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INTRODUCTION.

The work on which this thesis is based was carried
out over the past three years in the University department
of Paediatrics and the Biochemical laboratory of the Royal
Hospital for Sick Children during the tenure of a Carnegie
Research Scholarship. A small section, which is included
in the following pages, has already been published in the
Quarterly Journal of Medicine, 1933, XXVI, 521, under the
title "Oedema in Nephritis" and another will shortly appear
in the Archives of Disease in Childhood under the title
"Nephritis in Infancy". Otherwise the work has not yet ap-
peared in print.

I have gratefully to acknowledge my indebtedness to
Professor G. B. Fleming, Dr. Stanley Graham and Dr. Noah
Morris for the facilities they have placed at my disposal
in the conduct of this research and to Dr. J. W. S. Black-

lock for the use of autopsy reports.
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PART 1I.

THEORIES OF OEDEMA,

Since Bright's(l)classical description of nephritis

the pathogenesis of dropsy has given rise to much discussion.
The views which have been put forward may be divided into

two main groups, one which asceribes oedema entirely to renal
damage and the other which attributes it to some abnormality

in the tilssues generally, or as it has been called, a pre-

renal factor. The basis for this latter view, which on the
whole is the more widely favoured by modern workers, was
anticipated by Bright himself when he recognized that a dimin-
utlion of blood protein was of common occurrence in nephritis.
While this finding has been repeatedly confirmed and is now
commonplace, the deductions drawn therefrom are varied. The
bulk of the published work deals with the oedema associated

with chronic Bright's disease which includes the conditions
known as chronic parenchymatous nephritis and nephrosis. The
oedema of acute nephritis howsver appears to present special
difficulties from the point of view of causation and no entirely
satisfactory hypothesis has as yet been put forward. In this
chapter, therefore, is glven a brief summary of the more import-
ant views which have been mooted in connection with the causation
of nephritis oedema and 1t is convenient for the sake of clarity
to consider in the first place the oedema of chronic Brightts



disease (nephrotic syndrome) and thereafter that which occurs

in acute nephritis.

NEPHROTIC SYNDROME.

HYDRAEMIC PLETHORA. A simple explanation of an increase

in tissue fluid would appear to be provided by the presence

of an excessive amount of water in the blood stream. Such a
view was propounded by Solon(z) in 1888 when he suggested that
"the blood was thinner than normal." This hypothesis is par-
ticularly attractive in that an easy explanation is forth-
coming as to the lncreased fluid content of the blood, which
is naturally attributed to the inability of the kidney to
excrete water. The evidence for dilution 1s mainly the obser-
vation that the total percentage volume of red oells is
reduced. This reduction, however, is not necessarily the re-
sult of an increase in the water content of the blood since

a fall in the number of red cells, as occurs in anaemia,

would clearly lead to an increase in plasma volume, Bock,(s)
indeed, considers that any reduction in corpuscular volume
which does occur 1s attributable to anaemia. The force of
this objection 1s strengthened by the findings of Bock(S) and
of Brown‘%) and Rowntree that the total blood volume was un-
changed. Linder(5)~and his co-workers estimated the total
blood and plasma volumes by means of vital red injections and
concluded that there was no evidence of blood dilution.

(6)

Darrow indeed stated that the plasma volume was usually



diminished in the nephrotic syndrome in childhood. Peters(v)
and van Slyke surveyed the literature and found that in the
majority of cases reported there was no alteration in plasma
volume. Against the dilution theory they urge the fact that
the serum albumin and globulin are not proportionately re-
duced. Furthermore to attribute water retention to an in-
ability of the kidney to excrete water seems somewhat strange
in view of the fact that in chronic interstitial nephritis,
where fibrosis affects all the renal elements, a very large
urinary output is invarlable and oedema is absent. From the
evidence it would appear therefore that the oedema in chronic

Bright's disease cannot be attributed to hydraemic plethora.

SALT RETENTION. Any alteration in the concentration of

NaCl will lead to disturbances of osmotic equilibrium. Both
in health and disease the body is generally able to regulate
the osmolar concentration desplte great variations of intake
of the various salts. It 1is obvious that if for any reason
excretion of NaCl is impaired, water must be retained in order
to maintain the normal salt concentration and osmotic equili-

brium. Widal(e)

and Javal were the first to suggest that the
primary cause of oedema in chronic renal disease was an in-
abllity of the kidney to excrete salt. According to their
view the retention of water was a secondary phenomenon which
occurred in order to keep the salt content of the tissue

fluids within normal limits. They showed that by withholding



NaCl from the diet, oedema could be diminished or even made

to disappear, Addition of NaCl to the diet, on the other hand,
caused oedema to increase. It appears definitely established -
and numerous workers have confirmed this - that NaCl 1s an
important factor in the development of oedema. The part played
by the kidney in causing retention of NaCl 1s open to question.
If the kidneys are unable, either relatively or absolutely, to
excrete NaCl it would naturally be expected that chloride

would accumulate in the blood. Examination of the clinical

and biochemical reports available in the literature shows quite
clearly that there is no apparent relationship between the
level of the plasma chloride and the degree of oedema. In
anuria, on the other hand, produced by bllateral ureteral
obstruction, the blood chloride is high but oedema is absent.
Furthermore absence of chlorides from the urine is not con-
fined to Bright's disease since it may occur in lobar pneumonia
without nephritis. Again the effect of NaCl on degree of
oedema without renal lesion has been observed clinically in
dropsy of nutritional origin and experimentally in the oedema
following plasmapheresis. These findings go to show that

while NaCl plays a part in the production of oedema, its effect

cannot be ascribed to renal impairment.

INTRACELLULAR OEDEMA. While most workers are agreed that
the oedema fluid in Bright's disease lies in the tissue spaces,
there is a view promulgated by Fischer(g) that the inereased



water content of the body is situated largely within the cells.
The increase in intracellular water is attributed to an ex-
cessive production of acids. Aldrich,(lo)although in argu-~
ment as to the site of the oedema, believes that the increased
affinity of the tissue cells for water is due to the action
of toxins. He maintains that in the early stages of oedema
no fluid escapes from the needle following acupuncture and

it is only when the toxic process is diminishing that fluid
passes from cells to tissue spaces. Kumpf(ll)also belleves
that some of the oedema fluid 1s intracellular. On the basis
of these views it is difficult to explain the shifting of
oedema under the influence of gravity, while the fact that

no oedema fluid may be obtained on acupuncture seems more
easily accounted for by there being insufficient to form a
head of pressure. Lastly if a patient in whom no effusion

is demonstrable subsequently shows the presence of free
fluid, a gain in weight follows which should not occur if
fluid is merely changing ground from cells to tissue spaces.
Peters,(lz) discussing the intracellular oedema theory,
points out that there is no oedema of the red corpuscles
since the haemoglobin : red corpuscle ratio remains constant.
Furthermore during diuresis, potassium, the chief constituent
of intracellular fluid, does not appear in increased amount

in the urine,
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ELWYN'S THEORY.( ) This view is unique and at present 1in-

capable of proof or disproof. In chronic renal oedema Elwyn
argues that serum albumin is lost in the urine and an attempt
is made %o replace this by increase in serum globulin. When
this compensatory mechanism falls, oliguria is produced to
conserve serum albumin by the action of a "centre" in the
brain, oedema following to keep the blood volume within nor-

mal limits. Little support in the literature has been accorded
to this supposition.

(14)
INCREASED CAPILLARY PERMEABILITY. By Volhard  and Fahr and

1
Aschoff,( 5) oedema has been attributed to a generalized capil-
lary damage. Since normally the caplllaries are permeable to
water and electrolytes, increase of permeability per se should

not affect the passage of water to the tissue spaces but would

\
4

allow leakage of protein from blood stream to tissues. Peterglz
however in a summary of the literature finds that oedema fluid
in nephrosis and the nephrotic syndrome contalns only 0.5 gnm.
per cent. or less and claims that if the capillary wall were
abnormally permeable in these conditions, protein could almost

certainly be in greater concentration in the effused fluid.

STARLING-EPSTEIN HYPOTHESIS. In 1895 Starling(ls) demon-
strated the cardinal importance of the serum proteins in the
maintenance of fluld balance between the blood and the tissues,
emphasizing the fact that the inorganic constituents of the

serum could not exert osmotic pressure in virtue of their



abiiity to pass freely through the normal capillary wall into
the tissues. According to his view the osmotic pressure ex-
erted by the serum protein, or as it is more commonly termed,
oncotic pressure of the serum, 1s antithetic to hydrostatic
pressure in the capillaries, the effect being that decrease
in serum protein or increase in hydrostatic pressure both
conduce to oedema formation.

These findings constitute the basis of one of the
chief conceptions of the extra-renal origin of oedema and
were applied by Epstein(lv)to explain dropsy in chronic
parenchymatous nephritis and later to the syndrome termed
lipoid nephrosis. He found that serum protein was much
diminished at the expense of the albumin fraction, globulin
being either normal, or greatly increased.

Some years later the oncotlic pressure exerted by the
serum protein was measured by several investigators,

18) (19)

(
Govaerts, Schade and Claussen, and Rugznydk (20) who

showed that in nephrotic oedema it was much reduced. It was
Govaerts 18) however who indicated that since serum albumin
has a smaller molecule than serum globulin it exerts more
oncotic pressure and he proposed the following formula for

the calculation of oncotic pressure of the serum proteins: =~

(5.5 x albumin in (1.4 x globulin in - oncotic
gm. per cent,) *+ gm. per cent.) in mm.pglzs.Sure

It therefore follows that fall in serum albumin may be

masked by rise in serum globulin if serum total protein is



alone estimated and a false impression of the osmotic capacity
of the serum gained.

It is thus clear that so~-called inversion of the albumin:
globulin ratio of the serum can result from rise in globulin as
well as fall in albumin but with very different results as far

(21)

as the oncotic pressure of the serum is concerned. Mayrs
and Cope(gz) also found low oncotic pressure in hydraemic
nephritils. Mayrs(zl) found oedema absent with oncotic pressure
above a certain level and recently Muntwyler(zs) and his co-
workers reported similar findings. The results of these in-
vestigations would indicate that fall in oncotic pressure of
the serum is directly responsible for chronic renal oedenma,
Starling's(le) hypothesis throws light on the part
played by NaCl in the production of oedema. This problem is
rendered easier of comprehension if the reaction of the normal
subjecbengMministration of salt and water is considered.
Cohnheim et alii found that if elther salt or water were given
alone, rapid excretion followed. If however they were given
together some temporary retention occurred with rise in body
weight. In the subject with low serum oncotic pressure however
a very much more marked retention occurs, as was demonstrated
in the nephrotic patient by Loeb(zs)et alii. A reasonable
explanation is thus afforded of so-called chloride retention
by the diminished power of the serum to hold salt and water

through the fall in serum protein level.



In support of thls Starling-Epstein hypothesis some
mention of experimental work indicating a relationship between
serum proteins and oedema is now made and following this the
literature on oedema of nutritional and of o¢ardiac origin is
briefly discussed from the point of view of the serum pro-

teins.

Plasmapheresis. This term 1s applied to the operation of

bleeding and replacement of red corpuscles suspended in saline

(26) and Barker(zv)and

instead of serum. In this way Lelter
Kirk produced in dogs a reduction of serum protein which was
accompanied by oedema. Leiter found that oedema appeared when
gerum total protein fell below 3.0 gm. per cent. and observed
that the amount of protein in the effusions was very low.
Usually 1,500 c.c. of 0,85 per cent. saline were given daily
by stomach tube and he found that this was not followed by
oedema when serum total protein had risen above about 4.0 gnm.
per cent.. Shelburne(za) and Egloff found in dogs subjected

to plasmapheresis that oedema was slight or even absent with

a serum albumin level of 1.2 gm. per cent. until sodium chlor-
ide or sodium bicarbonate was given. Although a large amount
of NaCl was retained during the formation of oedema, more

was recovered in the urine than was found in the urine of a
normal dog on ordinary diet. From this finding these workers
concluded that the kidney could not be held responsible for
(29)

salt retention. Darrow et alii found that a level of serum
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albumin of 2.0 gm. per cent. and below in both arterial and
venous blood was associated with oedema. Moreover when serum
albumin was over 2.0 gm. per cent. they were unable to produce
dropsy by administration of NaCl. The experiments of these
workers offer a rational explanation of the secondary role
played by salt in the production of oedema in the nephrotic
syndrome, and also show why it 1s possible for oedema to be
absent while the serum protein is below oedema level.

The results of plasmapheresis on dogs afford strong
support for the application of Starling's(16) hypothesis in
the explanation of nephrotic oedema. 1In view of the small
smounts of protein present in the effusions, it is hardly
likely that there is an increase of capillary permeability.
The slight fall in the haematocrit reading observed by Shel-

(28) and Egloff was out of proportion to the diminution

burne
of serum proteins and was ascribed to anaemia. There is thus
no evidence of dilution of the blood. Lastly since tissue
fluid was obtained by acupuncture and effusions were a promin-
ent feature, it is very lmprobable that there was any imbibition
by the tissue cells leading to intracellular oedema.

By the majority of workers on this subject negative urin-
ary findings were reported and any kidney lesions present were
not ascribed to the effects of plasmapheresis. Barker(zv) and

Kirk however considered that hypoprotinaemia was responsible

for the changes in the kidneys which were discovered at autopsy.
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The main point for consideration however seems to be that
oedema of this type is entirely extra-renal and due to re-

duction of oncotic pressure of the serum.

Nutritional Oedema: Further support was galned for

Starling's(le) hypothesis when it was discovered that oedema
in an ill-defined group of cases, neither cardiac nor renal
in origin, was associated with reduction of serum proteins.
For many years the occurrence of dropsy without albuminuria
was recognised and during the war it was very prevalent in

Central Europe. Jansen(so) in 1918 clearly showed that serum

proteins were reduced in so-called war oedema. Maver,(SI)
reviewing the subject, concluded that protein deficlency was
the basic causal factor with fluid and possibly salt intake
playing a secondary rdle.

In patients suffering from diseases such as tuberculosis
and diabetes Bruckman(sz) and his co-workers reported a re-
duction in the albumin fraction of the serum proteins when
clinical evidence of malnutrition was present. That this was
due to a low protein intake they considered proved by the
rise in serum albumin which followed administration of a diet
rich in protein. Oedema was always present when serum albumin

was under 3.0 gm. per cent. Weech(33)

and Ling observed that
dropsy was invariably present when serum albumin fell below
2.5 gm. per cent. and always absent with albumin over 2.9 gm.

per cent, After administration of sodium chloride combined
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with sodium bicarbonate their patients showed a marked in-
crease in weight and "retention" of chloride occurred, i.e.,
depression of the amount excreted in the urine. In one
patient these effects could not be reproduced when serum pro-

(34) Snelling and Goettsch

teins had returned to normal, Weech,
observed that oedema occurred at a higher level of the serum
protein in nutritional oedema than in that due to plasmaphere-
sis. They concluded that this was due to the better physical
condition and therefore greater elasticity of the tissues in

(35) and Eisenman

the subjects of the latter group. Peters
emphasized the importance of this point in a recent article
where they noted reduction of serum albumin in many patho-
logical states such as diabetes, anaemia, liver diseases,
certain neoplasms and severe infections. The fall in serum
albumin they assoclated with malnutrition and wasting of body
protein. When serum albumin was below 3.0 gm. per cent.
oedema was present unless (1) globulin was sufficiently above
the normal level to compensate for reduction of oncotic pres-
sure from fall in serum albumin, or (2) dehydration was present
as a result of vomiting, diarrhoea or abstention from fluids.
In conclusion two points emerge from the reports on
nutritional oedema. Firstly the oedema appears to be due to
reduction of oncotic pressure; tissue elasticity and NaCl
intake are important but secondary factors. Secondly the

reduction of serum oncotic pressure is seemingly ascribed to

deficiency of protein in the diet. 1In this connection it may
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(36)
be noted that Frisch, Mendel and Peters induced oedema

in rats on a protein poor diet and caused it to disappear when

the protein deficiency was made good.

Cardiac Oedema. While great stress is laild on fall of

oncotic preséure in the production of oedema, it must not be
forgotten that an equally important factor in Starling's(ls)
hypothesis is change in hydrostatic pressure. In cardiac
oedema it 1s apparently the great increase in hydrostatic
pressure resulting from back pressure due to cardliac failure
which is of major importance. But in addition, the fall of
oncotic pressure may play an important part since many in-
vestigators have reported changes in the serum proteins.

(18)

Govaerts observed that the A/G ratio was much

reduced in a case of cardiac oedema and Fahr( ) and Swanson
reported a similar case. In the cardiac cases of Starlinger (38)
and Winands no constant relation was detected between oedema
and the serum protein level but serum albumin was not infre-
quently low and globulin high: haematocrit readings showed a
normal proportion of cells to plasma, Knmpf(ll) reported
similar findings in six cases with oedema, in only one of
which was there more than a trace of albumin in the urine.
Mayrs,(zl) who measured oncotic pressure, found that cardiac
oedema occurred at a higher level than in hydraemic nephritis
increased venous pressure and possibly also to "i11-

3
capill - endothelium. Kylin( 9)repor‘.:ed that oncotic
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(40)

pressure was often normal, while Iversen and Nakazawa
found both high and low values for oncotic pressure and con-
cluded that stasis played the chief rdle. Payne(4l)and Peters
found cardiac oedema with normal serum proteins but more fre-
quently some reduction in serum albumin was present but never
below the oedema level of the nephrotic syndrome. Dilution

as an explanation of this they think untenable as the serum
protein fractions were not equally reduced. Nor did loss of
protein by the urine adequately account for the fall in on-
cotic pressure since albuminuris only occurred, and then but

(41) and Peters be-

slightly, in 5 out of 25 cases. Payne
lieved that the main factor in the diminution of serum albumin
was malnutrition due to anorexia. Whatever be the reason for
diminution of oncotic pressure the important contribution in
their paper was the conclusion that a combination of increase
of hydrostatic with fall in oncotic pressure is obviously

more active in the production of oedema than an increase of

hydrostatic pressure alone.

Nephrotic Syndrome. Further support has been given to

Starling's(le) hypothesis in the work of numerous investi-
gators who have estimated the serum proteins in chronic renal
oedema. Moore (42) and van Slyke found that oedema existed

in nephritis when total protein was below 5.5 T 0.3 gn. per
cent. or albumin below 2.5 ¥ 0.2 gn. per cent.. With serum

proteins above these levels oedema was absent save when car-
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diac failure was present or when the nephritis was acute. They
stressed the importance of the absence of sodium chloride in

the diet and pointed out that if under such treatment dluresis
should occur the tendency for oedema to return on salt-containing
diet would remain until proteins rose above oedema level.

(43)

Wiener and Wiener also reported a marked decrease in serum

albumin in nephrotic oedema which they attributed to fall in
serum oncotic pressure., Van Slyke(44) and hls collaborators
found that oedema in nephritis was related to the plasma
albumin level but that this relationship did not hold good

in the majority of cases of acute nephritis, although oedema
was always present when serum albumin was below 2.5 gm. per
cent., They pointed out that when plasma proteins were close
to oedema level, dropsy was often observed to disappear with
the onset of fever or much vomiting or after surgical pro-
cedure. Peters(45) et alii held that nephrotic oedema was
associated with low plasma proteins. With total protein be-
tween 4 and 5 gm. per cent. oedema could be eliminated by the
vigorous use of diluretics and salt restriction, but with serum
proteins below that level these measures failed. They indi-
cated that such treatment was merely palliative, the tendency
to oedema remaining till serum proteins rose above the critical
level. Leiter 46 in his very extensive review of the litera-
ture on nephrosis makes the significant remark that no case

of nephrosis has been reported with normal serum proteins,

While perhaps the majority of reports in the literature
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agree that absolute reduction of serum proteins 1s responsible
for chronic renal oedema, not a few workers deny the relation-
ship. Such disagreement based on cases where serum total
protein alone has been determined, for reasons already given
(p.7) need not be considered since a true picture of the
oncotic pressure cannot be formed without estimation of the

(37) and Swanson found that

serum albumin and globulin. Fahr
oedema could be marked with normal serum proteins. These
cases however were of acute nephritis and it is generally
held that other factors are at work in that form of the
disease. They quoted a case without oedema and a serum
albumin level of 2.7 gm. per cent. but this is not incom-
patible with absence of dropsy 1f the diet is salt-free.

Calvin(47)

and Goldberg, while they found serum albumin very
mich reduced, even as low as 0.12 gm. per cent., could deter-
mine no relation between the albumin of the serum and the
degree of oedema. Because of this, and the fact that the

serum albumin level appeared to lag behind the fluctuations

in oedema, these workers concluded that nephrotic oedema was
not entirely explained by fall in oncotic pressure. 1In

their series the highest serum albumin found in the presence

of oedema was about 3.0 gm. per cent., moreover they state

that with increase of oedema albumin usually fell and certainly

never rose. 3Some exception might be taken to their results

on the'ground that a serum albumin of 0,12 gm. per cent.
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would be approximately in equilibrium with the albumin con-
tent of the oedema fluld as reported by other workers. Frankly
it is difficult to conceive of such an occurrence. Cowie(48)
et alii were unable to believe that ocedema was caused by
diminution of serum osmotic pressure because blood chloride
and cholesterol were invariably (one casel) high and more
than offset the diminution due to the loss of serum protein.
They ignored the fact that the capillary wall being normally
permeable to salt, the effective oncotlc pressure of that

(13) objected to Starling's(ls) hypo-

substance is nil. Elwyn
thesis being applied to chronic renal ocedema on the ground

that exudation of fluid from the vessels would continue till
(12)

blood volume was reduced. Peters however pointed out
that tissue elasticity must play a part in producing equili-
brium.

(39, 49, 50)
Kylin, one of the most inveterate antagon-

ists of Starling's(le) hypothesls measured the oncotic pressure
and estimated total protein by refractometer and stated that
they are not related to oedema. Frequently after the dis-
appearanceé of oedema he found that total protein remained low.
In estimating total protein Kylin used the refractomstric
method which gives readings which in lipaemic sera found in
chronic renal oedema are too high, and his results gonerally

were above oedema level whether oedema was present or not.

As regards oncotic pressure Kylin reported actual fall during
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diuresis but gave little indication of salt intake or treat-
ment. Meyer(sl)also found the oncotic pressure falling during
diuresis and like Kylin attributed it to movement of water
from tissues. These workers along with McLure(Sz) et alil
believe that active water retention by the tissues 1is the
cause of oedema. It is of interest however to note that
Kylin(so)in his latest paper on the subject in 1933 admitted
that the serum protein level and salt intake are important
factors in the pathogenesis of oedema. In this connection

he quoted the work of Leiter(26)who by plasmapheresis induced
low serum proteins in dogs and then caused oedema to appear
or to increase greatly by administration of sodium chloride.
In such experiments it is lmprobable that an oedema-producing

(ll)found in

toxic effect on the tissues is present. Kumpf
nephritis generally, with the exception of the hypertensive
type, a lowering of serum albumin and an increase of serum
globulin. Since such changes were also found in pneumonia,
malnutrition, infections generally, and in liver disease,
without oedema necessarily occurring, he concluded that oedema
was not caused by reduction ©f serum proteins. With the ex-~
ception of nutritional cases and some examples of pneumonia,
however, as Kumpf(ll) admits, serum albumin was not below the
oedema level and the filgures obtained by him for pneumonia

are considerably lower than those reported elsewhere in the

literature. Xurthermore the tendency to chloride

retention does exist in that dlsease, dropsy indeed hav-
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3
ing been induced by administration of NaCl,(s ) and the

(11)

cases quoted by Kumpf were probably on a dist contain-
ing minimal amounts of NaCl. With regard to malnutrition
Kumpf(ll) stated that the same protein levels were observed
whether oedema was present or absent but as in the latter
case the subjects took neither food nor water, the absence
of dropsy is not inexplicable.

Shaw Dunn(54’55) found difficulty in explaining the
apparently unimpaired absorption of water from the intestine
and why the separation of fluid from the blood by the kidney
was not more effective if the oncotic pressure was reduced.
It seems reasonable to believe that oncotic pressure, although
much reduced, is still great enough to allow absorption of

(21)

water from the bowel. As Mayrs suggested it is possible

that fluid does not reach the kidney owing to pre-renal devia-

tion to the tissues. Shaw Dunn(55)

recoently put forward a view
which although perhaps incapable of direct proof yet offers

a reasoned argument in favour of the kldney being directly re-
sponsible for oedema of the nephrotic type. Owing to

slight glomerular damage all the nephrons are constantly at
work, instead of as normally, in relays. It follows that

the amount of glomerular filtrate remains unchanged, because

the blood supply to the glomerull is unimpaired; reabsorption

however must be much greater since many more tubules are in



20.

(55)
action., Shaw Dunn points out that the blood flowing

through the glomerull loses water and salts and thereafter
passes to the tubules where reabsorption is aided by the

raised oncotic pressure.
ACUTE NEPHRITIS.

While the evidence 1is strongly in favour of the appli-
cation of Starling'a(le) hypothesis to explain the problem of
the pathogenesis of renal oedema, it would appear from the
literature that the dropsy of acute nephritis cannot be ex-
plained on that basis. Many investigators have found that the
serum proteins in acute nephritis, if reduced, are above the
level at which oedema occurs in so-called nephrotic cases.

(57)and Swanson could find no relation between oedema and

Fahr
serum protein level and actually quoted a case with normal pro-
telns and marked oedema. Starlinger(sa)and Winands found that
serum proteins were essentially normal in the acute stages

of nephritis, while Blackfan,(ss)and Harrison(sv)and Wyllie,
working with children, stated that in acute nephritis serum
proteins generally fell within normal limits. From the figures
reported by the last-named investigators (Table 11) it is appar-
ent however that considerable reduction in serum albumin did

11
occur. Wiener *®and Wiener, Kumpt,‘*) and Moore(42) ana
van Slyke also found albumin below and globulin above normal.

None of these workers was able to establish a relation
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between serum protein level and oedema.

Actual measurement of oncotic pressure by Kylin,(sg’ 49)

and Schade(lg)and Claussen showed normal levels with slight

22
oedema. COpe( )found little alteration in acute nephritis.

These workers attributed oedema in acute nephritis to other

factors.
While in the mailn concurring with these findings, van
(44) 58

Slyke and his collaborators and Peters( ) et alii made

the important observation that in a certain number of cases
of acute nephritis serum proteins quite early in the disease
were below oedema level. On the analogy of cases of the
nephrotic type it was therefore unnecessary to postulate
other factors in the causation of the oedema when such bio-
chemical findings were obtalned. Mayéglglso, while he found
in acute nephritis oedema irrespective of oncotic pressure
level, in one case reported a very low figure comparable with
the state of affairs in the nephrotic syndrome.

It would appear therefore that except in a comparatively
small group of cases little relation has been found in acute
nephritis between oedema and oncotic pressure so that some
other factor must be adduced.

HYDRAEMIA. In his report to the Medical Research Council on
war nephritis Maclean(ag)held that with the acute circulatory
disturbances in the kidney occurring in acute nephritis oli-

guria and retention of water occurred leading to hydraemia
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and rise in blood pressure. Since oncotic pressure was dim-
inished through dilution it was unable to counteract rise in

(sg)evidence

blood pressure and oedema occurred. Maclean's
of hydraemia was drawn mainly from haemoglobin estimations.
The 28 patients on whom the investigation was carried out

fell into three groups:-

(1) Slight oedema, hydraemia marked.

(2) Cases in which the degrees of hydraemia and of
oedema were in proportion.

(3) Marked oedema with but slight or absent hydraemia.

60
Boyd( )in acute nephritis in chlldren reported low haemato-

crit readings but a normal total serum protein and concluded
that anaemia, not dilution, was present, a conclusion which

(4)

was supported by the findings of Brown and Rowntree.

(7)

Peters and van Slyke found no evidence in the literature
that changes occurred in blood or plasma volume in acute
nephritis. They also pointed out that changes of blood or
plasma volume should be accompanied by alteration in both
fractions of the serum protein to the same extent whereas
diminution of serum albumin and lncrease of globulin are al-
most invariably reported. Among their own cases a few were
observed however in which the plasma proteins, haemoglobin
and red cell volume rose together during diuresis. No ex-

planation other than blood dilution was forthcoming to explain

such a sequence of events. There would seem therefore to be
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some evidence of the existence of blood dilution in certain
cases of acute nephritis although in the majority neither
the oedema nor fall in serum albumin 1s explained by the

presence of hydraemia,

56
INCREASED HYDROSTATIC PRESSURE. Blackfan( )stated that

in acute nephritis of children serum proteins were normal
and that oedema was directly related to the blood pressure

(sg)and Kylin(SI)also observed a fair degree

level. Maclean
of relationship in thelr patients, but from the case reports
of van Slyke(44)and his co-workers a close relationship is
not apparent. It would appear therefore that the association
of ocedema with rise of blood pressure cannot be considered

to be definitely established. Bennett(se)indeed states that
hypertension is not by any means invariably present in acute

nephritis.

INTRACELLULAR OEDEMA. Kylin(61)considers that the oedema
of acute nephritis arises primarily in the tissues and quotes
cases of scarlatinal nephritis in which oedema and rise of
blood pressure appeared before albuminuria. Fischer,(g)

(10) (52)
and McLure et alii believe that in the early

Aldrich,
stages at least oedema is intracellular. The arguments which
have already been used against this view in the nephrotiec

syndrome hold good here also,
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12
INCREASED CAPILLARY PERMEABILITY. Peters,( )unable to

apply Starling's(ls) hypotheslis to the pathogenesis of oedema
in acute nephritis, held that increased capillary permeabil-
ity was present. In oedema fluids protein was in greater
concentration in the acute form of nephritis than in the
nephrotic type, while evidence of capillary damage was shown
clinically by haemorrhages in the fundi and elsewhere.
Kylin(el)also stated that haemorrhage into the retina was
common and was evidence of increased capillary permeability.
On this hypothesis Peters(lz)argued that the effective
oncotic pressure would be lower than the actual owlng to

the protein lost into the tissues exerting oncotic pressure
against that remaining in the blood stream,

This hypothesis is attractive but it must be pointed
out that there is little evidence that capillary damage does
occur. In children at all events retinal haemorrhages or
indeed haemorrhage in any situation is rare in acute neph-
ritis while the difference between protein content of effu-
sions in acute and chronic oedema 1is very slight. (See
table 7). Furthermore the actual increase in serum globulin
is difficult to explain if permeability be increased. Al-
though the globulin molecule might escape less easily than
the smaller albumin molecule, thus accounting for the main-
tenance of the normal level, the actual increase so frequently
noted in the globulin fraction is difficult of explanation

on this assumption.
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(58)
MALNUTRITION. According to Peters and his co-workers,

malnutrition, through its influence in lowering the serum
proteins, is a potent factor even in acute nephritis.
In their cases reduction of serum albumin below oedema
level was associated with anorexia and vomiting, and to
these factors in conjunction with proteinuria was ascribed
the decrease of serum albumin. This view has not yet re-
ceived any criticism but opportunity will be taken later
in this work to bring forward evidence to show that it is
untenabls.

By none of the aforementioned theories is a satis-
factory explanation of oedema of acute nephritis afforded.

The following facts emerge:-

(1) Occasionally hydraemia is present.

(2) In some cases a relationship can be made out between
hyperpiesis and oedema.

(3) In a proportion of cases oedema can be explained
entirely by reduction of oncotic pressure.

(4) By no single factor can oedema be explained in the
ma jority of cases.
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PART 1II.

THE SERUM PROTEINS 1IN HEALTH.

Since most of the work in this investigation is
concerned with fhe serum proteins it 1is necessary to have
a clear idea of the variations that take place in the in-
dividual fractions of serum protein in infants and children
who are not suffering from any disorder of nitrogen metabol-
ism., A survey of the literature has shown that few results
have been published dealing with albumin and globulin levels
in the serum where the estimations have been made by the
Kjeldhal method. As it is now recognized that this is the
most reliable method, it was necessary to obtain a series
of observations in which it was used. In this chapter
therefore are recorded 24 observations on apparently normal
children between the ages of 3 and 11 years and on 22 infants.
The former subjects were all well nourished and afebrile
and consisted of patients convalescent from rheumatism or
suffering from enuresis and epllepsy. The method used was

that of Howe(l)as modified by Hawk (2)

and Bergeim. Table 1
and figures l-4 show the results in detall, together with
calculated oncotic pressure obtained by Govaert's(s) formula,
Total protein ranged from 6.83 to 8.24, albumin from 4.45 to
5.94 and globulin from 1.52 to 2.94 gm. per cent. Calculated
serum oncotic pressure ranged from 27.8 to 35.5 mm. Hg. These

results are very similar to those published in a recent article
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The serum proteins betwesn 2 and 11 years in normal subjects.

27.

otal Calculated
Case | Sex. | Age in |Protein. Albumin. Globulin. oncotic
No. years. | Gm.% Gm.% Gm.% pressure.

mm.Hg.

135 F. 4 6.84 5.32 1.52 3l.4
136 . 3 6.87 4.49 2.38 28.0
137 M. 5 7.75 4,81 2.94 30.6
138 M. 5 6.84 4,74 2.10 28.9
139 M. 5 8.01 5.22 2.79 32.6
140 M. 5 8.24 5.43 2.81 33.9
141 F. 5 7.25 4,97 2.28 30.5
142 M. 7 7.38 5.10 2.28 31.2
143 M. 7 7.54 5.18 2.36 31.8
144 M. 8 7.22 4,72 2.50 29.4
145 F. 8 6.84 4,45 2.39 27.8
146 F. 9 7.58 5.94 l.64 34.9
147 F. 9 7.43 4,70 2.73 29.6
148 M. 10 7.10 4,72 2.38 28.4
149 F. 10 7.64 5.28 2.36 32.3
150 F. 11 7.78 5.27 2.51 32.9
151 F. 11 7.27 5.52 1.75 32.8
152 F. 11 7.34 5.12 2.22 31.2
153 F. 11 6.83 4,99 1.84 30,0
154 M. 10 8,02 5.92 2.10 35.5
155 . 8 7.78 5.62 2.16 34.0
156 . 9 8.04 5.25 2.79 32.8
157 M. 8 7.03 5.42 1.61 32.5
158 M. 10 7.62 5.59 2.03 33.6
Average:- 7.42 5.15 2.27 31.5
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by Peters(4) and Elsenman who estimated total serum protein
by a modification of Howe's method in 52 adults on 109 occa-
sions, They found that it lay between 6.3 and 7.7 gm. per
cent. in 90 per cent. of instances. Fifty estimations of
serum albumin in 34 subjects lay between 4.1 and 6.1 gm. per
cent, but in only one case was the level above §.5 gm., per
cent.,. Serum globulin ranged from 0.9 to 3 gm. per cent..
In only one instance did it fall below 1.4 gm. per cent.. They
conclude that the normal limits of variation are;-~ Serum total
protein 6.0-8.0 gm. per cent., serum albumin 4,0-5.5 gm. per
cent, and serum globulin 1.4 to 3.0 gm. per cent..

The results of other workers who have employed Howe's(l
method are given in‘table 2 together with those obtained in
the present series and 1little difference 1s apparent.

Earlier reports have indicated that globulin is
8lightly higher in females than in males. 1In the large series
of Peters(4)and Eisenman no difference was observed, a find-

ing 1n keeping with the results obtalned in this work,
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The Normal Serum Proteins.

29.

3 Calculated
Auth Serum |[No. of Total oncotice
utaor, or Pa- | Age. |Protein|Albumin|Globulin| pressure.| Sex.
Plasma |tients gm.% gn.% gm.% mm . Hg.
Present Chil-
series. S. 12 dren.| 7.54 5.20 2.34 31.9 M.
" 12 mo| 7,32 | 5.11 2.21 31.2 F.
McLure(s)
(6)
Salvesen P. 16 [Adults| 7.00 4.44 2.58 28.9 M.
" 16 " 7.02 4,35 2.68 27 .7 F.
Linder(’) | b. g | " 6.73 | 4.11 2.61 26.2
et alil.
Bruckman(8)
et alii S. 13 n 6.93 5.06 1.89 30.5 M.
n 8 " 7 .61 4,98 2.62 31.0 F.
Kumpf(g) S. 8 " 7.17%7 4,82 2.34 29.8
oore(lo)&
van Slyke P. 9 " 7.10 4,30 2.80 27.7

¥ pccording to Peters

and van Slyke serum total

protein may be 0.3 to 0.4 gm. per cent. less in plasma

than in serum if potassium oxalate be used as an anti-

coagulant owlng to abstraction of water from the red

blood corpuscles.
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Age.

Several authors have reported that the serum proteins
in the first months of life are lower than the adult level.
Mello-Leitao(lz)and Bakwin(ls)and Rivkin reported that adult
level for serum total protein was not attained until eight-
een months. Kylin(14)found that under 2 years serum total
protein ranged from 4.6 to 6.5 gm. per cent. as compared
with 6.4 to 8.6 gm. per cent. in subjects over two years.

He also measured serum oncotic pressure and found that it
ranged from 17.0 to 26.0 mm. Hg. under two years to 29.0 to
37.0 mm. Hg. over that age. Darrow,(ls)quoted by Peters
and Eisenman,(4) lends support to the results of previous

investigators with the following figures.

Calculated
Total Oncotlic
Age. No. Protelin Albumin Globulin TPressure.
am.% kgm.% gm.% mm. Hg .
"Premature” 26 4.941 0.6 3.58% 0.5 1.181% 0.7 20.4
Two weeks 20 5.5210.,6 3.734+0.3 1.781 0.4 23.0
5-8 months 14 6.291:0.3 4.28% 0.4 2.011%1 0.3 26.3

All these workers, save Darrow, whose method is not stated,
used the refractometer.

Ray(ls)and Phatak on the other hand employing Green-
berg's(lv)modification of Howe's(l)method found in twenty
new-born infants the followlng averages:- Total protein 7.0
gm. per cent., albumin 5.1 gm. per cent. and globulin 1.9 gm.

per cent.. Govaert's(s)formula applied to these figures
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gives a calculated oncotic pressure of 30.7 mm. Hg.

In this work the serum proteins have been estimated
in twenty-two apparently normal infants whose ages ranged from
three to twenty-three months. The majority of the cases suf-
fered from rickets or some disease of the nervous system.

None were acutely 1ill or had fever. Table 3 shows the results.
Serum total protein ranged from 6.04 to 8.00 gm. per cent.,
albumin from 4.12 to 5.91 gm. per cent. and globulin from 1,13
to 2.82 gm. per cent.. Calculated oncotic pressure ranged
from 26.5 to 34.4 mm. Hg.. The average figures were total
protein 7.08, albumin 4.95 and globulin 2,13 gm. per cent.,

and the average calculated oncotic pressure was 30.1 mm. Hg..
The results are shown graphically in figures 5-8.

Comparison of the figures for infants and for older
children shows little difference either in range or in aver-
age. If the infants are grouped in age periods (table 4) a
slight rise is seen in serum albumin and a slight decrease
in serum globulin with advancing age. The slight rise in
oncotic pressure which also occurs reflects the increase in

albumin.
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Normal Serum Proteins under 2 years of age.

Case Age. Total Calculated
No. Protein | Albumin | Globulin Oncotic Pressure.

gn.% gn.% an.% mm. Hg.
159 15 weeks 6.87 4.49 2,38 27.8
lé0 | 16 " 7.19 5.10 2.09 30.9
l61 | 17 " 7.22 4,96 2.26 30.4
162 19 " 7.10 4,48 2.62 28.3
163 | 27 " 6.56 5.43 1.13 31.5
164 9 months 7.63 5.38 2.25 32.7
165 | 9 " 6.94 4,12 2.82 26.7
166 9 " 7.33 4.77 2.56 29.8
167 10 " 6.79 4,92 1.87 27.1
168 i1 7.72 4,95 2.7 31.1
169 11 " 6.82 4,14 2.68 26.5
170 | 1 year 6.04 4,83 1.21 28.5
1|1 ® 6.41 4,92 1.49 29.1
172 13 months 6.31 5.08 1.26 29.5
173 | 14 " 7.69 5.21 2.48 32.1
174 | 16 " 7.64 4.95 2.69 31.0
175 17 " 7.91 5.39 2.52 33.2
176 17 " 6.58 5.04 1.34 29.6
177 18 " 8.00 5.22 2.78 32.6
178 18 " 6.55 4.84 1.71 29.0
179 | 20 " 7.33 4,82 2.51 30.0
180 | 23 " 7.31 5.91 1.40 34.4
Average:- 7.08 4,95 2.13 30.1
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TABLE 4.

The serum proteins in infants according to age.

No.of Total Calculated
Age. cases., | Protein | Albumin | Globulin |Oncotic Pressure.
gm.% gm.% gm.% mm. Hg.
6-12 " 7 7.11 4.81 2.30 29.8
12-18 " 6 7.00 5.06 1.94 30.5
18-23 " 5 7.11 5.16 1.95 31.1
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PART II1I.

OEDEMA OF ACUTE NEPHRITIS IN INFANCY

AND CHILDHOOD.

In this section of the thesis it is hoped to
adduce evidence showing the important r8le of serum protein
reduction in the pathogenesis of oedema in acute Bright's
disease. It will facilitate a dilscussion of thls problem
if prior to dealing with the results of serum protein
determinations some conslderation is given to findings
which throw light on the various other hypotheses of renal
oedema. Accordingly the first chapter is devoted to this
purpose. This is followed by a consideration of other clini-
cal and biochemical data with special reference to their
relationship to oedema. Then follows a critical discussion
of the relationship between serum protein and oedema to~
gether with the part played by NaCl retention and eleva-
tion of blood pressure. This work is based on data obtained
from 100 cases of acute nephritis between the ages of 20
months and/2 years. The final chapters deal with the pecu-
liar characteristics of acute Bright's disease in infancy,
as observed in 10 cases under 18 months of age and with the
clinical and biochemical findings in the disease when com-

plicated by acute cerebral manifestations,
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Chapter 1.
Observations on factors having a possible bearin
on the pathogenesls oI oedema in acute nephritis.
CARDIAC DECOMPENSATION.

(1)

Maclean in his report to the Medical Research
Council on war nephritis found a temporary enlargement of
the heart to the left in 23 per cent. of cases. He ascribed
this to the fact that so many patients had to continue heavy
manual labour while actually suffering from nephritis. Num-

2,3,4)

erous authors( have observed some cardiac dilatation
in acute nephritis and Still(s)has found that an apical V.S.
murmur with some cardiac enlargement is common in children.
In only 2 cases of the present series of 100 cases of acute
nephritis (age 20 months to 13 years) was enlargement of the
area of cardiac dulness observed. In 12 others a V.S. mur-
mur was detected at the base; of these one child aged 20
months (case 75) had a loud pulmonic murmur probably indica-
tive of congenital pulmonic stenosis, two had pneumonia and
one scarlet fever. |
The following brief summaries give the essential
clinical and biochemical findings in the two cases with card-
iac enlargement.
*Tase 37 was a boy of 10 years who developed oedema ten days

before admission., When admitted he was in coma with frequent
convulsive seizures. The systolic blood pressure was 150 mm.

% Tn volume 2 the case reports are given in greater detail.
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Hg. and the heart was dilated both to the right and the
left of the middle line. Oedema was general. Blood chem-
istry:-

Total protein............... 6.38 gn.%
albumin...... ceeeecsee 4,17 !
globulin,.......000.00 2,21 "

Calculated oncotic pressure. 26.0 mm.Hg.

As will be demonstrated later (Chapter 5) the associ-
ation of hyperplesis with even slight diminution of oncotic

pressure is sufficient to account for the oedema.

Case 45 was a boy of 1l years who developed oedema 10 days
before admission. 1In hospital oedema was general, but there
was no ascites. Blood pressure was 156 mm. Hg. systolic.
Cardiac dulness was considerably increased to the right of
the middle line and slightly to the left. Blood chemistry:-

Total protein.........ccc... 5.93 gm.%
albumin.....ccoceeee0ee 4,31 "
globulin.......e0000e. 1l.62 "

Calculated oncotic pressure. 25.9 mm.Hg.

In this series it was rare to find cardiac dila-
tation in association with acute nephritis possibly because
the factors mentioned by Maclean did not operate. 72 per
cent. of the cases were admitted to hospital within eight
days of the start of the 1illness and nearly all were con-
fined to bed from the onset. It 1s of interest to note that
the two patients in thils serles with cardiac dilatation were
not conf}ned to bed, one till admission to hospital, the
other till the onset of convulsions the day before. In chil-

dren therefore there is no evidence that a cardiac element

plays any significant part in the pathogenesis of oedema of
acute nephritis.
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INCREASED CAPILLARY PERMEABILITY.

Since the capillaries are normally permeable to
electrolytes and water, increase of permeability must mean
at least functional damage to the capillary wall with con-
sequent escape of serum protein into the tissues. Peters(s’v’e)
and his associates have invoked this to explain oedema in
acute nephritis where serum protelns are usually maintained
well above oedema level. Presumably any protein which has
left the blood stream will exert oncotlic pressure against
the protein remaining in the vessels thus further reducing
the oncotic pressure of the serum. As evidence in favour of
this view Peters and his collaborators state that the amount
of protein in the oedema fluid of acute nephritis is greater
than that found in the oedema fluid of the nephrotic syn-
drome. They further claim that evidence of capillary damage
is denoted by the presence of haemorrhages into the retina
and elsewhere.

During the course of this work an ophthalmoscopic
exemination of the fundl was made in 58 cases of acute neph-
ritis. In only one of these, a patient (case 55) showing
cerebral manifestations (uraemia) with a systolic blood pres-
sure of 180 mm. Hg., was a haemorrhage into the retina ob-
served. In this child the blood chemistry was:-

Total protein..................  6.37 gg.g
albumin....coeeeeencences 4,16 "

globulin.....oeeeeeveeesss  2.21 O
Calculated oncotic pressure.... 26.0 mm. Hg.
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A slight reduction was thus present but much less than in
many cases without evidence of capillary damage.

That gross changes in the capillaries are rare in
acute nephritis in childhood may also be inferred from the
rarity of purpura in association with nephritis in this

(9)
series. According to Osman purpura 1s practically never
found 1in acute nephritis although he states that in the con-
dition of Henochs' purpura acute nephritis is a frequent
and dangerous complication. In 112 cases of acute nephritis
of all ages from 4 months to 13 years only once was purpura
observed to accompany the disease. The following 1s a brief
summary of the clinlcal and biochemical findings.
Case 53. A child of 5 years. Five weeks before admission
she had a purpuric rash lasting 2 weeks. A week later,
purpura, haematuria and jolnt pains appeared together. On
admission oedema was present and a purpuric rash was well
marked. The spleen was not palpable and the platelet count,
bleeding time and clotting time were normal. Ophthalmo-
scopic examination was negative. The systolic blood pressure wes
108 mm, Hg. The urine contained much blood and a large
quantity of albumin, 3-12 parts per litre, much more than

could be accounted for by the blood present. Granular casts
and blood casts were numerous. The urea concentration test

was poor:-
gn. %.

n n

Before uré...cecececee 1,6
One hour after......... 1.7
Two hours after........ 1.9

Blood chemistry:-

Total Calculated
Date. Protein| Albumin | Globulin | Oncotic Pressure | N.P.N.
gn.% gn.% gm.% mm, Hg . mgm . %
12.2.34 5.02 3.06 1.96 19.6 21.8
23.2.34 6.56 3.88 2.68 25.1 29,0
16.3.34 5.06 3.04 2.02 19.5 24,0
4.4.34 6.22 3.81 2.41 24.3 31.2
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These observations show that a considerable reduction
in serum albumin took place and that there was no nitrogen

retention.

Case 49, In this series another case, a boy aged 8 years,
was observed in which the association of purpura and acute
nephritis is doubtful. Four weeks before admission with
acute nephritis he attended the out-patient department with
an attack of purpura simplex lasting about a week. The urine
at that time contained neither blood nor albumin. On subse-
quent admission to hospital, there was marked oedema, haema-
turie and very heavy albuminuria. Azotaemia was present

and the systolic blood pressure was 118 mm. Hg.. No evidence
of purpura was observed. The blood chemistry was:-

Total protein..........e..... 6.25 gm.%
albumin......ooeeeen.e . 2.50 "
globulin ........... e 3,75 "

Calculated oncotic pressure.. 19.0 mm. Hg.

Non-protein nitrogen......... 50.0 mgm. %

It is clear from these observations that the capillaries
in acute nephritis do not permit the passage of blood into
tissues any more than in health. It may be urged, however,
that the serum proteins escape more readily from the blood
stream although no evidence of gross leakage is apparent.

If this is the case diminution of serum albumin and globulin
should be equal. This, however, 1s not in accordance with
the facts as is evident from the average figures obtained in
the present series (100 cases): these show a reduction of
serum albumin and a slight increase in globulin:-
Total protein..... 6.73 gm.%.
albumin..... 3.96 "
globulin.... 2.77 "

It may, however, be argued that albumin escapes more
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readily than globulin from the vessels since its molecule is
smaller and that the increase of globulin, which is often
found, is to be explalined by the presence of infection. It
will be shown later that infection is not invariable and if
it is present a rise in globulin is not always found (p.207).
Further a high globulin may occur when no demonstrable infec-
tion is present as in long-standing cases of the nephrotic
type. Perhaps the most convincing evidence against capillary
permeablility in acute nephritis is shown by the serum pro-
teins in idiopathic purpura where, if in any condition, they

ought to pass easily from the blood stream.
TABLE 5.

The serum proteins in idiopathic purpura.

Case ng%a}n Albupin Globulin Remarks

gn. gm.% om.%
101 9.11 6.17 2.94 No urinary changes.
102 9.56 5.35 4,21 " n n
103 8.22 5.20 3.02 " n n
104 9.56 5.36 4.20 " n n

In the foregoing table (table 5) are given the bio-
chemical findings in 4 cases of idiopathic purpura with
extensive caplllary leakage. In all these patients with
gross capillary damage serum albumin remained at high normal

level and serum globulin was increased. On the other hand,
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if capillary permeability be the cause of reduction of serum

proteins in acute nephritis, it is remarkable that as many

as 12 per cent. of the present series of patients with acute

nephritis should have oedema, sometimes very marked,without

alteration in either serum albumin or serum globulin (table 6).
TABLE 6.

Cases of acute nephritis showlng oedema with
normal serum prouveins.

Total Calculated Duratlon of |
Case | Protein | Albumin | Globulin | Oncotic |Degree of oedema
Pressure. oedema. in days.
gm.% gm.% gn.% mm.Hg,
83 7.33 4,69 2.64 29.4 T 6
5 7.38 5.00 2.38 30.9 ++ 8
T 7.65 5.19 2.46 31.9 ++ 3
65 6.98 4.45 2.53 28,0 ++ 4
35 7.94 5.48 2.46 33.6 + 3
o7 8.64 6.12 2.52 37.2 + 6 ?
47 7.32 4.56 2.76 28.9 + 15
80 7.02 5.31 1.71 31.8 + 4
31 7.40 4,93 2.47 30.6 + 7
79 | 8.63 6.12 2.51 37.1 " 7
3 7.70 6.15 1.55 35.9 + 4
92 | 6.58 4.7 1.80 28.7 3 5

Peters and his assoclates state that the concen-

tration of protein in oedema fluid is higher in acute
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nephritis than in the nephrotic syndrome and offer this in

support of the capillary damage theory.

(6
Peters

)
himself

however admits that the difference between the two condi-

tions is but slight.

ed from Peters and van Slyke

The following table (table 7), adapt~

(8)

TABLE 7.

shows this.

Protein in oedema fluids.

Total
Diagnosis. Source. Protein | Albumin | Globulin
gn.% gm.% gn.%
Nephrotic syndrome. Nephrosis. | Subcutaneous 0.1 - -
oedemna.
" " " Pleural 0.3-0.6 - -
effusion.
" " n Ascites. 0.1-0.9 | 0.1-0.5 | tr.-0.4
Acute nephritis. Subcutaneous 0.1 0.1 -
oedema.
" n Pleural 0.6 0.5 0.1
effusion.
n n Ascites. 0.6+-1.0 | 0.4-0.6 [0.3-0.4

The only specimen of oedema

fluid examined in this

investigation was obtained from the abdominal cavity at oper-

ation on a case of acute nephritis (case 49).

The results

of analysis show that the protein concentration was only

(8)

slightly higher than that given by Peters and van Slyke

for nephrosis.
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SOUrCO.cceeccecccns Asclitic fluid.

Total Protein..... 0.98 gn.%
Albumin..... 0.61 n
Globulin.... 0.37 "

In brief it may be saild that a consideration of the clinical
and blochemical evidence gives no support to the view that
damage to capillary endothelium 1is a cause of serum protein

reduction and oedema.

INCREASED ACID PRODUCTION.

(10)
The general objections to Fischer's view that

oedema results from the imhibition of fluid caused by an
increased acid production have already been stated in Part I.
This hypothesis has not received much special consideration
but it is of interest to record the relationship of blood
carbon dioxide to acute nephritis. If Fischer's view were
correct one might logically expect reduction in the carbon
dioxide of the blood in that condition. From the results of
the investigation of 30 cases (table 8) it is evident that

unless acute nephritis is complicated by cerebral manifesta-

TABLE 8.
The COs in Acute Nephritis,

Class of case., Number of | Range of COs. Average.
Cases. vols.% vols.%
Acute nephritis. 24 42.5-68.2 52.9
Acute nephritis 6 27.5-54.0 40.4
with uraemia.
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tions (uraemia), the carbon dioxide of the blood falls within
normal limits. No relationship was observed between the car-
bon dioxlide level and the degree of oedema in elther group.
Furthermore in the nephrotic type of case when oedema is a
marked feature, Graham(ll)and Morris find that no abnormality
of the alkaline reserve of the blood occurs. The reaction of
the oedema fluid 1itself was noted by Maclean to be alkaline.
These findings seem to provide an additional argument against

(10)
the acceptance of Fischer's hypothesis,

Summarz.

(1) Cardiac dilatation is infrequent in acute nephritis in

childhood, being detected in only 2.0 per cent. of cases.

(2) ©No clinical or biochemical support is given to the view
that increased permeabllity of the capillaries is a
factor in the production of oedema in acute nephritis.

(3) No reduction of the 002 of the blood was noted in acute
nephritis except in uraemic cases where it was slight
and inconstant. This militates against the acceptance

of Fischer's hypothesis of increased acid production.

e N L L X T X X ey
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Chapter 2.

Some blochemical and clinical findings in acute
nephritis with speclal reference to oedema,

AZOTAEMIA.

Incidence.

The incidence of azotaemla in 100 cases of acute
nephritis between 20 months and 13 years is shown in figure 9.
In 57 per cent. of patients non-protein nitrogen was above
the upper limit of normal. One case, not shown in the figure,

had the high value of 280.0 mgm. per cent..

Relation to oedema.

For the purposes of this paper oedema has been classi-

fied by clinical estimation as follows:-

0 = No oedema.

F = Puffiness of the face.
= Pitting.

++ =  Anasarca. Effusions.

In 12 cases which were observed at times varying from one to
nineteen days after the onset of the nephritis no oedema was
detected clinically. Table 9 shows that there was little

relationship between oedema and the non-protein nitrogen level

of the blood.
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TABLE 9.

The relation of azotaemia to oedema.

Per cent. of |
Oedema.| No. of N.P.N.Ave.| N.P.N.range cases with
cases. mgn.% mgm.% normal N.P.N.
0] 12 60.0 20.6-190.0 42
3 31 48.8 19.1-113.0 39
27 55.4 22.4-176.5 48
++ 30 55.7 17.0-280.0 43

Relation to blood pressure.

If rise of blood pressure in acute nephritis is a
reaction to the blockage of the renal circulation one would
expect some relationship between the height of the blood
pressure and the level of the non-protein nitrogen of the
blood. Figure 10 however shows the complete absence of such
a relationship in 75 cases who were examined immediately
after admission to hospital early in the illness. PFurther-
more very high levels of blood pressure were found with
little or no rise in non-protein nitrogen while with slight

or moderate hyperpiesis marked azotaemia was not infrequent.

Value 1n Prognosis.

The following figures confirm the general belief
that the initial level of non-protein nitrogen of the blood
in the early stage of the disease 1s of 1little prognostic
value. In this series very high or normal levels occurred
with no apparent relation to the course or duration of the

disease. (table 10).
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TABLE 10.
Case No. N.P.N. Result.
mgm.%

82 96.3 Well

41 88.2 Well. TUraemic.

97 42.2 Died. Pneumococcal
meningitis.

12 40.6 Well. Uraemic.

87 90.9 Well.

70 133.0 Well.

49 50.0 Died.

58 31.3 Much improved.

29 280.0 Much improved.
Uraemilc.

38 33.3 Well.
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