; THES IS
Submitted to the University of Glasgow
for the Degree of Doctor of Medicine.

-000~

"Phe Plasma Cholesterol in Nephritis -
Observations on e Short Series of Cases."”

—000—

By
Christian M. Fleming.

000

April 1930.



ProQuest Number: 13905311

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction isdependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

uest

ProQuest 13905311

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code
Microform Edition © ProQuest LLC.

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M 48106- 1346



THE PLASMA CHOLESTEROL IN NEPHRITIS - OBSERVATIONS

ON A SHORT SERIES OF GASES.

. Although cholesterol was first isolated in 1775,
little was known regarding it until a comparatively recent
date. In the last twenﬁy years much work has been done
on the various problems connected with cholesterol as it
occurs in physiological and pathological conditions. Its
metabolism unfortunstely is not yet fully understood and
until it is so, many of these problems will remsin unsolved.
It is known, however, to be closely associated with fatty
acids and lecithin.

Cholesterol is found in the blood in two forms:-

(a) as free cholesterol which exists mostly in the cellular
elements, and

(b) as cholesterol combined with various fetty acids to
form esters. This latter form predominates in the

plasma, but free cholesterol is also present. The two

forms together constitute the total cholesterol of the

= blood, and it is this combined value which is considered in

 the preéénttwqu.

In numerous pathological conditions, variation in the
cholesterol content of the blood occurs. Nephritis is one
of the diseases which has excited most interest and many
investigetions on the subject have been made. Campbe{%)

in 8 review on "Cholesterol in Heslth and Disease", comments

X

®

on the discrepancy in the various results recorded, especially

by the earlier worzers. He concludes thst, on the whole,
high values sre likely to be found in chronic parenchymatous
nephritis, and to a less degree in chronic interstitial
nephritis, and that in the latter, a fall occurs with the

onset of ursemisa. He adds, however, that more work is
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necessary to determine the exact conditions in nephritis
under which an incresse takes plsace. It seemed therefore
worth while, to investigate & series of cases, not only
to confirm results already obtained but to asscertain the
diagnostic and prognostic significance of the Cholesterol
Content of the blood in the various types of nephritis.

Eresent Investigation.
To elucidate these points euiimations were carried #
out on I. A 8eries of healthy control oases.
IX. A geries of patients suffering from nephritié.

III. A series of patients with renal conditions
other than nephritis.

IV. A series of cardisc cases with oedema.

Method of Investigation.

In all the nephritic, and in most of the other cases,
specimens of blood were taken, for convenience' sake, just
before the beginning of a2 urea concentration tést, 80 that
the same sample served for the estimation of both choles-
terol and other substances. In the few remaining cases,
where this procedure was not adopted, specimens of blood
were collected three to four hourg after a light breakfast.

The cholesterol estimetions were made on the plasma
after the technique of lMyers and Wardell, as modified by
McAdam and Shiskéi)and each estimation‘was done in duplicsate.
Extraction with chloroform in & Soxhlet apparatus was
allowed to proceed for three hours. The standard solution
used was of cholesterol in chloroform. This was found to
be much more satisfactory than the solution of naphthol
green B, which it had been suggested might replace the
chloroform standard. Nevertheless, difficulty was often
experienced in matching the two gsolutions owing to a

difference in the shades of green of the standard and the
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unknown. The fact that this difference occurred in

some egtimations and not in others, while the same
chloroform and reagents were in use, suggests that it ig
due to some difference in the plasmas. It was noted that
~overheating at any point in the procedure, or the presence
of moisture lowered the readings. Where the duplicate
readings were not in close agreement, the estimation was

discarded.

Results obtained. I. Control Caseg.

A series of seventeen control estimations were made,
ten on students, and seven on patients who had been in
hospital for various conditions not known to be or likely
to be essociasted with any change in the cholesterol content
of the plasma. The maximum, minimum and mean readings
were respectively 227, 138 and 170 mgs. per 100 ccs. These
figures are slightly higher than those found by other workers
using the seme method. McAdsm and Shiskiﬁ)found the range
to lie between 191 and 133 mgs., while Maxwel% gives
maximum and minimum figures of 200 and 130 mgs. campbe{%)
takes the normal range to be 150 to 200 mgs. with an
average of 180 mgs. Bloéﬁ)at an earlier date, :using a
different method found the average value to be much higher
and gives 220 mgs. as & mean cholesterol value.

On the whole, the impression gained in this investi-
getion is that the upper normal limit is frequently higher
than the commonly accepted value of 200 mgms.

II. Nephritic Cases.
Egtimat ions were made in 60 cases of nephritis. In

some instances there was difficulty in classification, but

the following grouping was eventually adopted.

Group/



~4-

Group le.Acute Glomerular & Tubulo Glomerular Nephritis 22 casea.

Group 2.Chronic Interstitial Nephritis 11

Group 3.Arterio/Sclerotie Cases "
Group 4.Chronic Parenchymatous Nephritig: u13 "
Group S5«Mixed type of Nephritis 5 "

The results in this series can be most conveniently
recorded by giving the general findings in tabular fom, in
the firs instance, and thereafter considering the general
groups in greater detail.

Group Cholesgterol Content 8f Plasma in
mgms.per 100 ccs.
Maximum Minimum © Mean.

I. Acute Nephritis 363 131 223
II. Chronic Interstitial ,

Nephritis 266 1@1 182
III.Arterio Solerotiec Cases 314 166 245
IV. Chronic Parenchymatous

Nephritis 408 160 259

V. Mixed Type of Nephritis 333 195 253

We shsll now consider the groups in detail, paying
 particular sttention to the behaviour of the plasma choles-
terol during the course of the disease, the significance of
a rise or s fall in the amount, and the association with

oedema, and with nervous disturbances.
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GROUP I.
Acute Nephritis Gases No.l - 22.

In this group thefe were 22 cases. - The charscter—
istic features of these were (1) slbuminuria, with or
without héematuria (2) raised blood pressure (3) oedema
(4) headeche (5) gudden bnset in an apparently healthy
individual. The criterion of recovery taken was the
ebsence of albumin from the urine.

The meximum, minimum and mean readings for the group
were 363,'131 and 223 mgms. per 100 ccs. respectively.
Second estimations made before dismissal in 21 of the cases
gave the following figures: maximum 274, minimum 114 and
mean 186 mgms. There is therefore a tendency towards a
decreagse in the amount of cholesterol in the plasma, during
recovery. The most marked example of this fall in the
plasma cholesterol is seen in the case of patient No.lH
who was having repeated convulsions on admission. The
reading at this time was 274 mgms., while before dismissal
the gho;esterol content had fallen to 140 mgms., & decrease
of 134 mgms

Phree cases, Nos. 7, 8 and 21 shewed an incresse in
cholesterol during convalescence. In cases Noe.7 and 8
the increase was slight and may possibly be explained by
the fact that in both patients there was evidence of an
infectioﬁ. Case No.7 was subject to malarial sttacks
from one of which he had just recovered on admission t&
hospital, while case No.8 had a generaliged slight
glandular enlargement. As s reduced cholesterol content
is found in acute infections, the ultimate rise in these
cases might merely indicate & gsubsidence of the infective
process. Case No.8 made & good recovery and had no
glbuminuria on dismissal. Two years later, she was found

on examination to be in excellent condition, and hed gone

through/
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through a pregnancy without any evidence of renal disturb-—
ance. The cholesterol content at this time — i.e. two
years after dismissal from hospital, was 178 mgms. Case
No.7 has unfortumately not been traced. One cannot draw
conclusions from one case but in comparison with cases
Noss 47,49,54,55 and 59 of the parenchymatous group, it
would suggest that a slight rise in the cholesterol content
is not of serious éignificance provided the albuminuria is
disappearing. The remaining case, No.2l, which shewed a
rise in cholesterol during convalescence wag uraemiec on
admission and had nitrogen retention in the blood. . The low
initiel reading in this case may be associated with the
urasemiea in which low values are common. The low readings
in these cases have been ascribed to toxiqe influence,
glthough direct proof is scanty. A certain increase in
cholesterol was therefore to be antieipated in this case,
but in point of fact, the value inocreased to an abnormal
extent., Phe behaviour in this respect resembles, and is
probably akin to that observed in cases of infectlon where
a low readﬁng in the acute stage is followed by an abnormally
high readihg during convalescencé?)-

With %hé'exception of six cases to be mentioned later,
all the patiemts had oedema in some degree but in none was
it excessive. Phe four cases shewing the greatest oedems,
Nosd, 7, 16 and 20, gave cholesterol values of 177, 200, 316
and 153 mgus. respectively, go that the oedema wag not
apparently proportional to the smount of eholesterol present
in the blood. Phis is not in agreement with the results
of Maxwelis)who found that in acute nephritis with oedema,
the cholesterol content is raised proportionately to the
oedems. ‘The possibility of a complication such as

snsemis being responsible for the normal cholesterol content

in/
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in those cases shewing considerable oedems has been
eongidered, but in none was any complication found, and
the degree of ansemia present wag slight.

The five non-oedematous cases, Nos. 9, 11, 12, 18 and
22, gave readings of over 200 mgms., the maximum being 333 mgms.
and, as in the majority of cases in the group, a fall in
cholesterol occurred with recovery.

In nine cases, the cholesterol content of the plasma
at the time of dismissal from hospital was over 200 mgms.
Of the nine cases, Nos. 7, 8 and 21 have glready been mentioned.
The remeining six, Nos. 6, 11, 12, 16, 19 and 22 all made &
very slow recovery, and five of them, Nos. 6, 11, 12, 19 and
22, were eventually dismissed with slight slbuminuris. Case
No.é, on examination five months later, was found to be very
well, and the urine free from albumin, while & similar
result was got in case No.ll, one year after dismissal. In
case No.19, examination made fourteen weeks after the onset
of nephritis, and one month after dismissal from hbsPital,
revealed a fall of 19 mgms. in the cholesterol content, the
value now being 224 mgms., but the slight albuminuris still «
persisted. Case No.22 was obsefved for & period of five
months after leaving hospital and during this time the
cholesterol content fell gradually to 154 mgms., a decrease
of 90 mgms. The urine however did not clear entirely, but
on seversl occasions was free from albumin. On the other
hand the only case of the six, who had no albuminuria on
dismissal, case No.16, was found four monthe later to have
s faint trace of albumin in the urine and casts in the
deposit. From these six cases, therefore, it would seenm
that s slowly falling cholesterol content 1is associsated
with slow resolution, if not indeed with a chronic lesion.

Six cases of the group had pronounced nervous

disturbance/
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disturbance. Five of them, cases Kos.1l3, 15, 16, 19 and
20 had convulsions, and their respective initial readings
of cholesterol were 174, 274, 316, 363 and 153 mgms. giving
an average value of 255 mgms. There was no nitrogen
retention in these cases, so that they are not comparable
to the sixth case, No.2l, or to the uraemic cases of the
chronic interstitial group. Although the average of

255 mgms. is sbove normal, the range of values in the five
cases is wide, and suggests thet there is no direct relation-~
ship between the onset of convulsions and the cholesterol
content. In case No.21 on the other hand, nitrogen reten-—
tion was present, and the normal value of 143 mgmse is in
accord with the normal or low values found in urasemic cases
of the group of chronic interstitisl nephritis. This point
will be discussed later.

The most gravely ill patiemt was case No.l6, in whom ~
the cholesterol content was 316 mgms., yet the degree of
oedema, and the severity of the fits were not greater than
occurred in several of the other patients of the group. A
noticeable feature of this case, however, was the toxic
appearance and slight cyanosis. A similar appearance was
observed also in cases Nos. 19 and 22, both of whom had
high cholesterol values. The significance of this is
doubtful, but the association of the two phenomena seems

worthy of note, and of further observation.

Gonc lusions.

In this group of acute cases, therefore, the main

findings arei«
1, While the level of cholesterol in the plasma may or may
not be unduly high, recovery is accompanied by a fall.

2. A slow or incomplete redovery is sssociated with a
tardy fall.

3./
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3. The degree of oedemea is not proportional to the amount
of cholesterol in the plasma.
4+ The onset of convulsions is not closely related to an
»abnormgl cholesterol content; where there is retention
of nitrogen in such a case (1 case) the cholesterol
content is normel.
It was hoped thst by periodic examinatione of the
acute cases at regular intervals after dismissal from
hospital a better idea of the prognostic value, if any, of
the cholesterol estimations might be obtained. Unfortunately,
this has not been found practicable except in s few cases.
The subsequent histories of patients are available, thereforse,

in only a small proportion of the series.
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GROUP 2.

Ghronic Interstitiasl Nephritis — Cases No.23-33.

Estimations were made in eleven cases of this type,
which was characterised by vascular changes, raised blood
pressure, and nitrogen retention in the blood. Most of
the cases shewed slso albuminuric retinitis. Five of the
patients had uraenia.

The maximum, minimum snd mean readings were 266, 141
and 182 mgms. respectively. Four cases gave values of
over 200 mgms. and of these, three, Nos. 26, 30 and 32,
had pronounced vascular changes while the fourth, No.25,
had generalised anasarca and was in extremis on admission.
Of the cases with slight arterial degeneration, the maximum,
minimum and mean readings were 194, 141 and 170 mgms. -~ that
is to say, the valuee were within the normasl range. h

Five of the patients, ineluding four with uraemia, died,
three of them before & second estimation could be made, and
subsequemnt readings are available in only gix cases of this
group. The average cholesterol content in the five fatal
cases was 195 mgus. Where & second estimation was made,
the reading shewed little change from the initisl velue, with
the exception of three cases, No.23, which will be considered
later, and cases No.28 and 33. In no ingtence did a decrease
in cholesterol accompany c¢linicel improvement. QOCases Nos.

28 and 33 were ursemic on admission and at this time gave
readings of 145 and 182 mgms. of echolesterol respectively.
During convalescence, a gradual rise in the cholesterol
content took place, the finsl estimations made just prior
to dismisssl giving ¥slues of 196 and 210 mgms. One year
later, caese No.28 was in apparenmtly good health, and had

only a slight slbuminuria; case No.3%, two months after

leaving/



leaving hospital, was well, but still excreting considerable
amounts of albumin. Her subsequent history is not known.
In these two éases, the rise in cholesterol should probably
be interpreted as & return to the normal, from the low
reading which had been found during the period of uraemis.
Regarded in this way the results agree with those 1in the
other ursemic cases of the group, and algo with the obser-
vetion of Maxweigz Henég)and others, who reported low values
in ureemisa.

It is of interest at this point to recell the fact that
in Group I of acute cases, the only patiemt shewing nitrogen
retention gave a low initial reading which graduallysrose
dﬁring convelescence. On the other hand, the remaining
cases of Group I which shewed marked nervoug symptoms but
had no nitrogen retention, did not have congistently low
values.

It would seem therefore that where uraemic manifestat-—
ions are associsted with nitrogen retention in the blood
such as occurs in chronic nephritis, especislly of the
interstitial type, and occasionelly in scute nephritis, low
or normal cholesterol values are the rule. The rise
oceurring during convalescence (3 cases) 1is interesting in
the light of H.enég2 work on chronic nephritis. He found
that cases which Wére progressing favourably shewed a
hypercholesterinaemia, and he suggested that cholesterol was
ahalagous to an antitoxin.

Case No.23 is worthy of note. The patient had been in
hospital eight months previously on account of chronic
interstitial nephritis, and the cholegterol content,
estimated on two occasions, was then 194, and 192 mgms. When
readmitted, the patient was in coma and the cholesterol was

found to be 173 mgms. Death occurred within 24 hours of
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admission, Post mortem exemination shewed the kidneys

to be much reduced in size, the right weighing Joz. and the
left 130z. while section revealed a complete absence of
normal renal tissue. The findings in this case and also
the course of events in case No.63 of Group 5, the mixed
type of nephritis which will be discussed later, shew that
the onset of ursemia in chronic nephritis is attended by a
fall in the cholesterol content of the plasmaiB)(g?is is

in agreement with the results of other workers.

Conclusions.

From consideration of these results it will be seen
that: _

1. In chronic interstitiasl nephritis the cholesterol content
of the plasma is within normal limits unless very
pronounced arterial degeneration is present.

2« Phe onset of ursemis is sccompanied by a low cholesterol
level.

3+ Recovery from uraemie is attended by & rise in the

cholesterol content of the plasma.

000
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It is convenient at this point to consider a group of
cages in whom Arter17<Sclerosis wag the predominant clinical
feature. Nine of theée cases had evidence of renal disease.

The difficulty of differentiation between srterio-~
sclerotic cases with rensal involvement and chronic nephritis
with secondary vascular changes is generslly acknowledged.
Evaéz)states that there is no sccepted clinical distinction
between the two, and that a “"pathogenic factor simultaneously
causes both renal and vascular lesions, & varying incidence
on renal or vascular tissue accounts for the unequal change
iﬁ these tissues in different cases."

For the purposes of this investigation, distinction was
made on two points:

(1) the very marked cardio-vascular signs and symptoms found
in srterio sclerosis, and

(2) the absence of nitrogen retention in the blood, with a
gdod response to the urea concentration test.
In genersl also, the arterio/seclerotic paxient wag stout

end florid whereas the chronie nephritic tended rather to

be pale and thin.

The meximum, minimum and mean readings for the whole
group were 314, 166 and 245 mgms. respectively, while for
those having nephritis, the figures ranged from 314 to 182,
giving an average of 256 mgms. Three cases had readings of
under 200 mgms; one of these had nephritis, case No.44, while
of the other two, one had asthma (case No.39) and the other
had haemoptysis for which he was sent to hospital as an
urgent case. It will be seen therefore that the figures for
the group are considerably higher than those for the previous
group of interstitial nephritis cases.

Case/
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Case No.4r is of imterest. The blood urea nitrogen
was 18 mgms. while a urea concentration test gave excellent
results. On posﬁ%?ortem examination however, the right
kidney was found to be slmost entirely fibrous with only a
narrow rind of renal tissue, while the vessels were markedly
sclerotic. The left kidney was less contracted than the
right but shewed marked interstitial change and arterio~
sclerosis. In this case the ureea concentration test was
no measure of the degree of renal damage which had occurred
in the course of generalised vasculer digease. The plasma
cholesterocl in this case was 307 mgms. In the 1ight of these
findings, it is possible that in many cases of arteriazéclerosia
the degree of rensal damage is much grester than is indicated
by routine tests of efficiency.

Two cases of the group, Nos. 40 and 42, were exceptional
in that they shewed nitrogen retention. PThey are included
in this group rather than group 2 because the clinical
picture was that of advanced arterioégclerosis. Both were
gstout florid men, whose chief complaint was dyspnoea and
weakness. The peripheral vessels were hard and tortuous,
and there was hypertrophy of the heart. Albuminuric retinitis
was absent. Patient No.40 gave a good regsponse to the urea
concentration test, but he was extremely 1ill, and died four
days after admission. The cholesterol content was 244 mgnms.

Case No.42 had had a mild nephritis eight yesgrs before.
At thst time, albuminuria was moderate, there were no casts
in the urine and the blood pressure was not raised. On
readmission the patient presented the picture described above.
He had some oedema which was most 1ike1y of cardiac origin,
being slight and confined to the lower extremities. The

cholesterol content was 245 mgms. It is probable that in

this/
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this case, there was a recrudescence of the original kidney
affectiqn at the time of readmission to hospital, but that
in the interval sgince the first sttack, the "pathogenia
factor", whatever its nature, had affected the vasscular
tissues more severely than the renal, thus producing a

clinical picture of arterizZ%clerosis, rather then of chronic

nephritis.

From considerstion of this group, therefore, it is
apparent theat the presence of arterio/sclerosis is usually
associated with a hypercholesterinaemia, particularly if a
rensl lesion is also present. In cases shewing no
albuminuria, the cholesterol content would appear to vary,
but the number of cases of this type investigated is much
too small to allow of any deductions. #

Difference of opinion exists regarding the association
of hypercholesterinaemia and arteriﬂngleroais, but a big
majority of workere have found that arteri?<;clerosis is X,
accompanied by & high cholesterocl content. Much experimental
and other work has been done in an attempt to determine the
nature of this relationship, and also the relationship of
hypercholesterinaemia to hypertension. Experiments on
rabbits by feeding with cholesterol have been madevby various
worke£22(9)and seemed to prove that arteric/sclerosis was
the result of hypercholesterinaemia.

These results however were not confirmed in carnivorous
animals. Dewé;O)found that feeding with cholesterol

o
produged not only arteriilfolerosis but /definite lesions in/-L~
. \ e
the tnbules(of)the kidney. 4
11
Newburgh in 1923 found that by feeding rabbits with

a diet rich in protein but with a low cholestercl content,

/
lesions resembling human arteriofsclerosis could be produced.

i
F

Later/
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(12)

Leter in 1926 he confirmed this, but Tfound also that where
arterio /sclerosis was present, & hypercholesterinaemia alsgo
developed. This elevation of blood cholesterol, Newburgh
believed to be due to & metabolie disturbance, directly
referable to the excess of protein in the diet, and not to
its cholesterol content. Other workers, Nuzum, Siegal,
Garland and Osboréis)produeed hypertension and arterioﬁscleroais
by high protein feeding and found that these phenomena were
most pronounced when the acid bese balance resulting from
prolonged feeding with protein was most disturbed.

| Reeent work by Moscowiéié)on experimental Arteria(;clerosis
is of interest. He found that the arterial lesions produced
by cholesterol feeding were not permanent -~ i.e. the lesions

were of the nature of a deposition of cholesterol in the

intima and were not hyperplastic in character. Moreover,

in investigations in the humsn subject he failed to find a

cons8tant hypercholesterinaemia in arterio selerosis, unless
& complication was present. He concludeg therefore that
cholesterol plays only a part in thé production of
experimental arterio sclerosis, and that the mechanical factor
of pressure is important.

(15)

Waldorp slso, from his own work and from a study of
the results of various other workers, concludes that hyper-
cholesterinaemia in itself is not sufficient to cause
hypertension, and arteri%Z?clerosis, but that in its
presence the hypertensive action of certain substances in
the blood,such as adrenalin’is increased.

It is therefore evident from this brief summary of
irnvestigations on the subject, that the problem i8 complex

snd that much work is still necessary.

Conclusions.

The main findings in this group are:

1./
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1le In Arterio/ksslerosis, with renal lesions, the cholesterol
content og t'he plasma is high.

2. The present series does not include a sufficient number
of cases without renal involvement to justify any conclusions
as to the level of cholesterocl in such cases. From a
review of the literature it is apparent that although
divergent views are held regarding the cholesterol content,

the majority of workers have found it to be above normal.
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Gﬁﬂgg 4.
Parenchymatous Nephritis — Cases Nos.47-59

. VvEstimations were made in thirteen cages of this type,
which was characterigsed by (1) the presence of albuminuiia,
haematuria and oedema, and (2) the absence of sardio-vescular
changes and nitrogen retention. In most cases also,
angemia was & marked feature.

The maximum, minimum and mean vslues for the group were
408, 166 and 259 mgmse. respectively, i.e. there is a definite

hypercholesterinsemia in these cases.

A second point of considerable importance is the genersl

tendency to a rise in the cholesterol eontent during convales—

- cence. This is shewn by the fol;owing regsults which were

obtained in nine csses in whom subsequent estimations were
made. The average initial reading was 252 mgmg., while the
average of the subsequent reading was 283 mgms. In these
nine cases, all oedems had diseappeared at-tho time of the
final estimation.

This feature has & special diagnostioc value, which is
illustrated by the following cases, Nos. 47, 49, 54, 55 and 59.
These cases were admitted as scute nephritis, but subsequent
progress proved the diagnosis to be wrong. The oedems in
Nos. 47, 54 and 55 was of moderate degree and disappeared in
a few days but the albuminuris and haematuria persisted.

Case No.49 had considerable oedema which persisted and even
increased for several weeks after admission. For no

apparent reason, the oedema suddenly end completely subsided
and the patient appeared to be making a good recovery. The
plasma cholesterol was found however to have risen to 400 mgms.
and the urine still contained abundant albumin and blood. The
findings suggested progressive tubular damage, and seemed

to indicate a poor prognogis. Subsequent examination, six
manths/
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months later confirﬁad this view. The patient then had
& moderate degree of anaemia and was still passing a
considerable quantity of elbumin and blood in the urine.
0f the four other cases, Nos. 47, 54 and 55 all shewed a rise
in their cholesterol values during convalescence while No.59
shewed very little change. Thus in an apparently acute
attaeck, an increase in the cholesterol content when accompanied
by persistent albuminuris is indicative of & chronic lesion.
In the above cases, the chemical findings served to
differentiate acute and chronic varieties of the same type
of nephritis. The following cases illustrate the application
of the cholesterol reading to the differentiation of types of
renal lesion. In cases Nos. 48 and 52, nephritis had been
present for several months before admission to hospital, but
the type of lesion was in doubt. Clinically, they were
regarded as cases of acute nephritis which were slowly
resolving. A study of the plasms cholesterol however shewed
it to be unduly raissd and suggested that the lesion was of a
more chronic nature. Later observations proved this surmise
to be correct. Case No.52 was a girl of 12 years of sge
whose rensl condition dated from an sttack of scarlet fever
four months before. There was no oedems or nitrogen retention
on admission and the blood pressure was not raised. There was
however & considerable degree of anaemis. The urine contained
sbundant glbumin end blood with numerous granular caegts. The
sholesterol content was found to be 240 mgms. and the case
appeared to be of a parenchymatous type. Two months later
however the blood pressure‘had risen by 10 mm of Hg., and the
ureq concentration test shewed a less efficient excretion,
while the cholesterol content had fallen to 215 mgms. The
latter finding in itself was confirmatory of the first
disgnosis, but when considered in the light of the rising

blood/
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blood pressure and decreasing excretory power, it seemed
rather to indicate an interstitial change in the kidneys.
In other words the patient was developing into the "mixed
type" of nephritis.

Reference has already been made to the opinion of
'Henes)that in chronie nephritis which is progressing
favourably there is & hypercholesterinsemis, whereaé in
ursemic cases and fatael caeses low values are found. It
is of interest therefore to note that case No.57 who had
& cholesterol content of 166 mgms. one of the lowest values
in the group, died within six months after leaving hospital.
No uraemic symptoms developed, the oedem& remained more or
less the same in extent and distribution as when the patient
was in hospital and death appeared to have resulted from
progressive weakness and anaemis.

In contrast to this, are three cases, Nos. 48,49 and 50,
who all hed high values, and in two of whom final readings
were over 400 mgms. On exemination, one and & half and two
years later, these patiems were found in good health, and
able for work, although still excreting considerable quantities
of albumin in the urine. In each case the cholesterol
content had fallen to normal. The conclusion reasched by
Henes would therefore appear to be justified.

In this connection the views of Maxweiz)are directly
" opposed to those of Henes. Maxwell found that cases where
the plasma cholesterol remeins high long after the subsidence ¢
of cedema are the cases in which uraemis supervenes, and in
whom most marked vascular changes ocecur. The results of
the present investigation indicate that this divergence of
opinion is probably due to a lack of obmervations on all
cases over a sufficiently long period. It is possible
that in cases with high values on dismissal from hospital
the/



-2]—

the cholesterol content would have been found to fall
gradually as in cases Nos. 48, 49 and 50. ‘This prolonged
observation modifies the significanece to be attached to
hypercholesterinaemia in that the condition is not

glways permanent. Moreover, this fall, as shown in

cases Nose 48, 49 and 50, may be regarded as comparable

to the more repid decline which occurs in ascute nephritis.
The cases reported by Maxwell in whom hypercholesterinsemia
proved to be an unfavoursble sign, were all between 30 and
50 years of age, whereas the patients in this series were
only half that sge, so that in the fomer, the renal lesions
were probably of a much more chronic nature.

The association of cholesterol and oedema in parenchy-
matous nephritis will now be considered.

The greatest oedema occurred in a boy of fourteen
years, case No.50, who had been decapsulated two years .
before. The diagnosis of parenchymatous nephritis had
been confirmed by histological exasmination of tissue excised
gt the time of operstion. The cholesterol conteht in
this case was 400 mgmse.

Three of the six cases shewing the greatest oedema,
Nos. 49, 50, 51, 54, 55 and 58, gave values of over 300 mgus.
Three cases, Nos. 47, 54, and 57, had normal readings, with
slight and moderate degrees of oedema, while case No.48 with
no greaster a degree of oedema, had a cholesterol content of
400 mgms. Thus slthough the majority of cedemetous cases
shewed a hypercholesterinsemia, there Were a few noticeable
exceptions. While comparison of cardiac cases with
oedema makes it certain that ocedema of renal origin and
increase in the cholesterol content of the blood are
closely related, it seems evident that other factors

most influence the condition znd determine the
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the incidence of oedema and hypercholesterinaemia in va:ious
cases.

Case No.Sé developed pneumohis and empyema shortly after
dismissal, while case No.55 died of sppendicitis and septi-
caemia, three months after leaving the medical wards. DPost
mortem examination of the lstter case shewed enlarged kidneys
with a subescute nephritis. Case No«56 is of interest in
view of the possibility of the pneumococcus being a causative
agent in the production of the anteacedent renal condition.
Eiwé%é?suggests the possibility of a pneumococcal infection in
the scute nephritis preceeding the development of lipoid
nephrosis.

The correlation of the plasma cholesterol with plasma

Proteins.

It has been found in parenchymatous nephritis that the
albunin globulin ratio of the blood is disturbed, the albumin
being much reduced, while the globulin is relatively,or it
may be absolutely, increased. Baé;7)suggested that the
cholesterol of the serum may be in combination with the
proteins and most proba?ig)wixh the globulin fraction.
Gardiner snd Gainsborough working on the cholesterol content
of normal humen plasma, found that it was difficult to
dissociate Sterol from tie globulin fraction of protein and
that & very large proportion of both esters and free
cholesterol was associated with globulin, while a very much
smaller fraction was associated with albumin. They suggested
that possibly changes in the albumin-globulin ratio of the
plasme might be associated with varistions in the Sterol
content of the plasma both in health and disease. Such an
explanstion is in accordance with the association of hyper-
cholesterinsemia with chronic parenchymatous lesions.

It has glso been found by Handovsky, Lohman and Boséjg)

working
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working with ox serum, that the stability of the cholesterol-
protein combination depends on the water ani salt content

of the serum. Phe latter are known to vary in nephritis,
and, 1f the findings of these workers hold for human as well
as for ox sera it is obvious that the cholesterol content
will be influenced by several factors. In this connection
more recent work by Peterg, Wakeman, Eisenman and Légois of
interest. They found that the only abnormality which was
characteristically and constantly present in nephrit ic cases
with oedema was the reduction in econcemtration of protein,
especislly the albumin fraction, in the plasma, and that this
was the only change that could be relsted with any consistensy
to the oceurrence of, or tendency to oedema. Another finding
of importance was that these patients had difficulty in the
excretion of both chloride and water.

Conelusions.

From considerstion of this group it will be seen thati-

l. High cholesterol values are the rule in chronic parenchymatous

nephritis.

2. Thet oedema is ususlly associated with hypercholesterinaemis,
elthough occasional exeeptions may ocecur.

3. During convalescence, the cholesterol level tends to rise
rather than to fall.

4. Purther observations suggest that this rise may be temporary,

to be followed by & gradual decrease to normal.

o000
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GROUP 5.

Mixed Type of Nephritis — Ceses Nos.b0-64.

Pive cases have been oclassed in this group, the oh#raoter—
istic features of which were the association of ocedema and
massive slbuminuria with cardio-vascular changes.

Oedema was present in every case at some time, but was
greatest in case No.63, who had & cholesterol content varying
from 333 mgms. to 208 mgms.

PThree of the patients shewed very definite deficiency
of urea excretion, while the fourth had only slight impairment
of this function. All the patients had severe headsche, and
varying degrees of gastro-intestinal disturbance.

The maximum, minimum and mean values for this group were
333, 195 and 245 mgms. per 100 écs - i.,e. the cholesterol level
tends to be raised. |

The behaviour of the cholesterol during the ecourse of the
disease in each case will now be discussed.

Cases Nos. 60 and 63 are of special interest because the
subsequent history is availeble. Case No.60 shewed little
improvement e¢linically while in hospital. Although the
oedemea disappeared, the severe headsche and dypnoea persisted.
The cholesterol content which was 200 mgms. on admission fell
in six weeks time to 166 mgms. This fall was co~incident
with the dissppearance of the oedema, so that the cholesterol
value seemed in this case to run parallel with the oedema,
rether than with the patiemtt's true condition. The patient
died from cardiac failufe foﬁr months after dismissal from
hospital.

Case No.63 was extremely oedematous on admission, the
dholesterol reading then being 3335 mgus. Two months lster
this figure had fallen to 303 mgms; the oedema had disappeared

and the patient looked and felt much better. There was no

decrea -/
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decrease in the albuminurie however, and the urea concentration
test shewed a less satisfactory excretion than on admission.
Headache was persistent. Seven months later, the patient
was readmitted to hospital with generalised oedema, severe
hesdache, visusel disturbanee, dyspnoea, and gastro-intestinal
upset. The cholesterol content was now found to be 208 mgms.
Phis caze, therefore, like case No.23, of the interstitial
nephritis group, shewed a decrease in the cholesterol content
with the onset of uraemic manifestations. Moreover, this
decrease in the cholesterol content, occurred co-incidently
with the reappearance of oedema which was no less extensive
than on his previous admission when the cholesterol econtent
was at its highest level.

The results in this case shew that the presence of b
extreme oedema is not invariebly associated with & high
cholestei'ol content and that the same degree of o=dems& in the
Same pstient may be found when the cholesterol content shews
such divergent readings as 333 and 208 mgms. The interpretat-
ion of this phenomenon cannot however be fully discussed at
this stage and the question will be referred to later when & K
series ofroedematous cardisc cases have been considered.

In case No.bl oedems on admission wes very slight and had
disappeared before the first estimation was made. The
reading at this time was 285 mgms. The urea concentration
test gave a satisfactory result. Six months later, the

petient was readmitted on sceount of persistent and severe

. headache, but otherwise his condition seemed no worse than

before. The blood pressure indeed hed fallen slightly, but
& ures concentration test shewed definite impairment, which
had not been present on the previous admission. The
cholesterol content was 196 mgms. It is presumed, in the
light of the findings in cases of chronic interstitisl

nephritis/
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nephritis, that changes of an interstitisl nature were
progressing in this case. Unfortunately, no subsequent
_details of the man's eondition are available.

Case No.62 waé admitted on ascount of great weakness
and pallor. Oedema was slight but headache and gastro-
intestinal symptoms were very severe. 'Phe initisl reading
in this patient was 250 mgms. Two weeks later when all
oedems had subsided, a second estimation gave a reading of
172 mgms. while a third estimation made three weeks after
the second, shewed that the cholesterol had risen to 192 mgms.
At that time, beyond a slight ameliorstion in the gastro-
intestinal symptoms, there was little change in the patient's
condition. The significance of these varistions is doubtful. «
The fall which occurred during the first two weeks may have
been associeted with the digsppearance of oedema, but if this
were so, it is difficult to account for the subsequeﬁt rise
in the absence of any definite change in the clinical condition
On the other hand comparison with case No.28 of the interstitial
group suggests that the low figure followed by a rise may have
been agsocisted with subsidence of the ursemic symptoms. It
is to be noted however that these were al ready diminishing
When the secon& estimation was made and the lowest reading
obtained. Another possible explanstion suggests itself in
this casge. By reason of long continued gastro-intestinal
disturbance before admission to hospitel this patient had
reached a very low state of nutrition. As starvation has
been found to be associated with hypercholesterinaemia, it

is possible that the initial high reading may have resulted

in some measure from inanition.
Case No.64 had considersble oedema, and slight ascites

on admissgion. The onset three weeks before nad been acute,

and there was no history of rensl disease. Examination

revealed/
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revealed an unusually high blood pressure whieh did not
fall to any great extent. The arteries were palpable
but not merkedly thickened. The cholesterol content
which was over 300 mgm8. on admission remsined high, and
shewed no tendency towgrds & decrease. Clinically, the
patient improved considerably although there was no
corresponding improvement in the state of urine or blood.

Conclusions.

As might be expected in the "mixed" type of case,
the significance of varigtions in the cholesterol content
i more difficult to interpret, and indeed so many factors
are involved, that the readings per se, are of little
diasgnostic value.

The fact of greatest interest which emerges from &
study of this small group is the association of a fall in
the cholesterol content of the plasma with the onset of
uraemis, irrespective of the presence or absence of

oedems.

—
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Rensal Cases other than Nephritia.
Cases Nos.65-71.

Estimations were made in seven cases of this type,

a8 followsi~

gases
case
n

Pyelitis

Pyelonephritis

Cystic and Tubular XKidney
Polycystic Xidney
Functional Albuminuria

n
n

W

One cagse of angioneurotic oedema was investigated
and is included in this group.

The cholesterol content ranged from & minimum of
130 to a maximum of 208 mgms., with a mean value of 171 mgms
that is %o say the reedings were within normal limits. It
is of interest that the case af pyelonephritis shewed no
hypercholesterinaemisa ~ 182 mgms.  Presumsbly, the
infective nature of the lesion, tending rather to & hypo—
cholesterinaemia would counterbelance any increase in
cholesterol which might have been associated with the

nephritis.

o000
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Cardiac Qages with Oedems..

cases Nos.za-zg.

This group comprises nine cérdiao cases all of whom
hed extensive oedema, and of whom several had slso hydro-
thorex and ascites. In every case there was & slight
albuminuria, the result of - venous congestion assoeiateé
with a failing heart.

The maximum, minimum and mean values were 196, 135 and
146 mgms. respectively. It is noteworthy that in no
patient, however great the oedema, was the cholesterol
content above 200 mgmso

This group forms an interesting contrast to the cases
of parenchymatous nephritis, snd raises the much debated
question as to the nature of oedem& of rensl origin.

The‘fact that in nephritis oedema is frequently found
in associetion with a hypercholesterinsemia while in the
oedems of cardisc origin, this does not occur, shews that
& close relationship exists between renal oedema and
hypercholesterinsemia. As has been pointed out, in
consideration of the foregoing cases, oedema is not always
associated with an excess of cholesterol, and conversely

e few cases of nephritis with hypercholesterinaemisa shew

no oedems. Purther, when the two are co-existent, there
is no constant proportion between them. It is to be

remembered slso that in other conditions such as diabetes

and arteri?/sclerosis hypercholesterinaemia is frequently

found without any oedema. It is apparent, therefore, that

the relationship between hypercholesterinaemia and oedema

ie not simply one of cause and effect.

Verious theories ag to the nature of oedema in

2)
barenchymetous nephritis have been advanced. Epstein

sonsidered/

T e
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oonsidéred that the oedema was due to changes in the

plasmé proteins and that parenchymetous nephritis was a
metabolic disorder associsted with hypothyroidism. 1In
gupport of this theory is his own wogéa)on the relation- r
ship of cholesterol to basel metebolism. He found in
hypothyroidism, where tie metabolic rate is low, that the
cholesterol content was high. Aub and Du Bo§§3)also

found that the basal metabolism was decreased in the
parenchymatous type of nephritis, thus lending further
support to Epstein's conception of the disease.

Blogi4?considéred that thefe wag retarded assimilation
of fafs agssocisted with an acidosis, while Kinder, Lundsgaard
and Van Sl§§g)believed that it was the mechanism of transfer
of fat to the tissues which was upset.

Faéié)concluded that oedems resulted from changes in
the capillary walls; that some extra-renal factor was
responsible for lesions both in the capillaries and in
the kidneyé and for the cholesterol infiltration of the
kidneys which oceurs in these cases.

Until the validity of one or more of these argument s
1s confirmed, and until the metabolism of cholewterol is
more fully understood, the ekact relstionship of

sholesterinsemia to oedems must remain in doubt.
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Summery end Conclusions.

l. While the majority of workers consider the nommal range
of the cholesterol content of the plssma to lie between
130 and 200 mgms. per 100 ccs., the reéults of this
investigation suggest that the upper normsl limit frequently
exceeds the accepted figure.

2. In acute nephritis the mein findings are:

(a) While the level of cholesterol maey or may not be
unduly high, recovery is aé¢companied by a decrease.

(b) A tardy fall is associated with a slow or incomplete
fecovery.

(c) The degree of oedems is not proportionsl to the
émount of cholesterol in the plesma.

(d) The onset of convulsions is not closely related to

an abnormal cholesterol content; where nitrogen retention
is present (one case) the cholesterol content 1is nommel.

3. Shronic Interstitial Nephritis.
'(a) In this type of nephritis, the plssma cholestercl is

Wiﬁhin normal limits, unless very pronounced erterial

degeneration is present.

(b) The onsat of uraemis is accompanied by & fall in the

éholesterol level.
(¢) Recovery from ursemia is attended by a rise in the
cholesterol content.

4« Arterio Sclerosis.

(a) In this condition, where & renal lesion is present,
the cholesterol vslue is constantly high.

5. Ghronic Parenchymstoug Nephritis.
(a) The plasma cholesterol is raised to a greater degree

in this type of nephritis than in any other.

(b) Oedema is usually associsted with hypercholesterin-

semisa, but occasional exceptions may occur.
6./
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6. The Mixed Type of Nephritis.
No constent values are found in this group, but the
aversge figure is above nomal.

7. In Renal Conditions other then nephritis, no hyper-
cholesterinaemis is found.

8. Cardiac cases with oedema shew no ineresse in plasma
cholesterol.

The msain diagnostic value of cholesterol estimetions
is in the differentiation between rensl and cardisc oedema.
In this connection, it should be noted that the different—
iation is most certsin in chronic cases, where a high value
will almost cgertainly be obtained in the presence of a
rensl lesion. In acute cases, the test is not so trust-
worthy, but a high value favours the diagnosis of nephritis.
In almost all cases, the necessary differentiation ean be
made from a single estimation.

In the second place, a single estimagtion is of value
in establishing a diagnosis of uraemis but it is obviously
necessary to consider this finding in conjunction with the
other clinical features of the case.

The test is of value, in the third place, in that it

Supplies an aid to prognosis in renal cases. For this

purpose, a single estimation is insufficient and a series
of observstions must be made.

In interpreting the behaviour of the cholesterol, the

type of nephritis must be borne in mind. Thus in en acute

nephritis s fall in the cholesterol level is a favourable
sign, whereas in chronie nephritis, a fall is generally
unfavourable, and associsted with the onset of uraemia.
Conversely, & rise in cholesterol in acute nephritis
suggests the development of & more permanent lesion, while

in chronic nephritis especially of the interstitial type,

a/
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& rigse frequently coincides withbclinioal improvement.

Additional informstion ean be obtained by noting
the rate of fsll in cases of scute nephritis, a slow fall
indicating a tardy recovery.

The above conclusions relate to the practical
application of the test, but it is of interest to note the
relationship of‘the cholesterol content of the plasma to
nitrogen retentidn, and to oedema.

The cholesterol value, in general, varies inversely 2
with the nitrogen retention.

As regards the relationship to oedema, this has been
deslt with in detail in the differemt groups, but on the

whole no direct proportion exists between the two.

Phe results of this investigaetion shew that cholesterol
estimstions have a definite diagnostic and prognostie value

in the study of nephritis.

My thanks are due to the Muirhead Trustees for their
grant of a Scholarship, and to Professor W.K.Hunter whose

patients were investigated.
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