration of proteid material leading
to the production of nitrogenous extractives in excessive
amount. In order to test this theory experiments were per-
formed to determine the distribution of urea in the blood
and tissues after its intravenous injections in large quantities,
the ureters being ligatured a few minutes before the urea
was injected into the jugumlar vein. The animals were
anmsthetised with chloroform and morphia and killed by
bleeding at periods varying from a few minutes to an
hour and a balf after the injection. The distribution.

S —— .




21

of urea in the blood and tissues was very similar to that
seen after partial or double nephrectomy—that is to say, the
muscles contained a greater percentage than the liver—but
the very large quantities seen in the muscles after double
nephrectomy were not seen after the injection of urea unless
huge quantities were injected. Further, as the amount of
urea normally excreted by the dogs before nephrectomy
could be readily determined and the duoration of life after
the complete nephrectomy was known it was quite possible
to calculate how much urea the nephrectomised dog should
have produced but was unable to excrete owing to the
absence of the kidneys. This quantity of urea was then
injected into a dog of the same weight as the nepbrec-
fomised animal and the results of the analysis of the
tissnes were compared in the two cases. In all the cases,
four in number, where this was done the amounts
of mrea, &c, as determined in the nephrectomised
animal were greater than in the control animal which
bhad received the amount of wurea that thecretically should
have been found in the nephrectomised animal. In these
‘observations the other extractives were neglected but,
as pointed out above, after nephrectomy these are also
increased, so that I think there is clear evidence that after
complete double nephrectomy the amounts of nitrogencus
extractives in the blood and tissues are greater than can
be accounted for on any hypothesis of simple retention. I
think that the results following double nephrectomy are
quite in accordance with those described above as seen after
severe partial nephrectomy (removals of three-quarters of
the total kidney weight) and that we must admit that
whether the kidney be entirely removed or greatly diminished
in amount in both cases there is a sudden and great
disintegration of the proteid tissues of the body leading
to the production of this large excess of nitrogenous
extractives. After double nephrectomy practically no food
is eaten and there is rapid and great wasting, so that these
extractives have a tissue origin and, as insisted on above, the
same is the case after the more severe partial nepbrectomies.

I have described at some length the results obtained
by experimentally investigating the effects following the
operations of nephrectomy partial and complete. ow I
propose to consider shortly some results obtained clinically
y the investigation of cases of chronic renal disease, more
-especially with reference to the influence of this disease on
the formation and the excretion of urea. Speaking broadly,
the tendency of chronic renal disease is to cause a diminution
in the exzcretion of urea, or at least this is the common
teaching on the subject, and no doubt it is to a great
extent true, but when this diminished excretion of urea is
referred entirely to a supposed incapacity of the damaged
kidney to excrete such bodies the basis of this view is not
so sound. I& is irrational fo expect 4 patient suffering from
<chronic renal disease to excrete quantities of urea com-
parable to the normal for the following reasons: the appetite
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is gour and frequently a conesiderable amount of what
food is taken is rejected by vomiting, diarrhcea is also
frequently present, and all these factors will seriously
diminish the amount of proteid available for disintegration
into urea. Albuminuria 18 often present and frequently is
excessive in amounf, and perhaps this loss is greatest where
it is not always suspected—namely, in persons with chronic
renal disease passing a considerable quantity of urine with
a moderate or even a low percentage, such as a third or a
quarter, of albumin. The greatest losses of albumin do not
occur in cases where the percentage amount of albumin is
highest, since in such cases the quantity of urine passed is
usually greatly diminished A daily loss of 20 grammes
of dry proteid is by no means exceptional in renal disease
and in some cases the amount rises to as much as 40
grammes. Lastly, in dropsical patients a considerable
quantity of urea and other extractives is retained in the
dropsical effusions. All these causes operate in tending to
diminish the amount of urea that can be excreted by the
kidneys, and it is most misleading to compare the urea
excretion of such a patient with the normal text-book
amount of 30 grammes per diem excreted by a healthy
person on a diet sofficient to maintain the body weight and
to argue that an excretion of 20 grammes per diem or less is
dependent entirely and directly npon the renal lesion, In
many cases of chronic renal disease quantities of urea not
greatly below the normal amount may be excreted even at a
time when the patient is very seriounsly ill and even in a very
dangerons condition, and this remark applies more especially
to the cases where drogsy is absent. It is more especially
troe in the cases of what is called the *‘contracted white
kidney," a grave form of Bright's disease in which the
quantity of urine is considerably increased and contains 1 or
even 2 per cent. of albumin. No doubt in the cases of
chronic Bright's disease associated with dropsy and also where
cardiac lesions such as mitral disease are present the urea ex-
cretion undergoes a great diminution. Personally I consider
that a better notion of the state of the kidney lesion can be
formed by observing the quantity and specific gravity of the
urine than by observations on the amount of urea. The
latter are often misleading for the reasons mentioned above.
The quantity of water excreted, particularly if it is controlled
by other observations, gives most reliable and valuable infor-
mation ; copious dilute urine, if not due to the presence of
waxy disease (by no means so common now), is a matter of
grave significance not only as indicative of the probable
presence of what is ordinarily spoken of as the granular
kidney but also as indicating the existence of other destruc-
tive diseases of the renal tissue such as the so-called con-
tracted white kidney, cystic kidneys, &c. It is customary
to consider that the excretion of this dilute urine is depen-
dent upon the heightened blood-pressure that is so often
seen in these kidney diseases, but the character of the urine
approzimates very closely with that described above as
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occurring after partial and more especially after double

nephrectomy. If this comparison be fair the
quantity of dilute urine excreted may afford an idea of
the extent of the destruction of renal tissue in disease,
just as it does in the nephrectomy experiments, the greater
the hydruria the less the available kidpey substance. The
comparison instituted between the experimental results and
the results of disease is, however, fallacious ni one respect.
Whereas in both the quantity of kidney is diminished in the
experimental case what renal tissue remains is healthy,
whereas this is not so in most diseased conditions even when
the incidence of the disease is not absolutely uniform. In
cystic disease of the kidneys, however, for a time at any
rate, the remaining kidney tissue is practically normal, and
there is, I think, a fairly close parallel here between the
results of disease and the phenomena of the laboratory. In
both a dilote urine is excreted, in both the renal tissme is
greatly diminished, and in neither do cardio-vascular
changes necessarily ensue. If the amount of water
excreted can be correlated to the amount of kidney tissue
left and so the experimental facts and the clinical
facts be brought into harmony this cannot be done with
regard to the urea excretion. Although it is a very
familiar fact that patients with renal disease, and more
especially perhaps patients with the more insidious and
chronic forms of renal disease, such as contracted white
kidney, granular kidney, &c., suffer from great weakness
and wasbing and the body temperature is low, yet the one
striking difference between the two sets of results clinically
and experimentally lies undoubtedly in the fact that whereas

- the urea excretion is increased in the latter it is apparently

not in the former. I bélieve this discrepancy is due to the
fact that in renal diseases the epithelinm of the tubules is
diseased and unable to excrete urea freely and in this respect
it resembles the kind of epithelinm described above as
produced by ligature of the ureter. It will be remembered
that the atrophied kidney that bas been produced by ligature
of the ureter is gquite unable to excrete urea and that the
epithelivm of the tubules of such a kidney is glass-like
and devoid of all the granules and striations that are
so characteristic of remal epithelium. The other most
striking difference between the effects of disease and the
results of experiment is that whereas complete suppression
is quite a common clinical occurrence as a result of obstruc-
tion of an ureter, yet it is not possible to produce this
condition in the laboratory.

Extractives in the blood and tissues in renal dizeases,—1
have examined the blocd and tissues in a considerable
number of cases of chronic renal disease fatal from uremia
and in addition to this I have made a few analyses of the
blood and of the dropsical exudations in cases that were
not uremic at the time the analysis was made. In a few
instances subsequent analyses were made in the same cases
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when death had occurred from ursemia. In addition there
is a series of analyses in cases where complete and fatal
suppression resulted from a variety of camses. In all cases
the blood was received into an excess of absolute alecohol,
this was evaporated, the residue dissolved in absolute
alcohol, again evaporated, and extracted with water. The
filtered watery extract was divided into two portions; in
the one the amount of nitrogen liberated by the Dupré
process (hypobromide of soda) was measured and in the
other half the total nitrogen present was determined by the
Kjeldhal process. In this way a control on the Dupré esti-
mate was obtained. The blood was obtained usually within
twelve hours of death ; in some cases where venesection had

been employed in the treatment of uremia the blood was
received fresh.

Five cases of complete suppression were examined. In
three of these the suppression arose as the result of calculous
obstruction. The first case was a remarkable one of double
calculons anuria; in the other two the ureter of the only
efficient kidney was blocked by a stone. The other two
cases were patients in whom suppression resunlted, in the one
case apparently reflexly as the result of latent peritonitis
set up by the perforation of a duodenal ulcer, and the fifth
case was a very remarkable if not an unique one where
endarteritis and thrombosis of all the small arteries of the
Eidney led to complete necrosis of the cortex of both kidneys
and caused complete suppression of urine.®

All these patients presented clinically the phenomena
described by BSir William Roberts as characteristic of
calculous suppression—that is to say, that until shortly
before death there were none of the most typical and
characteristic phencmena of ursemia, such as coma, con-
volsions, dyspncea, &c. The following conclusions can be
drawn from these cases. There is an enormous increase in
the amonnt of urea in the blood and far greater than is
usnally supposed: thus 0'015 per cent. may probably be taken
as a fair average for the amount of nrea normally present.
In Case 5, living nine days, there is approzimately thirty
times the normal amount present. Secondly, the increase
is fairly proportionate to the duration of life; thirdly,
patients at the time of death have very different amounts
of nrea in the blood, thus confirming the old views thak
in all probability death cannot be attributed to the mere
excess of urea, although when the percentage in the blood
and tissues reaches the higher amounts mentioned above
there may be as much as eight or ten ounces of urea in
the body.

I have only one analysis of a fatal case of acute Bright's
disease with suppression and without dropsy and there the

2 Published in detail in the fortheoming number of the Jonrnal of
thology.
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percentage of urea in the blocd was 0-35, which is comparable
in amonnt with the quantities seen in complete suppression.
In another case of Bright's disease fatal from pneumonia
and where uremic fits were present there was 0'12 per cent.
of urea. In another case acute Bright's disease was seen as
a complication of diabetes mellitus and this is rather remark-
able and a few details will be necessary. This was a
case of a diabetic of some duration and acute Bright's
disease supervened. The urine was loaded with albumin
and blood and deposited that pecaliar gromous sediment so
characteristic of acute Bright's disease. Although the urine
presented all these characteristics of acute Bright's disease
and also in addition abundant casts, yet the quantity passed
was considerable—e g., 100 0z. I think this case peculiar
and interesting in the fact that notwithstanding the very
acute and fatal nephritis the presence of diabetes caused the
excretion of a copions urine. The blocd in this case con-
tained 0072 per cent. of urea—that is to =ay, a compara

Table showing some Results observed in Five Cases of
Complete Suppression of Urine,

Percentage
No, | of ureain Dﬂ‘}rﬁ}:ﬂ'u Cause of anuria.
the hlood. 3
1 015 T'wo days  Reflex from perforative peritonitis.
2 0277 Five daye Caleulous suppression.
3 0384 i days Caleulons suppression.
4 036 Seven days Endarteritis and thrombosis of
| renal arteries.
7] 044 | Nine days Caleulous suppression,

tively small increase ; there was no dropsy. The amount is
comparable to that found in another case of diabetes fatal
from coma and where the kidneys were not serionsly diseased
and where some 0°096 per cent. of urea was present. In a
third case of diabetes also fatal from coma the amount of
urea in the blood was 0-06 per cent

In chronic Bright's disease the amounts of urea found in
the blood vary within wide limits even at the time of death
and more especially according as to whether the dropsy was
present or not and whether death resulted from urmmia or
from some other complication. The blood, however, may
contain an excess of urea at the time when the patient is
apparently in good health. Thus a certain patient presented
a mitral systolic muormur and & trace of albomin in the urine.
The general health was quite good and she was up and about
and attending to household doties. Fatal syncope occurred
guddenly whilst at a meal and post mortem it was found
that the cardiac lesion was secondary to unsuspected renal




26

d:sease and the blood of this patient contained 0°08 per cent.
0L urea.

The amount of urea in ascitic and pleuritic fluids will
also give a fair indication of the amount present in the
blood. It is mot exact, as for that purpose a comparison
should be made between the ascitic and pleuritic fluids on
the cve hand and the blood plasma on the other. But for
all practical purpozes the analysis of the dropsical effusion
of renal disease gives an approximate indication of the amount
of urea in the blood, erring on the side of making the amount
greater than it really is.

In a case of chronic Bright's disease fatal with general
dropsy the ascitic fluid contained (-039 per cent. of urea
one month before death and 0046 per cent. thriee weeks
before death ; at death the blood contained 0-1 per cent. In
another case six weeks before death the pleuritic fluid con-
tained 0-15 per cent. at the time when the patient was
excreting 20 grammes of urea per diem on a diet of 2000 c.c.
of milk. This patient, however, died from wremia and the
percentage in the blood at death was 044 per cent. Two
other cases of chbronic Bright's disease, fatal and accom-
panied with general dropsy, showed that the blood at the
time of death contained 016 per cent. and 0-07 per cent.
of urea respectively. All these observations and others that
I need not quote show that with chronic Bright's disease,
with and without general dropsy, there is an increase of
urea in the blood even when the patient is fairly well and
that this increases at death, as would be expected, but the
increase is not so great as that seen in suppression unless
urEmia Occurs.

It is, however, in wreemia that the greatest increaze is
found and the following statements are based on the
analysis of the blood in twenty-five cases of fatal unremia
unaccompanied with dropsy. The highest percentage of
urea in the blood was 05 per cent. This was observed
twice. In one case the amount was 0-46 per cent., in nine
other cases the amounts varied between 0'3 per cent. and
04 per cent., so that in half the cases investigated the per-
centage of urea in the blood was between 0°3 and 0°5. In
all the other cases the quantity varied between 02 per cent.
and 03 per cent. and in no case of chronic Bright's dizease,
fatal from uraemia and ovnaccempanied by dropsy or some
inflammatory complication, did the percentage sink below
0'2 and, in fact, this smaller amount was only seen in two
cages. The quantities of urea found in the cases of
Bright’s disease, fatal from urzemia, are comparable with the
quantities found in the cases of complete suppression that
lived approximately one week from the time of the onset
of the suppression. There are, however, at least two
points of difference between the two series of cases. In
the suppression series there was always complete suppres-
sion of wurine and this in my experience is uncommon
in the acute anzmia complicating chronic renal disease
unasgociated with dropsy. In the second place, the dura-
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tion of life after complete suppression was at least six
days when the percentage of urea reached 0'3, whereas
in acunte urmmia life was not prolonged for more than
from two to three days from the onset of acute symptoms in
most cases. One case was exceptional and presented acute
uremic symptoms for more than a week and it is of suffi-
cient interest to quote in detail. The patient was bled with
great relief on account of the onset of ursemic symptoms on
Feb. 26th and the average of three determinations of the
amount of urea in the blood yielded 0:13 per cent. The
venesection was followed by considerable improvement, but
the next day the patient again became comatose and a
second venesection was performed with very beneficial
results. This second specimen of blood yielded 0'24 per
cent. of urea. Daoring these two days the urine was passed
unconsciously and could not be collected. From Feb. 28th to
March 3rd it could be collected in part and the daily average
for these days was at least twelve grammes and certainly
muoch more was passed as the patient passed a considerable
quantity unconsciously and also some with the stools.
The benefit of the veneseckion was temporary, the uremic
symptoms returned, and the patient died on March 3rd,
and the blood contained 0'3 per cent. of urea. This case
illustrates several points, and more especially shows the
onset of nrmmic symptoms when the percentage of urea in
the blood was still low, and the further point that a very
great increase in the amount of the extractives in the blood
may take place whilst there is still a considerable excretion
of urea, since it must be borne in mind thal, in the first

lace, all the urea was not recovered, and, in the second
place, that little or no food was taken, and hence it will be
seen that the urea excretion in this case was by no means so
small as it appears to be at first sight. This case was
investigated more thoroughly than any other, but in another
case where there was 0'38 per cent. of urea in the blood
some 8 grammes of urea were recovered from the urine in
the preceding twenty-four hours notwithstanding the loss of
some urine and the presence of severe diarrhcea and persis-
fent vomiting.

All these observations tend to the same conclusion, that in
urmmia there is a very great excess of urea in the blood, éven
greater than in most cases of complete suppression, and
there is not only not necessarily complete suppression of urine,
but quantities of urea may be passed in the urine that are
not very inadequate considering the condition of the patient.

We have as yet only considered the presence of extractives
in the blood, but there is s similar, and in fact a greater,
increase in the tissues, and =s in he experimental cases, this
increase is especially marked in the muscles. In the muscles
there is not only an increase of urea approximately equal in
E:mentage amount to that seen in the blood, but in addition

ere is a corresponding or even greater increase in the other
extractives belonging to what may be called the creatin
group. These are not present to any great extent in the
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blood even in uremia, but the excess in the muscles is very
notable. I have been able to examine the blood in two cases
of eclampsia and here the percentage of urea in one case was
0:06 per cent. and in the other 0'036 per cent., confirming
former observations that in fhis malady there is a strik-
ing difference between the state of the blood and that
found in uremia. In one of the fatal cases of eclampsia it
is of some interest that the urine was highly albaminous and
contained considerable quantities of blood ; in point of fact
there was nephritis, but notwithstanding this the percentage
of urea was but 0°036. Thus the greatest excess seen in
eclampsia was only four times the normal.

The conclusions drawn from the examination of the blood
and tissues in renal disease may be shortly summarised as
follows: (1) in suppression there is a great increase in the
nitrogenons extractives in the blood and tissues; (2) in acute
urzmia without dropsy there may a be still greater increase ;
(3) in chronic ren&lpggi&aasa fatal from other canses there is
some increase, but not comparable with the above; (4) in
renal disease even in apparent good health there is a certain

small excess; and (5) in eclampsia the excess is trivial in
amonnt.




LECTURE L

UREMIA.

MR. PRESIDENT AND FELLOWS,—Having discussed in
the last lecture the results of nephrectomy in animals
(dogs) I propose to deal to-day with some of the phenomena
of uremia as seen clinically in renal diseases. Urmmia may
perbaps be defined as a toxmmia which is apt to supervene
either during the course of, or as a terminal phenomenon in,
renal diseases or disorders. Although it may occur in any
form of renal disease it is, as is well known, most frequently
seen in the young and more especially, perbaps, in those
forms of chronic renal disease, such as certain varieties of con-
tracted kidney, where the quantity of kidney substance is
very greatly reduced in amount. Although uremia is some-
times seen in what may be called the ordinary granular kidoey
(the raspberry kidney) associated with general arterial de-
generation, yet it is not the natural termination of this
malady. The more characteristic mode of death is either from
cerebral hmmorrhage or else from secondary cardiac disease,
the heart failing as a result of the long-continued increased
pressure to which it has been subjected. Although oramia
may occur in cases of granular kidney associated with
extreme arterial disease in the middle-aged or elderly, ursemia,
and more especially agute uremia, is peculiarly associated,
in my opinion, with the contracted white kidney, which may
probably arise either as an independent renal affection or
secondarily as the sequel of some other form of neplritis,
acute or chronic, such as, for instance, the so-called large
white kidney. It is probable that several forms of remal
disease are included under the terms *‘small white,"” or **con-
tracted white,” kidney, and certainly different specimens of
this form of kidney differ greatly in their microscopic if
not in their macroscopic appearances. In all forms of
this disease, however, the amount of kidney tissue,
and more especially of cortical tissue, is very greatly
diminished and, speaking broadly, there is frequently a
greater reduction in the amount of kidn tissue in
this form of renal disease than in most if not in all
cases of the true granular kidney. BSuch kidneys are small,
weighing together probably less than seven ounces, some-
times as little as five or even three ounces. The capsule is
thickened and on stripping tears the kidney substance but
little, and leaves an exzceedingly granular surface, the
granulations being large and prominent. The cortex is
greatly diminished in width and is of a pale-yellow colour or

T Deliversd on March 22nd.
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may be mottled ; this appearance is seen both on section and
externally. The medulla varies but is usually red and con-

sted. The fat in the renal sinus is prominent. The con-

tion of the vessels varies; sometimes there is extensive
endarteritis, at other times this is not so conspicuous.
Buch a kidney is famiiiar to all pathologists. It is remark-
able that although the appearances just described are fairly
constant yet the state of the cardio-vascular system in
these cases varies; usunally there is cardiac hyper-
trophy and the other well-known vascular Ilesions
associated with high tension, but cases are seen where
although the kidneys conform in all respecks to the
description just given, yet neither daoring life mnor after
death are there any marked and obvious signs of the usunal
accompanying cardiac and arferial changes. I have seen
cases where the kidneys were quite small, weighing together
but from five to six onnces, and where post mortem cardiac
hypertrophy was either absent or very ill-marked. Usnally,
however, it is a marked phenomenon The type of kidney
just outlined can probably be recognised during life owing
to both the clinical course and the composition of the urine
being peculiar and distinctive. The urine is dilute, the
specific gravity is low, and the guantity is either about the
‘normal or it is increased. It is in my experience exceptional
for it to be serionsly diminished and it is most usunally dis-
tinctly above the normal. These urines contain a consider-
able quantity of albumin, thus from one-sixth to one-third
would probably be a fair estimate for the majority of cases.
‘Clinically, I would say, such cases are characterised by the
rarity of the occurrence of dropsy and the frequency of the
presence of albuminuric retinitis, and most important of all
by the fact that the patients die from urzmia, and usually
from acute nrmmia. I believe it is exceptional for cases
presenting this clinical picture and characterised anatomi-
cally by the kidney lesion described above to terminate by
the other complications of Bright's disease, such as dropsy,
secondary inflammations, cerebral heemorrhage., &c. These
cases not only usually succumb to urmia, but they tend to
be associated with a particular variety of ureemia—namely,
acute urmmia or even so-called folminating uremia, the
wrénic foudroyante of the French., Although this form
of Bright's disease is, in my opinion, pecunliarly associated
with uremia, yet acute urmemia occurs under other circum-
stances and more especially occasionally in acute Bright's
disease and after the surgical exploration of the kidneys
where these organs are diseased, as, for instance, where
pyelitis is complicated by chronic Bright's disease or by
waxy degeneration. Exploratory nephrotomy may, and not
uncommonly does, under such circumstances lead to fatal
urzmia.

Eclampsia is a variety of acute urzemia, but in some ways
this affection is quite different from the urzemia seen in renal
cases and need not be further considered here.

Chronic or subacute urmmia or gastro-intestinal nremia,
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as it is sometimes called, is probably more especially asso-
ciated with that form of chronic Bright's disease which is
accompanied by dropsy and where the kidneys are not only not
greatly diminished in bulk but where these organs are larger
than natural and come under the general description of large
white kidneys. Chronic urzmia is also seen in other chronic
destructive renal diseases, as, for instance, in cystic kidneys,
and more especially perhaps in the so-called ‘f consecutive
nephritis " of the surgeon where the kidneys may be riddled
with abscesses.

The form of urmmia described by Sir William Roberta
as occurring in cases of obstructive suppression is so well
known that little need be said as to its main featores. It
is undoubtedly very characteristic of cases of calculous
sappression, baot it is not, I believe, limited to these or
even to cases of obstructive suppression, as I hope to show.
The phenomenon seen in these cases of sbstructive suppres-
sion may perbaps be termed “ latent urmmia,” as all the
most obvious symptoms of uremia are conspicuouns by their
absence, as pointed out by Sir William Roberts. Latent
urzmia—that is to say, a condition where the patient remains
for many days quite conscious, with no coma, convalsions, or
dyspocea, but where myosis, fall of temperature, occasional
vomiting, and towards the end slight and rare twitchings of
the voluntary muscles and perbaps slight drowsiness, may be
prezent—has occurred in my experience in the following
variety of cases: (1) calculous anuria and other varieties of
obstructive snppression ; (2) in the case already alluded tio
in Lecture II. and published in detail in the Jowrnal of
Pathology, where owing to endarteritis and thrombosis
of the renal arterioles the entire cortex of both
kidneys was mnecrotic; and (3) in a case where as
the result of inflammation of a sacculus of the
urinary bladder suppression ensued, and this notwith-
standing the fact that the kidneys were not greatly
diseased. It was most remarkable to see that in all these
three different conditions the clinical symptoms were pre-
cisely similar and they were all regarded during life as
typical examples of obstructive suppression. In the
calculous cases this was the case but in the others the
conditions were very different. In the one the patient
practically had no kidneys, as, owing to the wvascular
lesion, thromhbosis of the arterioles, the circulation must
have been completely arrested, and in Caze 3, although the
kidneys were present and were apparently healthy and
there was no obstruction to the ureters, yet there was
complete suppression, is unnecessary to describe the
symptoms seen in the cases of calculous anuria as
they are now so well known, and it will suffice to state
that the longest doration of life was nine days and the
shortest five. It will be, however, necessary to describe
shortly the other two cases where the symptoms during life
were characteristic of calculous anuria but where the post-
mortem examination showed no such condition.
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A woman, aged thirty-six years, was admitted into
University College Hospital on March 3rd, 1896, owing to
inability to pass urine. The patient was quite well until
Feb. 28th, on which day she was delivered of a dead full-
term child. After her confinement she was sick once and
she complained of headache and a feeling of slight drowsi-
ness which had remained much the same till the day of
admission. There had been no fits and no muscular
twitchings, and the patient stated that she had passed no
uorine since her confinement with the exception of two
drachms drawn off by catheter on March 20d. She had had
no previous illness, and there was no history of any swelllng
of the legs or any attack of lombar pain. On admission the
patient was perfectly conscious and rational and could
answer all questions clearly and intelligently ; she had no
headache or sicknese but she complained of thirst; ber
temperature was 98° ¥, and there was no cedema. On
March 4th the patient remained in the same condition ; the
temperature fell to 97'8° and no urine was passed. On the
5th she was weaker but quite conscious and intelligent and
the temperature reached 95'4°, and one and a half drachms
of urine containing a trace of albumin were drawn off,
On the 6th the patient was still gquite conscious, there had
been no convalsions, and no vomiting ; she was decidedly
weaker and the highest temperature was 96°4°. No urine
could be obtained on catheterisation. On the Tth she
was still guite conscions and rational and she died
suddenly and apparently from failore of respiration. On
post-mortem examination no urine was found in the bladder
or in the pelvis of either kidney and there was no obstruc-
tion to the ureters. The two kidneys presented the same
appearance and weighed T oz. each, and it will be sufficient
to say here that the entire cortex of both kidneys was of a
bright buff colour and mecrofic. The convoluted tubules
throonghout the cortical substance were found to be necrotic
and this necrosis depended upon endarteritis of the remal
arteries and thrombosis of the interlobular artericles ; the
medulla was normal and there was no cirrhosis.?

I must apologise for quoting this case at length, but
inasmuch as the lesion was such as to practically deprive
the patient of both kidneys the case is a near parallel to the
experimental removal of both kidneys and is therefore of
very great interest and tends to the conclusion that the
destruction of all the secreting tisswes of both kidneys in
the human subject does not mecessarily produce uremia in
the ordinary sense of the word, notwithstanding the pro-
duction of complete anuria. The second case, in which
symptoms characteristic of obstructive suppression were
seen and in which the post mortem examination showed no
gbatrluctiﬂn. is also of sufficient interest to be quoted in some

etail.

? For full details see Endarteritis of the Renal Arteries Causing
Hmﬁfmin of the Entire Cortex of Both Hidneys, Journal of Patholugy,
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A woman, aged thirty-eight years, was admitted to Univer-
siky College Hospital on Dec. 19th, 1887. The patient was a
married woman, who was five months pregoant, and she said
that she had had no previous illness except typhoid fever
five years ago and that subsequently to this she had
passed a gall-stone. Bhe stated that she had been quite
well ontil ten days before admission when she was seized
with pain in the abdomen followed by vomiting and
diarrhcea. The abdominal pain still persisted and there
had been occasional vomiting. No urine had been passed since
Dec, 18th, although she stated that up to that time she bhad
had no difficulty and that she passed as far as she knew the
nsoal guantity. She had never had any previous attack of
abdominal pain or any similar difficulty with her urine. On
admission on the evening of Dec 19th the temperature was
97° F., the pulse was 116, and the respirations were 12 per
minute. She vomited several times during the night; nc
urine was passed and none was found in the bladder on
passing a catheter, and there was very slight cedema all over
the trunk and especially on the sterpum (this has been noted
as an occasional phenomenon by Bir William Roberts in cases
of calculons anuria, and as in the case described by him
g0 in this case the cedema, which was of the slightest
description, disappeared before death). On palpation the
abdomen was especially tender in the right lumbar region
and the right kidney could be felt and seemed tender.
On the 20th the vomiting was slightly less severe, the
patient was conscious and rational, and the highest tempera-
tore was 97-8°. Two drachms of puatrid urine were drawn
off, containing a trace df albumin and showing numerous
pear-shaped cells but no blood corpuscles and no casts, At
11 r. M. the catheter was again passed and five drachms of
ammoniacal orine were drawn off. There was no muscunlar
twitching and the temperature was 97 5°. On the Z2lst the
temperature was still 97°, the pupils were small, the tongue
was coated with brown fur, and in the twenty-four hours eight
and a half ounces of urine were passed of specific gravity
1012 ; it waz alkaline in reaction avd contained one-twelfth
albonmin. Vomiting was still present, the cedema was less, but
an erythematous rash had appeared on the left arm and
band. On the 22nd the bright-red rash had spread all over
the body and also on to the face; the pupils were
very small and the cedema bad practically disappeared.
Vomiting was still present and the patient was slightly
drowsy and aboat five ounces of urine were passed. On
the 23rd no nrine was passed and none was obtained by
catheter. The rash was fading, the temperature was 96, and
the patient was slightly drowsy. BShe aborted at 3 r.m.
The weakness and prostration graduoally increased and she
died at 10 p.Mm. Post mortem all the organs seemed healthy
with the exception of the urinary bladder. The bladder
was small and the mucous membrane was of a dark grey
colour ; abont half an inch above the opening of the right
areter there was a small sacculus and the mucous membrane

D
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of this was greyish black, swollen, and necrotic. There was
a small patch of necrotic mucous membrane about one-third
of an inch in diameter on the corresponding surface of the
opposite side of the bladder. The kidneys were abnormal in
shape and the lower half of the right kidney was partially
separated from the upper part; and this kidoey had
two ureters which opened by separate orifices into the
urinary bladder a quarter of an inch apart. The ureters
were not dilated and there was no obstroction at
the orifice of the ureters on either side. Microscopic
examination of the kidney showed no signs of any
gross disease ; in fact the kidney seemed healthy. This
case is also a remarkable ope, and it wonld szeem that the
suppression must have arisen 1eflexly from the cystitis in the
vesical sacculus. The patient lived nearly six days and
gecreted in thab time some fourteen ounces of urine, so that
the suppression was not guite complete, but it is gquite
comparable to what is seen in calculous anuria, as it is not
at all oncommon for small quantities of dilute urine to be
passed even in fatal cases. This patient, like the patient in
the other case quoted above, did pot present the usual
clivical picture of ordinary urmmia, although vomiting was
a slightly more prominent symptom than in many cases of
calculous anuria, still it is not uncommon for severe vomit-
ing to occur in some forms of ¢ilenlous suppression and even
for this symptom to be the most prominent and severe one.

I have quoted these two cases at length as showing what
I think is a very important fact—that whether the functions
of the kidney be arrested by blocking of the ureter or by
destruction of the entire cortex or reflexly (even when the
kidneys are apparently healthy) the resulting phenomena are
those which we have been familiar with in calculons anuria
or obstructive suppression and not those of acute urmmia
seen in repnal disease, although from the suddenness and
the gravity of the lesions acute nremia might well be
expected to ensue in euch cases. We may thus conclude
that the train of symptoms which has been called above
latent ursemia ensues nok only when the ureters of more or
less healthy kidoeys are ruddenly blocked but also when
these kidneys are suddenly prevented from aacmbingg
vascular or npervous disturbance. The results of clini
experience are thus in complete harmony with the experi-
mental- facts detailed in my last lecture and the train of
symptoms produced experimentally and by disease are
really precisely similar and in neither case are they the
symptoms of acute uremia. In disease we apparently
meet with three rather than two forms of suppres-
sion of urine—that is, with obstructive suppression and
two varieties of non-obstructive. One, as in the cases
above described, where the activity of more or less healthy
kidneys is snddenly completely abolished, and the other
where suppression occors during the course of acute or
chronic renal diseare and more especially perbaps in Bright's
dieease, It would seem as if it were not so much

e ——
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a question of the symptoms of suppression being different
according as the suppression was obstructive or non-
obstructive but rather according as the suppression occurred
as a complication of acute and chronic renal disease on the
one hand, or on the other hand whether it occurred with
fairly healthy kidneys. This iz a mafter not only of
theoretical importance with regard to the nature of acute
uremia and its relationship to lesions of the kidney but
also of practical importance in our treatment of such
cases. In cases of calculous anuria there can be but
little donbt that operative interference should be resorted
to very early, but if the typical clinical picture seen
in this condition is also seen where the suppression
arises independently of any obstruction, as in the cases
described above, and where surgery can be of no awvail, it
introduces a very serious and difficult question of differential
diagnosizs in such cases. From the theoretical point of view
I think we must concluode that complete suppression of
sudden origin and dependent either npon the obstruction of
the nreters or upon certain acute lesions of the kidney
causing entire cessation of the renal activities (such as the
cases described above) does not produce acubte urmmia.
Having thus described at some length the conclusions I have
arrived at in reference to so-called latent uwrmmia and its
relationship to sudden and complete cessation of the renal
functions experimentally and clinically we will now consider
shortly some observations on acute uramia.

True acute uremia has only been observed clinically, I
bave not as yet been able to reproduce it in the laboratory
and I have only made observations on the acute nremia seen
as a complication or termination of chronic and insidious
renal diseases, and more especially, as already mentioned,
on the uremia that occurs in a form of contracted kidney
seen in young subjects and usually described as a variety
of confracted white kidney. It may seem far-fetched to
associate acute uremia more especially with one form of
kidney lesion, but all I can say is that I have not as yet seen
a case of this form of renal disease fatal from any cause
except acute uremia, and I have watched for such cases
for the last eight years. Acuote uremia is, of course, also
seen as a terminal effect in several other forms of remal
disease, acute and chronic, but for some reasons it is more
convenient to study it when it supervenes om a chronic
disorder than when it complicates such a malady as acute
Bright's disease. Acute urmmia resembles diabetic coma in
the rapidity with which it is apt to supervene in these cases
of contracted kidney unaccompanied with dropsy.

URINE 1IN ACUTE UREMIA,

In some casea the onset of acate urmmia in cases of
chronic renal disease is heralded by a great and sudden
diminution in the amount of urine excreted; but, speaking
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generally, complete suppression is rare and certainly acute,
and rapidly fatal urmia may occur in this form of Bright's
disease whilst the patient is passing quite considerable
quantities of urine and urea, as in the case quoted in my last
lecture where a patient passed more than thirty-two ounces
of urine containing more than twelve grammes of urea
during the last twenty-four hours of life. This amount was
recovered and an unknown amount of urine was passed un-
consciously in the bed in addition. In this patient, at any
rate, fatal acute uremia occurred with little and perhaps
with no suppression, and she had marked ursemic phenomena,
such as twitchings and epileptiform seizores, at a time when
the daily urine contained at least seventeen grammes of urea.
Very little food was taken and some of this was rejected by
vomiting Post mortem the total amount of kidney present
was less than four ounces. BSuch a case stands in great
contraat to what is seen in the cases of suppression described
above and demonstrates how fatal acute urmmia may
occur without any obvious suppression, and, in fact, such
a cate is really the converse of the suppression series. In
other caces quantities of urea up to ten grammes were
recovered during the last twenty-four hours of life, but
exact determinations could not be made owing to the great
difficulties experienced in collecting the urine. It is often
said that although such urmmic palients may pass gquan-
tities of urine not very much less than the normal, yet owing
to its dilute character such urine must contain but little solid
matber. This is, of course, true and is made much of by
those who consider that urmmia is dependent upon the
retention of the saline constituents of the nrine. This view
is, in my opinion, untenable in the light of the facts
obtained from the consideration of the cares of complete
suppression, where of course all urinary constitnents were
retained and yet ordinary uremia did not ensue. It is
sufficient, then, for oor present purpose to admibt that
although a certain diminution in the amount of urine
and of urea excreted is common in acute uremia, yet
this condition may supervene and be fatal without there
being any great dimipoution in the winary excretion. The
urine of uremia is almost invariably dilute, pale, and of low
specific gravity, and I have met with only one exception to
this statement. In a case of cbronic Bright's disease without
dropsy fatal ureemia occurred at a time when the patient
was passing a devse, highly coloured urine, with a specific
gravity of 1025, and here a serious error in diagnosis resulted,
as it was thought that with such a urine the symptoms—
e ¢., the vomiting, &c.—were of gastric rather than of renal
origin. Another important question is the relation of albun-
mipuria to wzemia and I have notes of three cases where
albuminuria was said to be absent at the time of the onset
of uremic symptoms. The absence of albumin from the
urine has often been asserted to be an occasional occurrence
in cases of ordinary granular kidoey, but in none of the
three cases alluded to here was the kidney lesion of thia
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type. In two cases the kidney was of the contracted white
variety, and in this particular specimen the urine was only
examined once, in the other cases repeated examinoatiops
were made. In one of the-cases alluded to above, where
the specific gravity was 1025, there may have been a minute
trace of albumin, but even this is donbtiul, and in this case
the patient had uremic vomiting for many days, then
muscular twitchings developed and finally coma. Post
mortem the kidoeys were rather large, the cortex was
diminished in thickness and microscopically showed signs
of considerable disease ; the absence of albumin and the high
specific gravity led to quite an erroneous diagnosis. The
third case was one of a young man admitted for urgent
dyspneea and dry pericarditis. The dyspnea was urmmic
and was followed by other nreemic symptoms. Post mortem
the kidneys were found to be very small, somewhat granular,
and the urine, though dilute, was stated to be free from
albumin.

The toxicity of the urine in ursemia is a subject that
has attracted more attention abroad than here. I
unfortunately have only made a very few observations
on this point; one of these observations is of sufficient
interest to quote here, as it was an experiment to com-
pare the toxicity of the urine secreted by the urmmic
patient and the toxicity of the blood serum in the same case.
The urine and the blood were obtained on the same day, the
patient having had venesection performed for the relief of
uremic coma 20 c.c. of the urine filtered through porcelain
and injected rapidly into the jugular vein killed a rabbit of
1-75 kilos. , the pupils hew'.lming contracted and the respiration
ceasing. 22 c.c. injected very slowly killed another rabbit
of 1 kilo. with convalsions. Thus this urine was certainly
highly toxic, as 11 ¢ c. of urine per kilo. killed the animal
when injected rapidly and 22 c.c. when injected slowly.
77 c.c. of blood serum from the same patient killed in a few
minutes a rabbit of 1-15 kilos. causing coma and cessation of
respiration. In another case of nrmmia where venesection
was also used 150 c.c. of serum injected into a dog weighing
5 kilos. caused arrest of respiration ; the heart, however, con-
tinued to beat; after 100 c.c. had been injected the respira-
tion became very irregular. Such observations would require
to be greatly extended, but they tend to show that even in
urzmia the urine is still toxic and that the blood serum is
also highly toxic.

Although convulsions have not been seen experimentally
after ligature of the wureters, nephrectomy, &c., yet the
cerebral cortex is very excitable, as is shown by such experi-
ments as the following. After the administration of ether the
ureters were ligatured in a dog, and forty-eight hours after-
wards the cortex cerebri was exposed again under ether and
stimulated. Under these circumstances very weak electrical
excitation of the motor area is liable to be followed by well-
marked clonic spasms of the limba,
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The most striking post- mortem appearance of acute
uremia apart from the frequency of the presence of the
small contracted white kidoney is the occurrence of well-
marked edema of the lungs quite apart from the pre-
sence of general odema and serous effosions. In the
particular class of cases investigated dropsy and serous
effusions were conspicuous by their absence. This pul-
monary dema is a well-known accompaniment of ursemiec
dyspncea and is perhaps its cause, as it cannot very well be
its result, since other varieties of dyspneea are not accom-
panied by the well-marked wdema so common in ursemia.
The so-called cerebral cedema is a very variable occurrence,
but there can be no doubt that sometimes there is a very -
notable excess of cerebral spinal fluid, and a similar |
excess was noted in many cases of experimental partial
nephrectomy.

THEORY OF UBEMIA,

All pathologists would probably admit that uremia is a
toxemia and that it is not brought about by either cerebral
anmmia or cerebral ccdema. The old objections to a toxic
source for this condition were mainly two-fold: first, that
it was difficult to conceive of a poison circulating in the
general blood-stream and producing more or less localised
effects, since localised fits and even localised paralyses are
not mncommon in wuremia; secondly, the manifestations
of urmmia are so varied that it was thounght difficult fo
conceive of a poison producing such diverse effects., Both
of these propositions are probably untenable since such a
poison as lead or arsenic can not only produce Jocal effects
but can even produce a palsy of a symmetrical function on
only one side of the body, although both these metals more
often produce symmetrical lesions, yet arsenic may produce
unilateral herpes. Further lead may cause psychical dis-
turbance or epileptiform seizures or degeneration of the
spinal cord or more usunally a palsy of peripheral origin,

us one and the same metallic poison may produce the
most varied effects, and therefore the argunment against the
toxic pature of urmmia, resting on the basis of the state-
ment that it is impossible for the same poison to produce
the varied effects seem, falls to the ground. At the same
time it is, of course, possible that the poisons of urzemia are
varied. Sopposing that uremia is dependent upon the
circulation in the blood and tissues of a or
poisons the next question that presents itself is whether
these are substances formed by normal metabolismn that
ought to be excreted and are only toxic because
they are retained and therefore present in increased
amount, or whether these poisons are the products of an
abnormal metabolism. Is ursmia dependent on the reten-
tion of some body? oris the condition due to the formation of
a toxic substance or substances by the disordered meta-
bolism 1 I think the consideration of the facts, experimental
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and clinical, that have been adduced will show that uremia
cannot be explained on the hypothesis of the retention of
either one or many or all of the nrinary constituents, products
derived from a normal metabolism. The sudden and com-
plete suppression of the functions of kidneys up to that
time healthy produces a frain of symptoms similar to those
seen in obstructive suppression and, as already insisted on
several times, a group of symptoms only resembling very
distantly thoze of acute urzmia. If acote uremia were
dependent on the retention of some normal urine con-
stitment or constituents this condition ovught certainly to
oceur when the functions of the healthy kidney are suddenly
suppressed, although it may perbaps be open to argument
whether they ought to ensue when the suppression of urine
is dependent merely on obstruction to the ureters. Formerly
it was thounght that obstructive smppression was in some way
quite different in nature and produced different results to
those seen in non-obstructive suppression and that although
obstructive suppression was not followed by urmmia non-
obstructive suppression certainly caused uremia. The main
conclusion that I hope [ have established to your satisfaction
is that both in the laboratory and in disease suppression of
the activity of the kidneys nup to that time healthy fails to
produce acute urmmia whether the suppression be caunsed by
obstraction or by vascular or nervous mechanism. In other
words, the ursemia of the laboratory is the latent ursemia of
the clinician. If the facts brought before you afford evidence
against the view that urzemia is dependent on the mere reten-
tion of normal urinary constituents they also equally militate
against the view that urweniia is dependent upon, or associated
with, the arrest of a hypothetical internal renal secretion.
As long as latent urmmia—i.e., the symptoms of obstructive
suppression—was only known to occur in the condifion of
obstructive suppression the contrast between these effects
and the acute uremia of Bright's disease was so great as fo
suggest the view that nremia might in some way be asso-
ciated with the cessation of the action of an internal secre-
tion. According to this view in obstructive suppression
there was retention of urinary products, but the supposed
internal secretion went on, whereas in Bright's disease and
other renal diseases the internal secrefion was arrested in
addition to the occurrence of accumulation of the urinary
products. If latent uremia occurs equally well when the
circolation throogh the kidneys is completely arrested and
therefore when the kidney is practically absent this view in
my opinion falls to the ground.

Although these are the principal reasons for not accepting
the view that urmmia is dependent upon the retention of
one or more normal urinary constituents there are certain
subsidiary facts also pointing to the same conclusion.
Death in acute uremia wsually supervenes much sooner than
in cases of suppression even when this is complete, and further
in the acnte uremia seen at any rate in chronic renal disease
without dropsy complete suppression is rare, and this, after
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all, is the most frequent condition in which acute uremia is

seen. Further cases of acute urmmia are seen, as in a case

gqueted in these lectures where considerable quantities of

urine not falling far short of those seen in health were

passed. In addition there is the well-known fact that no

observers are agreed as to which elements in the urine are

to be considered the toxic ones. This, however, owing to

chemical difficulties, is not an argument of much value.

The analyses of the blood quoted in the last lecture showed .
that the blood in urmia contains very large guantities of g
such urinary constitnents as urea, and although in some cases
the gquantities were as great as, or greater than, those seen in
cases of complete suppression, yet it will be remembered
that in the great bulk of the urmmic cases the percentage
of the urea in the blood was mot so bigh as in the cases of
complete suppression. This is, I thiok, a point of some ]
importance, as it might be argued that the symptoms in the '
uremic and suppression series were different owipg to the

fact that the accumulation of wurinary products might have

been more or less gradual in the former case and more

sudden in the latter. Poisons, as is well known, often

produce different effects according as to whether they are

administered in gradual doses or suddenly ; the fact that the

majority of the cazes of urmmia died with a lower percentage

of urea in the blood than was found in the cases of complete

suppression is, of course, only to be expected seeing that

quantities of orine were passed during the last days of life

in these cases, but it is surely another fact against the pure ’
retention theory of urzemia inasmuch as almost all the cases '
of wuramia analysed were those in which this event
terminated a chronic insidions disease. The argument
would be fallacions if it applied to the analysis of
the blood in such a condition as the uremia accom-
panying the suppression of ecarlatinal pepbritis, where
the conditions are more complicated than in the terminal
acute uremia of such a disease as contracted white kidoey,
where owing to the long duration of the illness one would
imagine that the patient would if anytbhing tolerate a larger
accumulation of urinary products than in cases of complete
suppression supervening during comparative or even complete
good health. For all these reasons the retention theory of
urzmia is, I venture to thizk, inadequate. If the uremic
poison is mot a retained normal urinary constitnent it is
probable that it is an abnormal product of a disordered
metabolism and there are a number of facts in favour of
this view. The experimental facts brought befere you in my
first two lectures point strongly to the conclosion that
the kidneys in some way control the metabolism of the
tissmes of the body and tbat when the kidney substance
was greatly dimipished in amount or entirely removed
the blood not only contained a great excess of urea but
the tissmes, and especially the mmuscles, cortained lar
quantities of urea and other nitrogenous bodies of the
creatin class. I also adduced experimental evidence to show
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that both after partial and after complete nephrectomy this
increase of nitrogenous extractives could not be explained
on the hypothesis of simple retention and that there was
clear evidence of the increased production of these bodies.
In uremia the extractives of “muscles are enormously in-
creased, but here one can only surmise, with great proba-
bility, it is troe, that they accumulate as the result of
increased production, since the condition of the patient haa
prevented me as yet from obtaining the exact informa-
tion as to the amount of nitrogen ingested and excreted
that can be obtained with comparative ease in the
laboratory. The really very great quantities of extrac-
tives present in the muscles make it more than probable
that these quantities are too great to be explained by
retention. This conclusion is in harmony with the obser-
vations of Oppler, Perls, Schottin, and others, who held that
in ureemia there was accumulation of creatin-like bodies. If
we assume that in acute urmmia the toxic substances are
derived from the products of a disordered tissue metabolism
some of the many difficulties of the sobject disappear; bub
still I must confess it is difficult to see why removal of the
kidney does not produce acute urmmia unless it be that
under these circumstances life is not maintained for a
sufficient length of time for the disordered tissue mebabolism
to be in full swing.

There is a farther goaaibilit]r that as a result of the renal
lesions the disordered tissue metabolism produces toxic
subatances, but that the kidney is able to excrete these
prodocts, and that then, as a result either of retention or of
graaﬁer increased production, they again accumulate and

estroy the patient. This may be thought rather fancifal,
more especially as I have no observation to detail to you
as regards the actoal nature of the uramic poison, but
my purpose is really to emphasise two points : (1) that
uremia cannokt be held to be due to simple retention and
(2) that in kidney disease and after experimental lesions
of the kidney there is evidence of great tissue disintegra-
tion and that it is more than probable that uremia is depen-
dent upon this directly or indirectly. It might be thought
that the tissue disintegration was itself dependent perhaps
upon the retention of urinary products, but the experimental
facts negative this, as in the cases of experimental partial
nephrectomy there was never any evidence of the retention
of urea, and, as already detailed, there was much evidence
of the increased excretion of urea. I6 is to be hoped that
further observations will throw muoch more and greatly
needed light on the real nature of the toxic substance or
substances found in uremia.

It remmins for me to express my best thanks to my
colleagues at University College Hospital for the courtesy
they have always shown to me in allowing me to make all
use of their material, as without their constant aid I never
could have observed the considerable number of cases of acute
urzmia from which the above conclusions have been drawn.






