STUDIES IN NEPHRITIS IN CHILDREN,
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Foreword.

The investigationmswhich form the basis for this thesis
were carried out in the medical wards and the biochemical
laboratory of the Royal Hospital for Sick Children, Glasgow.
The work was commenced at the suggestion of Professor Findlay,
to whom and to Doctors Morris and Graham I am deeply indebted
and very grateful for many kindly suggestions and criticisms.
Unless where otherwise stated, I am personally responsible
for the investigations and the deductions drawn therefrom.

- The thesis naturally falls into two parts:-

Part I - An analysis of the results of decapsulation
in a series of cases of subacute Nephritis.

Part II- A study of Nephritis in chilldren, with special
reference to the correlation of Clinical and
Biochemical findings, and suggesting an
original conception of the disease.
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Part I - An analysis of the Results of Decapsulation in a
series of cases of subacute Nephritis.

Historical:~ The twentlieth century opéned to a period of

activity in experimental renal surgery. Occasional success=
ful results accrulng in cases which turned out to be Nephritils
led certain surgeons, notably Harrison and Edebohls, to operate
deliverately in this disease.

The earliest technique consisted of simple puncture, then
incision, and later decapsulation. At first, only one kidney
was decapsulated, then both kidneys at different times, and
finally voth together. The early operations were carried out
in cases of acute nephritis, but further experience seemed to
show that any results to be hoped for were to be obtained in
subacute cases, in which oedema was a marked feature. One
explanation offered in support of the claims for success was
that the operation relieved the oedematous tension to which the
kidneys in common with the tissues generally were being
subjected, established a collateral circulation, and so encour-
aged a renewal of renal function. Since the publication of
Harrisont's first three cases in 1896f1) and of Edebohls' paper
in 190452)the operation has undergone an extensive trial.

Among others, Sir T Horder (4 caseig, J.Tyson (3 casé:;,
H.Koplik (5 caséig, T.Kidd (4 caségg F.D.Boyd (2 casés),

(8) (9) (10)
Je.S.Fowler (3 cases), J.W.Simpson (4 cases), and J Fawcett (2 cases)
have reported favourably on the results of the operation in
selected cases. Rovsing(ll)in a review of urologic surgery,
has recorded the results of a large series of operations over
a period of thirteen years. He divides the cases into groups,
and finds, on the whole, very favourable results 1n the diffuse
parenchymatous type.

In spite of the successes claimed for 1t, however, the
operation in more recent times has been falling into disfavour
in the general opinion. In his sddress on nephritis at the
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T4BLE 1

Duration
of illness
URINE. Biochemical Tests before operation. before Biochemical Test after operation. Summary of
CASE s - B/P. Blood. Alb. Urea Concentration Test, Pigment. Bl.Ures. operation. Ures. Conc. Test. Bl L1} Pathologist's
mm. 2nd. Hour sample. % ngbper 2nd. Hour Sample. % mg. per 100 cc.RBeport. REPORT,
- 100 ce.co
ledeSe 115/85 + o No recor:+ 19.4/7 wks. No records. No records. D:le[i of Nephritis. 2/2/1918.
. - ——— — - - - i
2eM. Co 110/70 «  + No recordg 17 weeks. No records. No record Die;.
3. W.B.| 110/68 | - s 444 22 weeks. Fo records Acute oatarr- [No trace sinee dismissal.
shal nephritis.
4.1.McA, - ++t 14 b 12.4/7 wks. No records No record. Pied following operation.
Sehe W, 100/65 z r4r 1.8% 48 to 64 19 weeks 3.5% “4 tosb No record. Complete POOOVery. .
6o Fo 2, t v+ Ho recordp 11.4/7 wks. No records. No record. Seen May 1925 "Perfeotly well’
7.9.D, 100/80 - PP 2,6% 63 30 15 months. 2.7% 62 "Mixed Nephritis|'Complete recovery.
8.CoMcL.| 128/100| - t 2.3% 20 27 24 weeks 24 8% 60 do do Ultimately died of nephritis
9o Ge Ws + + No rooordr 28 weeks No records Interstitial Seen 1.9/12 yoears after dis-
Nephritis. :missal "Greatly improved;
trace of albumin"

10¢ Re Le 90/60 - T Y 3% 46 22 weeks No records Diffuse glomer- |Died 12 days after operation.
ulo-tubular
nephritis.

11.J. 7. 95/70 | - ter ¥orecords 15 months No records Mixed nephritis. |Now in Eastpark Homes.
chiefly Evidence of Chronic inters-
glomerular. stitial changes.

12,J.#.5.| 104/68 - A le4% 58 27.9 29.5/7 wks. 3% 58 28.3 Mixed nephritis. {Now in Eastpark Homes.
chiefly tubular [Seems almost cured.

13.B.4, - ++r 1.5% 19 20 weeks. No records Glomerulo- tubuli
Ar nephritls. |Complete recovery.

14¢De Ce 110780 . +'+ 2% 45 19 Reeks. 2% 50 Glomeruloc tubul- |Complete recovery.
2ar nephritis,.

154 W o 118/80 + +4t 24 3% 47 18 weeks. No records Glomerulo-~tubul- [Seen Jany. 1928, '"Well but
HE: % ofY ol

1644 Le 80/56 - ++ 3.4% 18,8 9.3/7 wks. 2.5% 18 Subacute Paren- [Complete recovery.
chymatous neph~-
sritis.

17.9¢ Le 95/70 - +++ 2. 6% 35 16 weeks No records Glomerulo - Died of nephritis 5/2/26.

_Tubular,

18.N. T, 106/50 - ++ 2.4% 25 74 months. 2% 33 Glomerul Now chronic interstitial
nephritis be-~ nephritis.

onics

19.d.J0 88/50 t ++ No records} 17 months 52 Mixed nephritis [Lost sight of since

dismissal —

20.J.C | 118/80 | ++ | ¢4+ , 2% 10 weeks 2.9% 86 Acute glomeru- |Still cedems and albumimria
slar nephritis., [pregent. -

21.J. M, 90/60 . | +44¢ 3% 56 73 months 1.8% S0 Glomerular Child slowly improving .Still
Mixed nephritis |albumimuria and occasional

22+ deRe 112/85 - t+r 2.4% 36 [N.P.N.70 11 weeks 2.7% 56 «P.N.92 Mixed nephritis |Seems completely freefrom ]

: mostly signs of disease.
Anteratitial, -
23.P.MoA.| 110/90 | - ¢+ 0. 8% +P. N, 66 21 weeks No records. Mixed nephritis. g};}agied of pneumonia




(12)
British Medical Associatlion meeting in 1928, T.G.Moorhead

expressed the view that the operation is uncalled for, while
in the recent edition of Garrod, Batten, Thursfield, and
Paterson's "Diseases of Children", J.C.Spence(IS)makes the
statement that decapsulation has fallen into disrepute in the
light of the newer knowledge of the dlsease.

Detalls of Present Investigation:- The series on which our

analysis is based consists of twenty three cases; the first was
operated on in June 1917, and the last as recently as January
of this yesar. Operation was decided on in each case primarily
because of failure to respond to medical treatment. The
presence of oedema was the consideration next in importance.
In other words, all the cases would come under the c¢linical
heading of subacute nephritis of parenchymatous or mixed type.
No frank cese of chronic interstitial nephritis was subjected
to surgical treatment.

our object in this investigation was to discover if any of
our cases could be found to have shown definite improvement as
the result of decapsulation, and, if so, whether we could find
a feature or features common to the cases which improved, which
might help in the future selection of cases suitable for
operation. We propose first to examine the effect of the
operatioh on the ultimate outcome of the case;‘we will follow
this with an examlnation of any immediate results éf the
treatment. Our series consists of twenty three cases. We
aprend a complete list of these cases, with a short summary of
the history of each. All the cases had received medical and
surgical treatment at the Royal Hospital for Sick Children,
Glasgow,

In Table I we present the clinical and biochemical findings
from the case sheets; these records sre incomplete.

of the twenty three cases, seven had died. An endeavour
was made to have all the surviving cases come up for examination.

’
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TABLE 11,

CASES te Since operation Blood vy ©C6, 7.
pressure Bl, Aldb, ocasts, B 1, 2, Pigment N,P,
T 2
Case VAV, /63 years [119/70mm| = |o |- —_0,941.8% 25
Case V11.J.D. |6 years | 106/66 | = |= = — 1.543.5¢ 774 |45
Case X1, J.F, (2} yvears | 132/88 | [+* |4 — D.941.24 [25¢
Case X11.J¥5, /3} years [ 120/60 | | Y* ' — 214264 714 |48'
Case X111.B.A |3 years | 104/60 - o |=
10
Case XIV.D.C, |3.12years | 110/76 |- |- | — 1.802.24 64,64 |44
1
nm_m.;.n._.a.ﬁmn_m e |e |= — 2.148% |58% |47
Case XV111.HJ |2.12years | 358/100 | o | ** | ¥ — _0.64 14 84 | 86!
2 .
Gase XX.J.C. [1.12vears | 124/80 - |+ X — 2.252.4% |61 |
4
Gase XX1.J0.M [1,12years | 90/62 | | * | %
Qase XX11.0.R |6 montha, | 200/86 | o |o |- — 0.84 1,94 leod | 30,
Consractions:-» Bl, « Blood,

Alb, « Albumin,

U,C,Ty Urea Concentration Test,

B, =« DBefore.

1, =« 1lst, Hour,

2. - 2nd, Hour,

N,P,N, Blood Non-protein-nitrogen,




Two cases (Nos.III and XIX) have been lost sight of since their
dismisssl from hospital. Three others (Nos.VI, IX and XV)
could not be found for our examination but they had been seen
13, 1%, and 2 years respectively after their dismissal and the
records then made seem definite enough for use in our analysis.
The eleven remaining cases were subjected to a clinical
examination, snd, where possible, to a urea concentration and
pigment excretion test and to & blood non-protein-nitrogen
estimation. The urea concentrétion test was carried out vy
the Maclesn hypobromite methodfl4) the pigment excretion test
by the intra Quscular injection of 6 mg of phenolsudphone
phthalein and colorimetric estimation of the two-hours' excretion
in the urine; the blood N.P.N. was estimated by the Folin Wu
methodfls)The results are set out in table II.

Analysis of Tables I and. II:- A primery analysis of tables

I and II, as to the ultimate outcome of the case, ylelds the
following figures:-

Fo. of cases operated on = = -« - = = 23

No. of cases in which result is unknown - 2

YXo. of cases seemingly cured or almost so~ 10

No. of éhrohic cas8€8 = = =« « - = - = 4

No. of deaths = « « = =« « « =« =« = 7
The number of deaths 1s made upr from -

No. of ceses falling to recover from operation - 3

No. of cases dving from nephritis - - = - = 3

Ko. of cases dead, cause not specified- = = « 1
The ultimate fate of the four chronic cases is still uncertein.
If one may hazard a prognosis, cases XI and XVIII look to be
of the chronic interstitial type and will not get well, while
cases XX and XXI seem to offer hope of recovery. Accepting
this estimation, our final figures sre:-

No. of cases, whose fate 1s known - - =« - = 21

No. of recoveries e T T TS S, § -

No. of fallureg - - - - - - =« - - - . 9
Do these figures bear any significance? In other words, is
‘thiu recovery rate higher than one might expect in s similar

series of unoperated cases? An endeavour to answer this

question/



question leads us to e consideration of the question of prognosis
‘in nephritis of childhood. It i= generally agreed that the
attack of acute nephritis in a chlld usually clears up within a
reasonable time. Oour own experiences with such cases during
‘these investigations gave the following results:-

No.of cases admitted as acute nephritis - 25.

No.of cases G684 = = = = = = = = = = = = 2,

(one following decapsulation and one from tonsillitis)

No.of cases dismissed as having recovered - 20,

No.of cases 8till under trestment - - - - = 3,

When the acute stage doesn't clear up and passes on to the
subacute, or in those cases which seem to start insidiously as
the subacute form from the beginning, the outlook is much more
serious. When there are indications in the clinicel picture of
well marked interstitial changes in the kidneys one does not
expect the patient to recover completely. The two factors which
influence prognosis more than any others are the duration of the
disease and the extent of the interstitial damage. These two
factors are not directly related. A case, in fact the type of
cage we are dealing with as being suitable for operative treat-
ment, may last a relatively long time -~ months or even &ears -
without showing evidence of interstitial change while an acute
case may be interstitial from the onset. The presence or absence
of oedema does not necessarily determine the type of case, the
term "perenchymatous nephritis" being merely a neme associated by
usage with a certain clinical picture. The oedema may be the
principal festure of the illness, there being no evidence of loss
of kidney function, thus conférming with Muller's “"nephrosis”; on
the other hand, a high blood urea, a raised blood pressure, and a
diminished excretion of urea by the kidney may accompeny the oederma
in varying degree. This seems the more common type of case.

Another difficulty we have in trying to classify cases for
purposes of prognosis 1s that of determining how long'a case
should be regarded as in the acute stage, and when it should be

locked on as subacute and the prognosis definitely worse.

We/



ITABLE. ill.
ospital records. Jatest pinding.

: Int.since.

: .Urine. Biochemical finds. HRospital Urine wuoouﬁasoww ﬁ»ﬂuvumm
Cases:— B/P Bl. Alb. casts. U. C. T. Pigment treatument.B/P Bl.Alb.casts, A
Case XX1V. _
M.B. 110/70 | + | ++ + 1.54 3.3 | 474 6% yrs. | 138/80 - | % | -
case XXV. | . ,
Case XXV1 o
g.McI 100/80 | - #+ + 0.5¢ 1.694 | 30% 3% yrs. | 119/60 - |- | ¢ 1,642,224 |674 |28mp¥




We must admit that nephritis in childhood, for the purposes
of prognosis, refuses to be classified under any scheme as yet
suggested and our serles is no exception to this statement. Case
XXII offers a very good example of this difficulty.

The clinical dlagnosis was one of subacute parenchymatous
nephritis; blochemically this diagnosis was supported by a high
blood cholesterol figure and a good ures concentration result.

On the oﬁher hand, a slightly raised blood pressure and an incresse
in the blood non-protein-nitrogen suggested glomerular or
interstitiael changes. This suggestion was corroborated by the
pathologlist'!s report on a piece of kidney tissue. He reported

a mixed nephritis, mostly interstitial. Six months after the
operation, the boy 1is practically welll Such unexpected findings
make any attempt at basing prognosis on clessification of our

cases farcical.

The obvioué way to arrive at a valuation of our results
would be to compare them with those in a comparable series of
unoperated cases. Such a procesding we féund impracticable.

The one constant feature in all of our ceses = apert, perhaps
from oedema - was their fallure to respond to medical treatment.
Most of such ceses, and they form the minority of cases of
nephritis in childhood, had been operated on since the procedure
was first instituted, and we found it impossible to summon a
corresponding series of non-operated cases. Invitations were
sent out to all such cases on the books of the hospital during
the same period but only three came up for examination.
Fortunately they proved very instructive for our purposes. Short
summaries of their case histories are appended, (Nos.XXIV,XXV and
XXVI) and their clinicel and biochemical findings, both while in
hospital and at our examination, are set out in Table III.

In each of these three cases, recovery from nephritis seems
to have been complete or almost so. Case XXIV has many points

of similarity to cese XII of the operated series. In each,

oedema and albuminuria were the prominent features during a long
stay/



stey in hospital. In each, there had been & recurrence of
symptoms some time after dismissal, but they have both been
perfectly fit for some time now, though & faint haze of albumin
in the urine in each case persists as a legacy from thelr
nephritis. Case XXIV had, moreover, a slightly raised systolic
blood pressure, but this seems to be of little significance in
the presence of the very favourable result of the urea
concentration test.

Case XXV has many feasturesd in common with case VII. The
histories are somewhat similar and recovery in each case seems
to have been coﬁplete except for a slightly raised blood non-
rrotein-nitrogen, the significance of which, in the absence of
all other signs, 1s questionable.

Case XXVI seems also to have recovered from his nephritis,
his poor physical and mental condition probably not depending on
renal damage.

One must admit that the unoperated series 1s quite inadequate
to enable us to compare our recovery rates in the two series of
cases, but one may conclude from a consideration of these cases
that the course and ultimate result in an operated cese may be
very simlilar to those in a non-operated case and the existence
of so complete a parallel between the two both in history,
duration, and ultimaete result seems to preclude the attributing
of the recovery to the surgical treatment. Here then one may
be permitted to draw one's firét conclusion.

Conclusion - From the consideration of a series of operated and

non-operated cases of subacute nephritis, though the latter series
is very inadequate to give a complete comperison, yet it is seen
that the history and ultimate result may be very similar.
Consequently, it is impossible to attribute the successful results
in operated cases to the operation.

It might be thought that any benefit accruing from the

operation would be represented in an improvement in the results

from/



from rensl efficlency tests. These tests in their present

stage of development are of uncertain value in nephritis in
determining either the type of case, the extent of the renal
mischief or the course of the disease. Moreover, our records
are too Incomplete to enable us to draw any definite conclusions.
However, we have sufficient data to prove how inconclusive these
tests have been. For instance, cases V and XII show improved
results from the urea concentration test following the operation;
the former is now well and the latter is almost so but with
slight albuminuria. On the other hand, cases XVI and XXI gave
poorer post operative results, and again the former is well and
the latter improving, though still with some albumin in the urine
eand a slight puffiness of the face. With regard to the pigment
excretion test, case VIII showed an improvement following
operation and has since died of nephritis, while case XXI gave a
diminished excretion and seems to be recovering. If the operation
were the determining factor in the recovery, one might have
expected thet, in the cases which recovered at least, the kidney
efficiency tests would indicate the improvement. What we do
find 1s that these tests may show lmprovement or deterioration
whether the case is destined to get better or not. : Here we may
draw our second conclusion.

Conclusion - The results of the kidney efficiency tests at our

disposal do not indicate that the operation was a determiniﬁg
factor in the subsequent progress of the case. '

One might have expected that the material supplied to the
paﬁhologiat from such a series of operations would yield wvaluable
information in helping to correlate classification and prognosis
and to determine the type of case, if any, suitable for decapsulation.
Here our records are fairly complete, only five of the earlier
reports being missing. v

Clinicians have long recognised the difficultf of correlating
their clinical and post-mortem findings and it is so in our series.
Pathologic#llj, we have had only one case of the parenchymatous
type/



type - cesse XVI1 = though most of our cases had been of this type
clinically. In the majority of the specimens the pathologist
examined, he found changes in all three kidney structures =
glomeruli, tubules, and interstitial tissue, and the course of the
disease seems to have been determined more by the severity of the
damage, than by the particular kidney element chiefly involved.
There seems to be no correlation whatever between the principal site
of the mischief in the kidneys and either the clinical type of

case or the course of the disease following the operation.

Conclusion - A atudj of the pathological findings in our series

of cases of nephritis helps us heither to a classification of
these cases nor to a prognosis following decapsulation. <

We are left now with the case history records to seek for
any result from deceapsulation. In six of these histories the
definite statement 1s made that the patient was improved
immediately following the operastion. We give a 1ist of these
cases with the note made in each. _

Case XI - J.F. - "0Oedema disappeared aftér the operation.”

Case XII- J.W.S~ "Oedema disappeared and patient was
much better after operation.®

Cése XIV- D.C. =~ "0Oedema and general condition improved
after the operation."

Case XV - W.F. - "Marked diuresis and rapid improvement
followed the operation."

Case XIX-J.T. = "After operation, oedema disappeared
and child was much better."

Case XX - J.C. - "Following the operation, oedema
speedily disgppeared.“

Each of these children had been under medical treatment for
periods varying from 2% to 17 months without eny material change
and in each case improvement in the clinical condition of the
patient rapldly followed surgical treatment. That such
improvement was a perménent one 1s not borne out by subsequent
events‘for case XI 1s still an invalid and showing signs of chronic
interstitial nephritis and case XII, though now slmost completely

[
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recovered, had a recurrence of all his symptoms after his
dismissal from hospital. However, the recent supporters of

the operation have not laid claim to a cure of nephritis from
the procedure, but to an improvement in the prominent symptoms.
This claim seems to find support from a study of the histories
of these six cases. The symptom which, in each of these cases,
is primarily affected by the operation is the oedema.

The question of the relationship between renal dlsease and
oedema has exercised the minds of physiologists and blochemists
for some years now. The view formerly held was that the oedema
was due to an inability of the kidney to excrete water and salts.
Muller first threw doubts on the correctness of this explanation
when he advanced his opinion that there existed a t&pe of
nephritis with oedema not depending on disease of the kidney
but rather on some disorder of metabolism. For this type he
suggested the term "Nephrosis",

Oedema of some degree is, of course, an almost constant
feature of acute nephritis though never sc marked as it becomes
later in the subacute parenchymatous stage. Oedema is a
retention of water and salts in the body tissues of sufficient
severity, in the common use of the term, to be evidenced by
puffiness, swelling, or pitting. Strictly speaking, it may be
present without any such evidence, its presence belng indicated
by an increase in the pstient's weight. Such a condition is
found in lobar pneumonis, and in this disease, as in most cases
of acute nephritis, an oliguria during the acute stage may be
followed by a eritical diuresis, with the passage of large
quantities of water and salt.

In spite of the'vari;ty in type of nephritis in which
oedema 1s a feature, there is no reason for believing that the
underlying primary cause is different in each, though Spence(ls)
thinks that the oedemas of acute nephritis and of nephrosis have

N

a different aetiology. He says - "The subcutaneous oédema of

acute nephritis occurs without appreciable diffusion into the

serous/



serous sacs. It is due to a decreased elimination of water

by the damaged kidneys ...... The oedema of acute nephritis is
to be distinguished from the oedema of parenchymatous nephritis
(nephrosis) which 1s caused by the abnormal passage of water and
chlorides from the blood to the tissue fluids." He gives no
reason for this opiﬁion and there are many facts to disprove
it. Oedema does not seem to be a sign of deficient kidney
function, for it 1s absent in the wvery cases in which the
kidneys are most extensively diseased. Even cohplete anuria
as may occur in enlarged prostate or experimental nephrectonmy,
does not give riselto oedema. T.Izod Bennett, in his second
Goulstonian lecture of 1928, after a close and thorough review
of the facts at his disposal came to the following conclusion =
"0edema of nephritis is at once suggestive of pathological
change in tissues other than the kidney, and such pathological
change is not the result of nephritis, though it is more than
probable that the renal and extra-renal damage have a common
cause." .

Leo Leob in his monumental monograph on oedema in
"Medicine", vol.2, 1923, arrives at the conclusion that there
1s no relationship between the ability of the kidney to excrete
salts and water and their retention in the tissues with oedemsa.
He thinks the retention of salt by the tissues the responsible
factor and that the kation Na is probably the agent. BRe it
noted that neither of these authors draws any distinction
between different types of nephritis but each speaks of the

" cedema of nephritist

Whatever the explanation for the oedema, recent opinion
seems to favour the view that it 1s not due to a defective
excretion of salt and water by damaged kidneys but it is due
to a disturbance In tissues other than the kidney.

. Alongside this opinion place the fact that, in six of our
cases of nephritis in each of whom decapsulation was performed,

definite/



Cases:- Duration Biochemical

before Urine findings: - .

Operation B/P Oedema Aldb. Bl. Casts. U,C.T. Figment Pathologicul Claasificat®on.
———= S -t- —= e e e e , -
Case Xl. :
J.F. 15 mos. 895/70 ++ | - - no recdrds Mixed nephritis.

ChieZly glomeralare
case X11, ’ o
J.W.S. 7 mos. |104/68 ++ ++| - - 1.341.44% | S84 mixed nephritis, chiefly tubuiar
& »u«cma»anmw:t;s%g;;;mctn o
Case X1V{ Glomerulo tubular o
D.C. 4% mos. |110/80 ++ | — + L. 2.4 | 454 with interstitial charges.
Case XV.
L 4l /3mos. |118/80 ++ +++ |+ + 1.542.3% | 474 Glomerular tubuluar nephritis,
Case X1X|
J.d. 17 wmos. 88/50 ++ ++| + + no recdrds. Mixed nephritis.
Case XX1l.
J.Re 2% mos. |112/85 ++ ++| - + 2,242,441 36% Mixed nephritis
. mostly interstitial.




definite and decided improvement was noted immediately follow-
ing the operation. This improvement was general but took

place only in cases where oedema was a prominent feature, and a
diuresis and a lessening or disappearance of the oedema were the
outward and visible signs of such improvement. It is difficult
to see why an operation on the kidneys should result in an
improvement only in those signs of the disease which cannot be
attributed to a lesion of the kidneys. An explanation may be
in the statement of Fleisher and Loeb, as quoted by Loeb in the
above mentioned monograrh, when, speaking of operations on the
kidney, they say that "The effects of operation do not
epecifically depend on the interference with the function of

the kidney but are due to the effect of the operation as such.
Every operation as such - but not the anaesthesia - has a fer
reaching influence on the exchange of substances between the
blood snd the tissues." If this view is correct, the results
are not so paradoxical as they would appear at first sight to be,
though a 1§parotomy might have an equal curative value to a
decapsulation. It would certainly seem that the usual view,
that tl» good results from the opération‘are due to a relieving
of the tension in the kldneys from the oedema and so to a
restoration of kidney funcfion, can not be upheld if such results
are confined to & disappearance of the oedema, and no alteration
in renal etficiency.

Conclusion -~ The operation of decapsulation effected an

immediate improvement in six of our series of cases of nephiitis.
Such improvement was represented by a disappearance of the
oedema, and did not determine the ultimate issue of the disease.
It is only left to us now to examine these cases in which
improvement was recorded and find if there is a common factor
or factors, by which such cases may be determined. For
simplicity of analysis, we have grouped the six cases with their
findings in a separate table, Table IV. A study of this table

does not yield us any fresh information. The features common

to/



to all the cases are oedema and albuminuria. Pathologically,
the lesion involved all three elements of the kidney in each
case, 1f we except case XV where interstitial changes are not
mentioned. Of the four cases in which efficlency tests were
carried out before operation, case XII showed a poor result
from the urea concentration test, case XIV showed some degree
of kidney damage, while cases XV and XXII gave more or less
normal results. On the other hand, caée XII had a moderately
good pigment excretion while that of case XXII was well below
normel. Finally, the blood urea was within the upper limits
of normal in c#se X1I, while.in case XXII the blood N.P.N.
(which in ceses of nephritis reflects the blood urea closely)
shows a marked increase. Thus there seems no common feature
in these six cases which improved, examined from the clinical,
pathological or biochemical standpoint, which might lead to the
recognition of a case sultable for operation.

Conclusion - An examination of the records of the six cases of

our series showing improvement following decapsulation does not
yield sny information which might help us to determiné‘befbrehand
which particular case 1s likely to benefit by the procedure.

Summery -~ This study 1s based on an analysis of twenty three
cases of subacute nephritis in children, where decapsulation of
the kidneys had been performed because of failure to respond to
medical measures. The case histories have been studied and
short summaries are appended. The patholqgical reports and the
biochemical findings before and after operation have been examined.
Our object was to determine if any benefit had been derived from the
rrocedure; if so, what benefit,;and if 1t were possible to
determine which type of case was likely so to benefit.

We have shown that out of the‘twenty three cases operated on
twelve are cured or almost so. We have pointed out the difficulty
of assessing the value of this recovery rate and our inability to

compare/



compare it with that of a similar seriles of non-operated cases.
However, we have éhown that it is possible to get & very similar
course of events and ultimate result in operated and non-
operated cases.

We have shown that six of the operated cases exhibited a
decided improvement following operation, this improvement being
represenfed chiefly by a lessening or disappearance of the
oedema. We have shown that an examineation of the records of
these six cases falls to reveal any common factor or factors
which might help us to the recognition of a case suitable for
operation. As the result of our study the following conclusions
seem justified:-

Conclusions = I That from an snalysis of the data at our

disposal, we are unable to conclude that the ultimate result
in a case of subacute nephritis 1s influenced by the operation
of decapsulation.

II That there is no evidence for any belief that improvement
in kidney function follows the operation.

IITI That certain cases do show definite improvement after
operétion, this improvement being reflected principally in
disappearance of the oedems. 3

IV That a study of the cases of our series which have shown
improvement following the operation does not help us to arrive
at any determination beforehand as to which type of case would

be likely to benefit from the operation.



APPENDIX.

Case Histories.

Case I - J.S., male, aet.l year, was admitted 16/2/17 complaining
of swelling of body. He had had slight attacks of bronchitis
twice, but had been otherwise well. Four weeks before admission
swelling of the face was noticed; this continued and got worse

ti11l admitted. All medical measures in hospital failed.
Decapsulation was carried out on 18th and 23rd June, 1917. No
imrediate improvement was noted. Child died of nephritis 2/2/1918.
Case II - M.C., female, aet.4 years, was admitted 9/6/19, complain-
ing of swelling and blood in urine of 7 weeks duration. Pre-

vious health had always been good. There was well marked

genersal oedema, with oliguria. Hospital medical treatment for

2% months was unavailing. Decapsulation was performed 19/8/19.
Child died, but no details are given.

Case III - W.R., male, aet.2 years, was admitted 23/9/20 complain-
ing of swelling of face and legs of 14 days and of abdomen of 10
days duratién. There had been no previous illness. There was
general oedema and some free abdominal fluid. He was treated on
medical side for 4% months without result and was decapsulated
11/2/21. This patient was dismissed from the surgical side and

has since been lost sight of.

Case IV - I.McA., male, aet.3 years was admitted 27/2/21 complain-
ing of swelling of face and ankles of 5 weeks duration. There
was no history of any previous illnesses. On admission, the
oedema was general, snd very marked, with pleural and abdominal
fluid. He was treated on medical side for about 2 months, but
the oedema, although varying in intensity, persisted. He was
removed to the surgical side for decapsulation on 2l/4/1921, and

died on the surgical side.



Case V - A.W., female, aet.8 years was admitted 9/8/21 complain-
ing of swelling of face and 1lip of 8 days duration, following a
drenching. The chilcd had always been healthy previously. On
admission, the child was moderately swollen, with some dulness a%
the bases of both lungs, and some free abdominal fluid. At first,
the oedema seemed to yleld to treatment, but it recurred worse than
ever, and the child became huge and bloated. Decapsulation was
performed on 9/12/21. Following the operation, a slight, slow
decrease  Was noted in the intensity of the oedema, but on

dismissal to county branch there was still a fair amount of
swelling. Patient spent 5 months at Drumchapel and 1} years at
East Park Home, the symptoms during this period gradually abating.
Since her return home, her mother says Yshe has never looked back!'.

She was seen 27/8/28 - table II - and seems to have made a

complete recovery.

Case VI - F.McD., male, set. 7% years, was admitted 17/3/22 with a
history of oedema of 5 months duration. Urine contained a fair
amount of albumin, a few blood cells and epithelial casts. The
boy lmproved during first 10 days in hospital, but then relapsed
and for tka next 3 months there was no improvement in the
condition. Decapsulation of both kidneys was performed 6/6/22.
No change in condition resulted for 2 months, then some
improvement was noticed, though oedema of face persisted. Five
months after operation child was sent to convalescent home,3/3/22.
In November, 1923, he was dismissed from convalescent home well,
In May 1925, he was seen as outpatient. He was perfectly well,
had been attending school regularly, and was fit for games. The
blood pressure was normal, there were no cardiovascular changes,
and the urine contained no albumin or casts.

Case VII - J.D., mele, aet. 57%years, was admitted 12/6/22 with a
history of headaches and vomiting at intervals for one year and of
rain on micturition for 6 months. Previous illnesses were =

Diphtheria/



Diphtheria at 1 year, Scarlet Fever at % year, chicken pox and
whooping cough at 2 yeears. On admission, the child was found to
te under average height and weight, though well nourished. There
was some oedema of face but none of legs or body could be made

out. There was & fair amount of albumin, red blood cells and
casts in urine. Left optic disc was oedematous in appearance.

For the next 2% months the degree of oedema varied from nil to a
mild general anasarca, while the urine continued to show moderate
albumén snd casts. Both kidneys were decapsulated 1/9/22; on
readmission to medical ward, the note was made - 'general condition
unchanged!. On recovery from the operation he was dismissed

home and for the next 2 years he missed a lot of schooling

because of recurring headaches, and slight oedema. These symptoms
gradually atated. Patlent was seen outdoor, 27/8/28, table II,

he is & health looking boy, with no evidence whatever, e xcept slight
ly indistinct margins of the optic discs, of his having had

nephritis. .

Case VIII - C.McC, male, aet.5% years was admitted 28/8/22, with
a history of swelling of légs, face and abdomeén of 8 days' duration,
vomiting and oliguria. He had had chicken pox at 10 months,
measles at 3 years and whooping cough at 5 years. On admission,
the child showed well marked general oedema; the urine contained

a moderate amount of albumin, no blood, and some casts. During
the next 5% months, the oedema varied but was usually severe.

Both kidneysvwere decapsulated 13/2/25. On his return to the
medical ward, child was stated to be looking well. Oedema had
almost entirely disappeared, and patient was dismissed 5/6/25,
much improved. He remained fairly well, though albumin persisted,
t111 25/3/26 when he was readmitted with a recurrence of symptoms.
The nephritis was found to be complicated with peritonitis with
erysipelas of left thigh. This patient ultimately died of
nephritis.



Case IX - G.W., male, aet.ll years was admitted 1/3/23 with a
history of headache, sore throat and oedema. These symptoms
had been present some months previously but had cleared up and
returned 4 days before examination. There was marked oedema
of face.and legs and urine contained much albumin with blood and
cagts. There was no improvement in condition for 3 months and
on»12/6/25 both kidneys were decapsulated. For the next 4 months
thiere was practically no change in boy's condition and he was
dismissed to East Park Home.

1 year and 9 months later he was examined as outpatient.
He was found to have greatly improved, was of a good colour and
looked well. There had been no oedema for a considerable time.
There were no cardiovascular changes; systolic B/P 105 mms hg.
Urine showed a faint trace of albumin but no casts.
Case X - R.L.,, male, aet.8 years was admitted 5/2/24 with a
history of oedema of 8 days duration. He had whooping cough at
3 years and measles at 4 years., On admission, the oedema was
confined to face, but soon became general. The urine contained
a large quantity of albumin, some blood and & few casts, As the
child made no progress, decapsulation was performed 12/5/24. The
symptoms were unrelieved by the operation, and the boy diad 12

deys afterwards.

Case XI - J.F., female, aet.7 years, was admitted 23/12/24 as an
acute nephritis snd was dismissed 9/5/25 as a Mumps contact. She
was readmitted 15/8/25 with a history of fitful health while at
home, though there had been no oedema, till 5 days before
readmission. The face was puffy there was some oedema over tibilae
and sacrum, but no aécites. The urine showed moderste albumin
ures with no blood or casts.

Child developed Empyvema on left side and was operated on.
She/



She was dismissed 29/11/25 to Ruchill hospital with Scarlet
fever. She was readmitted 20/3/26, looking better but with
slight oedema and a large quantity of albumin in urine. The
condition remained unchanged till 12/5/2¢ when decapsulation was
performed. On her return from the surgical side, she was stated
to be looking well, with no oedema, having lost about 8 kilos in
weight. She was dismissed in this condition, first to the
country branch and then to East Park Home, where she still remains.
She was examined on 10/10/28 - Table II - child is confined to
bed most of the time, with slight recurring ocedema, and moderate
albuminuria. The blood pressure is raised and the condition

seems one of a gradually advancing chronic interstitiasl nephritis.

Case XII - J.W.S., male, aet.10 years was admitted 23/12/24 with a
history of swelling of face and body of 7 weeks duration, and
occasional vomiting. On admission, the child was found to have
generalised oedema; the urine was scanty, and showed a large
quantity of albumin, a few red blood cells and some casts. There
was no increase in blood pressufe.

Medical measures were tried for 6 months, without effecting an
improvement, and decapsulation was performed 5/6/25. On readmission
to medical ward, the note was made - "general condition very good;
boy looks well; no oedema." He was sent home‘25/8/25. On
18/8/27 he was admitted to Royal Infirmary with a recurrence of
symptoms. After treatment for some weeks, he was sent to East
Park Home, where he is now. He was examined there 27/8/28 and
5/9/28, and was found to be very well except for a persistence
of moderate albuminuria and a slightly raised blood N.P.N.

Case XIII =~ B.A., female, aet. l%years, was admitted 18/6/25 with
& history of swelling of eyelids of 2 months, and of legs of 7 days
duration. On admission, there was oedema of evelids, feet, legs
and lumbar region. Rbonchi were heard all over chest. Urine
showed large quantity of albumin, we blood and some epithelisl

granular/



granular and hyaline casts. Condition at first cleared up in
hospital but later recurred with increased severity. The

oedema was a prominent feature and resisted all measures to

reduce 1it. Decapsulation was performed 5/9/25, following which

no change was noted in general condition and oedema persisted.

Two months later, child began to improve and was dismissed 19/12/25
much better. Albuminuria still persisted (Esbach 1.5), but there
was no oedema. She was seen outdoor 30/8/28, and was found to

be a healthy looking, sturdy child. There had been no recurrence
of symptoms since dismissal. Hrine showed no albumin, blood or

casts. Table II.

Case XIV - D.C., female, aet.9 years was admitted 24/6/25 with a
history of swelling of face and feet and occasional vomiting of

4 days durstion. She had had Scarlet fever at 5 years but had
been otherwise healthy. On admission, child did not look il1l,

but there was oedema of face, legs, and lumbar region and there

was dulness at the bases of Ytoth lungs. There was albumin in

ghe urine but no blood or casts. In hospital the child's condition
got worse and decapsulation was performed 29/10/25.

Child was readmitted to medical ward 20/11/25 and note was
made that child looked fairly well; there was oedema of legs and
lumbar region. There was steady improvement till 28/12/25 when
child was dismissed. There was still slight oedema and some
albuminurie (Esbach 0.75).v Patient was seen outdoor 17/8/28.
Since her dismigsal she had remained well except for occasional
cold; she now showed no evidence of renal mischief. Table II.
Case XV - W.F., male, aet.l0 years was admitted 1/7/25 with a
history of swelling of face of 7 days and of feet and ankles of
3 days duration. He had had whooping cough at 2 years,
pneumonia at 2% years and measles at 6 yvears. On admission
oedema was confined to face and ankles; the urine showed moderate
albuminuria, some blood and casts. The oedema varied in intensity

during/



during child's stay in hospital but was never very marked. There
was no change in urine. Both kidneys were decapsulated 29/10/25;
the urine immediately beceme more abundant and the albumin fell
in quantity. On readmission to medical ward the boy looked well
and had no oedema. He was dismissed 8/12/25 and was seen outdoor
8/1/28 when there was a slight trace of albumin in urine but no

other indication of nephritis.

Case XVI - A.L., male, aet.3 years was admitted 3/8/25 with a
history of swelling of face of 3 days and of feet of 1 day duration.
There had been no previous illnesses. KOn admisaioﬁ, a mild degree
of oedema was present in face, legs and lumbar region. Albuminuria
was very marked but there was no blood or casts. The condition
remained unchanged till 6/10/25 when decapsulation was performed.
This was followed by no improvement and child was transferred to
Ruchill hospital 10/11/25 with eryeipelas. He was readmitted to
medical ward 20/3/26 with oedema and albuminuria as before.

Oedema gradually disappesred and he was sent home 12/4/26, He
was seen outdoor 25/5/26 when albumin was still present in fair
quantity in urine, but there was no oedema. He was again seen
27/8/28; in the interval he had rémained well. He was now &

bright healthy-looking boy with good colour. There was no
evidence of the presence of nephritis. TableIl.

Case XVII - J.L., female, aet.7 years was admitted 11/8/25 with a
history of swelling of face and feet of B weeks duration, with
occasional headaches. She had previously had whooping cough and
measles. On admission Swelling wasg confined to face, legsand
lumbar region, but became ﬁore marked during stay in hospital.
There was a large quantity of albumin in urine, no blood, and

some casts. Decapsulation was performed 8/10/25. Child was

kept on surgical side after operation, as she seemed to be getting

worse. She died of nephritis 5/2/26.



Cese XVIII - N.J., female, aet 10 years was admitted 15/9/25 with

a history of recurring oedema of face and legs and albuminuria of
7 months durstion. She had had measles and chicken pox at 2
years.

On admission, there was a little oedema; there was moderate
albuminuria with casts. Decapsulation was performed 1/10/25.
This was followed by no change and child was kept in hospital till
24/12/25, when condition was very similar to her previous one and
she was sent home. She was seen outdoor 30/8/1928. In the
interval she had had one severe recurrence of symptoms and a
slight oedema and some albuminuria had persisted. The blood
pressure was now 158/100 mms.hg., there were cardiovascular
changes and ﬁhe plcture was that of chronic interstitial nephritis.

Table II.

Case XIX - J.J., male, aet.3 years was admitted 9/6/26 with a
history of swelling of face, limbs and body at intervals extending
over one yesar. He had had no previous illnesses. On admission,
there was general anasarca and ascites. The urine showed a
moderate amount of albumin, a trace of blood and some casts.
There was dulness at the basis of both lungs. During his stay
in hospital, child's condition continued to come and go. Tonsill-
ectomy was performed 27/8/26 with no evident result. Both
kildneys were decépsulated 2/11/26 and the entry was made - "The
general condition improved after the operation and the output of
urine increased. There is no oedema".

The amount of albumin varied from a trace to 1 Esbach from
this time t1l1l his dismissal 9/2/27. There was no recurrence of

oedema . The boy has since been lost trace of.

Case XX = J.C., male, aet.6 years was admitted 26/12/26 with a
history of swelling of flace of 7 days and of abdomen and legs of
1l day duration.

He had had measles at 5 years, and there was a history of a

previous/



previous attack of nephritis in Dec. 1925 for which he was treated
at Stobhill hospital, being discherged "cured". .

On admission, the child had very severe oedema and oliguria. The
urine showed a large quantity of albumin, casts, and a few red
cells. There was ascites and dulness of hoth lungs. Child was
very pale and had a severe cough. Tonsillectomy was donme 13/1/1927.
The oedema and albuminuria persisted with varying intensity till
24/2/27, when both kldneys were decapsulated. The following notes
appear in the surgical case sheet = 25/2/27 Esbach 4 urine 4o0z.
Oedema +++. 26/2/27 Esbach U+; urine 160z; oedema of face a little
less. 28/2/27 Esbach 5; urine 560z; oedema of face and limbs

much less. 1/3/27 Esbach 5; urine 600z; no oedema.

The oedema was still gone, though albuminuria was present when
he was readmitted to medical ward. Oedema returned about middle
of April, but did not attain to a condition of its previous
severity. The child's general condition was better and he was
dismissed to East Park Home where he now is. He was examined
10/10/28 and there was slight oedema present. His systolic
blood pressure was slightly increased - 124 mms. The urine contained
a moderate quantity of albumin but no blood or casts (centrifuged).
The kidney function tests gave fairly good results. Table II.
Case XXI - J.M., male, aet.4 yesrs was admitted 12/3/27 with a
history of a sudden attack of shivering, fever, vomiting and
swelling of the face 5 months ago. The urine was sald to have
been red. The severe symptoms passed off and boy was allowed up
but was not properly recovered. Six weeks before admission
swelling of abdomen was noticed and this swelling gradually
gradually increased and with an albuminuria determined his being
brought to hospital. He had had no previous illness. On .
admission the child had general anasarca with free fluid in
abdomen. Urine showed large quantity of albumin and casts, but
no blood.

There was no change in the condition for the next 2 months send

decapsulation/




decapsulation was performed 21/5/27. This was followed by

little or no change and child was sent home 9/7/27. He weas

seen outdoor 10/9/28, when the following note was made -~ "Since
dismissal child has been at home; he was confined to bed till
April 1928; he now goes about a little but walks badly. He 1is

a pale, bright boy with a little fulmess of face and legs. Pulse
104; heart normal; B/P 90/62 mms.hg; O0.E. nil; urine shows a
slight cloud of albumin, no blood, and a few hyaline and granular
casts. The mother refused to make arrangements to have kidney
efficiency tests carried out." Table II.

Case XXII - J.R., male, aet.5 years was admitted 18/7/28 with a
history of swelling of face and ankles of 12 days duration. He
had pneumonia at 1 year, and measles and whooping cough at 2 years;
he had since been well.

On admission the child was a small i1l developed boy with well-
marked general oedema. The urine contailned = ﬁoderate quantity
of albumin end casfs, and no blood. The B/P was 112/85 mms.
Child failed to improve under medical treatment and he was
decapsulated 20/9/28. There was no perceptible change following
the opersation but during his stay in hospital he gradually
improved. The oedems and albuminuria disappeared and he was
discherged much improved. He was seen outdoor 19/3/1929, when
he presented no evidence of nephritis - Table II.

e am wr - -

Case XXIII - F.McA., male, aet.6 years was admitted 11/11/28 with a

history of having had an attack of shivering, fever, vomiting and
drowsiness 6 weeks before, which had passed off in 1 week. One
week before admission he had a mild attack of bronchitis and 4 days
before there was general swelling of body, with scanty dark brovn
urine.

On admission there was general oedema. The urine showed
moderate amount of albumin and casts, but no blood. Tﬁe condition
persisted and decapsulation was performed 25/1/29. This was
followed/



followed by little or no change. Pneumonla supervened and the
child died 13/2/29. No post mortem was obtained.

Case XXIV -M.R., male, aet.12 years was admitted 19/5/22 with a
history that child had seemed well but school doctor diagnosed
nephritis 14 days bvefore admission. After that, slight puffiness
of face was observed. Boy had had medasles at 5 years, chicken
pox at 8 years and scarlet fever at 10 years. On admission,
there was slight puffiness of face. Urine showed moderate
albuminuria, . come blood end casts. During 3% months in
hospital condition varled little; the albumin decreased in amount
end he was dismissed 1/9/22 as having improved.

He was readmitted 17/6/23; in the interval he had been fairly
well and had been seen regularly at outpatient department. Five
weeks before readmission he showed recurrence of marked albuminuris
and slight oedemsa. He was again treated for 3% months with
practically no result and was dismissed 6/10/23.

He was seen outdoor 9/10/28. After leaving hospital, he
had been confined to ® d for some weeks and condition graduslly
improved. There had been no recurrence of serious symptoms,
merely an occesional puffiness under eyes. He was found to be
a ;arge healthy lad in reguler employment, but urine showed a
trace of albumin - Table III.

Case XXV - N.P., female, aet.5% years was admitted 20/2/23 with s
history of puffiness of the face of 3% weeks duration. The
following week she was admitted to Ruchill hospital with
diphtherlia end, there was found to be suffering from nephritis.
She'had had measles and chicken pox at li years, whooping cough

at 2 years, and diphtheria at 24 years. On admission, she was
found to Vbe a pale, spare child with very little oedema; urine
showed a large quantlty of albumin, no blood and occasional
granuler casts. While in hospital the cedema was never a feature

but/



but there was well-marked albuminuris which continued till her
dismissal 27/6/23. She was seen as an outpatient 9/10/28. In
the interval patient had been in East Park Home, then at her

own home. During this period she had diphtheria 3 times and
scarlet fever.She was subject to colds and troubled with headaches.
At first, eyes used to get puffy, but not lately. She was
found to v a small active fairly healthy-looking chilad. There
was no albumin in urine and no casts were found even on
centrifuging. Table III.

Case XXVI - J.McN., male, aet.7 years was admitted 19/12/24 with
a history of swelling of face, feet and abdomen of 6 weeks
duration which at first seemed to improve but was now getting
worse. He had had no infectious disease, but had been troubled
with 8 chronic cough and had never seemed a strong child. On
sdmission he wes found to have general oedema of severe degree.
The urine contained a moderate amount of altumin and casts, but
no vlood, though a trace appeared occasionally while he was in
hospital. Child was treated for 5 months; at first there was
praétically no change in the condition, but latterly the oedema
diminished end finally disappeared. The child was dismissed
15/5/25 to country branch; the urine still showed e moderate
degree of albuminuria and occasional casts. He was seen as an
outpatient 9/10/28. He was now a small poorly developed child
with evident lack of intelligence. He can neither read nor
write. He had a severe chronlc cough and his breath was very
foul. The chest was markedly flattened at sides. There was
systolic murmur heard best at pulmonic area and transmitted down
left border of sternum. The blood pressure was not increased.
The urine contained no albumin and an occasional hyaline cast.
The results of the kidney function tests were satisfactory. The
child's poor physical condition did not seem to depend on renal
trouble. Table III.
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products of metabolism and play a part in regulating the osmotic
rressure and the acid-base balance of the blood. Whether these
functions belong to the kidney cells themselves, what part the
internal secretions, particularly that of the pituitary, play,
whether the kidney possesses a hormone or hormones which may
activate the various processes, as seems not unlikely, are questions
on which our knowledge is sti1ll deficilent.

Again, 1t 1s a moot point as to whether it is possible for
one seperate renal function to be impalred as the result of
disease of the kidneys while the others remain unaffected. One
of the recent pronouncements on this subject is that of Fishberg,(l)
who says - "It 1s widely held that disease of the kldney may
injure the ability of the organ to excrete individual substances
while the excretion of éther substances remains unimpaired. But
I have pointed out in a previous communication(g)that there 1is
no substantiasl basis for this view of 1isolated injury to
individual renal functions in diffuse renal disease; avallable
evidence points to there being but one variety of functional
injury in renal disease, namely that involving all the excretory
functions of the kidney. In those cases in which there 1is
seemingly circumscribed injury to the ablllityrof the kidney to
excrete some individual substance, the cause of the retention of
this substance in the organism is not the kidney but some extra-renal
factor which results in diminished supply of the substance to the
kidney." If this contention is correct, and as the result of our
experience we are inclined to support it, it follows that any single
satisfacto?y test of renal efficlency 1s of as much practical value
as a number of tests, each indicating the efficiency of a separate
renal function. ‘

The development of kidney efficiency tests opened up fresh
ground for research and certainly serve in some measure to
indicate when renal function is more or less grossly impaired.
Meny such tests have been devised but fhose most commonly ﬁsed

are the pigment excretion test and the urea concentration test,

with/



with which is often combined a water excretion test. These
tests, in conjunction with estimations of the blood urea or
.non-protein—nitrogen and the blood cholesterol constitute with
the clinical examination our modern equipment in facing the
question of kidney disease.

While engaged on an other aspect of nephritis, we were
privileged to have at our disposal a number of cases of
nephritis in children and took advantage of the opportunity
to investigate these cases along the above indicated lines.

Our clinical examination took note of previous illnesses,
output and pathological constituents of urine, the state of the
cardiovascular system, including blood pressure, and the
presence and extent of oedema. We estimated the tlcod non-
rrotein-nitrogen snd were privileged tc use the blood cholesterol
findings of Dr. Graham. We carried out the urea concentration
test in various forms, and the pigment excretion test. These
investigations were uswallymade as & routine on each case
immediately after admission to hospital and at irregular
intervals during their stay, always subject to special exigencies
such as the age of the patient and the severity of the illness.
Very young children formed unsuitable materisl for certein of these
investigations.

The number of cases on which these observations are based
1s twenty six, with sges varying from fourteen months to twelve
Years. With one exception, a good example of renal dwarfism,
they were all admitted as suffering from acute nephritis,
though two of them progressed to the subacute paremchymatous
stage while in hospital and were decapsulated (Part I).

For the purposes of this paper it seems unnecessary to
give case histories of the twenty six cases. We propose
rether to take up the essential features of the disease already
enumerated and discuss them one by one in the light of our
findings. Appended 1s a complete list of cases with these

date, and from this list separate tables willl be compiled under
the/



under the several headings for ease in correlation. We shall
deal first with the clinical findings and pass thence to the
results of blood examinations and renal efficiency tests.

Previocus Illnesses:- Examination of the case historles with

regsrd to the incidence of the common ailments of childhood

shows that measles, whooring cough, chicken pox, mumps,
diphtheria and pneumonis occurred in the usual proportion of
cases. Scarlet fever was conspicuous by 1ts absence. One

case admitted as suffering from kidney disease showed evidence

of desquamation and wes considered a scarlatinal nephritis;

her recovery was rapid and uneventful. This was the only case
of our series in which scsrlet fever was sald or thought to

have occurred. In five of the case historles the statement

was recorded thmt there had been an attack of "influenza" three
weeks before admission, the signs of nephritis having exhibited
themselves in the third week following the influenzal onset.

More significant than this seem to be the notes made on the
condition of the throat and nose on admission. In every case,
without exception, the state of the nasophsrynx was considered
sufficiently sbnormal to merit comment from the physician.

'"Red throat", "enlarged tonsils", "copious nasal discharge", and
"foetid breath and enlarged cervical glands" are the descriptions
as they occur in the case sheets. Two ceses had had tonsillectomy
performed, and one reputedly  so, though the tonsils were present
and diseased. To find data by which to estimate the value of
these figures we examined a number of case histories of

children admitted suffering from diseases other than nephritis.
The case sheets were chosen at random and the diagnosis

included Banti's disease, cerebral tumour, cretinism, epilepsy,
ete. In this series, the note made on the condition of the
throat and nose was "nil" in seventeen out of thirty three cases.
The difference between 1007 of diseased throats in one series

and 48¢6% in the other is striking. That a relationship exists

between throat infections and nephritis is no new observation:
’

our/



TAiBLE 1, 4,

BLOOD IN URIRE + +.

Blood Bio Chemistry

CASEi~ B/P,mmhg, Osdema. Aldb, K, .N, Cholesterol Urea Cono,Test, Pigment,
mg.por 100 a.0; Before.lst, 2nd. ;3
' + + +
7.J.0, | 124/78 | General |E 6,5 | 86 - 1.3 30
13,J.E. | 94/68 | Purey 60 220 2.3 59
eyes? -t
16,A.G. | 112/65 | slight - 91 330 1.9 1.9 | 2,1 86
general
23,4.R, | 136/94 | H11 * 130 190 1,6 | 1.6 | 1,7 -
24,8.0. | 98/60 | Pusty |E 3. | 48 U -
face
25,J.M01,130/118| General | +++ | 36 0.9 | 2,6 -
26,4.B, | 102/80 | Pufty te+r | B7 150 2,2 —
face
T ABLE, 1. B, BLOOD (IR URINE -, .
2,0.L. | 104/65 | slight + | &1 -— 1.8 24
of face
and feet( .
3,W,L, | 98/54 | Generul | E, 4,75 70 185 1.5 | 1.7 71
8.W.H. | 140/100| of fachk + + 46 162. 1.9 | 3, 50
and feet| E,1,0
9.4,P. | 130/7 | slignt + 32 185 — — -—
14,9.6, | 110/80 | Pace | E0,75 37.5 | 240 2.6 | 2, 63
Puffy
4 M B, | ~eeeem | slight | . 28 180 2,2 2,2 28
. pitting E,1
16,F.F, | 100/t | General |+ ++ 4“4 160 2,1(2,.1 -—
18,2.H. | 90/ | W11 * 96 86 3,75 3.45 3, 31
19.0.3, | 108/72 | W11 E.0,78 | 37,6 | 340 | 2.5 |2.2|2, 48
20,40, | 136/70 |slight + 43 333 2, [2.4 2.9 55
22,3 .H, | 108/70 | Putty + 46 — 2,8 1,3 3, -
Lface,.
2ABLEIL O, O BLOOD IN URINE.
$%e
1.J.R, | 112/85 | 3evere | E,7 70 333 2.4 36
general | 4+ 4+
5,PMsi, | 110/40 | Severe | E6,85 | 40 380 2, 40
general
6,E.8. | 10¢/74 | K12 + 120 150 1.3 29,
10,B,L, | 92/45 | slight v 70 130 1.8 2.4 56
pitting
over
, shins ,
11,J.B, | 100/54 of fade trgoe| 43 180 1.1 B, 26
12.M,E, | 118/85 | Puty " | E0,25| 46 — 2,8 -—
17.4.H, | 92/50 | slignt 56 — — | —
of face
& legs
21.E.Mcu] 100/t | mila te+| 96 226 2.4 2.5 6
general




our figures serve to bring out this relationship in bold relief.
One further point we would make 1s that tonsillectomy does

not remove the risk of a subsequent attack of nephritis, however

far it may lessen 1t, as many observers are inclined to believe.

Urine Examination:- Most of our ceses gave a history of having

passed 'red!', 'dirty! or 'dark!' urine for some days before
admission. In some csses the urine was noticed to have been
diminished in quantity, in others the quantity was said to have
been as usual, while in others no note was made. On admission,
the volume of urine was usually small for the first two or three
days but increased on the third or fourth day to well above the
smount normal for the age of the patient and the fluid intake.
For instence, case II passed a few ounces only for the first two
days; diuresis set in on the third day and the average daily
volume for the ensuing week was fifty ounces. Thereafter the
daily volume fell to 30 ounces during the remainder of the
childt's stay in hospital. This diuresis wes always accompanied
by a fall in body weight. In a few of the cases, this

diuresis was delayed till later in the illness. In two cases
which developed pneumonia shortly after their admission, the
increased urinary output took place as the temperature retuﬁned
to normal, while two examples of subacute parenchymatous
nephritis with marked oedema hed no diuresis before decapsulation.

Blood in the Urine:- The presence of blood in large quantities

in tlke urine in some cases of nephritis haz led to the use of
the term scute haemorrhagic nephritis, involving the conception
of & type of the disease distinct from the parenchymatous. A
case of the former type may or may not exhibit oedema but has
some degree of azotaemia while one of the latter type exhibvits
oedema as a constant feature but not haematuris or azotaemia.
Of our twenty six cases, in seven blood was recorded as
having been present in the urine in large quantity, in eleven
in moderate or small quantity, while it was absent in eight.
We have set out these three groups in tabular form, Tables Ia,

Ib and Ic, giving the clinical and biochemical findings in each

V]



case. As the presence of a single sign of the disease seems
to be an inadequate reason for conceiving a separate type, we
wanted to find whether or not haematurila should prove to be

accompenied by a characteristic grouping of features which

might justify its use for purposes of classification. An
examination of our tables leads us to conclude that no such
correlation exists. In the cases in which a large quantity of |
blood was present in the urine, as in the other two gromps in
which there was a moderaste amount or none at all, theré is a
complete absence of uniformity in the findings under the other

headings if we excert albuminuria, where one would naturally

expect the amount of albumin to te in proportion to the quantity
of blood present, other factors being equal. It 1s true that
the perenchymatous type 1s faithfully reproduced in F.McA (case 5)
without blood in the urine, but J.McD. (case 25) presents a

similar picture except that blood was present in large quantity,
while the azotaemic features of A.R. (case 23) are presented in
a minor degree but without haematuris in J.R. (case I) and
J.B. (case 11). |

An interesting observation was made in one cese - A.C. (case 20
- of acute nephritis iith s moderate degree of haematuria. When
the patient was convalescent and the blood had disappeared, she
was put on calcium chloride_to determine the effect, if any, of
an experimental acidosis on the blood and urinary findings. The
experiment was carried out twice and each time we produced a
diuresis and & recrudescence of the haematurisa. A repetition
of the experiment in other cases with calcium chloride,
ammonium chloride and hydrochloric acid wes inveriably followed
by the diuresis but failed to set up a haematuria. It is
interesting to record that Morris and Paul found experimentally
that intravenous injection of various acids almost invariably
produced haematuria in rabbits (unpudblished work) .

No other constant changes were found in our cases,

clintically/




TABLE 11,

SEVERE ALBUMURIA

CASE:=  B/P mm,ng, Oedema  K,P.N, Cholesterol, Urea, Coms, fest., Plgment.
mg. per 100 a0, . Bo 1. 2
1.J.R. | 112/85 Severe 70 333 2,4 36
general
3. ¥.L, 98/5¢ general 70 185 1,5 |17 36
5.F. oA, | 110/90 Severe 40 380 2.2 | 2, |2 40
general
7.9.0. |124/78 General 86 175 & 1.3 30
15,77, | 100/ General 4 160 2.1 |21 -
16.4,6, | 112/65 General 21 330 1.9 | 1.9 | 2.1 56
21,E. MM, | 100/ General 96 235 2.4 | 2,5 75
25,3 oD, | 130/118 | Genersl 36 180, 0.9 | 8.5 -—
26,48, | 102/80 Pufty 57 150 2,2 -
fase,

#* Estimation made after Osdema had disappeared




clinically or biochemically, unless the usual signs of an
acldosis.

The relationship between the administration of calcium
chloride and the haematurila seemed quite definite in the one
case, but whether or not this suggests that the acidosis
described as occurring in nephritis has any significance in
the productlion of haematuria we do not know.

We do think, however, from a consideration of tables Ia, Ib,
and Ic, that the presence of blood in the urine in cases of
acute nephritis is not of sufficient constancy in its
association with other features to Justify its presence being
used for purposes of classification. We leave out of this
discussion cases of embolic nephritis, secondary to such conditions

as infective endocarditis.

Albuminuria:- The presence of this sign is the factor on which

most commonly a tentative diagnosis of nephritis is made.

Albumin was present to a greater or lesser degree in all of our
cases. The amount of albumin was varlously Indicated in the
case sheets by an Esbach figure or by a number of pluses, thus:-
+,+,++, and +++. For purposes of correlation we have arranged
in a sepasrate table (Table Ii) those of our cases (nine) in which
a large amount of albumin was present in the urine.

From a study of this table it will be seen that in all of
these cases but one - A.E.(case 26) = the albuminuria was
accompanied by a generai oedema. Moreover, in only two of these
cases did ﬁhe result of the ures concentration test indicate
any marked lessening of the abllity of the kidney to excrete
urea. The pigment test and the blood non-protein-nitrogen
estimations gave varied results. The blood cholesterol, which
is usually found raised in oedematous cases; seems to be
contradictory in our series but the emplanation lies in the fact

that in every case where a flgure under 200 is given the

estimation/




estimation had been made after the oedema had subsided.

The assoclation of severe albuminuria with a relatively
good result from the urea concentration test in most of these
cases seems significant, and leads us to conclude that, whatever
factor in the disease produces the albuminuris, this same factor
does not interfere with the power of the kidney to excrete urea.
This is in accordance with the usual conception of parenchymatous
nephritis. That interference with the excretory function of
the kidney and the consequent accumulation of waste products in
the blood is a certain indication of renal damage is a
generallv accepted view about which there seems no doubt. The
idea that the presence of albumin in the urine is also
necessarily such an indication is sub judice, but many authorities
are of the opinion that the albuminuria of certain types of
nephritis ("Nephrosis"), of the toxaemia of pregnancy, of
postural albuminuria and of other morbid conditions is
independent of kidney function. This view has recently been
confirmed by Jungmanfs)who removed a portion of kidney from an
early case of nephrosis and found it to be normal. It must
be remembered that the normal kidney can and will excrete protein
when required to do so, as for instance injected proteins or
liberated haemoglobin.

In his explanation of nephrosis, Epstein(4)suggeets that the
primery error is a metabolic one, whereby serum albumin can no
longer perform its proper functions in the body and is therefore
excreted.

Taking the analogy from sugar metabollsm, he has lately named
the condition "diabetes albuminuricus". Other facts pointing
to the metabolic nature of the disease are the increase of
lipoid bodies in the blood and tissues and the unusually high
tolerance of the patient to thyroxin. The change described as

occurring in the kidneys 1s a degeneration of the tubular

epithelium, with no cellular reaction, and may be secondary to

the/



the prolonged albuminuria.

We have already indicated that with one exception - A.E.
(case 26) - all cases with a severe albuminuria exhibited a
general oedema. In this case - A.E. - the blood cholesterol,
estimated in the early stage of tle 1llness was well within
normal limits. The existence of this case would seem to
preclude our drawing a general deduction unless we can explain
it on other grounds. The records of the urinary findings
during the progress of this case show that the amount of blood
and of albumin in the umine decreased pari passu, and that when
the blood had disappeared the presence of albumin was represented
by & "very faint trace". This statement is also true in
certain of the oedematous cases, e.g. J.C. and J.McD. but in
these casea the oedema 1s found to have decreased colncidently
‘with the blood and albumin and wherever the ocedema persisted
after the blood had disappeared, as in W.L. (case 3), albumin
was 8till found to be present. We seem Justified in drawing
the conclusion that severe albuminurias, where not explained by
the presence of a severe haematuria, is, in oﬁr series of cases,
always accompanied by & general oedema.

Such an association may be found in tle presence or absence
of signs of impairment of renal funection as reflected by the
blood non-protein-nitrogen or the result of the urea concentration
or pigment excretion test.

Cardio-vascular Changes:- The only cardio-vascular change we

found in our cases was an increase in blood pressure. No case
exhibited any cardisc or ophthalmic disturbance which might be
associated with their kidney disease.

There are difficulties in valuing blood pressure findings in
children, arising partly from tle technlcal difficulty of
estimating blood pressure in small arms with a sphygmomanometer
and partly in determining a normal standard. The usually
accepted standards are 90 to 110 mm hg. for systolic pressure
and 40 to 60 mm for diastolic. Dawson, however, found a systolic

pressure/



PABLE 11,

RAISED BLOOD PRESSURE

Blood presmre
CASE: = 1st,Reading,later,- Osdoma

Urine
Blood Alb X, PN, Cholesterol Urea,Conc,Test,}?

ma hg mg, per 100 s.c, B, 1. 2. ¢
1.9.R. 112/85 | 100/56 kaon - |*=t+4 73 833 2.4
General
B.F.Mod, 110/90 90/50 Severe - |++1 40 380 | 8,28, |=2,
eneral
7.3.0. 124/78 90/42 General ++| +++ 86 175 1.3
8.WoH, 140/100 | 98/52 |slight of | + |+ | 46 152 1.9 |8,
' face,shing
Ce
9A P, 130/ -— [slight + |+ |82 185 | R N
o
12,1 E, 118/85 | 102/6q Purty - |+ |46 - 2,8
| face |
20,4,0, 136/70 | 104/64 [s1ight + |+ |48 333 | 8, [2.4 |2,9 »}
I
|
23.4.R, 136/94 94/60 W11 ++ + (130 190 | 1.5(1.5 |17 -
25,3 ,MoD, 130/s 90/60 Beneral ++ ++136 180 0.9 | 2.4 |4




pressure over 130 mm in 87 of 650 school children. This
possibility of an sbnormally high blood pressure being normal
for any individual case 414 not require consideration in our
series as a rise in blood pressure was always indicated by the
subsequent fall to normal.

In our records we found, as other observers have done, that
the blood pressure is raised for some days at the commencement
of an attack of nephritis, but soon returns to normal. The
rise was never very high - 140 mm systolic and 118 mm dlastolic
being our highest readings - and always had subsided by the time
the next observation came to be made. In our single case of
chronic instertitial nephritis with renal dwarfism - E.G. (case 6)
the blood pressure was not increased to any extent = 104/74 mm.
On the other hand, in the case which of all our series most
closely resembled a true nephrosis - F.McA (case 5) - the
initial blood pressure was 110/90 mm., and the extent of the
rise was ;ndicated by the subsequent reading, 90/50 mm.

To discover whether a raised blood pressure was in constant
association with any other sign or signs of nephritis we have
grouped those of our cases showing the most pronounced rises in
pressure in s separate table, Table III. When avallable, we
give the readings before and after the return to normal, better
to indicate the extent of the rise.

A study of this table shows that no correlation seems to
exist between the increase 1ln blood pressure and the degree of
albuminuria or oedema or biochemical findings. One point we
mey draw attention to is the fact that in all six cases when the
systolic blood pressure was more than 120 mm hg. there was
blood in the urine. That there 1s a relationship between these
two signs we do not know, though they are each rather
characteristic of chronic interstitlal nephritis. The rise
in blood pressure in acute nephritis 1s usually'so temporary in
character that our first readings on the patient's admisgsion must

have/




have been largely determined by tke number of days each patient
had been 111 before being admitted. This reservation also
applies to haematuria, for in several cases there was a history
of the passage of reddish urine bvefore admission though this
was not in evidence at our examination. Moreover, in one case =
N.C. (case 24) - a blood pressure of 98/60 mm was associated
with a well marked hasematuria, while seversal cases with no
blood in the urine had increased pressures, evidenced by the
subsequent fall of 20 mm or more. |

Thus the fact that the six of our ceses of acute nephritis.
with the highest systollc blood pressure readings should all
have bleod in the urine, may be purely coimcidence, though we
incline to the bellef that this association is better explained
on the existence of a common factor ceausing both.
Oedema:~- We have discussed the oedema of nephritis in another
part of this paper and have given our reasons for endorsing the
opinion of those who believe that the presence of oedema is not
an indication of damage to kidney function. Briefly they sare:-
(1) that oedema, indistinguishable from the oedema of nephritis
iskfound in conditions other than kidney disease; (2) that iﬂ
chronic interstitial nephritis, where all elements of the kidney
are dsmaged, in anuria due to enlarged prostate, stone, etc., and
In experimental nephrectomy, where there 1is a failure to excrete
salt and water, oedema seldom if ever results; (3) that oedema is
not necessarily or even typically accompanied by other indications
of renal functional impairment such as high blood non-protein-
nitrogen or lessened excretion of urea; and (4) that oedema is
usually associated with signs which suggest some metabolic
disturbance rather than a kidney lesion. Here we would add that
the last argument may also be used against the idea that the
oedema of acute nephritis differs in.cauaation from that of
parenchymatous nephritis in that it is due to a diminished
ability of the kidneys to excrete sslt and water. OQur cases

show/



show that whatever the type of cesse, in the presence of a well
marked oedema the blood cholesterol is raised. Cases 7,16,19 and
20 were cases of acute nephritis all of which cleared up in the
usual way and none of which went on to merit the descriptioﬁ of
subacute parenchymatous nephritis, yet each showed a well marked
increase in the blood cholesterol accompanying a general oedema,
which one would not expect if the oedeme were due merely to an
instility of the kidney to excrete salt and water.

The presence and extent of cedema is usually gauged by the
degree of puffiness or swelling evident and by the pitting on
pressure. The accuracy of judgment based on these signs will
depend on the bulld of the patient and the degree of oedema
present. A much more certsin estimate will be arrived at from
e consideration of changes in body wieght. An increase in
weight may have occurred and be quite marked though there may be
no outward evidence of oedema or only a slight puffiness of the
eyelids. One is seldom fortunate enough to get a case
sufficiently early to be able to determine such increase but it
may be presuqed to have taken place from the subsequent fall
which takes place, coincident with diuresds. Qur series
includes twenty cases of acute nephritis in which the body weight
of the patient was regularly recorded. In eighteen of these
cages there was a drop in weight during the early part of their
stay in hospital, varying from 14 K to 74K and averaging 3.24Kilos.
There are several facts which connect this fall in body weight
with the disappearance of oedema. In all cases, the drop in
weight occurred during the early part of their stay in hospital
and was followed by a slow steady increase though the diet
remalined unchanged. It was always associated with an increased
output of urine and with the subsidence of evident swelling or
puffiness. Two of our cases, cases iG and 17, were interesting
in that they developed pneumonla shortly after their admission.
There is a retention of salt and water in the body during the

active/



PABLE 1V,

GENERAL OEDEMA:-

CASE:- B/P, URINE N.,P.N, Cholesterol Urea, Conc., Test, Pigment,
mm,hg, Blood Ald, mg, per 100 s,0, B, 1. 2,

1.J.R. | 112/86| - +++ | 70 333 2.4 36
3. WL, | 98/84| + ¥++ | 70 188 * 1.5 1.7 | 36
B.P.MoAl 110/90| - +++ | 40 380 2.2| 2, |2, 40
Tedo0o | 124/78| ++ | +++ | 88 175 * 1.3 30
15,752, | 100/t | + ++t | e 160 2,1 2,1 -—
16,A,G, | 112/65| ++ | +++| 91 330 1.9 1.9 2.1 56
238, MoM | 100/t | - +++ | 96 225 2,4 2,5 76
25, J.00D 150/11d ++ | ttt| 36 180 0,9| 2.5 -
- 1

* gSatimation made after oedema had disappeared,




.active phase of this disease and in our two cases the drop in
welght and diuresis did not take place till the temperature fell
to normal.

In teble IV we glve a list of cases (8), in each of which
there was a general oedema of moderate or marked degree noted at the
clinical examination. Here again, as we found when discussing
albuminuria, we seem to have a close correlation between the
presence of oedema and of a large quantity of albumin in the
urine. Every case with a well marked oedema also displayed a
well marked albuminuria. The fact that thils close association
exists between the two conditions strongly polnts to either a
common aetiologingfgg a causal relationship between the two.
That thé presence of oedema per se should be responsibvle for a
large quantity of albumin in the urine finds no corroboration
from a consideration of other conditions in which a considerable
degree of oedema may be present with little or no albuminuria.

On the other hand, many authorities favour the explanation that
the large loss of albumin from the blood and the consequent
lowering of osmotic pressurée are the cause of the attraction of
fluid from the blood to the tissues. It is difficult, however,
to reconcile this explanation with the‘fact, attested to by éuch
a careful observer as Thomson(S)that the cedema may precede the
appearsnce of albumin in the urine by several hours, and with the
additional fact that the albuminuria may and usually does persist
and be quite severe after the oedema has subsided. We prefer to
believe that the close assoclation between albuminuria and oedema
depends on the existence of a common aetiological factor.

Further examination of yfble IV shows that no correlation
seems to exist between oedema and any of the other signs of
nephritis. There may or mey not be haematuria and the blood
pressure may be raised or normal. The blood non-protein-nitrogen
may be within normal limits or markedly increased and the results

of the urea concentration and pigment excretions may be good or

poor/



poor .
To sum up our discussion on oedema we would state that

most cases of acute nephritis, if not all, suffer from oedemsa

at the onset, which may not be visible clinically, but be

recognised by the sharp fall in body weight accompanying a

diuresis. We have given our reasons for believing that this

oedema can not be distinguished from that of parenchymatous

nephritis, and we see no reason for postulating a different

causation. We have again established a close relationship

between oedema and albuminuria and in the case of each have

shown that available evidence points to the primary cause being

8 non-renal one. From these consliderations we have deduced that

albuminuria and oedema are probably produced by some common

factor.

Blood Non-protein-nitrogen:- A feature of kidney function being

the excretion of nitrogenous waste products, one neturally looks
for a retention of these in the blood when kidney impairment is
suspected, as in nephritis. MacLean(s)has stated:-'"of all

renal tests perhaps the most importent in cases of acute nephritis
is the estimation of the retained nitrogenous products in the
blood. The term non-protein-nitrogen 1is generally used to express
the total nitrogen derived from these bodies." This statement
suggests, though it does not actually aver, that the increase

of the nitrogenous products in the blood in such cases is due

to the inability of the kidneys to get rid of them. That this

is the case in chronic interstitial nephritis there is no doubt,
the high N.P.N. even on a low protein diet being dependent on

the renal disebility. That the parallel holds in its entirety

in acute nephritis we are in doudbt, for it is our experience

that high levels for the N.P.N. may be got In cases shbwing a

urea concentration in the urine of over 3%. Moreover, in

certain morbid conditions such as acute febrile states and
rrolonged severe womiting or dlarrhoea, where there is no

kidney damage so far as we know, the blood N.P.N. may be raised.

It/



It seems reasonable to presume that the N.P.N. content of the
blood will depend on two factors, namely (1) the rate of
production, and (2) the rate of excretion, and some of our
findings suggest that both factors may be operating in cases of
acute nephritis. They certainly make 1t obvious that the level
of N.P.N. in the blood is not directly proportional to the
ability of the kidneys to excrete it.

In prefacing our experience of N.P.,N. estimations with these
remarks we in no way impugn the value of the test in acute
nephritis, but merely suggest a second consideration to explain
the high results. We shall refer to this question again when
dealing with our own figures. |

It might be srgued that in estimating non-protein-anitrogen
we are dealing wilth a number of variables any one of which may
be chiefly involved in the increase, while only one of them,
urea, is estimeted 1n the urine. Experience has proved, however,
that it is urea which is prineipally involved in the N.P.N.
increase in nephritis, the percentage of urea in the blood non-
protein~-nitrogen normally between 40 and 50 rising in such cases
to 70. It is of interest, however, that the urea fraction, in
cases of eclampsia(V)shova subnormal values, suggesting an
increase in the undetermined "N" fraction. Otto Folin says:-
"As a part of the total non-protein-nitrogen of human blood, the
urea nitrogen varies under normsl conditions between 35% and 55%.
The proportion falls most frequently between 40% and 50%, but the
variations are so large that it 1s not safe to assume, as 1is
frequently done, that the urea "N" is just about one half of the
total N.P.N. In nephritic nitrogen retentions the increase
usually involves a greater increase of the urea than of the total
"X", and the percentage of the latter represented by the urea
may rise up to 70%". In spite of this, in comparing the relative
of the urea and N.P.N estimations, he sums up with:- "The total

N.P.N. determination represents a more valuable and a more

dependable/



TABLE V,

Raised Blood Noneproteinenitrogen,

(Above 50 mg, per 100 cc,)

0ASE3~ N.P,X, B/P, ONDEMA, URINE, CHOLESTEROL UREA CONO, TBS?, PIOMENT,

meper § m. | PL.JAId, |mg.perifoce] By Dok Zoe| %
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2,0.L. 61 | 104/65 [slight |= | 140 1.8 24,
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23,4.R, | 130 | 136/94 aflj++ + 190 1.5 1.5 1.7 -
26.A.E, 57 | 102/80 |Puffy |++| +++| 180 2,2 -
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dependable process for the study of nitrogen retention than does
the ures estimation." This dictum by an authority, combined
with the fact that to us the N.P.N. determination was the more
practicable test, led us to use this test as a routine in our
investigations.

Method:= In our estimatidns of blood N.P.N. we have followed the
method recommended by Folin and Wufg) This method depends on

the preparation of & protein-free filtrate from oxalated blood

by preclipitation of the total proteins by tungstic acid and
filtration. Nitrogen is determined in a portion of the blood
filtrate by a micro-kjeldahl method, using a sulphuric and
phosphoric acid mixture for the digestion, the ammonis formed
being estimated colorimetrically after direct Nesslerization of the
digestion mixture.

Results:~ Normal blood contains 25 to 35 mg per 100 cc. of non-
protein-nitrogen, tending to the lower limit in children. In
our series, we have had values ranging from 26 to 130 mg. In
table V we have grouped those of our cases with a finding over

50 mg per 100 cc.

From a study of this table it is at once apparent that no
correlation exists between the N.P.N. content of the blood and
the degree of albuminuria or the presence and severity of oedema.
In the presence of a high level of theformer, the two latter
features may vary iﬁ intensity from a slight trace to an extreme
degree. This confirms our findings when we were discussing
albuminuria and oedema and it seems certain that, whatever factor
in acute nephritis is responsible for these two symptoms, tmt
same factor is not the cause of the retention of nitrogenous
waste products in the blood. |

This same lack of correlation seems to exist when we consider
the blood pressure findings in these cases. Some of our cases,
it is true, with a well marked rise in pressure appear again in
this table, but the majority of them don't and two of table V ‘

cases/



cases have normal readings. We have already pointed out the
fuglitive nature of the rise in blood pressure in acute nephritis.
In chronic nephritis the association of raised blood pressure and
impsired kidney function as reprdsented by an increase in the
blood N.P.N. is a common feature and we are unahble to comment on
this apparent lack of correlation in acute cases. our opinion
is that the difficulty of estimating slight changes and the
fleeting nature of the increase even when apparent make observat-
ions on blood pressure in cases of acute nephritis in children of
very little practical walue.

The relationship between the blood N.P.N. and the result of
the urea concentration test we propose to discuss when we come to
deal with the latter. Here we would draw attention to the
patient T.H. (case 18) as the best though not the only illustfaﬁion
of the point we made with regard to the possibility of an increased
production being a possible factor in the raised N.P.N. of acute
nephritis. In this case we have a non-protein-nitrogen of 96 mg
per 100 cc. associated with a result from the urea concentration
test of 3.7% vefore urea, 3.47 in lst hour and 3% in 2nd hour
sample of urine. When the observation was made there was no
oedema or oliguris. The two obvious explanations which occur to
one are:- (1) that there has been an increased production of waste
products, overtaxing slightly damaged kidneys; and (2) that the
inerease is &ue to there having been a severe interference with
renal function, the accumulation in the blood being entirely due
to the retention, and that when the observation was made the kidneys
had resumed work and were getting rid of the excess. If the latter
were the true explanatien, one would expect to find a very close
correlation between the height of the blood N.P.N. and the urinary
excretion of urea in the very early states of the disease, before
the renal function recovered. Though such a correlation exists,
es we shall see later, 1t 1is not so close in the early stage as it

appears to be subsequently, the time factor being of undoubted

impor tance/



importance in the increase of the N.P.N. due to renal inefficiency.
A question which occurs to us, the answer to which might throw
light on this problem, 1s:- Is the urea fraction of the N.P.N.
proportionately raised in all cases of nephritis or does the
"undetermined N" play a relatively more important part in acute
cases than it does in chronic cases as, we have seen, it 1is

sald to do in eclampsia, where it prohably indicates an increased

production of waste products from protein metabolism?

To return to table V, the results of the pigment excretion |
test seem to bear some relationship to the height of te blood N.P.N.;
for where the latter is high the former tends to be low and, where
repeated observations were carried out, an improvement in the one
seemed usually to be reflected in an improvement in the other.
Such & correlation 1s expected in so far as each of these features ;
is taken to be an index of kidney efficiency.
Blood Cholesterol:- Cholesterol as a constituent of the blood

plasms has come into prominence within the last few years and
has been the subject of a considerable amount of bilochemical

research. Unfortunately our knowledge both of its metabolism

and its significance 1s still rudimentary. To add to our
difficulty there 1s a marked discrepancy in the results obtained y
by different observers. Maxwell(IO)investigatod the cholesterol i
content of blood in a series of cases of nephrit;s of different

types, and his findings and conclusions agree with ours very
completely, and explain some of our unexpected results. Thus

in dealing with cases of acute nephritis he says:- "Every case

in which oedemsa was present at the time of the original

investigation showed some degree of hypercholemsteraemia." In
discussing cholesterol findings in the section on oedema we made

the same statement, pointing out that wherever our figures were
within normal limits a reference to dates showed that the

observation was msde after the oedema had disappeared. Maxwell

found that the cholesterol curve followed the oedema, but more slowly

reaching the normal level several days after the oedema had

gone/
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BLOOD CHOLESTERDOIL;-
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gone. The decline was continued to below normal limits and
remalned there for one or two weeks. (He gives the normal limits
of blood cholesterol in health as 0,13 to 0.2%).

We have set out in table VI the nine cases of our series
in which the blood cholesterol value was over 0.20% st tilp time
of observation. Four of these cases have appeared in tatles
I and IV as having had severe albuminuria and genersl oedema.
The other five had altumin in the urine, all more than a trace,
but not sufficient to warrasnt their bveing grouped with the
severe cases., Moreover, all but one, J.K. (case 13), had oedems
indicated by the subsequent fall in body welght. In the case of
J«K. there was no such fall but there was a definite hdstory of
swelling of the face which had disappeared a day or two before
his admission to hospital. If we accept Maxwellt's curve. as
the behaviour 8f the blood cholesterol, this case was
investigated when the oedema had disappeared but bvefore the.
cholesterol had fallen. The case T.H. (case 18), on the other
hand, also admitted with a history of oedema which had gone,
represents the stage when the cholesterol had fallen below
normal. Case 3, W.L. one of the few of our cases with repeated
observations, seems to reproduce Maxwell's curve, though onr
figures at no time exceeded 0.20%, the first observation having
been made some time after the oedeme had sterted to decline.
When the final observation was made the child was fully recovered
and on a general diet, which may explsin part of the final
increacze.

Our case M.S8. recently admitted to hospital and not included
in our series, though we propose to discuss it more fully in
a later section, illustrated another point made by Maxwell. This
child had been admitted and was under treatment for bronchiectasis,
when she developed nephritis, and suddenly assumed the classical
picture of uraemia. There was marked albuminuria and a general
and moderately severe oedema. The blood cholesterol, estimated
while the ursemia was still present was found to be 0.15%
Maxwell/



Maxwell concludes from his observations that in uraemia the
cholesterol values qre usually normel or low and he finds an allied
condition in the toxaemie of pregnancy, "in which some similar
toxic factor frequently causes lower cholesterol figures than
would otherwide have been expected." From the findings in our
serles, interpreted in the light of Maxwell's paper, it seems
we may accept 1t as a fact that renal ocedema 1s almost inveriably
accompanied by a raised cholesterol, the exception being where
uraemia has superwvened.

6ur figures serve to bring out a final point, in accord with
Maxwell's findings, that the two conditlons oedema and a rdised
cholesterol are not present in the same degree. The oedeme may
be very severe and the cholesterol value moderately incressed;
on the other hand, there may be a mild degree of oedems
associated with a marked increase in the cholesterol. For instance,
E.McM. (case 21) with at one time a cholesterol of 0.41% was not
nearly so oedematous as F.McA (case 5) with 0.38% or J.R. (case 1)
with 0.33% Maxwell traces this lack of perfect correlation
right through the changes occurring in more chronic cases, where
variations in one feature fail to be represented in changes in
the other. He says:- "It seems probable that while renal oedema
and cholesterol retention usually occur together, they are ,
probably both dependent upon some undérlying lesion which is the
pathological basis of the dlsease rather than that elther bears
the relation of cause or gffect'to the other. The problem of
the relationship between cholesterol retention and renal oedema
will not be solved until we know more about the normal metabolism
of cholesterol in the body, its synthesis and bfeak-down products -
and also about the extra-renal changes which occur in nephritisf

The Urea Concentration Test.

Urinary executiop of ureas- One of the rdnal functions being

the exeretion of nitrogenous waste products of which the
rincipal constituent is urea, an obvious way to estimate the

mresence and extent of renal damage would seem to he to estimate
the/



%

f/£ X A"f/na.2
Volume of urine,

Urea total, unit

Titratable Acidity

c 45 -

unit 50cc.

lg

% unit

to

10%

h$. "a-

— Urea %

unit 1%

— Chlorides % 111t

- Ammonia

unit 1



Fig.

Fig.

IT A.E.

I1l1 E.G*

Acute nephritis

'H .dLu”'o

— UMQ'IO
v itM AfotfiX-

Chronic Interstial nephritis.



the urea output on a standard diet. The difficulties met with
in following this line of research are consequent on certain
features of kidney functioning. Each kldney is made up of
separate unlts, estimated at over 2,000,000 in the human subject,
and these units seldom all function together but rather in
relaye, a lesser or greater number being called into play as the
need arises. The result is that in the healthy subject the
work done by the kidney 1s only a fraction of its total
capacity. Experimentslly, two thirds of kidney substsnce may
be removed without interfering with renal efficiency. Applied
to nephritis, this means that two thirds of the total units of
the kidney may be damaged without there being any reflection
in the excretion of waste products, the intact units shouldering
the extra burden, and their periods of rest being encroached on.
As the disease progresses and more kidney elements are involved,
the remainder can no longer meet the demands for excretion
during the heavier working periods and are called on to work at
full capacity all the time to keep the retained waste products
in the blood within normal limits. As the renal function
progressively fails, these products progressively mount and
we have the plcture of chronic interstitial nephritis with its
almost inevitable final scene of uraemia. |

To express the pheses of kidney function, we have found
‘1t convenient to take two hourly samples of urine over twenty
four hours and represent the content of various factors in the
form of a graph. The cases on which these observations were
made were kept on a standard diet - whole milk, 100 cc. per kilo
of body weight, divided into five feeds and given 4 hourly at
6a.m., l0a.m., 2p.m., 6p.m. and 1lOp.m. On the graph we
represent the percentages and totals of urea, and have included
the volume of urine, and the chloride, ammonia and titratable
acidity percentages. Fig,I represents such a graph from a

control case, fig.II from A.E. (case 26), a case of acute

nephritis/




nephritis, and fig.III from E.G. (case 6), our case of
interstitial nephritis with renal dwarfism.

On compering these figures, 1t will be observed that the
varlations in figure I in the graph of each of the components
come to be represented by almost a straight line in fig.III;
the periods of relative activity and rest of normal kidney
functionling are replaced by an almost uniform activity during
the twenty four hours in a case of interstitial nephritis.
This same tendency to flattening is seen to a lesser degree in
fig.II.

From a consideratidn of fig.I it might be argued that the
determining factor is the volume of urine, the percentage of
the various constituents varying inversely and their totals
directly with the output of water. To a certsin extent this
is true but that it 1s not the principal factor is proved by
a gonsideration of flg.II, where the varlations in concentration
of the several constituents, with perhaps the exception of
chlorides, do not follow the changes in volume of the urine
anything like so closely as they do in fig.I, a fact, by the
way,'in favour of the excretion of chlorides being controlled
by a different process to, say, that of urea. Moreover,
although the 24 hours output of urine is increased abowve the
normal average, the stage of diluresis having been present, the
total excretion of the variocus constltuents, again with the
- exception of chlorides, is reduced. To illustrate this point,
let us consider the case of urea. On our standard diet we
have found the average dally excretion of urea in the urine
to vary from 0.8 to 1 g. per Kilo of body weight, the average

daily concentration in the 24 hours sample to range between 1.2

and 1.8%, while the volume of urine varies from about 60 to 80 cec.

rer Kilo. In the case of A.E.‘(fig.II), the corresponding
figures were 0.58 g per Kilo, 0.6% and 97 cc. per Kilo, while
in the case of E.G. (fig.III), they were 0.56 g. per Kilo, 0.66%

and 85 cc. per Kilo. Our finding in the case of E.G. is at

variance/



(11)
variance with the statement of MacLean that "a patient

suffering from an advanced grade of interstitial nephritis excretes
practically the same amount of ures per diem as does a healthy
individual on a health diet." He explains the apparent absurdilty
of a high blood urea being assoclated with a normal urea output

by postulating the necessity for a greater 'head' of urea in

the chronic nephritis. Unfortunately we have had only one case
on whick to base our observations but it does seem simpler to
assume the increase 1In the blood urea to be due rather to a
diminished total output, an association which he admits to be
present in acute nephritis, thus agreeing with our findings,

(esg. the case of A.E. fig.II). We have applied the two hourly
graph method of examination to our recent cases of nephritis and it
would seem that such a method would give some indication of the
degree of damage to the kidneys, for the daily output was
regularly lowered and there was a more or less constant tendency
to a flattening of the curve. However, Maclean and de Wesselow
have adopted a much more practical method in their "Urea
Concentration Test". On looking at our graphs, it will be

eéen that the curves of the percentage and total output of urea
are very similar in that both are depressed and both exhinit

the same tendency to flattening in a case of nephritis. Con~
sequently the study of either the total output or the concen-
tration will be of equal practical wvalue. The essence of the
urea concentretion test depends on the fact that by adding an
extra load of urea to the work of the kidneys and estimating

the response by the increase in the percentage of urea in the
urine we are enabled to assess roughly their efficiency.

Methods of carrying out the test:- The authors of the test

recommend that the patient, after complete voldance of urine,

be immediately given a dose of urea (proportioned to age and

not exceeding g.XV) in 100 cc of water, preferably on a fasting |

stomach. The urine is volded at hourly intervals thereafter

and the concentration of urea is estimated in each of the samples

bY/ /’/



by the hypobromite method, using MacLean's modificetion of the

Gerrard apparatus. As the remult of our experience with tre

test, we have substituted for the hypobromite method of urea

estimation the urease method first suggested by Marshallflz)

The former 1is the easler and much quicker to perform but it

loses in accuracy what it gains in simplicity in that the urine

may contaln several constituents to yleld nitrogen on the

addition of the hypobromite solution, though not by the urease

method. According to Hawk£}5)"The urease method is probably

the most satisfactory of all methods for the determination of

ures. Uther nitrogenous constituents such as allantoin are

" not decompoged by urease." We have compared the two methods

on several hundreds of samples df urine and find that the

difference in result is in the majority of cases 0.1 to 0.3%,

yet 1t may exceed 1% and so become a factor in the interpretation.
We now as a routine cerry out the test as the authors of L

it suggested with the substitution of the urease for the hypo- ‘

bromite method of estimating uresa. Calvert suggested a further

modification, which he calls the "range of urea concentration

test."

Calvert's Test:- The patient, who has had no liquid after noon,

voids his urine at 9 p.m. and is given the ures as before. The
bladder is emptied again at 10 p.m., this sample being discerded.
The total urine passed from 10 p.m. till 7 a.m.} when the bladder
ig again emptied, 1s collected as one sample. The patient 1is
then given 1% pints of water and the urine collected from 7 till
9 a.me, this sample being measured. The precentage of urea in
the 10 to 7 sample represents the maximum,that in the 7 to 9
sample the minimum, the difference constituting the range of
urea concentration. In addition, the volume of the 7 to 9 a.m.
urine serves as & modified water exeretion test. I
Hunt(15>1n an article approving this method, added the a

suggestion that an. index could be arrived at on which a standard

might be based by subtracting the minimum from the maximum figure

and/



and expressing the result as a percentage of the former. Calvert
replied to this suggestion questioning the value of such an index.

Results of the Urea Concentration Test:- To get the fullest

information from the urea concentration test, the result must be
considered in the light of our knowledge of renal functioning,
the figures obtained constituting a miniature hourly graph.

The figure from the sample of urine before urea is given will
depend on the state of kildney activity at the time, but on a
fasting stomach 1s usually low. The first hour figure may be
ralsed or lowered according to the degree of diuresis caused by
the urea, while the 2nd hour figure will usually show the
response to the urea, and be sufficient for all practical
purposes, though the maximum response will not be obtained till
about the fifth hour after the dose has been given. According
to the authors of the test, a concentration under 24 in the 2nd
hour sample indicates damaged renal function and with this we
agree. However, a concentration over 2% may still suggest such
damage 1f considered in conjunction with the other findings.

In children, healthy kidneys will concentrate urea to

between 3 and 6%, as the following observations show:-

W.L.convalscent T.H. I
Control Control from nephritis. Acute nephriti:
Before Urea. ~1.,5% . 17~ 1.7% |
lst Hour. discarded discarded 2+6% 1.6% !
2nd " 502% 5.1% 206% - 1.7% !
3rd " 3.1% 4.3% 2.9% 2.3%
4th " 3.5% 5. 3. % 2.5%
5th " 4.4% 5.6% - -

These figurés will also serve to 1llustrate the point we wish
to make, namely, that the relative lack of response, equivalent
to the flattening of the greph we have already discussed, is
evidence of a kidney lesieon, even where the second hour finding

may be over 2%. A study of our appended list of cases will

yield a number of illustrations of this point. Our case M.S., whom

we have already mentioned in dealing with cholesterol, serves as a
particularly good example. She does not appear in our }list and

we now give her case history in some detall.
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Case History:- M.S. female,set. 9 years, was admitted 18.3.29,

complaining of cough for 10 weeks, with fever for the past 3
weeks. She had had measles at 2 yrs., mumps at 43yrs., and
whooping cough at 7 yrs., but had otherwise been healthy. A
diggnosis of bronchilectasis was made, confirmed by lipiodal and
X-rays.

April 8 - Definite oedema of both legs, more marked in right.
Irregular temperature.

" 11- Oedema of right leg, especlally below knee. Urine =
no alb.

" 18- Urine - no albumin or casts.

¥ 24~ At 4 p.m. child drowsy. Temp. normal. Vomited twice.
At 7.45 p.m. generalized convulsion. O0.E. = double
optic neuritis. Iumbar puncture - pandy + cells
increased., N.P.N. of C.S.F.~- 80 mg.per 100 cc.

¥ 25« Child very drowsy and s till slightly convulsive. Some

general oedema. B/P 120/90 mm. Urine - Alb +++. casts.

Blood N.P.N. - 97 mge. per 100 cc.

Urea Concentration Test - Before urea 2.4% ,2nd hour 2.4%

Isolated observations on urine - 8 p.m. urea 2.3% Mid-
night, 27 %.

n 26~ General condition unchanged. Child apparently amasurotic.

Blood N.P.N. 67 mg. per 100 cc.

" 28~ Child seems conscious but very restless. Blood N.P.N.

May 15- Urea Concentration Test - RBefore: 0.5% 1lst Hour: 0.9%

60 mg %.

30- Blood N.P.N. 43 mg #. Urine vol. 2600 cc. Ures content
0.75%

From this point rapid daily recovery took place.

2nd: 2 02%0

In thlis case, on the 25th April we have a resu%t §rom the
16

urea concentration test which, according to Maclean, would put

uraemia out of count entirely, yet in our opinion the absolute

lack of response to the extra dose of urea gave a certain

indication of renal damage, and there seems no doubt of the

diagnosis of uraemia.

Some such consideration prompied Calvert to devise his

"range of urea concentration test". We have carried out the

Calvert test in conjunction with the Maclean test on a large

number of occasions (some of the results are given in the

appended/
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29- More restful. Sees indistinctly. Diuresis. (edema less. |

i

i

!

v




TABLE V1,

UREA CONCENTRATION TES?:-

CASE:= Urea.Cons,Test., B/P Osdem URINE  N,P.N, onuutorh Pigment.
B, 1. 2, o, Bl. Ald, mg, per 100 co,

2,C.5L, 1.8 |10¢/65 [slight | - + 61 140 24

3.V.L. 1.7 | 98/5¢ |gemeral | + +++ 70 185 36

5.F.Moh | 2,2| 2, |2, |[110/90 [severe | =  +++ 29 400 40
0.2| 0,7/0.8 66

6.B.Ge | 142(1. 3(1.3 | 104/7¢ |N11 - + 120 150 29

7e3e06 1.5 | 124/78 | goneral | ++ +++ 86 176 30

25,A.R, (1,5 [1.5 [1.7 | 136/8¢ | ¥11 ++ O+ 130 190 -—




appended list of cases), and have come to the conclusion that
any added information it might yield is fully balanced by 1its
greater expenditure in time and care.

We would say that, 1f one is not content to rely slavishly
on the 2nd hour reading or accept an empiric standard such as
2% but will weigh and interpret the results in the light of our
knowledge of kidney functlon as expressed in a two hourly graph,
the test will prove to give all the information the authors
claim for it.

Correlation:- In table VII we have grouped the six cases of our

series in which we got a result below 2% for the urea concentrat-
ion in the second hour sample of urine. We have pointed out
that the findings in some of our cases indicated a kidney lesion
though the result was over 2%, but for purposes of correlation we
prefer to take those cases in which the damage was well marked.

Of these six cases, E.G. was our case of renal dwarfism.

In the case of F.McA - case V - we give two observations. This
patient was admitted suffering from acute nephritis and progressed
to the subacute parenchymatous type. The first observation
illustrates again the flattening of the curve, with a second hour
figure of 2%. At the time of thils observation, the kidneys,
evidently working at their full capacity, were able to keep the
blood N.P.W. within normal limits. At the time of the second
observation, the renal function was still further impaired and
the N.P.N. had mounted.

From a study of table VII, two correlaetions stand out quite
clearly. In every case, where the second hour figure of the
urea concentration test is under 2%, (1) there is an increase in
the blood N.P.N., and (2) there is a poor response to the pigment
excretion test. This is what one would expect as all three serve
to indicate impaired renal function.

As before, there seems to be no correlation between this

impairment and the quantity of albumin or the presence of blood

in/



in the urine, the blood pressure findings or the presence of
oedems.

To sum up the results of our experience with the ﬁrea
concentration test, we would say that, with the substitution
of the urease for the hypobromite method of estimating the
urinary urea, we have found it the most satisfactory test of
renal efficiency of any we have tried. To obtain the fullest
informetion possible, it should not be used simply &s a quick
methodpéf arriving at an approximately maximum concentration
of urea in the urine, but rather, by considering the urea content
before injection, the volume of urine excreted and the rapidity
and extent of the rise, and by frequent repetition of the test,
as & means of assessing the condition of the kidneys by the nature
;f their response to the additional work imposed by the test.

By its use we have shown the close relationship that exists
between the power of the kidneys to excrete urea and the level
of the blood N.P.N. and have demonstrated again the absence of
correlation between these evidences of renal damage and the
degree of alruminuria or the presence of oedemsa.

Pigment Excretion Test.

To determine the state of excretory function of the kidneys,
various pigment tests have been suggested from time to time, the most
widely used belng that devised by Rowntree and Geraghty of (17)
America a few years ago. In their method an intramuscular
injection of 6 mg of phenolsulphonephthalein is made deeply
into the buttock and an estimate is made by colorimetry: of the
percentage of the pigment passed in the urine in 2 hours. In
our investigations we have used this test as a routine when
practicable and we are not impressed with its value, at any rate
in cases of acute nephritis. The tect 1s useless when blood is
present in the urine and must be postponed till the blood has
practically disappeared. This limits its field'of usefulness and

for this reason the result of the test 1s not shown in some of

our casee.

Again/



Again, in cases where the urine contains quantities of
debris, particularly urates, the test seems to yield a low result,
a fact we have found both in nephritis and in control cases. The
usually accepted standard for normal kidneys is 60% and over for
the 2 hourly excretion, but we carried out the test in a number
of children suffering from diseases other than nephritis and got
results varying from 40% to 80%. Where there 1s a lesion of the
kidneys one certainly gets a lowered rate of pigment excretion,
as we saw when discussing the urea concentration test. Given a
low result, that one can deduce from this a lesion of the kidney
is very doubtful. The rate of excretion must be modified by
the rate of absorption and the individual response to a foreign
substance such as pigment. and the estimation of the quantity
excreted is certainly influenced by the presence of other
constituents in the urine. These considerations, taken with
the fact that blood in any quantity in the urine invalidates the
test, serve to limit the field of usefulness of the pigment
excretion test and wé feel we would lose 1little or nothing in
omittiné};ntirely from our routine investigation.

Conclusion:- We set out to discuss certalin signs and tests

associated with nephritis in the light of our own findings in
the series of twenty six cases appended. We cannot go into
the histological changes in the kidney as only two of the series
dled (one from pneumonia and one from tonsillitis) snd no post
mortem was allowed. Nor are we qualified to deal with the
physicist!s part of the subject and discuss changes in the
osmotic values and acid-base balance of the body, a line along
which many observers believe our next great step in the advance
of ouwr knowledge of the kidneys and kidney disease may be made.
We would return, however, to the question of classification of
nephritis, as we feel that our personal views have been modified
considerably as the result of our investigations.

A classification of a dimease can only justify itself if the
great majority of ceses of that disease fall naturally into the
diffarent/



different classes and do not spread themselves on the border lines.
Moreover, the value of the classification is enhanced if it

should help to indicate a line along which treatment might with
advantage be directed in each particular type. Thus, a classifi-
cation based on the aetiology or the essential pathology of a
disease serves a definite purpose.

Up till now, no such classification has been possible in
nephritis. The pathological changes in the different structures
of the kidney have been used to determine such types as
glomerular, tubular and interstitial, but in practice it is
found to be impossible to correlate the clinical picture with the
histological changes.

A classification dependent on the impairment of functional
activity is still impossible, as our knowledge 1s not yet
sufficiently advanced for that purpose, while a classification
on a clinical basis seems to defeat its own ends in that, whatever
clagsification one adopts, the qualification is invarisbly made
by its originator that a great many cases in practice seem to be
of mixed type. The desire for classification arises from the
protean diversity of tre c¢linical picture, but until such
classification is based on something more solid than the pre-
dominence of a clinical sign or on histological changes which can
be correlated neither with changes in function nor with the
clinical picture, it will serve merely to confuse the issue. We
have no doubt that as our knowledge advances a true classification
will evolve, probaily on an aetiologlcal basis, which is the only
real basis. Meanwhile, we would tentatively advance, not a
classification, but a conception of nephritis, as we see it in
children at any rate, which seems to offer a simple view of the
disease and at the same time to indicate lines for further
research and for treatment.

In our efforts at correlating the various signs of nephritis,

we have found that a marked degree of albuminuria, general oedema

and a high blood cholesterol sre invariably assoclated. 0f these,
the/



the disturbance in cholesterol has no relationship we know of
to kidney function.

Renal oedema, though formerly looked on as due to the
inabi1lity of the kidney to excrete salt and water, has recently
come to be regarded by most auﬁhorities as of extra-renal origin.
Fischer(le)voices the opinion of most recent observers when he
says:= "The oedema observed in nephritis is not secondary to the
loss of kidney function. Kidney disease does not lead to the
development of oedema."

The third feature of the triad, albuminuria, is also coming
to be regarded in the same light as oedema, that is, as due to
some iesion other than kidney damage.

On the other hand, we have found a close correlation between
the level of the non-protein-nitrogen of the'blood, the ability
of the kidney to concentrate ures and its power to excrete plg-
ment. Each of these features is assoclated with damage to
kidney function, though we have suggested that such demage may not
always explain gll of the increase in the blood N.P.N.

The presence of bleod in the urine does nof seem to correlate
with any of the other signs of nephritis,‘but one would be
inclined to associate it with local damage to the kidney, for it
'is a common and may be the only discoverable sign of a primary
interstitial nephritis while it is =aid to be invariably absent
in the typical case of nephroslis where the lesion is thought to
be extra or pre-renal.

Finally the initisl rise in blood pressure also evades
efforts at correlation. One considerqtion which might help to
determine the placing of this sign is, again, the fact that it is
not seem in nephrosis, while it is a common feature of
interstitial nephritis.

We have now arrived at the stage 1in our discussion where it
becomes evident that the features of nephritis we have considered

seem naturally t fall into two groups - (1) those depending on

a local kidney lesion or at least on interference with kidney
function/



function, and (2) those not so dependent but seeming rather to
arise from some extra-renal disturbance, possibly a disorder of
metabolism.

Our conception of nephritis is, that it is a disease
clinically not ylelding to classification, whatever may divulge
setiologically, and that the diversity of type is understood at
once if we conceive the disease as: being due to two factors, a
renal factor end an extra-renal factor, the differences in type
being represented by the different proportions in which the two
factors may be present in the one individual case.

At one end of the series 1is the case of primary interstitial
nephritis, where the renal factor alone seems to be involved and
there 1is neither severe albuminuria nor oedema. At the other
end is the case of 'nephrosis!, with no evidence of impaired
renal function, but featuring ocedema, albuminuria and a high
cholesterol. Most of the cases of nephritis we meet with in
practice fall into the serlies somewhere between the two extremes,
exhibiting as they usually do some disturbance caused by each
factor. If one wanted to express the conception diagrammatically,
one might use some sucﬂ device as this:- Let us represent the
renal factor as N and the extra-renal as M (metabolicl), and let ;
us use the flgures up to 4 as indlces of the degree of implication %
or severity. A moderately severe attack of nephritis in which a |
degree of oedema was accompanied by about an equal impairment of
kidney function would be represented‘by N2Mo, & pure nephrosis by
M1’2’5°r4,a pure interstitial nephritis by N1,2,30r4‘ However such‘
a diagrammatic representation 1is only suggested to illustrate our
meaning and is quite superfluous in practice. We admit that our
conception of the dlsease takes no account of the separate
structures of the kidney or their individual functions but this
fact, with éur present lack of knowledge; does not seem in any
way to invalidate its usefulness.

From the pathological point of view, which we approach with

diffidence, the facts do not seem to rule our conception out of

count/



count. The N factor is represented by the cellular, proliferative,
and finelly fibrotic changes in the kidney, while the M factor
is seen in the degenerative changes in the tubule#, thought by
many to be part of or secondary to changes in other systems of
the body, and an excess of lipoids in the kidney.

‘In the former case, the flnal stage 1s the granular kidney,
the colour of which may very from red to almost white saccording
to the degree to which the extra-renal factor had been involved
in the course of the disease. The characteristic pathological
picture of the catarrhal or nephrotic case with predominant extra-
renal involvement 1s the "large white kidney" which may or may
not go on to secondary contraction, depending on the degree of
involvement of the renal factor,

(Let it be tnderstood here that we are dealing with nephritis
in the generally accepted meaning of the term, and not include such
conditions as embolic nephritis or filbrotic kidney secondary to
cardio-vasculsr changes.)

When we come to consider: the disease from the point of view
of treatment, it would seem that our conception might have its
value in indicating the lines along which our energies should be
directed. In the atsence of specific treatment, our efforts are
necessarily directed towards removing the outstanding disabilities
imposed by the disease. Thus, in a case where the extra-renal
factor 1is chiefly involved, our object would be to combat the
cause which is upsetting the salt and water balance of the body,
and so get rid of the oedema, while in the case in which;kidney
dsmage preponderates our therapeutic measures would be directed
towards ensuring as much rest as possible for the damaged kidneys,
in each case conbining our symptomatic treatment with an effort to
locate and remove any possible primery focus of infection. To
glve a concfeté example of how our conception might be useful, a
case of parenchymatous nephritis may benefit from the use of a

high protein diet, so far as the oedema and oliguria are concerned,

but such a treatment would seem to be contraindicated if the renal

factor/



factor were much 1in evidence, as any good it might do to the
oedematous state would be paid for by the risk of overtaxing
already damaged kidneys.

From whatever angle we view it there seems no inherent
fallacy in our conception of nephritis, and we sde no difficulty
in accepting it as a working hypothesis to explain and group the
various clinicel piletures aessumed by the disease. Until such
time as our knowledge of the adtiology of nephritis and of the
principles underlying kidney function and their relationship to
kidney structure is more complete than at present, we feel that
our conception, by its correlation of clinicsal and biochemical
findings, offers a means whereby the study of nephritis may be
simplified and some guidance obtained for the correct line of
treatment.

SN, ¥ S



TABLEIL

Weight B/P Urike
CASE:= yrs, Date Kilos mm,hg, OEDEMA Blood Ald,
—-— e e o e o o e o o e o . per 1
8
1J.R. |5.12 |17, 8,28 112/85 |Genersl |- E 7
so. 8.28 3“.” - Ty 77
General
12,10,28 3411 e 92
Severe
17.10,28 Desreas~ | - 44 85
:1ing
22,10,28 - + 60
17, 3.29 100/56 |N{1 - 30
2,C,L, |7 3, 9.28 [20,2¢ | 104/85 |slight | = + 61
of face
& foot
19, 9.28 (17,16 N1 Red | = “
Cell
29,10,28 |18.4 {31 - k 41
3,¥.L. | 8 3. 9.26 |22,64 | 96/54 |Gemeral | + [B4,75
2,11,28 |18 86/44 | Slight | = : 70
pltting
15.11,.28 26
20,12,28 | 19,4 {1 - = 45
7. 3429 N1 - = 30
4, MR, | 6 22, 9,28 | 18 sligat |+ [B 1, 28
pitting
2,11,28 | 18 do - |hase 60
12,11,28 ) {B1 - " 75
5.0, Moh| 6 12,10,28 110/90 | Generel | = |B6,25
19.11,28 90/50| Severe® | = |*++* | 40
28,11,28 L N P P I )
2¢, 1.29 n - ++ + | 66
.50, | 6} | 19.11,28 13,68 | 104724  N11 - t 120
19,182,28 - T 86
7+3.0. | 44 | 20,10,28 | 18 124/78| General |+ + |B 6,5 | 86
8,11.28 | 15,6 90/45| X4l - - s
22,11,28 ) e |trmce | 40
13, 1,29 J - |= 37
4
8. W.H, | 812 | 25,10,28| 26,8 14q/1o% slight of + |B.1.5
faoek?
8.11.28| 23.4 | 98/82 | Hi1 - |- Y
23.11,28 " “
3 | 12.12.28 " 34
9.4.P, | 122 | 27,10,28| 9,64 | 130/t | siight | + + 32
1‘.11.28 3.2 - w.

Blood Biochemistry
N.P,N, Cholesterol

333
3560

305

190

140

18%
145
133
175

180
200

145

380
400

150

175

152
150
185




Urea Concentration test, Pigment, Cliniesal notes &c,
Before 1st,hour.2nd,hour. %
2.4 36 Decapsultation 20/9/28,
1,9 2,7 56
1.3 2,7 53 Child improving clinically.
1.2 2.9 50
1.2 0.8 | 2, 50 Clinically, child seems well,
1.8 24
2,2 2.2 57
2,5 63 Chilad dismissed well 2,11,28
Note om 4,10,28 mo oedems
1,5 1,7 36 Weight on the 10,10,28, 15,6.K,
1,3 2,5 53
1. 2,6 2,8 )
1,2 0.8 2,5 42 Child seems perfectly well.
2,2 2,2 28 Weight on 12,10,28, 16,3 K,
1 2,3
1. 2.4 62,5 Sent to country to report later
Not seen since
40
2.2 2. 2.
0.3 0,7 | 0.8 Decapsulatien 25/1/29 Died of
Pneumonia 12,2,29,
€.1.9 “ 1.1 29 Benal dwarfism,
1.2 Foi 18| L8 20
1,3 30
2,1 45
1,1 | 2.3 33
3.4 63 Child diemissed well
1.9 Je 50
45
2,9 3.3 4,3 83 Child dismissed well

Small child, test not practicadle,
CGhild aismissed well,



PABLE 1., (contd,)

kge Weight B/P OEDEMA  Urine Blood Biochemistry
CxsPi- yrs. Date Kilos mmgh, Blood Alb, N.P,N, Cholesterol
3 mg, per 100 o,0,

. m .
10,B.L. [&12 | 9.11,28 (15.4 92/45 plight - + 70 130
itting
ver shins
£
11,J.B. (212 [14.11,28 [24,9 100/54 Puffy face | - trace (43 180
28,11,28 (20,1 11; 43
1205, |8} |15.11.28 (28,6 [118/8 Puffy face | - £.0,25 |46 —
18.11.28 - +
13, 1.29 - - 46
13,3, |53 [19.11.28 [14.6 | 94/68 Byes re ++ |60 220
£y
135.1 .29 |15.2 | 78/80 11 - - 41
& -
14.9.0.|82 |33,11,28 (20,2 (110/60 [Fase purey| + |B.0.75 37,5 240
1
16.2.7,|202 | 24.11,26 [11,3 |100/t |General + e+ |44 160
1.12.28 | 8,9 N1 - =
19 : e
16.A.G,|332 |29,11.28 |18, (112/65/General | *+* E 4 21 330
9, 1.29 | 14,8 1 £31 -« | trece
25, 1.29 | 15,5 hase 44
17.0.0,43 | 2.12.28 | 15.1 | 92/50 slight of | - z 85
faeeklegs
6,12,28 32
2=
18,7.H, 3.12| 8,12.28| 10 90/t | M1 + u 96 86
70 1029 - -
10 +
19,0.B,| 6.12] 26,12,28| 15,3 108/74 K11 +  [Be0,75 57,5 340
7. 1.29| 15,6 - s




\

Tunotion tests.
Urea Concentration test, Pigment, Clinical Notes &c,
Before, 1lst.hr, 2nrd,hr, %

o i o S i--— o o e o adnadnd
1.8 3.4 56 . Irregular dismissal 12 days after admission,
1.1 2. 26 when admitted, Scarlatinal nephritis?
Dismissed well,
C. 2,9 0,7 62,5
c. 2,8 1.9 wt, on 24/11/28 - 20,2 xilos, B/P 102/52
c. 3.6 1.1
c. 4.16 0.7 51 Digmissed well
m. 5.‘
C. 2.4 1,2 59 No reduotion in weight,
C. 3.7 0.8 53
M, 3.6
2,68 2¢ 53 Nov,30 - "Face less puffy® - weight 17,6 xilos,
Dec,10 «"No oedema” ~ weight 16,3 kilos™ Dismissed
well,
2,1 2.1
Dismissed well
1,9 1.9 2.1 56 Developed pneumonia shortly after admission,
2,2 2.4 2. 7 Temperature fcll1 to normal on 8,12,1928,
c. 2‘5. o.a
c. 4,2 0,8 90
ll.l.? 2.8 2.9 Child dismissed well,
Developed pneumonia 2 days after admission,
Temperature fell to normsl om 11,12,28, Welight
3,75 3.45 3.
1.9 1.4 2,2 44 Dismissed well,
2.5 z.z z.
Dismissed because of chicken pox ia ward,




"ABLE 1 (contd),

Urine Blood Blochemistry
Age Weight B/p OEDEMA Blood Ald, N,P,N, Cholesterol
CASE:= yrs, Date kilos mmhg, mg, per 100 o,6,
i 4
20,4.0, |1212| 12,12,28 | 30,5 | 136/70 slight of | + | 43 333
ankles &
lumbar
region .
2¢,12,28 | 26,1 ) {31 - p4 40
8., 1.29 50
|
21,B,Moll. |2 7. 1,29 | 12,4 | 100/t |Mila - [*t+ |96 25
General
22, 2,29 General - +++ 37.5 #10
22,J.H, |6 3. 2,29 [ 20,5 | 108/70 (Pace + + 46
pufty
11, 2,29 - ¥
-2l
23,A,R, [lQ12| 18,2, 29 136/94 |N{1 ++ + 130 190
25, 2,29 , + 40 fws
12, 3.29 + trace | 46
+ +
24,00, |1} 11.4 | "96/60 |Face ++ | B2 | 48
Puffy
25,3 ,MeD, (6} | 21, 2,29 | 20,2 | 130/118|General |+ + +++ | 36
1, 3.29 | 13,2 | 96/60 (Wil 43 180
26,4.E, |6 5, 3.29 | 19,8 | 102/80 |Puffy e+ PN 57 150
face
12, 3,29 48

Contractions:~

o
o

NP

d

L] ubﬂ

Calvert's Range of urea coancentration test,
MacLean's "urea céncentration test,”

Blood noneproteinenitrogen.

Esbach

Albumin,

Where o letter given under Urea Concentration Test, !_c};m's

always meant,



Tunction Tegks.
Urea Concentration Test., Pigment.
Before, lst.hr, 2nd.hr,

Clinical Notes &,

2.

c.

M,1,5

c.

c.

c.
c.

2.4
2,5
4,2

2,4

1.3
3.6
1.8
1.5

2,7

0.9

2,8

2,2
S.2

1.3

2,9
3.2
0.7

2,6

3.1
0.6

1.7

1.7
0,7

2,8

1.6

3.2
1.7
0,7

3.%

56
36

78

26

Weight fell to 10,6 kilos on 18,1,29 & oedemn

returned and weight increassed.Still under Sreatment

Child dled of Tomsillitis.
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10.
11.

12,
13.
14.

15.
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