


RENAL FUNCTION

Transactsons of the Fifth Conference
October 14, 15 and 16, 1953, Princeton, N |

Edited by
STANLEY E BRADLEY MD

ASSOCIATE PROFESSOR OF MEDICINE
COLUMBIA UNIVERSITY
COLLLGE OF PHYSICIANS AND SURGFONS
NEW YORK N Y

Sponsored by the
JOSIAH MACY, JR FOUNDATION
NEW YORK N Y



Copyright, 1954, by the
JOSIAH MACY JR FOUNDATION
Labrary of Cangress Catalog Card Number 51 33198
Price 8373

Opwnwons expressed and any conclusions drawn are those of the
participants of the conference and are not to be understood as neces
sanly haung the the ts of

of or
the Josiah Macy Jr Foundation

Primted i the United States of Amenca
By Corlies Macy & Company Inc Nen Yoré N YV



PARTICIPANTS

Fifth Confercnce on Renul Tunction®

MEMBERS

ROBERT © PITTS, Charrmim
Department of Physiology Cornell University Med cal St x|
New York N Y

STANLLY E BRADLEY Secretiry
Depattment of Mediane Columbla Unmversy College of Physicuins and Surgeont
ork N

ROBERT W BERLINER
Section on Kidney and Electrolyte Metabolism Natsonat Heart Institute
National Institutes of Health

FRANCIS BINKLEY}
Department of B ochemistry Emory University School of Dentistry
mory University Ga
PHYLLIS A BOTT
Departiment of Physiological Chemstry The Woman s Medical College of Pennsylvania
Phutadelphia Pa
DANIEL C DARROWt
Department of Pedatries Yate University Schocl of Medicine
New Haven Conn

WILLIAM DOCK
Department of Medicine College of Medicine_State University of New York
Medical Cenner at New York City
Brooklyn N Y
ARTHUR M FISHBERG
Depatment of Mediaine Heth lsacl Hospta
New York N
ROY P FORST[R
Deprciment of Zoology Datmouth Coliege
anover
ALLAN A GRArI LIN
Department of Anatomy Johns Hopkins Unwversity Schoot of Medicine
alumore Md
JOHN A LUETSCHER Jr
Deparimen of Mediane Sunford Univerary Schonl of Medicine
an Francisco Cal f
JEAN OLIVER
Renal Research Lt Overlook Hospital
mt N )

EWALD E SLLKURT}
Department of Physiology Western Reserve University Sohool of Mahicine
Cleveland Ohio

*This 13 the final conference
YAbsent



JAMES A SHANNON¥
National Heart Institute National Institutes of Health

Bethesda, Md

NATHAN W SHOCK

Section on Gerontology Natonal Heart Institute National Instituges
of Health and Baltimore City Hosputals
Baltmore Md
JOHN V TAGGART

Department of Medicioe Columbin Unuversity College of Physicians and Sutgeons

GEORGE W THORN*
Department of Medicine Peter Bent Brigham Hospatal
Boston  Mass

GUESTS

ERNEST S BREED
Third Surgacal Division New York University College of Medicine
ew York N Y

GRAHAM MAcGREGOR BULL
Depantment of Medicine The Queens Umversity of Belfase
Belfast Northern lreland

CHARLES H BURNETT
Department of Medione North Carolina Memorial Hospatal
Chapel Hill N €.
HENRY D LAUSON
Department of Physiology Cornell Uniersity Medical College
New York N Y

JOHN P MERRILL
Department of Medicine Harvard Medical School
Boston Mass

BENJAMIN I MILLER
Department of Medicine Harvard Medical School
Boston  Mass

DAVID PRESSMAN

Section of Immunochemustey Stoan Kettenine Institute for Cancer Research

ROY C SWAN
Departn ent of Physiology Cornell University Medical College
ew York 1

The Josiah Macy, Jr Foundation
FRANK FREMONT-SMITH, Aledwal Direcior .
JANET FREED LYNCH, Assistant for the Conference Progeani

*Absent






HESSCL A ugof ‘any F gyt T J unweluog RunIg Ay Moy Iy uraf wostey g

Amdpp oS M urreN wews 3 Aoy ‘mowing HSUTD Uiy uey wewssang puseq ‘pasg § daurg 1quY A332 moy puy
“Blaqust I\ smpuy ‘fojprig 3 dequmig

WP L BYOf 'sIig g Waqoy Yo wepray Grog v SR s g Aoy ‘fng 108aapy3ep weyea * 3f SAPSPRT v ugof moy sy

Hiatd a5 -

- -y -

A



TABLE O CONTENTS

Isfth Conference on Renal Funclion

The Josiah Macy Jr Foundation Conference Program

Frank Fremont Snutl

The Nephrotic Syndrome foln A Luctschier Jr
Group Interchange

References ~ —

The Problem of hidney Transplantation Bemamun F Maller
Group Interchange

References

Acute Renal Fulnre  Gralham MacGregor Bull
Group Interchange

References

Cumulatine Index 1948 to 1958 anclusive

11

66

114

178

18






THE JOSIAH MACY, JR. FOUNDATION
CONFERENCE PROGRAM

Wien 1 was on a destroyer out at Bilum m 1946 1 was fascinated
Tistening to our radio operator as he tested commumeation equip-
ment He would ask another ship through his radio, “How do you
hear me?’ and the answer often would come back, “I hear you
Nine-Nine Nine” That meant that everythng was satisfactory.
Of the three nines, one was for intensity, one for clanity, and one
for meaning

The Josiah Maey, Jr Foundation has organtzed and devoted a
large portion of 1ts resources to the support of its Conference Pro-
gram because the officers are cogmzant of the fact that there 1s
considerable obstruction to communication and mutual understand-
g across the diseiphnes and specialties, and that tlus, 1n fact, 1s
one of the major factors delaying scientific advancement We feel that
there are psychological, as well as semantic factors contributing to
the difficulty of commumication, people, even 1 arguments with
one another, are t00 much inchned to make statements at, rather
than to communicate with, others 1 think that we are inclimed to
forget, though, that the real question 15, are these words and state-
ments those which are Iikely to convey to the hstener the whole
o1 even a smnl part of what 1 would like to express

1 have a feclng that we should be very much concerned with
the other fellows receiving set and not only with our own trans-
mitter If the other person doesnt seem to understand us, it may
not be enough merely to mcrease the power of our transmssion,
we must try to find the obstruction n Ius recenving set, and see
what kind of filters and resistors he uses So, 1if we call out to the
nterprofessional No-Man’s Land, “How do you hear me®” and the
reply comes back, “1 hear you Nine-Nine Nine,” we have the begin-
nmg of commumeation What we try to do 1n these conferences
conducted by the Toundation 15 to set the stage for meanmgful
communication

With the accelerating rate at which new hnowledge 1s accumulat-
wg and with the icrcasmg recogmtion that nature 15 of one mece,
it becomes evident that the continued isolation of fhe several
branches of §cience from one another 15 a serious obstacle to scien-
tific progress Nowhiere i science 1s the need for “combmed opera
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10 Renal Function

tions” more evident than m medicine Today, ta be effective,
medical research and practice must embrace data from all the
disciplmes meluding nuclear physies at one end of the spectrum
and cultural anthropology at the other, for advances 1 one field
are frequently dependent upon hnowledge denved from quite
another diseipline

Although the fertihty of the multidiscipline approich 1s thus
recogmzed, unnversities, and soentific soneties and youmals which
are usually restricted to one small area of a field in therr coverage,
have not yet made adequate provision for channels of sterdiser-
plinary communieation We do not wish to compete with the formal
scientific meetings or with the screntific journals which have estib-
lished patterns and formats for the presentation of matersal Our
purpose at the meetings 1s to heep an mformal atmosphere and to
encourage the exchinge of methads, research plans, concepts and
dificulties, which cannot be done 1f there 1s formal speech making

The Foundation has endeavored to meet the need for inter-
disaplmary commumeation by bungmg together for a senies of
two-and-a half day annuil conferences a small group of mvest-
gators, representing 1 so far as possible all the branches of science
related to a chosen problem Partiespants i these mformal con-
ferences over a five year period develop a feeling of friendsiup,
trust and mutual respect which m turn promotes communscation,
cross fertilization of 1deas and cooperation The success of such an
endeavor however, 15 dependent upon full particpibon of alf
members in the discussion Accordingly attendance at any con-
ference 15 hmited to twenty-five

Under the gdance of Dr Willard C Rappleye, President of the
Foundation since 1942, the Conference Program has been gradually
expanded wd enlarged until durng 1953 1t ncluded twelve dib-
ferent groups which meet annually to discuss a wide varety of
problems in the ficld of medieme and the closely related disciphines
Our plan 1s to discontinue the mectings of each group at the end
of five years

In order to share with 1 wider group of mvestigators and students
the essential qualty of these conferences and to give others an
mstght mto the functions of the scientific mind, the informal nature
and tempo of the di as far as possible, are presersed
the pubhshed transactions

Frana Frrvost Suri, MD,
Medical Director



THE NEPHROTIC SYNDROME

JOHN A LUETSCHER, JR
Department of Medieme
Stanford Unmersity School of Mediene

You ane st famhar with the chmcal pattern of the nephrotic
syndrome, a disease of undetermmed etwlogy It 15 sufficiently
distinctive so that there 1s Little uncertamty 1o dragnosis, but it still
lacks a respectable name, as Dr Olwer (1) has pointed ont to us
so forcefully The progression of the disease depends on unde-
termined factors, and the prognosis 1s, unfortunately, one of chrome
1llness 1 wlich a large proportion of the patients come to a fatal
termmation The thought and interest st has aroused ave justified,
we have some relable mformation regarding 1its physiology, to
gether with methods of modifying the abnormahties Howeser, as
yet we do not seem to have an effective method of treatment

There have been some changes 1n attitude toward the nephrotic
syndrome over the past few years There was a time when the
disease was considered to affect renal tubules, but now there 15
an mcreasing emphasis on the glomerular lestons One sees beantiful
demonstrations with the newer stains (2), and with electron
photomerographs i which regulir, and perhaps characteristic,
morphologic lesions appear i the glomerulr The possibility that
the nephrotic syndrome 15 a disease of immunological ongin has
been suggested by the smmlanties of the lestons 1n man to those
which occur in the rat after mjection of nephrotoxie serum Dr
Pressmans observaton (3) that the antibody producmg nephro
touc nephritis 1s localized 1n the glomerulus may indicate that we are
dealing with a disease which may start n the glomerulus Some
;ﬁf the tubulir lesions may be secondary to the primary glomernlir
CSI0T

When one tums to the physiology of the discise one finds the
widest dispanty wn renal function, 1n different cases In the early
stages there may be mereased or decreased renal blood flow and
filtration In the later stages, there 1s @ more umform reduction 1
filtration, 2 low filtration fraction, and vanable reduction 1n max
ml tubular capacity

Most of us would agree that protemnuna, which 1s one of the

1



12 Renal Function

more consprenous fertures of the nephrotic syndrome, 15 related
to an abnormahity of the glomerulus, since the massne quantities
of protemn appearing in the urne could searcely be due to a tabulr
Fatlure of reabsorption of the quantihies of Protem postulated to be
present n normal glomerular filtrate The cdem, which 1s the
second major chinical mnifestation of the disease, must be related
esther to a failure of the glomerular apparatus to filter appreciable
quantrties of sodim, m excess of the amount remosed by abhgatory
reabsorption m the tubule, or the tubule must be overactne i the
reabsorption of sodum Some of us came rather quickly to the con-
clusion that since edema oceurs regularly and renal blood flow and
filtration vary considerably, there must be some factor at work which
would increase sodium reabsorption by the tubules of certamn patients

However, this 15 a matter for speculation We accept the idea
that grossly rednced filtration can smpawr the abbty of the body
to elimnate sodium Expenments by our group and others have
shown that the reduced filtration rate which oceurs 1 the nephotte
syndrome can be increased by the mtravenous mjection of albummn
When a marhed mcrease can be produced, there 15 an mnereased
excretion of sodmim However, the appearance of sodwm m the
wume after mfustons of albumin 1s delayed The mcrease fn sodwm
output 15 less than one might expect, if simple imbalance between
the glomerulus and the tubule were the sole cause for the sodum
reabsorption Even when the filtration rate 1s rused to normal or
above normal, the climmation of sodum lags for some hours belund
the mcrease m the filtration rate B we were disipy 3
m a simple mechameal explanation, we cast about for possible
clements which mught stimulate the tubular reabsorption of sodum
and became mterested m the adrenal cortex

The work (4) presented to this conference three years ago, on
the wcreased sodum retaning actiaty of the corticoid fraction of
urime m the nephrotic syndrome, has been confirmed by MeCall
and Snger (5) The increased sodiun retaming actnaty of & similar
fraction has also been observed m some other diseases assocrated
with generalized edema (4,6,7,8) We have made further obserst-
tions on the crrcumstances in which the sodum retuning activity 15
increased or decreased and on the nature of the achve matenal
Although these studies are stll i progress it 15 not amuss to revew
the present status partienlarly s relation to the nephrotic syndrome
You may recall that we presented evidence (4) that most patients
with the massiv e edemn of the nephrotic syndrome showed mereased
sodim retamung activity in the neutral hpid extract of unne
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Eprror’s Note Dr Luetscher would Iihe to add the following
statements to his remarks at the conference

The assay of sodium retaiming activity 1s made on 2 neutral hpid
extract of urme A 24 hour collection of urme 15 acsdified to pH 10
and extracted witl i one hour with four aliquots of chloroform This
extract does not contan all of the sodum retaning activity  since
additienal achive matenal may be exiracted after further exposure
to acid The data to be presented are bised on immedhate extraction
The chloroform extracts are combined washed with alkal and
evaporated to dryness The residue 15 dissolved m ethanol and
aliquots equivalent to a 20 munute collection of the urine are injected
1mto exch rat i the bio-assay

The bio ass1y 1s made m nine adrenalectomized rats muntamed
on 1 controlled imtake of sodmm Each rat recerves on successive
days an injection of the control solvent of 5 rg of desoxycort
costerone acetate and of the matennl to be assayed The response
may be caleulated on the }ass of sodium ontput or of potissiom to
sodium output ratio (9) The water loaded adrenalectomized rats
respond to 11 desoxycorticosterone and to some closely relted com
pounds including aldosterone with a reduction of sodmm output
and increased potassum excreton Corticosterone  cortisone  and
hydrocorhisone cause an tncreased output of water sodum and
potassium 1 the assay

Luctscher When such patients were treated with cortisone or
ACTH and when dwrests resulted in elimination of edema there
was a decrease 1n the clevated sodmm retamming 1ctivity  however
1t did not fall when drurests failed to 1ppear Duresis following
mnfusion of albumun was accompamed by reduced sodium retaming
activity

‘There 1re sever1l patterns of chnical response to the 1dmmnistra
tion of the adrenocortical steroids or of corticotrophin When
cortisone was wdmmistered for 10 to 14 days the patients showed
mcreased protemuna and edema for a few days Diuresis usually
followed after the end of treatment at a time when the eosmophil
count was rising rapdly which we interpreted as 1 sign of release
from the effects of cortisone Sodium retaming \ctivity showed the
grentest decline dunng the posteortisone diarests (10)

When ACTH was admmstered for 10 to 14 days two patterns
were observed (11) Some patients showed no obvious chnical
mmprovement duning admimstration of the hormone but had a
profuse diuresis fter the end of treitment Others showed gradually
mcreasing diuresis while recening ACTH resulting m the elmuna
tion of edema In both these types of response diiresis was 1ccom
pamed by a reduction of sodium retaming acti ity
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Striling increases m the rate of glomerular filtration have been
observed after treatment with ACTH (12) We have followed the
24-hour endogenous creatinmne-chromogen clearances, which give
a too-generous estimate of glomerular filtration in the nephrotic
syndrome, underesimatmg the increase of fltration after adreno-
cortical therapy, but allowing continuty of observation with a
mimmum of disturbmg procedures We had the impression that
diaresis was associated with mereased glomeruhr filtration, but
that the Jevel of the glomerular filtration rate (GFR) might be still
far below normal at the time of druresis

We concluded that there was an between
sodium retaming actnvity, very low sodiim output, and edema m
the untreated group and in failures of treatment, and between a
reduction 1n sodium retamng activ iy, mcreased durests of sodum
and water, and the ehmination of edema during or after treatment
with ACTH or cortisone These findings seemed to justify some
further studies on the nature of the active matenal, and on 1ts role
mn the regulation of sedium brlance

Fust, an mvestigation of the nature of the sodmum-retaming
matenal seemed to be m order Active neutral hpid extracts of
urme from pruents with nephrotic edema were Fractiomited by
paper chromatography Figwmic 1 1s a contact print, made m ultra-
violet hght The hghter arcas are shadows showing the posttion
of materials absorbing light near 257 mu The left-hand strip con-
tans 100 pg of desovycort h hed stmultne-
ously with the urine extract on the night-hand strip The toluene
and prapylene glycol system was used for this sepiration Desoxy-
corticosterone was recovered from eluates of the mddic aren of the
standard strip, the correspondmg arer of the chromatogram of
urine extract contamed only traces of corticosteroid, and no detect,
able sodium-retammg activity The active fraction of urine moved
more slowly than desoxycorticosterone

Figure 2 shows a similar result when an active extract was com
pared m a longer run with Reichstemn’s Compound S, 17-hydrovy-
12-desovy corbicosterone, whieh a5 also sodmm-retamsng i the o
assyy Agar the sodum retaimag actvity of the urne extract
moved more slowly than Rexchstemn’s § In Figure 8 the standord
1s placed on the left-hand part of the chromatogram, and V, D, F,
and so on, mdrcate the postbions m which these known compounds
would be expected to appear

Pitts The left hand part of that chromatogram 1s what 1s obtamed
with 100 gamma of Compound E?

d
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Luctscher Yes, a Iittle less than one day’s unne, extracted and
placed on the paper at the startmg hne on the top The chromato-
gram developed as the moving solvent fowed down the paper The
paper was then dried, photographed, and cut mto sections as indi
cated Eluates from these sections were tested by biological assay
Zero or plus at the nght represents, respectively, msigmficant or
significant sodiwm-retmiming activity of the matersal

When the urine extract 1s chromatographed for six days m the
Zaffarom system (13), with cortisone as a standard, the sodum
retaming activity moves at approumately the same rate as cortisone
m toluene propylene glycol, so that the ‘cortisone fractien” contains
cortisone, the sodium-retaining material, and at Jeast one additional
substance This mixture can be separated into 1ts component parts
when 1t 15 rechromatographed i b aqueous methanol

We were i touch with Simpson and Tait (14), who were work
g on the parallel problem of the separation of the highly active
mmeralo corticord of adrenocortical extract They generously
mnformed us that the active material could be separated from cortt
sone 1n Bush's system (15) of benzene and agueous methanol Our
expenience with the sodium retaming matenal from unne was the
same as therr findings with adrenocortical extract

In Figure 4 we see that the active matenal has now been
separated from cortisone The sodum retaining fraction absorbs
ultraviolet Iight with a peak near 240 my, reduces tetrazohum and
shows absorption bands m mirired which resembles those gtven by
corticosteroids with A* 3 keto and 20 keto groupings Per untt of
corticosteroid measured, the sodium retamng fraction from urne
15 20 times as active as desoxycorticosterone 1n the big wss1y On
the basis of these findings (16), we believe that the tctive matertdl
found m urine 1s of adrenocortical origin, and that 1t 15 probably
the same s the ighly active mineralo corticoid found i adreno
cortical extract (14 17,18) and in adrenal venous blood (19,20)

In summary of this phase of the work, all of the sigmificant sodm
retaning activity of nephrotic urmme can be found m a single
chromatographic fraction which grves the reactions of an adreno-
cortical stereid We shall not be able to prove definitely that it 15
such a steroid until we have enough matenal to weigh so as to
demonstrate that the activity 1s not due to a contaminant mived
with some adrenocortical steraxd However, the high sodiim retan
ing actiity of the final fraction, about twenty times as great as

desoxycorticosterone, indicates that we are dealing with a fraction
which 1s not heavily contammated with tctive steroid matenal
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Dock Do you think that this matenal is not leaking out Ike
protem, but 1s bemng overproduced by the adrenal, and that the
Iugh levels of the urne, m cases of nephrosis, would also occur, let
us say, m cxrhoss and heart farture, when there 15 water retention?
In other pathologieal conditions, would there be a leak of sterad
matenal Itke the leak of serum albumin in the nephrotic patient?

Luctscher Whenever we deal with urme, there 1s a possibility
that the level which we measure does not reflect the blood level
at that time That 1s a possible eriticism which we must not over-
laok when we nterpret this sort of study

Dock In other cases of edema, and particularly i cirhoss,
there might be no protem m the unine, but you would obtan m-
creased salt-retasming maternl, would you not?

Luetscher  There have been reports that mereased sodim-
retauung activity of the corticord fraction exists m curhosis, and
we oursehes have observed 1t m cardiac falure and a number of
other states associated with edema and difficulty 1n the ehmmation
of sodium In some nstances, there was no obvious impawment of
renal function, and protemnuna was mmmal or absent I do not
believe, offhand, that mereased sodium retamng actrvity of unne
represents a leak, but we cannot be sure of that until we have the
blood levels

Lauson Am I nght m ashing whether the sterords that are known
to be bound to plasma protem are carried with the beta-lipoprotem?
If that 1s true of your substance, 1t would seem unlikely that it 1s
carried into the unine attached to beta-lipoprotem, since this globulm
15 excreted only to a shght extent in the urime of nephrotic patients

Luetscher 1 think the excretion of beta-hpoprotemn 1n the nnne
1s small, compared with the loss of albumin and of other protem
fractions On the other hand, adrenocortical steroids may be dialyz-
able mn 2 way in which many of the less polar pids are not The
sodwm-retaimng  matenal in particular, bemng a relitnely more
polar substance, probably has an appreciable solubihity n water
50 that 1t might be expected to be less fimly bound to proters, and,
I believe, would probably dialyze off

Figure 5 summangzes the results of chromatography of an actwvely
sodum-retaining extract from a cluld with the nephrotic syndrome
When the neutral Iiprd fraction 1s spread out over a number of
chromatograms, all the actvity of the extract appears in one frac
tion The dotted lmes represent 95 per cent confidence lumts,
beyond which an assay has a Ingh probability of differmg from
zero The apy of all ficant sodium-retaimng activity
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this fraction has been charactenstie of all extracts in the nephrotic
syndrome thus far stadied (168) Figure 6 mdicates that the corre
sponding fraction from the urme of a normal child has no sig
nificant actnaty when tested 1o the same dose

When an edematous patient with the nephrotic syndrome s
treated with cortisone or hydrocortisone, a reductton in the output
of sodium retaiming actnity m the unne accompanies the dwresis
This reductton can be shown to be due to a parallel change in the
activity of the chromatographic fractton which contams the
sodiim retanmg actinaty m the untreated pattent In Pigure 7 the
sadtum ret umng activity of the whole extract, and of the cortisone
fraction ™ fills m prralle] fashion dunng and after treatment This
change 1s 1llustrated m one pattent who had a dwresis after ad-
mimistration of cortisone, and 1n another patient whose duresis
followed treatment with ACTH
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Burnett Does tlus also occur i spontaneous diuresis?

Luetscher We have not had the opportumty of collecting unme
during a spontaneous dwresis When observations have been made
on edematous patients at one time, and on the same patients at a
subsequent time after ‘spontaneous” loss of edema, a lowenng of
the level of sodium retamning activity has been noted

We have been interested to observe the similinty of changes i
sodium retaming activity obseried after admimstration of cortisone
and ACTH Similar changes have been observed durnng ACTH
therapy Figure 8 illustrates some changes mn sodum retamng
activity m a patient who had a dirests dunng the admimstration
of ACTH The Iugh sodmm-retammg activity of the unne extract,
and of the cortisone fraction, fell dunng dmresis When the hydro-
cortisone fraction (F) appearing dunng diuresis was tested, the
rats responded with a profuse dwests of water, sodium, and potas-
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sium, which wis an g perhaps dental, refl of
the patient’s hugh output of water, sodim and potassium at tlns
time

Since a red 1n the sod g actnaty of the cortisone
fraction occurred erther durmg or after the admmustration of corti-
sone or ACTH, and since this reduced actinity did not appear to
be solely due to competition or nteraction with other matenals
present 1n the vnne, we fecl that the regulation of sodium retaimng
actinity 15 probly scparate from the recogmzed regulation of
hydrocortisone secretion by ACTH and that some other regulating
factor will have to be sought Aside from the obsersations on
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man 1s placed on a dict of very himited sodium content for a suffi-
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cient time to reduce his urmary sodium to a Jow level, his urme
contams ncreased quantities of sodium-retamng actwity The
material responsible for the increased actwity appears after chro
matographic separation 1n the same frachon as that deseribed 1n

the nephrotic syndrome
Pitts Can the sodim retaning actwvity be mncreased by putting
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them on a low sodium intake, and depleting them of sodum, say,
with diuretics?

Luetscher We have not studied the effects of dwuretics in normal
subjects, 1 part because we did not wish to take any chances on
modifying venal excretion of the active matenal The wse of a
cation-exchange resm might be helpful in producing further deple-
tion Certamly, experiments of that type would be of interest

Burnett Have you found any connection between this and the
level of serum sodium?

Luctscher That 1s a thought that has occurred to us It 1s true
that patients with a reduced serum-sodium concentration are
usually those with the most severe nephrotic pattern I am sure
there would be a statistical correlation between the serum-sodium
level, and the presence of a high level of sodmum retaiming activity
m the urine

Dock An mverse relationship

Luetscher The lower the serum sodium, the greater the prob-
ability of finding increased sodium retaming actnaty We have
considered the possibility that reduced serum sodium concentration
15 a possible stimulus ta the output of this matenal i the unne
On the other hand, we have had patients with normal serum sodium
levels who have shown increased activity It hardly seems possible
that this could be the only sumulus which mght set 1t off

Fishberg  What about the correlation between blood volume
and activity?

Luctscher 'We have not measured plasma or blood volume
systematically in these patients I dare say that there mght be
some correlahon 1 the nephmm:, where reduction m plasm+ volume
may be a I of serum proten On
the other hand, if we l)chcvc thal the blood volume 15 normal or
wcereased 1n cardiac farlure, we would have difficulty 1n making
the same correlation, because 1n cardiac failure we may obsene
an nereased excretion of the sodium retuning matenial

Puts However, the statement that the output 1s correlated with
the degree of edemn 1s a httle ambignous, 15 1t not? Yon said that
the only thing you knew of that would *turn 1t on” naturally would
be the presence of edema The quesnon 15, does that “tam it on,” or
1s edema a result of mcrea T of sodmm
matenial?

Luctscher We should ke to think that inereased sodiim-retam
mg actnity was one of the possible causes of sodim retention and
edema That 1s why we started with the work But we are just n

14
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n a strong enough position to prove anything nght now, except
that there 1s actvity n certam nstances where we might expect
it to appear Smce we do not yet have supphes of the mateual
sufficient to make the necessary tests s man or 1 amsmals, we can
define what part 1t might play only by observation and deduction

Dock  You had no opportunity to look for st after severe hemor-
rhage with shock?

Luetscher We thought we might obtam some volunteers from
the blood bank to test normal mdividuals who had had blood
volume reduced acutely in that way However, some techmical diffi-
culties arose

Fuhberg 1s anything known about cardiac output m these
children with ncreased sodium-retaining activity?

Lueischer We have not made such measurements The correla-
tion between the degree of cardrac farlure and the cardiac output,
as you know, has been a somewhat shaky one One can get mto an
argument there concernimg the adequacy of cardiac output for a
given individual at a gnen time This may be a very difficult ques-
tion to answer

Dock But many of these patients have quite a good renal blood
flow, which presumably means that thewr cardiac output 15 not
severely impured it 15 usually when the cardiac output 1s down
sigmficantly that the renal blood flow falls, too I do not know about
the ones you showed us, but many nephrotics have normal renal
blood flow, do they not?

Luetscher Clearances mav be supernormal m the early stages
of the nephrotic syndrome It ts dfficult to make estimates of cardae
function from renal blood flow when the hidneys are diseased
There 15 also the problem of whether smpasrment of renal function
mught alter the output of sodum-retaming matenal We have felt
safe i concluding that the reduced output after corhsone or
ACTH represents a change i curculating hormone, since clear-
ances tend to nse at the time when reduced output of sodum-
retmmng matensal occurs In the later stages of the disease, with
more seyere reduction 1n renal function, the chance of finding m
creased sodum-retammg actis ity m the urine becomes progressiel
less We have found the hlg):es}; titers 10 the easly stages when

function tends to be at its best
re“DJ(l)cl. T wonder whether you have records of obscrvanonshon
patients with chrome Bnght's disease? They lose sodwm, so w{ flrs,
dietary salt 1s ehmmated from their diet, the plasma sodwm fa
and the blood urea mereases rapidly
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Another mteresting study would be acute hemorrhagic Brights
diserse where there 1s little nse m blood urea when the blood
pressure goes up and a modest amount of edema 1s seen There 15
an enormous range of disorders to which one could apply this
method of assay

Luctscher There 1s always much more on the 1gendr than we
are able to accomplish

Dock You have a very painstahing time consuming procedure

Luetscher Tt takes a week to do three assays with our method
so we shall have to postpone further expenments watll a simpler
method 1s worked out for making these studies perhaps after 1sola
tion and 1dentification

1t would be a great advantige to substitute 1 chermieal method
for the bio assay howeser we are in agreement with the conclu
sions of Simpson and Tat who see no immedinte prospect of
doing so The specific actnity of the sodium retamming material 15
so lugh that very small amounts of hormone are imolved Even
when an extract 1s chromatographed twice mn different systems
there are still traces of mert compounds which contarmmate the
active fraction Recently we hue had the good fortune to recene
some 16 alpha hydroxy d t from Dr Hirsch
(21} and have found that tlus matenl has essentrally identieal
chromatographie properties with the actne material but it 1s mert
n the bio assay

Dock Ts thus the same salt retaming materid that has been re
ported recently from the renal veins of dogs®

Luetscher T am sure that 1t 1s

Dock  Per microgram that 13 supposed to be from five to ten
times as potent as desoxycorticosterone 1s 1t not®

Luetscher T think that Farrells mtertal cont uns the same active
substance th1t Sumpson and Tut hne obtaned from adrenocortical
extract wd which we obtained from human urine

Berliner What proportion of patients with edema have wereased
activity 1n the urine?

Luctschier 1 can answer your question only i terms of our
experience with the nephrotic syndrome and cardire failure and
m 1 few related cond In the 1 of hized edema
of a faily severe grade with 4 unne sodum of less than 10 mEq
per L most patients would have t measurable mcerease of sodiim
retunimg activity The low sodm content of unne 1s 1 better index
than the presence of edemi wunce edema may bhe present even
when dwirests 15 increasing 1t would be quite unreasonable if every
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m a strong enough position to prove anythmg night now  except
that there 1s activity 1 certun instances where we might expect
it to appear Smce we do not yet have supphes of the matenmil
sufficient to mahe the necesstry tests i man or in ammals we can
define what part 1t mght play only by observation and deduction

Dock You had no opportumty to look for 1t after severe hemor
rhage with shock?

Luctscher We thought we might obtamn some volunteers from
the blood bank to test normal mdividuals who had had blood
volume reduced teutely i that way However some techmel diffi
culties arose

Fishberg Is anythmg known about cardiac ontput mn these
children with increased sodmum retuning actvity?

Luetscher 'We have not made such measurements The correla
tion between the degree of cardiie fadure and the cardac output
as you know has been a somewhat shaly one One can get ito an
wgument there concemmg the adequacy of cwdiac output for 2
given mdwdual 1t a gnen time This may be 2 very difficult ques
tion to answer

Dock But many of these patients have quste a good renal blood
flow which presumably means that thar cardiae output 15 not
severely impared It 1s usually when the cardiac output 1s down
sigmficantly that the renal blood flaw falls too 1 do not know about
the ones you shoned us but many nephrotics have normal renal
blood flow do they not?

Luetscher  Clearinces may be supernormal 1n the early stages
of the nephrotic svndrome It 1s difficult to make estimates of eardiac
function from renal blood flow when the hidneys are diseased
There 1s also the problem of whether impairment of renal function
ght alter the output of sodwm retamng matenal We hve felt
sife 1 concluding that the reduced output after cortisone or
ACTH represents a change i crrculating hormone smce clear
ances tend to nse at the time when reduced output of sodmm
retuning matenal occurs In the later stages of the disease with
more severe reduction n renal function the chance of finding m
creased sodum retaming achivity 1n the unne becomes progressively
less We have found the lghest titers w the carly stages when
renal fnnction tends to be 2t ats best

Dock T wonder whether you have records of observations on
patients with chronie Brghts disease? They lose sodim so when
dietary salt 1s eiminated from therr diet the plisma sodium falis
md the blood urea mereases rapsdly
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method of assay

Luetscher There 15 alwavs much more on the agendn than we
are able to accomphsh

Dock You have a very panstahing time-consuming procedure

Luctscher 1t takes a weck to do three asstvs with our method
so we shall have to postpone further expeniments until a sunpler
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It would be a great advantage to substitute a chemical method
for the bio assay however we are mn agreement with the conclu
sions of Simpson and Tait who see no mmmediate prospect of
domg so The specific actnity of the sodmm retaining matenal 1s
50 high that very small amounts of hormone are imolved Even
when an extract 1s cl zraphed twice m diff; svstems
there are still traces of mert compounds which contammate the
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Dock  Per microgram that 1s supposed to be from fue to ten
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Luetscher 1 thin\ that Farrell s matenal cont uns the same active
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Luctscher 1 can answer vour question only in terms of our
expenience with the nephrotic svndrome and cardiac failure and
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of a fairly severe grade with a unne sodum of less than 10 mEq
per L most patients would h1ve 2 measurable increase of sodum
Tretaming actnaty The low sodiam content of unine 1s a better index
than the presence of edema smce edema may be present even
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i 1 strong enough posttion to prove wnythmg nght now except
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sufficient to mke the necessary tests in man or m wmmals we cn
define what part st maght play only by observation and deduction

Dock You had no opportumty to look for st after severe hemor
rhage with shoch?

Luetscher We thought we mught obtam some \olunteers from
the blood bank to test normal mdmduals who had had bloed
volume reduced tcutely m that way However some techmieal diff
culties arose

Fishberg Is anytlung hnown about cwdne output m these
children with mereased sodinm retumng ctvity?

Luetscher We have not made such measurements The correh
tion between the degree of cardiac fulure and the cardine output
as you hnow  has been 2 somewhat shaky one One cn get into n
argument there concerning the adequacy of cardiac output for a
gnven ndwidual at a given time  This may be a very dificult ques
tion to answer

Doch But many of these patients have quite 1 good renl blood
flow which presumibly means that therr cardac ontput s not
severely impured It 15 usually when the cardine output 15 down
sigatficantly tht the renal blood fow falls too I do not know 1bout
the ones you showed us but many nephrotics ke norm) renal
blood flow do they not?

Luctscher Clearances may be supernormal in the ewh stages
of the nephrotic syndrome 1t 15 dufficult to mike estrmates of cardiac
function from renal blood flow when the hidneys e diseased
There 15 also the problem of whether impurment of rena funchion
mught alter the output of sodium retarmng matenal Ve hue felt
safe m concludng that the reduced output after cortisone of
ACTH represents 1 change w curculating hormone smee clew
ances tend to fise at the taune when reduced output of sodwa)
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patients with chronic Bnghts disease® They lose sochum so whea
dietary salt 1s eimmated from therr diet the plasmr sodmum falls
and the blood urer mcretses rimdly
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affecting clectrolyte actinity and 1s not simply 2 tovic agent The
potassium sodium ratio has actually been used as a basis for the
assays which have been presented here

Lauson If T am not mistaken, reduction in GFR alone, m the
absence of change 1n adrenocorticoid secretion, will result m a
relative increase 1n potassium and decrease in sodium excretion
It would be most helpful to prove that GI'R does not decrease in
rats injected with the urinary steroid I would not be satisfied with
the 1dea that obtaining a reciprocal change 1n excretion of potassmum
and sodium necessanly rules out a decrease of GFR following the
injection of the extract

Luctscher When you did your experiments in dogs, did yOu
calculate the absolute quantities of | which were
Of course, you were ustng lo \dmg experiments at that tume, were
you not?

Lauson Yes I only wish to poimnt out that I am skeptical about
the specificity of the assay in the absence of determinations of GFRY
Actually, there 1s no good reason to believe that GFR would de
crease after mjection of the substance

Pitts As a first approumation, would the rate of creatinine
excretion gnve you essentially the same type of information®

Lauson It would probably be adequate and 1s much simpler to
measure

Pitts 'That 1s done by blocking off these urme collections and
Just measuring creattmine content?

Luetscher Yes

Dock In the dog, 1t would be a relatively simple procedure as
compared with the rest of the assay

Luetscher Yes, I think that should be done

Eprron’s Note Dr Luetscher would like to add the following
comments to his remarks at the conference

Sal.\ and Leutscher‘ found that cle wance of creatimine chromogen
n d rats under d of the bioassay was lower
than 1 normal rats under similar conditions Desoxycorticosterone
and aldosterone reduced sodium output without sigmficant change
m creatimne clearance The same result was noted on admnistration
of the sodium retumng corticoid from the urme of a pitient with
nephrosis

Dock Dr Pitts, do you think we should get away from the end
result of the nephrotic syndrome, which apparently parallels the

*Unpublished data
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edematous patient had a very high output of this matenial Then,
too, there are other factors concerned m the production of general
edemn, and there are conditions which might impaur 1ts excretion
n the urine, even f it were cirenlating 10 the bl

Merrdl Have you had the expenence of bemng able to increase
the titer of this actr e substance m a patient already showing edema,
by further restncting his sodium mtahe?

Luetscher Yes, we have

Mernll And st does go up?

Luetscher It goes up a Iittle fusther There must be some sort
of top himit, since there are some patients with very Iugh mitial
activity whose levels do not go up appreciably when sodium mtake
1s reduced

Lauson 1 wonder if we could discuss for a moment the assay
stself, since in the end alf interpretation depends on that 1 wonder
if by now you have made measurements of GFR m the assay rats
before, during, and after mjection of either the test or standard
substances? The reason I ash 15, I thnk, fury obvious If GFR
were sigmficantly reduced after the injection of unmary extract,
this alone could result n salt retention m the anymai Eventually,
1t seems to me, possible changes it GFR will have to be taken mto
account m the assay of unne for the content of this sterord as well
as of wtidwretic substances As far as known, GFR has not been
measured dunng antiduretic assays i the rat, and I have not
heard whether your group has done so

Luetscher That 1s a most unportant pomt I did not go mto the
assay 1n any detail, because one can get farther and farther awa)
from the nephrotic syndrome But if we are usmg an assay which
depends on sodwm alone, then we may fall into a_possible trap
all we would have to de would be to give hichlonde of mercury,
or shoat the rat through the heart, and obviously a maximal reduc-
tion 1 the sodtum excretion would occur during that experiment
In order to defend oursel es agamst that erthicism, we have to have
some kand of routme control In this bio assay, we have used potas
sum If we use the sodmum to-potasssum ratio as a measure of
activity, we are protected from that type of error

Lauson You mean that more potassum and less sodwmm s
excreted by the test rat?

Luetscher I the tested matertal stimulates the excretion of potas-
swm to the same extent that st reduces the excretion of sodiem.
there 15 a high probability that the substance 1s one specfically
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Doch 1 think the climeians would define nephrosis nowadays
as any chromie proteinuna i which the patrent had neither heart
failure nor many red cells in the urne The patient need not be
edematous to have a disease such as tlns over a long period of time,
the examination of the unne would show that there was a lesion
of this type, although the plasma protemn might not have dropped
low enough for him to have developed edema

Olicer 1 have often wondered why some word that makes use
of the term “protemnuria” was not applicable to these multiple dis-
turbances 1n the kidney?

Bull Your defintion would mclude postural protemuria, would
1t not?

Doch Yes, certamly It 1s typical nephrosis

Luctscher “The neph ynd ,” so called, 15 a perfectly
good chnical entity There are a number of different pathological
lesions which can lead to a sumilar chimcal pattern, but many of
them may be distinguished One 1s faced with the problem of having
a chimcal lesion, as it were, which 1s readily definable, and yet
having no agrecment on the basic pathological difficulty from which
the patient suffers

Olwer 1 think this confusion 1s defimtely the fault of the group
to which I belong As you say, there 1s a chinical situation that
deserves some name, but the pathologists have msisted that it must
be a “disease of the tubules ” It seems to me obvious that 1t 1s not

Pitts Does a normal rat have nephrosis® It has protemnurta, does
1t not?

Oliwer Yes 1t has a “nephrosts,” which I suppose, is part of its
normal hustory

Miller We should not confuse the 1ssue further by including the
proteinurias, because there can be every chimcal vanety of this dis-
ease One of the difficulties 15 that some of these acute “nephroses,”
which are misnamed, as Dr Olver has pointed out, come mto the
picture Why not simply agree on the term “chrome nephrotic
syndrome,” and stress the word, “chronic™? 1 think we should know
what we meant chnically, the pathological picture 15 faurly well
defined

Doch 1 think Dr Volhard referred to these episodes, occurnng
m glomerulonephntis as the nephrotische Linschlage, or com
plications

Luctscher 1have emphasized ane aspect of the problem m which
we are interested but I am sure there are many other reasons why
a tubule might be hyperactive Dr Lauson has brought out the
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phenomenon of currhosis and heart failure, and return ta sometlung
that Dr Luetscher mentioned earher? There are now more and
more histologreal studies on the glomerular membrane, and some
people tegard any visible change as perhaps causatne, or related
to the cause of protetnuria 1 gather that one school of hustologsts,
beheves that what we see i between the two layers of the glo-
merulus 1 nephrosis 15 evactly the same sort of matenal that we
see in the tubule cells i that disease 1t 1s not the cause of the leak,
but has accumulated because of the leak Is that correct, Dr Olner?

Oliwer  Yes

Dock Such lesions have no sigmficance m the ehology of pro-
teinuria We used to think that the tubular lesion was the cause
of the protemuna, but we have more or less abandoned that 1dea
Now we are considering the possibility that the glomerular lesion
18 the caase of the pratemuri, whereas, just ke the tubular lesion,
st mght be the result of altered permeability with collardal matenal
accumulating 1 the ground substance

Olwer I thmk 1t 15 a mustake to suppose that the glomerular
lesions were not seen early i the hustory of nephrosis The very
first cases that were described bad glomerylar lesions, but, as Dr
Doch says, the difficulty is in deciding whether these lesions are
ssmply the expression, or the result, of the passage of plasm1 con-
stituents such as protein or lipid ~ nobody has sad anythmg so far
about lipid — through a damaged membrane, or whether these
appearances are the cause of the leakage I do not thmk anyone can
say, but from the begmmng there was strong evidence that the
effects were not stmply a tubular disturbance, but also a glomerular
disorder

Dock Dr Falr (22) resisted this vigorously up until the late
forties, I beleve

Olver Nevertheless, T think that the early descriptions of
nephrosis shawed very definite lesions m the glomerulus One of the
three cases that T have called “nephrosts” his extreme changes ia
the glomerulus

Dock ‘That 1s somethmg Dr Bell emphasized a long time ago

Oliver Yes, so the statement one authonty has made, that
nephrosis 1s “tubular disease,” scems to me to be entirely lacking
1n realty I am mterested that Dr Luetscher always used tlus word
as an adective he says * the nephrotic syndrome ” Ihat 1s perfectly
proper usage It is when we begin using “nephrosis” as a noun, that
we produce mteRectual confusion
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mflating a balloon catheter mn the aorta would reduce sodium exere-
tion essentially to zero

Dock 1 prefer to study my patients, with them one can allow
enough time for whatever adrenocortical activity they had to dis-
appear I do not know whether the dogs have 1t or how fast iy
wears off When you give a test dose to an ammal, how long 1s 1t
before the tubular effect 1s exhausted?

Luetscher \When matenal 1s imnjected the duration of action
varies from a few hours to a day, depending on dosage and rate
of absorption We have no data on endogenous secretions I think
that all of us have been aware that there are probably at least two
possible phases through which an animal nught go Practically all
the expeniments which are related to acute reduction of filtration
rate, and blood flow 1n ammals have shown a tendency for a read-
justment to occur as time has passed, so that a manewver which
would reduce filtraton and excretion of sodium ends up some
hours, or a day, later with a preparation mn which the filtration rate
15 still low even though mmproved to some degree but m which a
larger amount of sodium 1s ehmmated The question should be
raised as to whether undue emphasis on acute expernments might
lead us to overestimate the effect of changes in filtration rate on the
sodwm excretion, and to or erlook compensatory factors which enter
m at a later stage

Bott Dr Luetscher, T believe you said that when the sodium
level in a patient was low you often found hum to be quite 1ll, and
that these patients were putting out a large amount of the hormone
which you were imvestigating Is that correct?

tscher Yes, m a sp natural experrment

Bott And then, after the increased output of the hormone, does
the plasma sodium level increase agam or does the sodmm all go
mto the tissues® Do you obtain more and more edema?®

Luetscher Most of the patients had struck a rough balwce with
their disease at the time they were observed Some of them were
slowly accumulating edema, while others had a stationary level of
edema on a reduced sodium ntake I do not believe that there 15
any physiological mechamism for sodium retention which cannot
eventually be brought into balance by an accumulated excess of
sodwm in the body .

Bott Can you say whether these patients, showing the lowest
plasma sodwm level, have lowered glomerular filtration rates?

Luctscher In gencral that ys what we observed Occasionally
one sees patients with normal or supranormal filtration rates when
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concept that the tubular actiity may be mcreased m certam cir-
cumstances, and particularly 1n these patients I wish he would say
something about other possible mechanisms of overactwnty of
tubules, or other matters which might lead to glomerulotubular
1mbalance with respect to sodium

Lauson 1 have not much to add to our recent review (23) of
this subject The 1dea that acute reduction in GFR can result m
an excessive reabsorption of salt and water in the dog 1s well estab
Iished Glomerular isufficiency as a cause of excessive reabsorp-
tion of these substances 1s therefore a possibility n the nephrotic
syndrome If that much be conceded, a corollary must also be con-
ceded, namely, that this type of imbalance may be present to such
an extent that no matter how much salt-retumng, or antrdrretic,
hormones act upon the tubule, such additions might have httle
effect In this sense, hypersecretion of these hormones, if eventually
proved to occur 1n patients with the nephrotic syndrome, may turn
out to be of secondary importance These statements are, of course,
no more than opintons

Dock If we study adrenalectormzed ammals, or men, perhaps
we shall come to the opposite conclusion, that once the adrenals
are gone, no matter how low the glomerular filtration rate goes,
the hidney 1s still elimmtmg sodium

Lauson The amount ehminated 1s less when GFR 15 Jow

Dock But 1t 1s still too much

Bradley Wil an adrenal d ammal to lose
sodium mndependently of changes n the filtrabion rate?

Merrill We had one patient who had been adrenalectomized for
hypertension, developing n the course a nephrotic syndrome with
chrome renal faslure, who had a fltration rate of about 20, and
showed a marked sodrum diurests without any change of filtration
rate dunng the adrenalectomy

Dock Some of our patients with Addison’s disease, 1n shock, were
still losing sodium 1 am fauly certan that this 1s true m the adre
nalectomized man no matter how low the filtration rate becomes, up
to the pomt of impending death sodrum 1s ehmmated 1n the unne
m much greater quantities than it should be There will be a low
plasma sodium level, and a considerable amount of sodium n the
unne
Putts There 15 always the danger in mferrng that the results of
acute experiments will be the same as those observed m chronic
espeniments However, Thompson (24) observed m adrcnnlcc;;)-
mized dogs that an acute reduction i Sltration rate produced by
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at least temporanly, and under those errcumstances there seems to
be a tendency to water and salt retention I am certamly mclmed
to believe that reductions 1n filtration rate may alter the output of
a gven load of sodium I do not think we can say flatly that there
1s absolutely no relationship between filtration rate and sodum
excretion Undoubtedly this effect of lowered filtration may be
entirely masked, blocked, or reversed by a varety of other factors
The situation i any given clmeal condition has to be evaluated
as a whole

Dock When the adrenals are present in the ammal, or 1n man,
what has been stated 1s quite true However, 1t has not been proved
that sodwm excretion can be mhibited 1 the absence of the
adrenals Since the adrenals have to be there when one studies this
phenomenon m the mtact ammal, we do not know whether the
adrenal cortex 1s also stmulated by the factors which cause a fall
1n the glomerular filtration rate That 15 a problem that has to be
sohved A tubular cell sensitized by a given amount of matenal com-
mg from the adrenal may behave 1n one way, but once that sub-
stance has been removed, the tubular cell may be qute indifferent
to the amount of sodwsm that 15 presented to 1t

Pitts That has already been done Dr Dock Exactly the same

P was ob d with an adrenal d ammal as with a
normal animal

Dock  And no adrenal support given®

Putts No, but that 1s not the pomt If we work on an adrenalec-
tomized ammal with a good filtration rate to start with there has
to be some adrenal support, but there 1s no chance for that support
to vary, durmg the course of the experiment as a conscquence of
reduction 1 filtration rate

Dock 1 do not think 1t varies n the acute experiment either

Putts 1thmk we are getting mnto a it of a trap here, 1n assummg
that some of us beheve that the filtration rate s everything, or,
on the other hand, that the hormonal control of renal tubular func-
tion 1s everything T do not believe that anyone present beheves
either one of those statements We know that both factors operate

Luetscher In attempting to assess the possible effect of adreno-
cortical secretion in producmg the changes that we see i the
nephrotic syndrome, we were interested 1 the tendency of these
patients to cover their excretion of amon with potassum, am-
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1ccurulation of edema 1s occurnmg but these patients usually hase
2 normal serum sodium concentrition When we were studying the
effects of concentrated human serum albumm n the nephrotie syn
drome (23) we noted that water dwresis regularly accompanted
the mcreased plasma volume and fltration rate after intrayenous
albummn A rise m serum sodium concentrition occurred after this
diresis 1f the mitial Jevel was subnormal We had the impression
that reduced glomerular fltration and 1mpared water exeretion
occurred together perhaps ssocinted with reduced plasma volume
and that all three abnormalities were improved immediately after
wjection of Albumn Sodum excretion mereased so slugmshly and
uregularly even when the tubular load of sodium was rawsed to 2
normal level that we felt that there was some abnormal stmulus
to sodum reabsorption which we had fuled to modify i acute
experiments To be fur we must point out the statistical correlation
between the level of the glomerular filtration and the ability of that
patient to excrete sodium There 1s no question but that the patients
with very low filtrabion rates have a strong tendency to hold on to
sodiezm and that as the filtration rate increases there 1s an mereas
mg probability that the patient will be able to evcrete sodum
normally or nid humself of the excess of sodium which has ac
cumulited 1n the body

Muller Do you apply that just to nephrotics Dr Luetscher? Is
1t not true that there are many patients with severe ancnuas with
marhed reduction m glomerular filtration rate who show no ten
dency toward edemaP I have been greatly troubled by ths so called
ymbalance between the glomerular filiration rate and the tubules
and have tried to thimk of other clinical conditions that might teach
us something I am sure that the one which Dr Dock brought up
18 perfectly valid that you sce patients with Addisons disease 10
whom there 15 no such statistical relatronship I have often wondered
about some of the patients before the final failure 1 permicious
anemua 10 the years before there was adequate therapy

Dock They begin to accumulate edema eventually

Muller Eventually yes but that is termmal 1s it not?

Dock It 1s probably true that thew glomerulr filtration rate 15
down at the cnhieal Jervel

Miller I think it falls a good deal before then though I am not
sure about 1t I have wondered if this so called statistical relation
ship would apply only to the particular cases the investigators have
been mterested m and would break down 1f other clinical conds

tions were considered
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monum, and hydrogen 10n, 1nstead of sodium This can be most
strhmgly brought out n patients who are loaded wsth anton which
has to be excreted at a rapid rate A stmilar tendency n the ammal
with reduced glomerular filtration has been descnibed by Lauson
and Thompson (26) Is this sumply a measure of the intensity of
the stimulus to sodum reabsorption, regardless of cause or mecha-
msm? Does this same phenomenon occur m an ammal recening
a very large dose of desoxycort winch 1s suffi to ewt
off lus sodium excretion?

Berliner 1 think the answer 1s “yes”

Luctscher The excretion of other cations could be mereased n
any situation m which there 1s the necessity to cover an excreted
anion load when sodium 1s not appearing in the unne, whether be-
cause of reduced filtration or increased reabsorption of sodum

Berliner 1 would put 1t differently, but I think that 3our state
ment describes the results 1 would be inchned to say that the
mcreased excretion of potassrum, ammomum and hydrogen ions
are manifestations of the reabsorption of sodium

Lauson Dr Burnett (27,28) presented data here a few vears
ago which concerned this very pomnt When a normal subject was
given a large load of sodium para ammoluppurate after pretreat-
ment with ACTH, the unnary antons were accompamed by relt-
tively more potasstum and less sodtum than when the same subject
was sumlarly loaded i the absence of the exogenous hormone

While we are on the subject of sodium excretion 1 relation to
GFR and tubular reabsorptive factors, 1 have some thoughts which
are probably not very onginal but which may be helpful In the
data of Thompson and Pitts (24), for example, from experiments
1 which GFR 1n dogs was acutely lowered, we could draw a smooth
cunve relating sodium excretion on the ordimite to GFR on the
abscissa The curse would show the well known and dispropos-
twnately large decrease m sodium excretion that occurs when GFR
1s reduced Relatnely small mcrease m GFR above contro] 1s sum-
larly associated with a disproportionately large increase m sodiun
excretion This fundamental reltionship between sodium excretion
and GFR 1s modified by influences affecting the tubules directly.
An excess or absence of salt-retaiming adrenal steroids, for example,
during the time that GFR 1s changed artificially, would generate
a new curve respectinely be'ow and aboyve the ongmal cune These
would define a lower and upper ey clope of what could be thonght
of as a family of curves If this concept 1s reasonably corsect, 1t
would follow that, for a grven GFR, the absolute range of sodim
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after treatment with ACTH or cortisone, 1t 1s probably that the
inulin clearance would have shown an merease also, perhaps of even
greater extent

Pitts Dr Swan has brought up a pomnt of some pertimence to
our discussions which he would hke to have considered

Suan Would 1t be appropnate for this group to enumerate
which of the pomts used to substantiate the mulin clearance as a
measure of glomerular filtration m the normal person have been
systematically confirmed 1n patients with renal disease, particularly
pattents with nept ? In the f g d the mulin
clearance as a measure of glomerular filtration rate 1 renal disease,
has been generally accepted

Bott There 1s httle pubhished work on thit subject, but T thinh
there are a few articles suggesting that there 15 some reabsorption
or back diffusion of inulin m such states

Swan Are you refernng to the study of Redish (33)?

Bott T think that 1s one of them

Lauson Dr Mattar, working with Barnett, McNamara and my
self (31) did several expenments in children with renal disease
One approach was to measure the nuhn clearance at three widely
different plasma concentrations of muln m two nephrotic children
and one normal child It was found that n all three the exeretion
of mul plotted against plasma concentration was a linear relation-
ship extrapolating through the ongin as 1t should have if there were
no significant tubular reabsorption or excretion of the wnulin In
experniments of another kind 1t was found that carmamide, m doses
which did not affect the elevated ratio of the clearance of speafi
cally determined creatmine to that of mulin, depressed the clearance
of PAH to below creatinne but not below inulin A thurd lime of
evidence suggesting that mulin measures the glomerular fltration
rate {GFR) m cluldren with renal disease 15 the fact that thiosul
fate/inulim clearance in 36 observations on 25 children with renal
disease ranged from about 075 to 125, with an average close to
10 for a range of mulin from 5 to 160 ml/min per 173 M2 In 11
normal children, nuln el ged 103 = 011,
whereas 1 105 abservations on 57 children with renal disease, the
ratio vaned from the normal rnge to s high as 22 the rho
tended to merease as mulm (m ml/min per 173 M?) decresed
None of these Lmes of evidence by itself 15 very conclusve but when
they are all together they strongly suggest that the mulm clearance
1s an adequate measure of GFR in patients with renal disease

Dock These were pattents with protemuria?
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of creatintne and have obtamned quite different numencal restlts,
as reported by manmy other observers The nephrotic syndrome 15 an
especially poor setting mr which to use the creatinine clearance as
a numencal measure of glomerular filtration On the other hand,
the measurement of mulm clearance 15 Jmited to 5 fesv honrs noder
artificial conditions, and 1 the nephrotic syndrome 1 have seen
such large changes 1n creatinmne clearance occur durmg the nfusion
of muhn that I felt that the results weie difficult to interpret 1
beheve that of we wish to find a numerical value for a given mstant,
we must use wmubn When we follow varitions over Jong penods
we use creatinme, but obviously we eannot equate the creatinne
clearance with the Bitration 1ate

Mdller What troubles me 1s that the endogenous creatinme cleir-
ance can be mfluenced by tubular mechamsms, and 1f we are Jook
g for changes i these mechamsms, we may find large emors
Those of us who know all the difficulties m the creatmme clearance
keep these thoughts clearly m mnd, but frequently other people
use 1t as a precise measure I am amazed at some of the caleufations
that have appeared n the iterature, basing exact measurements on
the endogenous creatimne clearance The exogenous creatimmne
elearance may be 50 per cent off, and n some wstances 100 per cent
1 think T am justified, after having put 1 so many years trung
to develop techniques for the of the end:
ciertine clearance, to pomt ont that the work of | Swota and
7 Brod was limuted to a certain area, but the moment we Jeave that
area the measurement may become completely valueless I think
the piper that Aletander Leaf, A R Mamby, Zelma Muller, and
1 (31) published recently, showed that rather clearly There are
fust too many conditions m which the endogenous creatimne cletr
ance does not measure the filtration rate, to make 1t worth while
as a procedure I agree with Dr Luetscher that if we clearly state
the dificulties, then we are justified i employing 1t m certan
situations

Lauson In Dr Luetscher’s studies, the endogenous creatnne
clerance tends to underestimate the mercases m GFR resulting
from therapy The untreated nephrotic patient ustally has an -
creased creatine muln clearance rato, m some cases greater than
20 Ths 1s brought out particularly if a specific method 15 used Jor
creatmne determunation (32) After treatment with ACTH ‘or
cortisone, the tendency is for this ratio to decrease tow 'ndlh*f
normal value of about 10 (12) Therefore when creatimne cem;‘
ance, as measured by Dr Luetscher’s group, increased duning an
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ureter that went mto the jejunum As far as tests on the patient go,
everything that 1s excreted by the latter 15 reabsorbed above the
bladder The same thing happens with extravasation mto the hidney

Berlmer 1 think »f you could collect from the ureter before it
emptied into the Jejunum 1t would be mteresting

Bull When Bywaters was doing some work on the crush syn
drome, he took the lymph glands from near the lidney, draming the
ladney, and found that the urea content was higher than m the
plasma Possibly we could mve 1mnulin and sample a lymph gland,
then we would see if there was anything partly concentrated and
diffusing back

Olwer 'The holes 1n the hidney tubule are plamly evident

Dock The man who 1s working with inulin clearances believes
that the glomerular filtration rate 1s down, when, as a matter of
fact, all that has happened 1s that the tubule acts hike a leaky hose
He calls this a low glomerular filtration rate, when actually he has
not come anywhere near to glomerular fil because
between his collection and the glomerulus there 15 a hole m the
hose That 1s the whole pont There 1s no way of testing for this
except obtaiing lymph from the patient s lymph node

Suan How about nephrosis, where we do not have a histo-
logrcally demonstrable hole®

Oliver In such cases we have an expenmentally demonstrated
change m the epithelium, so that a very large molecule like trypan
blue can be seen to have diffused into the cell, discolonmg diffusely
the whole tubular wall (35) We do not need a hole to obtamn
leal\:;ge, but I was speaking of the extreme case where there 1s
a hole

Dock Dr Bull suggested the best idea, which 1s to collect the
lymph nodes from rabbits wath Masngi-nephrosis

Bradley How often?

Dock Say two or three times The lymph nodes would be those
at a different level up n the neck, perhaps, or 1n the mediastmum
One could use lymph nodes as a control, in the slwghtering of
the beast

Bull There would be no urea, but muln, perhaps

Miller It 1s difficult to visualize massive reabsorption of mulm
m some of those nephrotic patients that Dr Lee Farr (36) studied,
1n whom the inulin clearance was supernormal?

Dock The PAH 15 supernormal, too, sometimes Certanly, not
much 1s diffusing back at that state of the disease
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Lauson Yes The two children i whom muhn was measured at
three plasma levels had severe nephrotic syndrome The four childen
who were given carmamde also had the nephrotic syndrome Most
of the chldren in the large series mn which ereatmine/muhn, or
thiosulfate/mubin clearances were measured had nephrotic svn-
drome, but a large fraction had acute or chronte glomerulonephntis

Pitts In relation to your first point, would that not be equally
true of urea®

Lauson The ratio of urea to inuhn clearances was measured
throughout most of these expernments In the cases m which
carmamide depressed Cian, the ratio of urea/inulin clearance re-
mamned unchanged Simlarly, when plasma muln concentration
was vaned, urer/mulin clearance was unaffected

Doch The urea clearance was low?

Lauson Yes In the mulm and caramide expenments, the urea
clearances were moderately to severely reduced

Dochk  Compared with thewr mulin clearance?

Lauson No Compared with normal children In these patients,
there was nothing unusual about the ratio of urea/tnuhn clearmee
when related to the observed unne flow They were not Itke the
very advanced nephntics who tend to have an urea/inulin clearance
ratio approachung umty

Berliner ‘That does not rule out the possibility of passtve back
diffusion

Lauson Of the total filtrate?

Berliner Yes, or some fraction of the filtrate Was that what you
meant Dr PittsP

Pitts Yes

Dock There 1s no cancewvable way of testing for mtrarenil extra
vasation of glomerular fltration, 15 there? In “1schemunc disease;
the tubules lose thew lnngs and presumably filtrate would just
extravasate out ito the mterstitial substwce of the hidney It 15
hopeless to try to work out any way of seemy how much mulm
escapes into the interstitial substances of the hedney, when the
tubules are permeable to inuln and everythng else the glo
merular filtration rate

Berlner 1 suppose from a functional pomt of view we really
do not care what happens to those factors that do not contribute
to the final unne

Pitts It 15 qust as though 1t had not been formed at all

Dock Ibelieve Dr Olwer would think there was some difference

between testing the function of a normal Lidney, and one with a
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tallng, I wondered whether what T have to say nught help to
explam his findings, I should Like to emphasize that these results
are only prelimnary

Figure 9 shows the concentration of potassiem in the glomerular
and tubular flud as compared with thit m serum, and 1t 1s quite
obvious that at the glomerulus there 15 2 concentration practically
1dentical with that in serum The concentration drops off, and I
think the lowest figure 15 about 20 per cent of that of serum I have
used serum in most of these studies These pomts indicate a very
1 d of p ation ratio 1n the proximal
tubule but I am not sure that all collections will show figures as
low as this The curve may spreid, giving ratios more like those
shown at the nght for the distal tubule Taking them as they stand,
1 think they scem to indicate a rather stnking reduction of potas-
sium n the proumal tubule, n fact, so much so that I cannot help
wondenng whether 1t means that potassium is bemg absorbed over
the area of glucose reabsorption and whether it 1s necessary for
potassium to be reabsorbed at the sime time as 1s glucose As soon
as I am a httle more sure of the pattern, I should Lke to try some
expeniments on phlorhizimzed animals

The ‘K per inulin’ ratios given below mean, of course, the potas-
swum concentration ratios over the mulin concentration ratios Pre-
sumably this ratio for glomerular flud over serum would be ap-
proximately one The first ratio shown at about 10 per cent proximal
15 86, and they vary i the next group between 70 and 50 They
then drop down to 30, and finally to the lowest of 08, near the end
of the prouimal tubule Each dot represents an individual expen-
ment on a different ammal, but where ‘K per mnulin’ ratios are
shown, mubn and potassiom were determmed on 1dentical samples

Now, to proceed to the distal tubule some of the dots obviously
are hugher than the lowest shown for the proumal tubule, but still
showing K per mulin’ ratios near 30 A dot at about 70 per cent
distal mdicates a tubule fliid potassium concentration hugher than
that of serum and another dot at the end of this section a flud
potassium concentration about twice as lngh as that m serum

Eprror’s NoTE Dr Bott wishes to add the following statements
to her remarks at the conference

It may be of sigmificance that m the animal showing the highest
concentration ratio for potassium the serum potissium was only 21
mEq per L Potassum concentrations of blidder urines not collected
simultineously with any expenments indicate a faily wide range for
potassium content, some being less than 1mEq per L This may mean
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Miller And yet, the defect, the tubular Jeston, 15 presumably full
blown

Dock In these patients, there 1s a different problem from that m
the group Dr Bywaters and Dr Ohver have been studymg Were
these mercury lestons that the trypan was flowing out of?

Oliwer No, they were spontaneous camne lesions 1 Brght's
disease

Pitts 1 think before Dr Luetscher continues along more chmeal
Imes, Dr Bott might desctibe her expertments on sodium and pots
sium excretion

Bott These remarks do not really belong m a more or less chnical
ediscussion, but a few people have expressed interest w some work
1 have done on the Necturus hidney * When Dr Luetscher was
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Ficure 10 Gives prehminary figures for the kidney of Necturus Cross hatched
bars indicate sodium  black bars potassum  and white bars chlonde The con
sttucnts of serum are shown above the diagrammatic nephron those of tubule flud
for the Same experment are shown durectly below and the nulim tubule fluid per
serum concentration ratio for the pair 1s shown at the bottom The positon of each
parr of diagrams relative to the neplron diigram, indicates the section of the tubule
from which the flud was collected

tubule flud electrolyte picture 15 only shghtly different from that of
the serum Next, at 64 per cent proximal, chlonde has nisen and
sodium has stayed about the same as 1t 1s in the serum above It
brings out a pomt that I tried to emphasize m the first meeting of
this group, that T think this pattern 1s much hike that m animals but
perhaps not so extreme Over a large part of the proximal tubule, at
least sodium seems to stay about the same 1n the tubular flud as
it 15 m serum, and the chlonde seems to mount to bilance the
sodium, or sodmm and potassum I belteve that that same thing
happens 1n the mammahan tubule Unfortunately, at the moment,
T have no more figures between these and the ones for the distal
tubule but there 1s no reason why, m this anmmal, we should not
Dbe able to get beyond this pont m the provimal tubule, and collect
cnough fluid for this type of expeniment

Now, to consider the distal unfortunately 1 lost a part of the
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that not all distal tubule potassium concentrition ratios will be m
the ringe shown in Figure 9

Bott Lven m this expermment the “K per inulin’ ratio was stll
only 79 I am not swe that any of this means ‘secrction’ of potas-
stum Possibly 1t could, but with the number of points we have so
far, I think we cannot be sure If thesc were all on the same nepheon
of course, 1t might mean secretion, but we have to keep n mind
that all are different ammals and collections I have neser hnd a
ratio of potassium per multn concentration ligher than 1 up to this
time They have always been lower than 1 If with more expenments
the hne defimitely goes down, as 1t scems to i the prouml, and
then goes up, as 1t seems to 1 the distal tubule, perhaps secretton
will be shown Once the pittern 15 defimtely established 1 hope to
try 6083 to see whether we can force any so-called sceretron
This refers to the carbonic anhydrase mhibitor used by Berlmer
(87), and others, to decrease hydrogen 10n and increase potassntm
excretion

Torster How did you prepue the ammals? When you were
working with normal potassum Jevels, were you perfusing the
specimens, or were they pumpmng blood?

Bott No, these antmals were anesthetized with urethane, and
the head hept in dilute urethine Nothmg had been adminustered
except inuhin subcutancously, dissolved i water I tned not to
disturb the electrolyte balance more than was necessary

Berlier You have not given potasstuum?

Bott I hue not given 1t so far Howesel, that s obrrously
another thing I wash to do

n Fgure 10 are shown the results of a few cyperiments m which
we have determined as many electrolytes as possible along with
mmulm Here we hive not only the usual difficulty of determmmng
the relation hetween the concentrations of constituents of tubule
flrd as compared with plisma, but an attempt 1s being made to
show at least something of the amon cation bilance m the two flurds
This puts much more stran on our analyses Millequivalents ol
electrolyte per liter of serum are gien above the nephron, an
mulliequivalents per Itter of tubule flud below the nephron The
cross hatched bars wdicate sodmm, the black, potassium, and the
white, chlorides The group of bars above the nephron show r:\tl\lcr
typreal pictures for serum, although they are not ali exactly the
same Each serum diagram with ats tubule flmd constitutes one
expertment, the nulin concentration rho for each cd’"”m"}?t
appearng at the bottom of the chart At 26 per cent proximal the
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served before, and was even more pronounced 1 the mammalian
experiments where chlonde roughly balanced the sodum, in the
only two cases m which sodium was determined {88,39)

Berhner Dr Bott, do you remember whether the pH measure
ments reported by Montgomery and Pierce (40) referred only to
the frog or was Necturus also inclnded?

Bott They did use Necturus

Berliner Your data would not appear to fit very well with the
hypothesis that pH does not change 1n the provimal tubule

Bott Montgomery and Pierce observed no significant change 1in
pH 1 the proumal tubule I am hoping to do some pH determma
tions along with these electrolytes

Berhner Your data would suggest a change of the order of a
pH umit or more, if there were no appreciable amount of bicar-
bonate would they not?

Bott The carbon diouide level could not fall m the flmd?

Berhner If these figures are correct, there is no appreciable
amount of bicarhonate If we assume, as most people do, that the
carbon dioide tension has not changed markedly, the pH must
have fallen considerably and not just a tenth or two of a unit

Bott Yes I believe that these figures would mdicate a change

Berliner 1 suspect that the pH in the proximal tubule may vany
with the crrcumstances

Bott 1 would not put too much stock m these preliminary expen
ments Possibly some of the questions under discussion are within
total experimental error and we certamly need many more figures

Forster What do you do about the tubule s communication with
the pentoneal fhud?

Bott We Leep the pressure, agamnst which we are collecting
hgh enough to be sure we are not pulhing 1n anything

Forster How do you think that opening functions normally, 1s
1t properly called the “nephrostome™?

Bott Yes

Forster Do you think the pressure 15 normally too lugh m the
lumen of the tubule to allow any pentoneal flud to enter the
tubule?

Bott 1 do not know under what conditions 1t does function 1
agree that there 15 some chance of contammation although the
hidney surface 15 comparatively dry and covered with oil duning
the expermment

Berliner  These were all done with unmanipulated amimals ex-
cept for the actual puncture?
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sample and was not able to determine sodim m the one at 50
per cent I put the rest of the figures in because I beheve that prob-
ably the chlonde roughly balances the sodium and potassuim agam,
and then, as we proceed along the tubule, sery small amounts of
sodum and chlonde are shown, the sum of the cations approw
mately balaneing the amons The mulin TF/S figures mcrease from
106, for the early proimal collections, to 252 at the end of the
distal tubule, which 1s a rather lugh ratio for Necturns These ratios
wdicate water reabsorption all along the nephron

TABLE 1
Tubule Fluid per Serum Ratio
S:fe I’ Inulin 18 Na J Cl‘l
Collection

Prox 20 per cent - - 94 -
Prox 26 per cent 106 81 86 10
Prox 64 per cent 123 37 100 118
Distal 50 per cent 177 48 {39) 61
Distal 70 per cent - 129 16 -
Distal 74 per cent 145 37 1 17
Distal, end 250 | 200 08 l‘SJ

Table I shows some of the same experiments, with a few scattered
results added just to brng out certaun points Notice that the muln
100 ratios gradually but not nmformly because
the ammals and collections were different The potasstum ratios
drop 1 the proumal and then become igher agam, m the distal
tubule Three sodmm concentration ratios mdicate that sodim re-
mams about the same as 1t 15 1 the serum throughout at least 2
part of the proumal tubule For the distal tubule, the figure shown
1 parentheses 1s estunated from the chlonde and potassinm det(‘;
minations and 15 not rehable, but rapidly falling ratios are shm\)s
for the end of the segment The figures show that these ammﬁd
were m good condition for renhsorbmng sodm and chlorlxd?-, :u:se.
especiilly n the last one, for concentrating muhn The shght rb-
in chlonde concentration ratio in the proximal tubule has bheen o
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after treatment Exceptions to this rule exist A better correlation
15 found between diurests and reduction of pre existing high output
of sodium retaning corticord 1n the urne

The ability to excrete sodium and water has been much easier
to stimulate than the reduction m protemuna (41) If we look at
a senes of patients who have been treated with ACTH, cortisone,
or hydrocortisone {Figure 11), we find that most patients who
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icupe 11 Immediite vesults of treatment of nephrosuis Reprinted bv permussion,
from Luetscher ] A Jr, Deming Q B Johnson B B and Piel C F Advances
m munagement of the nephrotic state JA M A 153, 1236 (1953)

recetve a therapeutte dose of adrenocortical sterards respond with
diuresis usually with complete elmmation of edema, tailure 15
observed in only about a third of the patients The somewhat poorer
results which we obtamned with cortisene, or with hydrocortisone,
are due I believe, to suboptimal dosage or absorption of these
matenals wlule we were learming to use them If an adeguate dose
had been gven the results m these columns would probably ap

proach those which were observed with ACTH Protemuna, on the
other hand, seems more difficult to modify In onlv one guarter of
the ptients who were treated, the duly protem excretion dimimshed
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Bott Yes, the ammals were hept m as normal a condition as
possible

Pitts Of course, 1deally, you would hle to have the sodum-
potassium chlonide figure for the study Can you obtmn enough
Huid to conduct all these experiments?

Bott Yes, I think so Of course we have to collect over a long
period Many of the expeniments require an hour, and there are
difficulties m keeping the mnufin level farrly steady, and the quartz
needle in properly I must admt that I have attempted many more
expeniments over the past year than I have shown m these three
diagrams They are not easy but they can be done, and with methods
i which less matenal 1s needed, I certainly think we shall be able
to do quite a few things on one sample If we elminated muln
we could determine the electrolytes you mention, and also pH

Berliner Those of us who have been assummg, on the basis of
shm expenimental evidence and a great deal of mference, that most
of the filtered potassium 15 reabsorbed in the provimal tubule, are
very pleased to see these data

Pitts Dr Luetscher, will you now continue?

Luctscher The smportant physiological changes which are ob
served in these patients when they are treated with the adreno
cortical hormones have been described earher m the discussion
Considerable difficulty i interpretation anses because so mny
things happen at once that we are not in a strong position m
definmg cause or effect Furthermore, the functional pattern is not
the same i all patients before treatment, and the response to
treatment 15 not uniform There 1s a stuking difference 1n the ese
with which we are able to modify the prcture mn different mdt
iduals It 1s an old story m the treatment of the nephrotic syndrome
that there are some patients who seem te be quute ready to produce
a dwresis under almost any stimulus, and there are other patients
m whom 1t 15 very much more difficult to mduce

With albummn, 1t seemed quite clear that those patients who
responded best were those who had a mimmal imparment of ren?
function In the patients who started with a reasonably good filtra-
tion rate, and those m whom a good expansion of filtration rite
followed treatment, the probabibity of inducing diuresis was great-
est (25

Itf lh)c nephrotic syndrome treated wath the adrenocortical hor-
mones, a smular pattern has been evident In general, the P‘"E“lu
have responded best when renal function has been not too seriously

ted, or when lerable miprovement n function occurred
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remn free from edema s well 1s from other evidences of disease,
if the remission lasts for more than one year
Figure 13 shows the current status of all patients one to three
years after treatment Approumately 43 per cent of both adults
and children were still in remission wath normal clinierl appear
ance cler unine nd free of protem or any abnormality in sed:
ment Renal function studies were not done at this time Possibly
some chrome impurment mught be found but these patients were
stabihized m the pattern of normality as far as they were able to
achieve 1t and as far as 1t was evident on chmeal exrnunation
Contmncd evidence of disease was seen in those patients mn whom
with red mp had not been estabhshed
Almormalmes m the unine were assoctated m many mstances with
chnietl edema A certam number of the patients found therr way
to the fin1l column of death from mtercurrent complications or
[rogression ta chronie renal msuficiency
In watching these patients over a period of time 1t 15 obvious
that the cleanng of the unne of protemn s a very much more funda
wentil change one which 15 harder to achieve and jet once
chieved 1s more likely to lead to a situfictory end result The use
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to a normal lecel The number of patients m whom protenura
contued unchanged m spite of full therapeutic doses, 1s unfor
tunately large

Lauson May I ash whether most of the patients who did not
show a decrease in protemuria were m the group m which duresis
did not accur?

Luctscher Yes, the tendency for diuresss and an ymprovement
wm pratemuria to occnr together s 2 very striking one, not only w
terms of the patients, but also when we consider the time at which
1t appears The mavmal reduction in protemuna is usually observed
at the time of diuresis regardless ¢f v hat? oo ¢ momnnae 3 ool
admimistration of hormone, or after
1s exster to stumulate and 1 would
improvement, since we have not seen significnt reduction 1 pro-
temuna without durests

There 15 apparently no obstacle to a complete clumnation of
edema even though proteinuna contimues at the same rate and
even though the serum protemws are httle affected dunng the release
of flmd 1think thercfore, that one does have to consider that these
two deals of treatment, 1¢, the ability to return to a more normal
handhng of electrolytes, and the reduction of protem i the unne,
are achieved 1n different degrees, if not in different ways m pateents
who are treated with the adrenocorticat sterords

The duration of improvement i dwrests or protemura is e«
tremely vanable Recurrences occur spontaneously in a large pro-
portion of these patients and the shmulus to relapse 15 often il
defined A respiratory mfectian without detectable pathogens which
are ordinarly associated with recurrent nephntss, such as the hemo
Tytic strept or the p ceus, 15 the most P;t‘
cursor of relapse Almost any stress to the patient seems to be
enaugh tn certam wstances In one case a moderate exposure to
sunlight which produced only muld dermal erythema, was follow t‘g
by recurrence of the whole nephrotic picture Certain alergens an
drugs have been blrmed for other relapses

The duration of rehef of edema after treatment with the adreno
cortical steroids 15 chorted m Figure 12 Relapse 15 frequently
observed within the first month after thesapy, additional reewr
rences ocenrnng Jess frequently 1n succeedmg mouths The apparc;:!
(ncrease m later months 1s arbficial, bemg related to the scalzd in
which we put two months and six months m the iter pcynnci
respectively After a yenr of freedom from edema there1sa tem'z i, t)s
for the pattern of remssion to become stabtlized These paty
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Where all this fits m with spontaneous adrenocortical actinity, 1t
1s difficult to say The obsersation that remission was Just as ikely
to occur after the cessation of therapy as dunng treatment with
ACTH or cortisone, has confused us Certain patients who have
shown no tendcncy to improvement during the trettment for as
long as two or three weeks, may still show stuking 1mproyement
when the hormonal therapy 1s withdrawn The association betw een
diurests and the improvement 1 protemuria has been a very close
one, and the 1mprovement mn protemurta 1s as likely to occur some
days after the end, as 1t 1s duning the course, of treatment

We should be somewhat cautious in the interpretation of post-
treatment changes, because one sees sometimes an mcreased excre-
tion of adrenocortical steroids of certamn types in the urme dunng
the posttreatment phase Whether this 1s related to an improvement
m renal function, or to diresis which may produce an increased
clearance of steroids, or whether 1t represents an alteration in
secretion or metabolism of adrenocortical steroids, we aie not m a
position to state at the present time There 1s certamnly much more
to learn about how these agents act, and about the optimal methods
of treatment The nephrohc syndrome has sometimes been con

* 7 an, but i adults 1t has

to chronic course and

en and adults has not

been obvmus m our expentence We have one patient of 50 years

of age, for mstance, who, as far as we can make out, has made a

complete chmcal recovery although she may still show some evi-

dence of impurment of 1enal function The activity of the disease

has not been 1n evidence for three years In the group as a whole,

we have had the impression that there was no real difference 1n the

outcome of our adult group and our children’s group although a

perusil of the literature would indicate that, untreated, there might
have been quite a stnhing difference

Swan On what basis have you chosen patients for inclusion in
this group?

Luetscher We have made no attempt to distmgwish between so-
called pure or ipoid nephrosis and those patients in whom evidence
of the exstence of hypertension or hematunn mght have suggested
a more y or glomer hritic On the
other hand, we hve not treated p:\hents who have been frankly
azotemic or urenuc at the time they came up for consideration We
may have mcluded a few patients with Iupus ergthematosus, n
whom the diagnosis was not evident at the time they were treated,
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Oliver T think 1t would be very helpful if you would tell us your
entera for this group What are the charactenstics of this nephrotic
episode?

Luetscher The group was composed of patients who came to
the hospital with an insichous onset of the disease They umformly
had no history of an acute episode with the classical mamfestations
of hemorthrgic nephntis but presented a story of weight gun of
feeling tired and heavy and of swelling of the face or ankles
Although some patients had a respiratory infection about the time
of onset there was no concrete evidence that they had had a recent
encounter with the hemolytic streptococeus either 1n the presence
of increased circulating antistreptolysin or 1n cultures from the
throat The chmcal picture which they presented was that of a
massne generalized edema The urmne showed heavy albummunia
and generally an absence or a rarity of red blood cells although
m 1 few mstances the Addis count showed red cell excretion as
Ingh as 80 million per day The charactersstic blood casts of hemor
rthagic nephritis were uniformly absent The blood pressure was
usually normal but a few patients showed a rather vanable hyper
tension which generally subsided when they were put to bed They
all had sigmficant hypercholesterenia which 1s a very rare accom
pamment of the acute episode and 1 my hmuted experience tends
to fall with an acute exacerbation of a hemorrhagic nephntis m a
patient who 15 passing through a degenerative stage of chronic

an

. 1wod
of two weeks to a month before therapy was given there was no
tendency for the abnormahities to subside spontaneously On the
contrary edemn tended to grow hetvier and the disease to progress
deeper nto the pattem which we have already described

Olicer But do you beheve that this syndrome can oceur mn an
mflammatory subacute glomerulonephnitis as a nephrotic episode?

Luctscher  There has been no patient m our series who has
shown a documented nd clear-cut acute hemorthagic nephntis
progressing into this pattern

Olier Have glomerular crescents been found i the hidneys of
any of these patients?

Luctscher We have had patients who died and whose hidneys
revealed glomerulir crescents but they have umformly not gnen
us ¢ history of an cute episode which was recogmized clmically

Oliwer Do you accept the crescents as evidence that there had
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but we have attempted to exclude patients who clearly had some
other disease leading to a pattern resembling the nephrotic syn
drome

Bradley How many patients with hypertensne disease did you
study?

Luetscher A reltnvely small proportion of the group had any
significant hypertension and when tins has been present, it has been
usually rather labile and of low grade

Bradley In adults or children?

Luetscher Both

Berliner  Are there any hypertensives among those pitients who
appear to have been cured?

Luetscher A trend toward hypertension of a mild degree 1s not
apparently a serious factor in the prognosis of the nephrotic syn
drome 1n our experience and as I read reports of other groups who
have studied the progress of the disease, this does net seem to be
a major factor On the other hand, a very striking and symptomatic
hypertension 15 certanly an unfortunate prognostic ndex

Bradley Ts it possible that some of the aduits may have suffered
from acute nephrtis?

Fishberg Before the days of ACTH, recoveries were not too rare
m adults Those of you who are acquamted with the publications
of Albert Epstern (42 43) who, I thin}, treated more of these cases
than anybody else, remember that he used to stress that a not incon
siderable fraction of them mmproved which he attnbuted to the
high protemn diet I have seen one patient get well after ten years
of protewurnia and duning those years the disease was continuous
I have seen another patient who lasted several years But I am
confident of one thing among the cases seen by Dr Epsten and
a good many others which I find scen before the days of ACTH
there was nothing Iike a 45 per cent recovery rate m adults As a
matter of fact they were so exceptional that we used to demon
strate them whenever we had such a case

Luetscher Perhaps we have been fortunate m the group that
we studied As far s the exclusion of the patient with ncute
nephntis goes 1f you mean a classical acute glomeruloneplints,
I beheve that we can usually make 2 clear distinction betw cen those
two groups

Olver How about the subacute cases? et

Luetscher 1f you mean the type of nephrotic svndrome uc;
1s preceded by a definite acute hemorrhagre nephnts, there are n
such pitients within this group



The Nephrotic Syndrome 57

to die of mtercurrent infection, at the present time deaths from
infection have been uncommon  As a matter of fact, we have been
very fortunate 1 not having any deaths from itercurrent infection
i the group that we have been following, which 1s pnmanly a
tribute to the clhinicians who have been tahmg care of these patients,
and who have provided prompt and effectnn e treatment

Burnett 1 assume that those who died did so because of renal
msuficiency?® Did they have edema when they died?

Luetscher Most of these patients were edematous up to the ime
of therr death, but with prog of renal msuffi
Occasionally the termmnal 1llness began abruptly just a week or two
before death, with rapid nise blood pressure, and acute deteriora-
tion of renal function

Dock In your group of patients, did about half of the remisstons
oceur while therapy was still bemng given, and the other half after
it had been discontinued?

Luetscher Yes, and 1 a few mstances, which help to keep us
honest and humble, the occurred
patient after we had done our hest with the hormone and f:uled

Dock You mean more than three weeks after discontmuing xt?

Luctscher Yes We had one patient, for example, who was totally
resistant to all the treatment that we gave lim at fairly high dosage
levels, and who then, m the midst of an acute illness from chicken
pox and pneumoma, had a pronounced diuresss, six months after
Tus last course of adrenocortica) hormone

Mernll Dr Luetscher, will you elaborate a bit on the long term
therapy which 15 used in the case of these patients® How long do
you continue 1t, and what mdications are there that the ultimate
prognosis will be improved thereby?

Luetscher We have no reliable data as yet, they take years to

late The problems we are as follows If we try
gradually to discontinue the dose of hormene, we are likely to see
a recurrence just as though we had stopped giving hormone If we
continue at a hugh dosage over a pentod of months, the meidence
of complications becomes very large One compromise which may
be advantageous w long term therapy has been lugh dose, mter-
muttent treatment, 1 which a patient recenes heavy doses of the
adrenocortical steronds for three or four successtve days out of each
week (44)

Dock Did your studies of the sodwm-retaimng principle n the
unne give you any evidence that there was a pause 1 adrenal
function after you discontimued cortisone?
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been a tissuc reaction 1 the glomeruli that is usually called sub-
acute glomerulonephritis?

Luetscher At the end, they had changes mn therr glomeruli which
were mdistmguishable from those of glomerulonephnitis, but we
wondered whether these changes mught have deseloped under our
eyes as we obsenved the later development of hematunia, hyperten
sion_and renal msufficiency after months or years of the nephrotic
syndrome When 2 patient des from some infercurrent esvent 1n the
carly stages of the nephrotic syndrome, there are often mummal
changes 1 the glomerul, which resemble m some ways the lesion
which Dr Carolyn Forman Prel (2) has shown us in rats sacrificed
within a few days after nephrotovic serum was admistered, where
there was pred of ; thickening or
exudation They have not shown the changes which I woyld have
assocrated with a subacute glomerulonephnitis Those who died
later mn the discase with a picture of chronic renal msuffictency hwve
shown, as Drs Piel and Ehrich (2) pomted out, extensive glomer-
ular lesions with scarring, obhteration, hyalinization or crescent
formation, all of which are changes we would associate with a
chronic and progressive glomerulonephntrs The feehng i our
group has been that the pattern of the reaction has changed in
these indrduals, but we could settle that poutt only by seral
biopsies beginming at an early stage, rather than waiting for post-
mortem observation

Berliner Among these patients were there any who were known
to have had albuminuna without other symptoms for any consider
able penod before the onset of this syndrome?

Luctscher  Yes, there are occastonal patients who hwe been
known to have protemuna before the onsct of the chmcal preture
On the other hand there are others who have been examined very
briefly before they came under observation, and they have been
found to have a clear urnine at that tune

Swan Dr Luetscher, would 1t be possible to assemble duta for
a simular group of adults scen at your hosptal with this sume chs-
ease prior to five or six years ago?

Luetscher We have not been able to do so The elimmation of
mtercurrent mfection as a major cause of death his changed the
course and duration of the nephrotic syndrome n recent years 1he
general use of effective antibiotics at just about the same tme !;!
the adrenocortical steroids became availible, has made 1t difficult
to compare the present results with previously published scneil
Whereas in previous studies about one third of the pattents us¢
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should ascnbe to an improved level of circulating proten and
possibly to some accumulation of extracellulir flmd at that time
General circulatory smprovement may be at work, as well as any
fluences on the regulation of the renal eirculition which may
anse at that time
Berlier The effect of cortisone on filtration rate m the dogs 1s
not dependent upon the retention of sodm I do not know whether
that 15 true m man In the dog we obtam mcreases m filtration rate,
even though the ammal goes mto negatne sodium balance This
has been reported by Davis and Howell (47)
Burnett st greater than when the dog 1s recening large quant:
ties of salt?
Berliner 1t 1s about the same order of magnitude
Mernll We have found that in the ones recewing lnrge doses of
cortisone no mcrease in filtration rate has been observed when
sodim 15 restricted I think the root of the problem 1s that one can
see a d mp 1a with filtration rate follow-
g the admimstranon of ACTH and cortisone
Lauson A great deal can be gamed by applymg the clearance
concept to the problems of proteinuria (23) Other things remam-
ing constant, an mcrease i GFR ought to result m an mcreased
clearance of albumm An increase m the plasma concentration of
albummn at 2 time that albumin excretion remamns unchanged, or
falls indicates a dimimished albumun clearance We like to use the
ratio of albumin clearance to GFR (as measured by the mulin
)| or, less ad ly, by the end clear-
ance) as a rough ndex of glomerular permeabihity to albumn reln
tive to the permeability to water Both the plasma water and
albumin are exposed to the same capillary surface and to the same
hydrostatic pressures in the glomeruly, although of course, alburmn
restrains the outward movement of water but does not restrain 1ts
own movement Therefore, quantitative changes in relstive perme
ability ean be crudely estimated by changes m this clewance
ratio I meant to comment on this exlier 1n connechion with Dr
Luetscher s Fignre 11, which showed that quite a number of patients
exhibited hittle or no decrease m protemuna after ACTH or cort:
sone therapy 1 feel sure that most of these patients would have
shown 2 decrease in albumin clearmce because plismn albumin
usually mereases somewhat, and more important they would have
shown a decrease n the ratio of albumm cleafince to GI'R, because
of the decretse m albumin cleir nce anc ~m CFR
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Luctscher The urine 1s the wrong place to study sterad lesels
because of the changes of renal function which occur with the
dinresis Marks (45}, Galan (46} and others, have pomnted out the
tendency for mncreased excretion of steroid assoeirted with mereased
renal function and unne flow We can only say that the mavmal
excretion of 17-ketosteroids, and of certan wrine eorticard fractions,
may continue after the end of therapy and through dwresis 1 some
patients On the other hand, the evcretion of other sterouds tends
to falt off The vanation w pattern m different patients and m dif-
ferent fractions, makes 1t dufficult to define accurately the pattern
of steroid excreton duning the posttreatment phase Even this will
not gie us a final answer until we can follow blood levels of the
major components

Dock You would expect the glomerular filtration rate to be g
when the adrenal funchion was suspended, though, would you not?
It would tend to go i the opposite direction T gather

Luetscher The mise of creatmme clearance 15 maxumal at about
the end of therapy and tends to be sustaned for some diys after
that Jt may continue to merease slowly if a remussion begws
Diuresis may ocenr with exther a rising or a falling creatinne clear
ance after the end of therapy

Oune can inerease the glomerular fltration rate of a normal mw,
as Dr Burnett has shown ws, by the admimstration of ACTH ar
cortsone  Improvement 1n crrculating albumm Jevels occurs
patients »o treated, and this conld raise the fltrahon rate of a
patient with a nephrotic syndrome st as m the ease of the a
pumstration of albumm Any change o the underlymg disease
picture which may occur at that ime may be another contributing
factor Agam, we are dealing with a complex sitnation

Burnett 1 wonder 1f the mechamsms are not a httle different
Subsequent expenence has shown that the merease thit we ntially
demonstrated was probably largely related to the expansion ©
extracellular volume AH the ongmal subjects were gettng a §
deal of salt One certamly muntmuzes, or perhaps even removes the
effect on filtration rate 1 the normat mdwidual, if salt 35 sestricted

Luctscher 1 am sure that 15 an mmportant pont On the th:l'
hand, the chianges mght reflect an wmerease m plasnia valume z
you know the nephrotic 15 usually labonng under the difficulty 0
a Tow plasma volume, and there 15 certanly an ymprosement 1t
protein levels m a number of these patients while they are un lz’;'
treatment Barnett has pomted out that a number of these p‘!;"""c
ay also show increased plasma volume dunng therapy, which &
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Bradley Why does the albumn output decrease as a result of
treatment with ACTH?

Lauson In philosophical terms, we thought that AGTH or corty
sone would bring about a reversal toward norml of the glomerular
fesions {23) Thus favorable trend 1s indicated by the nise m GFR,
i 1t had been depressed, and by the reduction in proten or albumm
clearance If, after repeated trals to achieve these results, such
therapy fails, this fact may have prognostic meanmg It scems
reasonable to assume, after repeated failures, that many glomeruly
are wrreversibly scarred On the other hand, 1f 1t 1s possible to induce
a substantial increase in GFR and a decrease m albumin clearance,
even though the disease has been present for years, 1t gwes one the
hope that the glomerulr lesions may yet heal

Bull As Dr Luetscher has said, we have all had the humblng
experience of treating a person who has not responded, and yet
a short while later, spontaneous 1mprosement oceurs

Lauson Yes, this happens often enough, that 1s why I saud re
peated trals should be made Riley (48), at the Babies’ Hospital
m New York, has had a number of patients in whom as many as
three courses failed to induce dmress, but 1 whom another course
was successful

Swan Dr Lauson, on what basis can you assume that the re
absorption of protemn by the tabule does not change?

Lauson 1 do not suppose there 1s any way to prove this assump
tion I know too hitle about the results of renal biopsy to guess
whether, after successful treatment with ACTH or corhisone, the
tubules would show so few lipids and protemns m their cefls that it
would ndicate reabsorption had improved

Bull 1 am not arguing that mereased protem reabsorption 1
responsible for any of this mprovement, but T think 1t 15 possible
that the tubules counld reabsorb a lot of protemn On considerations
of both size and electrical charge, albumm 1s hlkely to be fltered
more readily than globulin, or at least to the same extent as globulm
and yet in postural protemuria we somctimes find more globulin
than albumin m the unne This suggests that albumm 15 being
reabsorbed If we accept this, and make a further assumption t}n:
globulin 1s not reabsorbed, we can use globulin as the wdicator ©
albumm filtration and make the usual reabsorptie Tm type o
calewlation of the amotnt of albumn reabsorbed This would gree
a mumum figure for albumn reabsorption as it 1s Tikely that snmlC'
globulim 15 reabsorbed also Using this type of caleultion on srlccn
mens of urine from subjects with postural protemnuna 1 have seel
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ratios 1 vanous parts of the tubule, and to establish whether sig-
wficant protem reabsorption oceurs

Bott  Has 1t ever been proved quanntatnely that protem 1s
absorbed 1 any amownt? 1 know that there are these Instologscal
pictures and so on Perhaps some of you remember the senes of
perfusion expenments that Dr Ruchards and I ran on Nectun and
frogs (51), T hesitate to use them as arguments because 1 know that
1 myself would criticize one of the conclusions that we made The
expenments were not designed to test whether ot not there was
reabsorption of proten, they were an attempt to finl out something
about the p bibty of the gl i ) to Jarger
molecules, and what mfluenced 1t

We dud perfusions with proteins of vanous sizes, and the general
conclusion was that it was largely a matter of size of the protemn
molecule, however, for proteins of about the same molecular
weght, we did find differences We did not know whether 1t was
1 matter of shape, but we thought 1t could not be a matter of
charge because protems which had the same chasge, as nearly as
we cauld ascertan, showed differerices m their passage throngh
the membranes 1 am thinking of egg atbumin wnd lactoglobuhin
Then we ran some mdsrect expenments on frags wm which we per
fused muln and protems, and from the amounts of these in the
urme caleulated back to what the percentage fitration of protems
wauld be In these we obtamed results smidar to those for the
direct experiments on Nectunt and therefore our conclusion was
that there could not have been very much reabsorption of proten

I think we should take the same ammal and bave collechons
wade from the wreter at the same time as punctures are beng made
Perhaps more could be learned from this [ realize that perhaps the
leakage of protem in these cases is not up to the concentration that
we were iismg, so that, percentagewise, we should perhaps bave a
larger amount of protein going back by some sort of reabsorptive
ar adsorptive mechansm . But 1 thank, more quantstabve work should
he dane on it before we attempt to draw any conclussons

Oltwer What 15 ane to say of preparations from anmmals mte
which we have duced a protem-hike b il which may

filtered It we laok at Mdney tulnides we can sce the cells of the
provant convolution filled with duffuse ~ 3 am not tallong about
droplets but diffuse — hemoglobin We can inject egg white and

>
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was a pretty clear relatonsinp between the blood level and the
appearance of 1 fraction 1 the unne which mide us feel that there
was probably + mimimal tubular component

Dock Perhaps the reabsorptive capicity was working maumally
all the tume 1f the retbsorption were at 4 constnt level and were
maxumil 1t ught gnve us the sxme results a5 3f tubulax reabsorp-
tion were yunumal

Luetsclier At some pomt we should find oursehves m a sina
tion where the excretion wounld fall off sharply as the filtranion
rate fell

Bradley Studses of uninrv protemn ontput relative to fitration
before and after assumption of the upnight position have been made
m our faboratory by Drs Willoughby Lathem and James Nickel *
In some 20 patients with protemuna with renal disease of varions
hinds the proten output always fell m proportion to the fall »
filtration rate but the fall i fltration rate was assoewated with ar
equal fall m glucose Tm Apparently orthostisis evohes a renal
vasoconstrictive response that affects the glomerular population 1
1 random manner The concentrtion of protew 1 the urine 1
creases Hence orthostatic protenuria 1 this situation 1s solely a
function of urinary protein concentration and 1s not a function of
protemn output

Berliner How long were your patients in the upnght position?

Bradley From 30 to 60 minutes

Dock 1t 1s very stnbing when we study the protemuna of rats
with diminsshed ladneys that the less hadney we leave 1w and the
greater the hypertrophy of the remaming umt the more severe the
protemurnia 18 and the less the rat 1s able to get along sthout salt
They do not become edemntous so their synthetic machiery must
be much better than ours However they get uremc and thew
protemuna becomes more severe with recoven The protemuna
becomes very severe mdeed Therr unne volume 15 large and thex
dauly output of salt and protein is high but the rat seems to be able
to replice fns protem m some fashion They are really m:\neion?
m heeping their seram protem up with these tremendous Jevels 0
proteinuria

Luctscher 1t seems that we are 10 the same dilemma  separat
mg glomerular from tubulir effects on proten 1s we are when \\:
study electrolyte excretion As Dr Olver has rermnded vs all s\”
can measure 15 what comes out m the nrme I suppose Dr Bott “‘I
have to study nephrotouic Nectun to determine the protem mula

Tnpublshed data
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tike albumin? It 15 much better to tag the albumin and study that,
which will eliminate a good deal of trouble

Bott There 1s n question of whether we can get enough through

Olirer We do not need to tag 1t

Dock How do we know that 1t will act 1n the same way as
albumin?

Oliter As soan as we tag a protemn, 1t 1s not protemn, but a pro-
tem plus somethmg else One can work with fluorescent antibodies
where protem 1s not tagged, and yet the natural protemn can be
demonstrated quite specifically mside tubule cells, in bovine atbu-
mun, for example

Berltner But, as you said, that mformation indicates only how
much 15 n the cells, and not the amount traversing them

Dock What I mean 1s, if we put Evans biue on albumun, the rat’s
protemuna 1s not affected Tt will put out the same number of milk
grams of proten with the dye on 1t as 1t did without the dye The
color of the unne has changed, but the proteinuna has not

Oliter But the nature of the substance has changed It 1s no
longer protein but protemn plus Evans blue

Dock Yes, but the same amount of protem 1s excreted mn the
unine, so there 1s no change in terms of an ability to pass through
the kidney 1f the rat has a severe protemnuna, the tubule cells are
really bnght blue We can take a rat’s plasma, and dualyze 1t as
long as we wish but we obtain no color at all in the dialyzed fhud

We could put infimtely small of radioactive ch on
alburmin, and follow this in the tubules in anmals, or even in mel
We can do bopsies, make an with rad )i

and lewn a good deal about what is happening to the albumin
winch has had an msigmficant change 1n its structure Expenments
that can be carried out with hemoglobin can also be done with
serum albumun that has an appropriate tag on 1t, and 1 am sure the
differences between that and ordinary albumin are less than in the
case of hemoglobin

Bott 1 was not studying hemoglobn to see how typical protems
behaved I was encauraged to undertake this study during the war
by those who were mterested 1 the ‘crush syndrome” I am still
dabbling  1t, but T think that the hemoglobin story may be dif-
ferent from that of other protemns T agree that if enough albumin
gets through the membranes to analyze it accurately, or 1if we could
Tibel st in some way as not to change it, serum albumsn should be
stodied

Dock In electrophoresis, we cannot tell that it has been altered,
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obtam a strong Millon’s reaction diffusely distnbuted i the renal
cells of the proamal convolution, or myect bovine albumm and
demonstrate 1ts presence 1 the tubule cell of the proumal con
volution with fluorescent antibody

Pitts Dr Olwver, do you know what the effect of ACTH or corti-
sone 15 on the degree of protemuria m these preparations, and on
the appearance of protemn 1n the tubules?

Olwer No, 1 do not know Only normal ammals have been
exammed It seems to me that one cannot deny that these cells
have filled up with a certain amount of absorbed protem One nught
say, “They have filled up and that 1s the end of 1t, they are not
passing 1t on, and therefore 1t 1s not a functional reabsorption

Bott Well, 1s that not i 1tself a pont?

Olwer But if we do assume that, since you can heep thesc expert
ments gomg for long pertods by repeated mjections, there would
seem to be some hinmt to the accumulation of protemn i the tubule
cells There apparently 1s not, because there 15 strong evidence (52)
that the tubules of the rat absorb the albumin from the glomerular
filtrate during the entire hfe of the rodent There 1s almost as strong
evidence that the same continuous absorption of albumn occurs 1
man (53) T can think of the cells taking up proten to a certan
amount, but there must be a pomnt at wlich something of necessity
happens the protem must be passed on, or metabolized 1n the cells,
or both

Bott 1 have tried some experments with hemoglobm, and I
hesitate to mention them because results are erratic I still have not
straightened out the difficulties completely I think hemoglobn
has certain characteristics that none of the other proteins have, and
certamly, for its size, 1t does come through the membrane rcm:lﬂ}
ably easily Of course, we may say it 1s because 1t 1s made UPI(;
two small disks put together they may come apart, or it may be
that because of ther shape they can get through more easily 1hae
tried some expertments i which I have actually taken samples fr;m:
the ureter and the glomerulus at the same time, and I must say tha
1n the case of the hemoglobm, sometimes the urme showed a higher
concentration and somehmes the glomerular find Possibly t}"i ‘5
a case of heterogenerty of nephrons, but I myself am con us!-:l
about 1t As far as the other proteins are concerned, I )m\c‘nol lnf 3
n the same ammal, to take samples } l:l peos 1y from g

ule and ureter, and I thmk it should be done
mstoci Is 1t not a mistake to use hemoglobin m study mg proteins
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1615 qust the same Its behavior m every other way 15 bhe that of
natural albumin The hemoglobin will not act 1n the same as albumn
m electrophoresis But whether or not chromate were added, tagged
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albumm would behave i just the same way
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The Problem of Kidney Transplantation n

1 tunk we should ask ourselves if it 1s worth while to attempt
chmeal transplantation at the exp tal level or if we should
wait until the problem 15 completely solved in dogs, or other
ammals® Some people have felt that we should wait Transplantation
of the human hidney has never been attempted systematically
before Antibodies to hidney fissue are presumed to be crrenlating
in the blood of patients with gl \( Ji These bod
aught be expected to exert an additonal destructive effect aganst
a transplanted Judney Instead of a transplant lasting five days, as
m the animal we thought 1t ght kst half 4 day, vr a day, w
patients with Bright's disease

We therefore had a strong deswre to learn the natural hustory of
the hwman transplant We could then decde whether we should
go back to the Jabaratory We also wished to know 3f the human
arteries and vems would hold together, and whether the ureter
remasned nounshed, because 3f one succeeded m transplanting the
Lidney, and the ureter stoughed nght back to the renal pelvis then
the problem would be centered around the ureter rather than the
transplantation of the kidney

We had in mund making from six to ten human tramsplants and
then 1eviewng the situaton However, the results were so mnch

Fiove 14 A dugram of Dr Carrel's method of suturing blaod vessels Reprinted
by perrnsson from Cured A4 Lo technique opdritorre des anstomoses s asculaires
et 1y transplintation des viceres Lyen med 98, 859 (1909)
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FOR FIFTx YEARs, attempts have been made to produce successfol
homotransplantation of ammal hidneys The recent studies by
W ] Dempster (1), m England, and M Stmonsen (2,3), 1n Copen-
hagen, both beautiful preces of work, have shown that the dog
homotransplant lasts, on the average, for four or five days, whereas
we have been fortunate 1n having one clnical transplant that has
functioned up to five-and-a-half months, and seseral others that
have done considerably better than the best results in anymals

The definitions m the field are relatively simple The ‘homol-
ogous” transplant, or the ‘homotransplant,” 1s from one indus dual
1n the species to another, the “autologous,” or the “autotransplant,
1s from one site m the same mdnidual body to another site, the
“heterologous,” or the “heterotransplant,” means from one species
to another The words, “recipient” and “host,” are used nterchange-
ably for the ammal, or the patient, who receives the donated orgmt

I have a strong emotional interest m transplantation, having seen
so many young people, between the ages of 10 and 30, die of
uremia I have tried to assess the magnitude of the problem of
chrome uremia Suppose we were able to perfect the operation 0
that a human Lidney which would function for an apprecrible
length of hime could be transplanted. how many people would be
benefited by such a procedure?

1t 15 extremely difficult to obtam accurate statistics on iennl dls"
ease They are muied n with cardioyascular dy sfunctions, ‘strohes,
and heart disease, so the approumation is, I imagmne, plus or munus
50 per cent, or even more But I think there are about a million
deaths each year, throughout the world, of what one might call
“salvageable urema,” that 1s, of patients whose ongnal disease
has burned out, or who have a condition like polycystic disease
that affects only the hidneys If we could put back a workable )ddd‘
ney, these peaple would have their Ines made a httle happer, a%
perhaps they mught even lve out a normal Iife span
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I think we should ash oursehes if 1t 15 worth whie to attempt
chimeal transplantation at the exp 1 level or if we should
watt unttd the problem s completely solved n dogs, or other
anumals? Some people have felt that we should wmt Transplantation
of the human ldney has never been attempted systematieally
before Antiboadies to kidney tissue are presumed to be circulating
n the blood of patients with glomerulonephnts These antibod
might be expected to exert an additional destructive effect aganst
a transplanted kidney Instead of a transplant lastmg five days as
m the ammal we thought 1t maght fast half a day, or 2 day, »
pabents wath Bright's discase

We therefore had a strong desire to learn the natural Instory of
the human transplant We could then decde whether we should
go back to the laboratory We also wished to know if the human
arteries and vems would hold together, and whether the ureter
remamed nourished, because »f one succeeded n transplnting the
Lidney, and the urcter sfoughed nght back to the renal pelws, ther
the problem would be centered around the ureter rather than the
trnsplantation of the kidney

We hiad 1 mind making from six to ten buman transphts, and
then reviewing the situation However the results were so much

Fine 15 A dugram of D Carrel's method of sutunng bivod vessels Reprinted
by pernawon from Currel, A La techmnue opératorre des anistomoses 3 ssenlaires
o h2 trnsplintation dos siceres Lyon med 98, 859 (1an3)
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better than we expected that 1 thinh we now have justfication
for going ahead with additional studies at the cimeal Jevel

Let me acquamnt you briefly with the bachground of the ammal
experimentation, which goes back almost fifty years Figure 14 15
taken from Alexis Carrel s paper of 1902 (4), showng his technique
for suturing blood vessels

In Figure 15 you can see the way 1t was actually carned out
by thus tndumensional procedure Once he was certam that he could
suture arterzes and vems m the dog and the cat he proceeded to
a study of vanous transplantations with emphasis on the ladney

rung blood
tp re des
9 {1902)

f suta
cune 15 A firtber Mustration of Dr Afews Correls method o
veraat, Teprmted, by perminon from Corel A La techatque arer
anastomoses vascula res et 1 transphintation des susceres Lyon ms 3
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He transplanted hidneys n the cat and m the dog, paymng very
little attention to the functional results It is difficult, from the
protacols, to know what was done beyond the very expert surgical
procedure However, by 1907, Carrel {5) had performed a suficient
number of experiments 1n ammﬂls so that he felt there was no prob-
lem 1 human t ~ except to find donors!
He states that he did not know where he could obtam a hidney to
gue a patient

Unfortunately, he did not realize ﬂle tremendous difference that
exists between homol and t lants When G §
Willlamson (6), in the pEnDd from 197’ to 19"6 conducted con-
trolled experiments, 1t was drat pp that homol,
transplantations m the dog fmled very rapidly, whcrms thc ’\utol«
ogous t lants made by p 1y the same
for months and even years The reaction 1n the homulogous trans
plant 15 extremely rapid, and in Figure 16 we can see histologieal
changes that have occurred 1n the biopsy specimen of a dog taken
on the third day after transplantation

"'cg' B Ui o

.4...-

Fictne 16 ol otogriph of a homotransplanted kidney  biopsy ) taken
on the thed dry T o i bl Sorting of Sy celly Repnmted by
permnssion from Dempstes VW ] c syndrome_observed tn dogs with trans
plinted hidneys Acta med mmdnmm lM 361 (1953)
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Detter than we expected that T think we now have jushfication
for gomg ahead with additional studies at the climeal level

Let me acquamt you briefly with the bachground of the ammal
expenmentation, which goes back almost fifty years Figure 11
taken from Alexis Carrel s paper of 1902 (4), showng Ius techmque
for suturing blood vessels

In Figure 15, you can see the way 1t was actually carned out
by this tndimenstonal procedure Once he was certun that he could
suture artertes and vems mn the dog and the cat, he proceeded to
a study of various transplantabions with emphasis on the hdnev

f suturng blood
) 15 A further illustration of Dr Aleus Currels met] od of

w:fst:l‘: “t‘p\‘ln\(-(\l by permission from Carrel A La techmq:;c 9(;:»(5:;!90!(!"9”_,)
anastomoses vasculnres et 1 transplantation des visceres Lyon me 3
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He transplanted hidneys mn the cat and i the dog, paymng very
httle attention to the functional resnlts It 15 duffienlt, from the
protocols, to know what was done beyond the very expert surgical
procedure However, by 1907, Carrel (5) had performed a sufficient
number of expeniments i ammals so that he felt there was no prob-
lem remunmg m human transplantation — except to find donors!
e states that he did not know where he could obtam a hidney to
gise a patient

Unfortunately, he did not realize the tremendous difference that
exsts between homol and 3 transp} When € 8
Wilhamson (8), w the peniod from 1922 to 1926, conducted con-
trolled expenments, it was diatel that homal
transplantations in the dog faled very rapidly, whereas the autol-
ogous lants made by pi v the same tech functioned
for mounths and even years The reaction m the homologous trans
plant 1s extremely rapyd, and 1 Figure 16 we can see hustological
changes that have occurred in the biopsy specimen of a dog talen
on the thud day after trausplantation
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Fictre 17 A ph h of a b fted kidney which d well for
10 days and then stopped secreting The kidney was removed on 11th day In the
man the mfltration consnts of plasma cells polymorphs enter Liter and are either
signs of nfection or are attracted by the devitahzed renal parenchyma Rept nt

by pernussion from Dempster W ] Replicement surgery symposium tissue Thomo-
grafong Med Ius 6, 585 (1952)
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Figure 17 was taken when the hidney had faled on the tenth
day That was also shown m Wilkamsons study He worked on
the problem for four years mvestigating many aspects of it and
found that ten days was a long period of suninal Eighteen was
really exceptional, and the average tended to be about five Expen
ments madc since then confirm that perrod of survrval for 2 homo!
ogous hidney transplant in the dog

Very few other species have been studied We have the Carrel ork
on the cat, which 15 an extremely difficult ammal to handle techat
cally and the rabbit’s vessels are even worse There have been one
or two transplants 1n goats, I beheve, without any notable differ
ences in survival In the dog transplant, there 15 urine output almost
continuously, and if the suturing 1s done properly, from the very first
day However, on a certatn day, usually the fourth or Bifth, the ldney
swells up the swelling 15 so marked that 1t my be detected by p2
pation The ureter blackens and retracts From then on there zz
absolutely no function of the kidney This as you will see later, &
quite different from what happened mn our human transplnts



The Problem of Kidney Transplantation 75

Dog 8130+82
Blood
Ursa  40)
13
.
™%X
.
s tow
o W
Unne 1020
.
- ™
Urine
o . I
™ el
"
SR R .a

w 1 1 »
TIME IN DAYS

Ficune 18  Typfcal course of an avtotransplant in dogs

Figure 18 shows the continuation of function which 15 seen in
an autologous transplant m a dog where exactly the same tech
nique 15 used as in the homotransplant Appreciable function s
obtaned, enough so that if the other hadney 15 removed the dog
will survive and keep out of urerma Later, usually in about a year,
there will be some degree of hydronephrosis, because the ureter
15 frequently extenonized n the neck region and the muscles begin
to imvolve the ureter and cause trouble, but the kidney does not
fail biologreally m the it It

1 should ike to show you now rather brefly, some of the results
with human transplants * In the human transplants, we have ob-
tamed our donor kidneys from almost any source where we could
abtam 2 rewsonably healthy hidney We have used operating room

R * " N wal Sehood

. - The studies
- . Company
Company
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Ficums. 20 Orfice of ureter discharging via skin of thigh

uses an end to-end anastomosis for the arteries, and one which 1s
end ta side for the vemns The ureter 1s then brought out to the
surface of the shin Those details may be seen 1 Figure 20, which
shows the well vasculanized ureter Figure 21 presents an x ray of
the Jf It a de pyel m a rather strange
plhcel

Figure 22 shows the completed surgical procedure We attach
the collecting umit to a bottle on the floor when the patient 1s
bed The one patient, who survived long enough to become ambula-
tory and leave the hospital, strapped a collecting bottle on the thigh
He was able to get around three or four hours before he had to
empty the collecting umt It worked extremely well

Why did we use the thigh nstead of the renal foss1® Some sur
geons who have been mterested n transplantation, have gone ahead
and removed 2 lidney and replaced 1t with a homologons graft
We have promised nothing We told the fannlies of the patients
that there was only one chance in 2 rillion that a permanent result
would be obtamed In most mstances, we have been approached
by families ashing us to do the operation

With the transplanted kidney 1 the thigh, we know where we
stand, but if we put it in the renl fossa, connected to the unnan
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Ficuwe 21  Roentogram taken with contrast med um st lled nto the ureter and
pelvis of the transplanted lidney
’

bladder there 1s no way of knowing from which hidney the unne 1s
comng We decided that our ehmieal work would have to be hept
on an mveshgative level 1e we had to know evactly what was
happenimg to the hidney from day to day

There are several other advantages m using the site in the thigh
We are adding a hidney not subtracting anything The pattents
we selected were at the very end of the road 1n fact most of them
were half way over the hfe ine They had been dialyzed by Dr
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Ficvre 22. K dney transplant d sclarming ur ne into the collect ng unt

J B Memll and hus group a number of tumes on, the artificial hid
ney so there was no doubt that we were justifi ed 1n carrying on
this type of rescarch n these instances Also we felt better i not
taking out a hidney but instead adding something to the already
depleted function

Then there 1s the problem of imfection and hemorthage With
the hidney placed in the thigh we can get 1t it also it permuts
thopsy However there are disadvantages m that it 1s an abnormal
place we cannot attach the ureter to the unnary bladder We have
wondered too whether or not the temperature effects might be
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different We do not mean to ymply that this 15 the only site that
we shall ever use but 1 think we had adequate reasons to stut with
the transplint in the thigh and we are rather ghd thit we did so

Now let me run through the results on two of our best patients
we hue studied ten In one we achieved 1 unusual degree of
function and mn another an exceptional duration 1 wish I could
put these two together together it would make a rther mice com
bination

The first patient w1s 1 womnn of 50 wath polyeystic discase and
very profound uremtr The transplantation was interesting This
was one of the early ones in which we thought that the penod of
renal 1scherma would have to be hept at 1 mmnimum The donor
died early mn the morming wnd the fanuly was not asailable One
must obtun postmortem permission from the family i Massachu
setts Therefore by the tune it was signed the surgeon summoned
and Al the procedures carmed through two hundred munutes had
elapsed from death to the establishment of circulation mn the homo
transplanted ldney Nothing happened for the first ten days no
urne whatsoever w1s excreted On the 11th dvy urme appeared

TABLE I
Radney Transplant
Patient B B Polycystsie D sense
Transplant
Tesptimtaton e riou Blood Ures ¥

u 23 133
4 1100 -
15 1123 -
18 . 1560 -
18 2820 91
a1 1350 65
22 1660 ~
24 1100 -
1050 -
26 2,0 41
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Table II shows the volumes which reached the unusual amount of
2820 ml on the 18th day The blood urea mtrogen fell almost to
normal and the creatinine at the time when the blood urea mitrogen
was 41 mg per 100 ml was down to 2 mg per 100 ml The patient
who happened to be the mother of a physician and knew a great
deal about her disease would tell us almost every day of a decrease
1n the toxic symptoms of her urema Around the 24th day she felt
well enough to sit up get out of bed and walk around On the
29th day she had a clnll and feser The hidney becime infected

and from then on progressn ely lost function and by the 100th day

1t was so badly infected that 1t had to be removed We had some
function studtes 1n that period that I should hike to show you

TABLE It

Function of Renal Transplant
Compared Wil Patient’s Polycystic Radneys

Patent B B 21 Days after Transplantation
1nul n Clearance Plisma Flow
ml _per m nute ml per minute
Polycystic hidneys 21 10
Transplant 144 120
Transplant x 2 258 2240
Averige normal 1260 6200

In Table ITI we compare the patient s own two polycystic hidneys
with the transplint To put the transplnt function on a basis that
we all understand becruse we think of two hidneys I have multi
plied by two This was 21 dys after the trinsplant opened up T
think that Dr Bull and the other experts on tubular necrosis here
would probably tell me there was reabsorption of mulin so 1t 1s
possible that the mulm cleirance 1e  the glomerular filtration rate
was considertbly hagher than idicated in Table TI1 The ealeulated
GFR was roughls one fourth of normal It 1s posaible too that the
calenlated. plasma flow was lower than the true value

Table IV contrasts the urea and creatinine clearances on the
transplanted hidney with the patient s two pohcystic kadneys The
mtravenous phenolsulfonphthalemn was 22 per cent from the trans
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TABLE 1v
Radney on 18th Day After Transplantation

Transplanted Patient s

Test Kidney Polycystic Kidneys
—_—t ——ney ———— YOS hudneys

Urea clearance 25 ml per minute

plant as compared with gne ber cent from the two polyeystic hid
neys In thig Patient we were fortunate 1n achieving 5 very high

degree of function higher than 1 "y other patient 1n our sencs
By the time the kidney was removed 1t was so badly infected that
rath

The second patient %8 2 young physicran who came to us from
South America Ag he was graduating from medical school he had
discovered that he had severe hypertension angd also his renal fune
tion was reported ¢o be 11 per cent by urea clearance He had a
fundal hemorrhage and vyas told by his physician that he should
come to Peter Bent Brigham Hosputal with the thought of having
a transplant performed Before he artved e had had some dis
cussion about possible types of immune reactions i the homotrans
plants In o number of the dog experiments that had been carned
on by Dr Day,d Hume Dy Joseph Murray, and others n our group
1t had been noticed that within g fey days there was 2 very marhed
reaction around the transplanted hdney We wondered whether
coming mnto the kidney from the
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extremely well The donor died dunng surgery for the rehef of a
mitral Jesion The hidney survned for a pened of five-and-a-half
wmonths, the blood urea nitrogen dropped to 33 mg per cent shortly
before the patient died This transplant, the latest in our seues,
began to produce unne on the 19th day, and 1t mereased its urnary
output to abeut 1,200 to 1,500 ml, which was mamtamed for a
number of months Unfortunately, the severe hypertension which
he had had before the operation was not sigmficantly affected by
the homotransplant, and we beheve that the pitent died from a
reaction to hus blood pressure just prior to death he had a diastohe
pressure of from 140 to 150 mm Hg We tned everything wathin
our power to reduce his blood pressure, but were unsuccessful Dr
Robert W Wilkins, of Boston Umversity Medical School, saw the
patient and prescnbed various experimental agents but nothing
seemed to make any difference

TABLE v#
Patient G. W.: Chronie Glomerulonephritia

L per mmute per 173 sq meters
of body surface
Inulin Clearance PAIH Clearance
Bladder 56 32
48 24
Transplanted Kiudney 68 32
T4 32

Intthn and pr amnoluppurate (PAH) clearances were performed
apgrovaately two mouths after the transplantation operation, wd
again at four months In Table V the averages are given for each
of these time mtervals As yon can see, the function 1s not phe-
nomenal, but, as we all know, not a great deal of rena) function is
needed to sustan Wfe Apparently, these smal) increments were of
great help to this patient

.

TnTalta VT ~cnmibt e oy TR
nitrogen R
after opt - - .

*The dat in Tables 1L 1 and V were kandly furnished us by Dr John Fiokenstaedt _om
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very compatibly There 1s a mimmal reaction where the host
epithehal tissue had grown over the ureter
Dr Dammm pomted out particularly the good appearance of the
smooth muscle i an area of the transplant at the lower portion of
the ureter Smooth muscle does not regenerate 5o it 15 reasonably
certain that this was fram the donor s ureter s ongmally put i and
that 1t had lasted five and 2 half months 1 think that i itself 15 a
very hopeful omen for the future of kidney transplantation Under
Tigh power a certain number of macrophages were observed but
generally there was no explosive reaction of any sort
In this patient although there were breaks m the elastica there
was no marked cellular reaction to the suture hine at the venous
Ahigh fi of the venous showed
the mmmal 1mount of cellular reaction of host and donor tissue at
that particular pont
There w1s a very good solid union at the artenal anastomosis
Ve could really tug at these dunng the postmortem exammation
and they would not come apart The transplanted artery beyond the
site of anastomosts showed differences from the host artery 1¢ a
rather thick ntima and 2 reversal of the usual ratio of intima to
medil Some very interesting changes oceurred 1n the blood vessels
of the transplant dunng the five-and 1 half month penod The
degree of atherosclerosis was quite extreme macrophages were
observed with lipid degencratine matenal mn the vessel and there
was a marhed narrowmg of the lumen
The patients own nephntic hidney had a considerable athero-
sclerosts but Dr Dammn felt that it was much less than that which
hd occurred 1n the transplnt In five and a half months the trans
plant for some reason had developed a much greater degree of
artenosclerosis than the patients own hidneys which had been
exposed to nephnbis for sixteen years and hypertension for at least
several yers
Table VII bungs us back to much less spectacular matenal The
first patient F A" recenved as a transplant a normal hadney which
had to be removed 4t operahion beeause there was a tumor of the
adjacent ureter Dr Memills group got the patient ready on the
artficral ladeey Then the donor ludney beeame avaulable wn Sprng
field Massachusetts where the patient came from His physicins
there Drs J V Schola ind L H Doolittle actually transplanted
the hidney and sent lum back to the Peter Bent Bngham Hospital
m RBoston where we took care of the patient after that The period
of 1schemia was estimated to be 70 minutes This transplant was the
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only one m the senes 1n which the lidney was placed mternally,
m the renal fossa A T-tube was placed 1 the ureter, and brought
out i the pitient’s flank 1t was rather difficult to know when the
urine was commg from the transplant, and when it was refluung
from the bladder We cannot be certan, but we thiek the transplant
began to excrete about the 12th or 14th day, and continued to put
out some urne thereafter The transplant function was not sufficrent
to alter the blood urea The patient ched on the 37th day after the
transplant, not so much from uremma as from pleural infection His
hidney was not markedly mfected, as in many of the subsequent
patients

Froene 23 Patent I' A Gross appeirance at postmortem etamsnatio
tramplanted Lidney Tle anastomosis of the artenies can b seen n ol the

Figure 23 shous the gross pathology at the postmortem examna
tion, and bere we can see the good clean yunction on the arteral
side The kidney had a normal gross appearance 1t also felt surpns
wgly normil very different from what 15 seen when a postmortem
15 pesformed at the end of 2 homotransplant 10 a dog 1s exaruned
at postmortem Dr Clmton vanZ Hawn who was the pathologmst at
the Peter Bent Brigham Hospitn! at that time, stated that .x;%lmn

'
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mately 50 per cent of the glomerult appeared normal on a morpho-
logical basis (Figure 24) Figure 25 shows more of the tubules
from this same patient (F A ) at the 37th day after the transplant

The next patient (M P ), Isted m Table VII, showed no func
tion The transplanted hidney was infarcted Whether that was dve
to the mncompatible blood types, we do not know, we had a few of
these n the senes We sometimes did this out of sheer desperation
because the patient had been promised a transplant and we did not
have a donor with compatible blood, also, we did not know whether
or not blood typing was essential, and we still do not know How
ever 1t 1s mteresting that i the cases m which the blood types
were not compatible, the transplanted hidneys never functioned
and were nfarcted at postmortem

The next patient, F Z, m Table VII, was a parhcululy mterest
ing one Early m the senes, before the surgeons relized how much
space an adult hidney took up n the thigh, a relaung mcision or
proper flaps were not made in advance, as 1s now the practice In
this patient the shin closure was made, but the skin sloughed away,
infection set m, and 1t was really a horrible sight to see that hdney
It did open up on the 11th or 12th day, put out unne, and contint!
to do so for at least 70 days On the 70th day, we performcd a
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alter operation



The Lroblep, of I\‘rdncy Tran.rplan!atwn 91

blopsy Irecay this p Tation very vmdly Ihad lhough! the hdney

Wwould he almost ploo dless, byt t the Wgeon muygy have by 3 good.

Sized vegy, el, becy use there 1 5 a smaH geyser of blood (hat Jeaped
k o

en
caught yp the miechon and haq slcugh ed by, k to the Pelvig of
he ki ney

This cag, g ve us 0 'me 1dea of 4 the tre, emendoy Vitahty of these
Ixum:m ho s Figure 26 shows the lnopsy that y 5 T
Orme, the 7Dth d 2y The infection Was tremen, OUS at thyy tume,
andyet o see TeCogmzable Structyreg I this Ly,
that Seeped gyp each dy and if y o but 1p PSP, e ould got , hetle
trace, mdlcatmg therg , €re some Intact tubulpg On (he 18th ¢, ay, Dr
Hume test with 5 1 ophylbne ds oued that there

Uransplane Figure )

T
Table vir show s the Modest degree of lunch n patients 1y P
and €ither of these hag Sufficient hmcnon to H’ °ct the blooo
U

Treeng .U(nIZ

Y mercase 40 fow, g,
Prodeedt | by the s o e of 230 1mg ot minophy jfar

Tom the fransplanteg Kidoe,



90 Rengl Function

mately 50 per cent of the glomeruli appeared normal on a morpho-
logical basis (Figure 24) Figure 25 shows more of the tubules
from this same patient (F A ) at the 37th day after the transplnt

The next patient (M P ), histed 1n Table VII, showed no func-
tion The transplanted kadney was nfarcted Whether that was due
to the incompatible blood types, we do not know, we had a few of
these in the senes We sometimes did this out of sheer desperation
because the patient had been promised a transplint and we did not
have a donor with compatible blood, also, we did not know whether
or not blood typmg was essentil, and we still do not know How-
ever, 1t 15 interesting that m the cases m which the blood types
were not compatible, the transplanted hidneys never functioned
and were infarcted at postmortem

The next patient, F Z, i Table VII, was a particularly interest
ing one Early i the senes, before the surgeons realized how mucl
space an adult hidney took up mn the thigh, a relaung mciston of
proper flaps were not made 1n advance, as 1s now the practice In
thus patient the skin closure was made, but the skm sloughed av3),
infection set in, and 1t was really a hornble sight to see that Tadney
It did open up on the 11th or 12th day, put out urine, and continued
to do so for at least 70 days On the 70th day, we performed 8

F0th dw

Ticune 26 Patient F Z Biopsy of the transplinted hidney tahen on the
after operation
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hidney This was 1 85-ye1r old pattent We were able to time thimgs
perfectly Dr \Macgregor performed the transplant over tubes m
other words he sutured the vessels with plastic tubes m place
permittmg flow of blood The penod of 1schema was 14 minutes!
After he had all his higatures placed he withdrew these tubes and
made s closures

We had the greatest hopes that this procedure would show some
thing unusual yet this hidney never functioned Ve are not sure
that the conditions 1round the organ were the same as 1n the other
transplants It was a very large kidney Dr Macgregor felt that
wnstead of tahing a chance with the slonghing of the surface tissues
he would undermine some of the muscle m the thigh which he did
to form a very mice bed for the transplint But unfortunately there
was an enormous amount of scepage of lymph and blood Ve
thought that possibly there was enough tension to compress the
Ludney 50 1t could not function because of pressure but we are not
sure about that

Patient O F in Table VII apparently had total destruction of
the hidneys due to generalized penartentis nodosa She had been
dialyzed so many times on the artificial kidney by Dr Mernill and
his group that they felt they could do nothing more The family
wanted a transplant performed

No unine was ever excreted by the transplant The pattent died
38 days after the operation had been performed At postmortem we
found some very mteresting things

Tigure 28 shows an extensne glomerulonephnitis set up in the
transplaint  Perhaps Figure 29 shows it a lttle better Figure 30
shows the patrents own hidney

Dr ClntonsvanZ Hawn who has had a great deal of expenence
with both human 2nd expenimental nephntis felt very certun that
1 true glomerulonephntis had been set up m the transplanted hid
ney similar to the process in the patients own hrdneys I should Ithe
to sk this group whether they c1n concenve that the exeeptionally
long penod of wschemia could hne caused that strange pathologie
reaction m the trwsplant? There was an unusual delw n reachmg
the finuly of the donor for the postmortem permussion This was
the longest penod of rscherma in our senes If 1schenma was not the
cwse 1thinl we hive suggestis e evidence that there was s eweulat
mg frctor m this patient s blood stream which affected the trans
plant and produced a glomerulonephntis

Dock Wis no attempt made to lower the temperatare of the
donor kidneys duning these hours® Did vou just fet the body tem
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TABLE VIl
Patient D P 62051 — 20th Postoperative Day BUN 12§
Creatinine VreaN
Cl mg per mg per
24° Vol mEq/L cent cent
Bladder Urine 180 13 67 519
Transplant Urme 780 33 45 615

Patient F Z. 51351 ~ 10th Postoperative Day BUN I3

Creat nine | UreaN
Na » mg per | Mg per
24° Vol mEq/L mEq/L cent cent
Bladder Urme 580 162 33 44 832
Transplant Unine 600* 35 47 52 1023
#Not complete
—

two year ald child during a neurosurgical procedure to rehiere
hydrocephalus We were able to time things so that we had onr
reciprent ready 1n the adjacent operating room As soon as he re
moved the hidney 1t was handed to Dr David Hume for trans
plantation The penod of ischemia was relatively bnief In the first
24 hours the transplant put out 1600 ml of very watery unne ‘The
next day there was 150 ml Then a period of anurin mteryened such
as we have observed m other patients However on the tnelfth
day unne agam began to be excreted There was 1 good deal of
fection the patient was m profound uremna to start with and
also had mfection of the other thigh After a period of function of
twenty or thirty days the transplanted kidney became so badly
infected that there was no excretion of urme A very wmusual situa
tion was seen in patient B L (Table VII) We were yery eager to
see what would happen if we could reduce the peviod of yschemid
to practically zero Dr Charles Macgregor who was takmg ower{ﬁ
the surgeon while Dr Hume was away had a suitable donor 1o
cur purpose This happened to be one of the rare instances when

Dr Donald \Matson operated on an adult patient for rehef of hydro-
hal 1 his procedure which requires removal of ont
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perature fall i these corpses without putting m cold saline or
domg nything? .

Midler We thought of 1t, but 1t just was not feasible

Dock You started with a normal or elevated temperature, and
it dropped gradually over the period that you waited?

Miller Yes We did not perfuse the donor hidneys as 2 rule
Dr Hume was wornied that we might trimatize the mtima of the
hlood vessels In some we nfused heparm and/or antibiotie, but
we generally did very hittle Actually, there was no apparent clotung

Bull How long was cortisone or ACTH gnen to most of these
patients

Miller In the first several patients, we gue both usnally for
several weeks However, we vaned this a good deal Then, recently,
we gave them up altogether, we do not think there ws any effect
that could he determmed They were not given at all m the patient
whose hidney survived five and 2 half months

Lauson Did you give 1t mn that case of pententis nodost where
the pattent had actine renal disese at the time of the transplant®

\filler Yes We hd to do a certan number of rather drastic
things to get the project moving Now that we feel we have had
enough success to warrant its continuation at both the chnical and
the laboratory levels, we are planming to go back, m the next group,
to the situation we should have preferred from the start, which s
not to do anything except gne the antibiotics and those things
which are essential to save the patient’s hfe \We are not gomng to
use any modificthons and therefore we shall probibly learn the
true natural course of a human hidney transplint

Oliter Of course, 1n all but the cases of the polycystic hidneys,
you arc m what appears to be an impossible situation  You are
plumng good hidney s into people whese peculianty 1t 1s to destroy
them

Miller You arc refernng to the “presumptn e” antibodies circulat
g 1w human glomeruloncphntis, not to antibodies evohed by the
transplint We hme wornied about that 1 am sure that would be
the ctse if we made transplants duning the early stages of glomer-
ulonephritis Howeser, we select only people at the termmal stage
QOze would thunk from the results that we obtuned m the young
plasienn G W who had defimte glomerulonephntis that by the
time this discase reached the ternunal stage — this was axteen verrs
alter the onset wlich he could date quite accurately — the “glomer
ulonephritis antibodics™ were not able to destroy the transplanted

hudnes We would think that where a transplinted kidney had
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survived for five and 1 half months 1t had probably gone beyond
the penod of antigen ntibody sensitization In patients wath pyelo-
nephritis this danger should not be present unless thes disese sels
up an antibody reaction m 1its chronse stages

Dock The sections bear that out

Olwer But m the case of glomerulonephnitts in the transplant it
seemed almost 1 demonstratton that the nephritis producing seb
stances were still there

Doch At least in cases of penarteritis

Miller Oh yes Or if we took 2 patient wath acute glomerulone-
phntis 1 should magme that we would destroy the transplant

Berliner  That 1s not necessanly true if nephrotove serum
nephnitis 15 1 any way andogous Of course 1t may not be butaf
one does not clump one ldney but instead injects nephrotouc
serum and then take off the clamp the kidney that was clamped
never develops nephntis

Olwer But the 1mmal 15 not making the nephntis producing
substances

Berliner We do not know that the patient with nephnhs 15 mih
mg antibodies either Although the renal disease may be progres
sne 1t 1s possible that 1l of the necessary damage 15 produced at
one time

Dock At any rate we have had no chance to do ths on a hyper
tensive patient with one pyelonephritic Lidney If the blood pressure
fell perhaps atherosclerosis would not develop so fast and pen
artenttis or glomerulonephntis would not appear

Mernll There was a case m France of a young boy with T
previous renil disease but with only one hidney which was traum?
tized 1t was removed by mustake before 1t was discovered that he
had none on the other side A kidney from lus mother was trans
planted mto the renal fossa of the boy which functioned for three
weeks very well ind then suddenly stopped In that situation lhcrE
was no question of pre eusting nephntis or indeed of anythng
that affected the other kidney because 1t simply was not there

Dock I did not mem that We do not bke to have lnnsl’)"';\m
tions complicated by atherosclerosis or Bright s discase which ml:e:lf
the histology very confusmg In the boy the hdney had
mjured

Mernidl I thunk perhaps the discouraging thing 2boul
ticular case of the Frednch boy was the fact that the
resembled that of the do,

iller That 1s mtcrcstlig because 1t was different from that of

t the par
pa:hologv
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these hidneys which ceased to function seemed heilthy whereas
one certunly would suppose that with antibody formation 2gamst
the kidney there would be more evidence of subsequent reactior s
However what we have here does not seem to be precisely the same
reaction that we observe mn the case of the disease mn rats

Dock The change in the dog hidney with the higher infltrat on
m the glomerulus wis quite different from that produced ty
Masugt nephnitts

Pressman Human hidneys do not have these lesions either I
was wondering whether theie nught be an antibody actiity takig
part in this reaction but 1 very subtle one resulting not in defin te
lesions 1n the kidney but m Just a cessation of function In the case
of shin transplants from one anumal to another some shin trans
plants will Iast much longer than others eventually sloughing off
I do not know the nature of the lestons that first form m the slough
ing of the shin transplant but they may be rather subtle Ve may
have the same type of reaction taking place here an actual antibody
formation but not necessanly of the type that produces glomery
lonephritis (1f glomerulonephntss 1s produced by antrbody actton)
It may anterfere with certaun enzyme activities tnd subsequent
stoppage of activity of the kidney

Bradley Have you any evidence for the production of antt
bodies to kidney tissue?

Miller The problem 1s to obtun a suttable antigen and  sensitine
method In our group we have an immunologist Dr Frank Adler
who 15 trymg to find indwvidual specific anbigens That 15 ‘1‘”"’:
problem He ppears to be making some progess at the momen
Crude mdices of antigen antibody rexction such as the serum com
plement level have not worked out even n the dog ]mmommsc
plants We were hopeful that the same type of reaction tln; “1
find m an acute glomerulonephriis with the complement 3‘:
dropping almost to zero mught occur at the time when the g
homotransplant fails Our group carned out  study on that (ﬂ;)
we could not observe any drop m the complement at that tlmeh )
Stmonsen (23) m Copenhagen also noted the stme rest tsons
1953 Vie have carmed through some complement determdnifli; e
1 the patients but they have not shown us any thing very 6¢ ncal
I should be extremely grateful if somebody could mhe a Pf:; el
suggestion because 1t 15 a pity not to have the techmiques there
us whether or not at the pomnt of failure of the tr wsplants
1s an antigen antibody renction that sets m

f
Pressman The possibility of carrying out 1 certun type of m e
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would grow and Ml the ammnl, whereas previously the tumor
would grow mitially but then regress

Miller If 1 remember correctly, Dr Snell stated that the pnn
aple could be found m blood, 1n fact, he wondered whether the
reported ful homotransplantation of shin might hase been
mfluenced by the large number of blood transfusions that were
gnen

Pressman Snell (12) quotes evadence to that effect

Miler How do you react to the plasttc bag as a sigmficant
factor?

Pressman I do not think the plastic bag 1s a factor at all, because
there 15 certamly contact of the body wath the new kidney through
the blood stream and plenty of opportumty for phagocytic or other
mgratory cells to pass through the hidney

Lauson Was there as much scarning around the kidney when
the bag was m place as when 1t was not present?

Mdler There 1s not a great deal of scarrng around the hummn
transplants that we have seen We have noticed recently that the
location of the homologous transplant i the dog seems to determine
this capsular reaction When the transplant 15 mide 1n the nech,
we do not seem to obtam that reaction It apparently depends on
the location 1n the pentoneal casity We are therefore mehned to
pay less attention to it now

Taggart What do you think happens on the tenth day that per
muts the lidney, once shut down, to open up agam? In the case of
acute tubular necrosss, we should say that reparatis ¢ processes Weré
oceurring, but can we say the same here?

Miller The human transplant does seem to go through a shut
down like an acute tubular necrosis, and then open up Only i the
case of Mrs B B, the patient who had approximtely 30 per cen‘:
muln clearance, did we obtamn anything approumating the hng
rate of recovery that we see following this condition We think tha:
something Iike a tubular necrosis has occurred, with an attempt &
recovery Thus 1s very different from the course n the dog

Dock The dog hidney functions from the begining?

Miller Yes, and then stops explostvely and does not open UP
agam
Burnett Hase you biopsied any of these hidneys duning this
down penod?

Miller We have not dared sk 1t as yet h

Taggart Can one Jearn anything about the blood flow throug!

shut
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the transplanted hidney, during the anunc phase, by measurements
of skin temperature over the mass?

Dock You made no effort to collect renal vemn blood? You do not
put 2 marker around the renal vein so you can collect from that and
see what 1t 157

Miller We wished to, but we have not dared go mto the trans
plant vessels

Dock In the dog, we do not have to do this because they func-
tion so well

Muller The dog 15 50 duff that
be meanmgless

Doch Perhaps the dog kidneys will do the same thing, if they
have seventy or eighty minutes of 1scherma before they are trans
planted

Miller One or two expeniments are insufficient for drawing any
conclusions

Olirer Some of the tubular epithelium 1n the hidneys certamly
looked like regenerated epithelum Perhaps 1n the earher peniod
of lach of function there may have been tubnlar damage and then
there occurred repair with functional recovery and regeneration
That mught account for some of 'lho‘se queer-looking tubules they

would probabl

Dock  Any swelling that occurs 15 there a few nunutes after the
transplant, and dunng the next few days 1t does not swell?

Miller No

Pressman Has anyone tried skin transplants in dogs? If there 1s
a much more rpid sloughing off of skin 1n dogs than with sk
transplants i humans that miy be a reflection of the same type
of process which 1s taking plice more rapidly with dog hidneys

Miller There has been some very interesting work by both W J
Dempster (1) and M Simonsen (28) on that There 1s a factor,
apprently common to shin and hidneys One can homograft a piece
of shin on a dog Then if one transplnts the hidney from the same
donor that provided the skin he will obtain an explosine rejection
of the hidney  An accelerated reaction has been caused by the skin,
and the lidney may be rejected within less thin a day In our human
studies, we hve been afraid to put skin on from the same donor
at the time of the hidney transplint for fear we would sensitize the
Tudney We should hike to try swing shin from the donor, and then
n some wnstances, when the situation 1s hopeless put some of the



102 Renal Function

would grow and il the ammal, whereas previously the tumor
would grow mtially but then regress

Miller 1f T remember correctly, Dr Snell stated that the pnn
cple could be found 1n blood, in fact, he wondered whether the
reported ful homotransplantation of shm mght have been
influenced by the large number of blood transfustons that were
glVCﬂ

Pressman Snell (12) quotes evidence to that effect

Miller How do you react to the plastic bag as a sigmificant
factor?

Pressman T do not think the plastic bag 1s a factor at all, because
there 1s certamly contact of the body with the new kidney through
the blood stream and plenty of opportuntty for phagocytic or other
mugratory cells to pass through the hidney

Lauson Was there as much scarnng around the hidney when
the bag was n place as when 1t was not present?

Mdller There 15 not a great deal of scarrng around the human
transplants that we have seen We have noticed recently that the
Tocatton of the homologous transplant n the dog seems to determne
this capsular reaction When the transplant 1s made m the nech
we do not seem to obtamn that reaction It apparently depends on
the Jocation 1n the pentoneal cavity We are therefore mchned to
pay less attention to 1t now

Taggart What do you think happens on the tenth day that P‘"f
mts the hidney, once shut down, to open up agam? In the case o
acute tubular necrosis, we should say that reparative processes % ere
occurning, but can we say the same here?

Miller The human transplant does seem to go through a shut
down like an acute tubular necrosis, and then open up Only 1 ':
case A I Lt 0N e m:,h
mul it
rate %
somethmg Like a tubular necrosis has occurred with an attempt a
recovery This 1s very different from the course n the dog

Dock The dog kidney functions from the begmning?

Muller Yes, and then stops explosnely and does not opent UP
sgun shut
Burnctt Have you biopsted any of these hidneys dunng this s

down pertod?

Muler We have not dared nsh 1t as yet

Taggart Can one leam anything abm?lt the blood flow through
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the transplanted kidney, duning the anunc phase, by measurements
of skin temperature over the mass?

Dock You made no effort to collect renal vem blood? You do not
put a marker around the renal vem 5o you can collect from that and
see what 1t 157

Miller We wished to, but we have not dared go into the trans-
plant vessels

Dock In the dog, we do not have to do this because they fune
tion so well

Miller The dog 1s so different that compansons would probably
be meanungless

Dock Perhaps the dog lidneys will do the same thing if they
have seventy or eighty mmutes of 1schemia before they are trans-
planted

Miller One or two experniments are msulficient for drawing any
conclusions

Oliter Some of the tubular epithelum in the hidneys certamnly
looked like regenerated epithelum Perhaps m the earlier period
of lack of function, there may have been tubular damage and then
there occurred repair with functional recovery and regeneration
- N - o ot bules, they

Dock Any swelling that occurs 1s there a few minutes after the
transplant, and duning the next few days, 1t does not swell?

Miller No

Pressman Has anyone tried shin transplants i dogs? If there 1s
1 much more rapid sloughmng off of shin n dogs than with shin
transplants tn humans, that may be a reflection of the same type
of process which 1s taking place more rapidly wath dog hidneys

Muler There h1s been some very interesting work by both W J
Dempster (1) and M Simonsen (23) on that There 15 a factor,
apparently common to skin and hidneys One can homograft a piece
of shin on a dog Then f one transplants the hidney from the same
donor thit provided the shin he will obtain an explosive rejection
of the ludney  An accelerated reaction has been caused by the sk,
and the ludney may be rejected within less than a day In our human
stuchies, we have been afraid to put sk on from the same donor
at the time of the hidney trinsplnt for fear we would sensitize the
Ludney We should like to try saving skin from the donor, and then
m some anstinces, when the situation 1s hopeless, put some of the
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preserved shin on the reciprent and see whether or not there 15 an
accelerated rejection of the shin

Pressman 1 asked the question from a different pomnt of view
Did Simonsen mject the skin, or did he do a shin transplant?

Miller He did a shin transplant

Pressman How long did 1t hst? That would be rejected eventu
ally, too, would 1t not?

Miller Yes

Pressman  How soon was 1t rejected?

Miller In a matter of days, I believe

Pressman Now, what 15 the period of time for rejectton of human
shin transplanted to another human? Does that last for a while?

Miller Tt lasts for several weeks, I think the longest stayed about
120 days

Pressman There we have the same factor between dog shin to
dog, and human skin to human, that we have between dog kedney
to dog, and human kidney te humin

Muller 1 do not know whether the time relation would be that
exact, there have not been enough sk transplants cumed out 1
dogs so that we can actually say

Pressman If this hypothesis holds up, the shin should be rejected
by the dog rather quickly

Bull In Pattent G W you mentioned earher that there was
a blood urea of 80 prior to operation, then 1t rose to 200 1mmeduately
after operation, and subsequently fell to 83 Was that a regulr
phenomenon?

Miller Only during the period of operation The patient was
usually critieally 1ll for a few days His own kidneys were not func-
tioning well, and the transplant was not domng anything s0 the
uremia was greatly mtensified

Bull Was 1t yust due to operative shock, or was there some other
cause?

Miller 1 should think 1t would happen merely as a yesult of the
operation

Mernall 1 think 1t 15 qute charactenstic m uremuc patients who
undergo major surgery, whether or not they have a transplant

Berliner Haven t some of these patients been put on an ar
Jadney first?

Mernill Some have, and some have not But certunl
50 short a time that we would expect 1t to be on a reb
from the procedure

Bradley What happens to the excretion of electroly tes?

tficsal

y not wathm
ound simplv
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Viller The Patient whoge Adney functioned for five-and.a half
months, altereq the abnormal electroly te Dattern ang brought ¢
ach to normal Hye Ppotassium became normal
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Forster Is there no relationship between the extent of mbreeding
1 stramns of dogs, and the success of muntammg homotransplants?

Miller Not a great deal m dogs, at least Dempster’s expeniments
on greyhounds showed that their survival was exactly the same as
the mongrels used by Sumonsen However, if we could work with
rdentical twins, then we should achieve survival of homotrans
planted skin, and presumably of the kidney and other organs

Torster There 15 no ammal larger than the mouse m which ths
has been done?

Pressman Dr Medawar (16) did his skin transplantations on
rabbits, but they have not been mbred as far as mice Nenther have
dogs I have heard that even with mice which have been quite
mtenstvely mbred, the reciprocal takes are not 100 per cent But
this may be a technical problem With inbreeding, as the ammals
become closer and closer in ther composition, there has been 2
greater time elapsing before the graft breaks down

Dock Is this a peculiarly Lian problem? I ber that
Dr Danforth (17), at Stanford University, used to expenment with
birds of strange plumage He transplanted barred feather shin to
plam birds, and for the rest of the bird’s hfe st had the feathers of
the donor Apparently 1t lasted mdefinitely

Miller Cannon and Longmire (I8) reported that if chicken skin
were transplanted on a cntical day after birth — I thk as early
the third day —one obtamed an appreciable number of “tales
But by the fourth fifth and sixth day, the number drops to 1 per
cent After the 14th day no permnent tahes were obsenved They
tried markmg a particular prece of shin and the feathers, and during
adult Lfe transplanting 1t back to the sime donor However, the
transplanted sk was no longer compatible

Graffin Dr Miller, you have undoubtedly thought of this, b“dt
suppose we took dogs of the same stram and cross-anastomose
their circulation for some time before the transphnt was made

Miller Dr Stanley Lang, of our laboratory, has worked ml!ha
most nteresting technique He wished to find out whether the
plastic bag around the transplanted hidney was really effectue
He developed a techmque that we call pseudoparabrosis, because
the 1dea was to have as httle parabioss as possible Dr Lang joi0
the shin m two rats with the mnmum amount of contact He then
swings the kidney over from rat A to rat B, so it lnes in the new
environment, but has its own blood supply We thought 1f (h":
were a considerable tissue reaction, we would wrap the hdn%) :o
plastie, or modify it m other ways We have demonstrate
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He claims that as long as eight months after transplantation, he
had some farlures of his homografts Whether this was caused by
an antigen antibody reaction, we do not know, because he has not
biopsied his transplants

Luctscher 1recewved the impression that perhaps there was some
technreal difficulty which rught have interfered with the sursnal
of those transplnts Is that the way you feel about 1t, Dr Miller?

Miller We cannot draw many conclusions on the basis of ten
patients In our patient who survived five and-a half months, 1t 1s
very surpnising that s transplant did not show more evadence of
cellulvr infiltration, and the other things that are seen 1 dog homo-
transplants

Dock I think st 15 surpnsing that the dog homotransplants do
not have an episode of protemuna and show more glomerular
reaction In Figures 28 and 29, the reaction 1s mostly n the hilm
of the glomerulus, and that 1s where we see 1t 1 the Masug
nephntis That 15 also where the antibody appears i the Masug
lesions

Miller Yes I have been surprised, too, that there was not more
reaction

Forster Have you speculated as to why you failed to obtain urme
mitiafly, night after the transplants were made? The hidnes 1
anurnc for a peniod of days, am I nght in that?

Miller Yes, i most cases if there has been a Jong period of
sschemia We thought that was probablv governed by the same
mechantsm that causes acute tubular necrosis These lidneys hue
been 1schemic, and totally deprned of oxygen for at least 200
minutes Even before death, the donor’s hidneys may hnve been
ighly 1schemic We have to visualize what 1s gong on m “‘;
operating room These patients are under profound anesthesia an(
subjected to ettensne surgery When we say 200 munutes 0
schemia, we are taking the official time of death It shou\d]\])e
apparent that there have been very long penods of 1schemta in ¢ e‘
donor’s kidneys I should imagine that the pathogenesis of the rena!
shutdown is similar to what occurs 1n acute tubular necrosis .

Oliwer In other words, 1f the hidney had not been remmcd',‘ bu
had heen loft 1n sitw and the patient had recovered, the same thing
mght have happened as occurred when 1t was transplanted dud

Forster It seems to me that m this circumstance, \\here“ “:“
under pressure 1s presented to a fltenng membrane, ESPEE;\“.;{\on
anowun, one would expect high urine flows resulting from filtr.
and subsequent failure of the tubules to reabsorb water
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Shock Is there ever protem mn the urme that you obtamn from
these transplanted hidneys?

Miller A very small amount In the patient who went fve-and a
half months, I compared the transplant unme with the blwdder
urme, and there was a marked difference The transplant urine
rarely had any casts, and only the rarest red cells, whereas we see
the typical picture of chronic renal disease m the urmne obtamed
from the bladder The protemnuna was not heavy

Dock  When the first flow of unne comes, 15 there very httle
proten?

Muller There 1s some

Merrll 1 think the role of the sich patient, both from the stind
pomt of the donor and the recipient, 1s worth emphasizing m these
people As you know, previous radiation of the reciptent, sf done
at the nght time, will increase the take of homografted shin Ex
penience has also shown, that “takes” of ovanan tissue are improved
if the tissue 1s previously refngerated 1 also wondered if 1t might
be worthwhile to consider for a moment another factor mn the sur
vinal of the hidney, namely, the fact that the best sunvals have
been 1 kidneys taken from cardiacs who have been cyanotic for
some penod before the renal artery was clamped Perhaps we can
say that the hidney has in some way “acchmated’ It certawly 15
true that the explosive reaction that one sees occurs 1n the healthy
hidney transplanted without any anoxia mto the healthy reciprent
One big difference we could pomnt out in this senes 1s that our best
results have been 1n ‘sick” hidneys transplanted into “sich” donors
I think that 1s something that deserves emphasis

Lauson It seems to me that a good donor would be a patient
who dies in heart fatlure due to severe, chrome, pulmonary disese
This condition would provide not only a period of rena} rschemia
but a long penod of artenal hypoxerma as well

Dock Sick donors are unfortunately not easy to find

Lauson One thing that has not been mentioned, although I am
sure 1t has been implied, 1s the fact that even the best retum of
function w 2 transplanted Lidoey — for example, in the one 1n which
the mulin clearance was 14 ml per minute — was much less lhﬂ?
that expected following acute renal falure The time course O
recovery of function in the tr )! seems to ble that 1n
acute renal failure, but m the latter recosery 1s more than 50 per

nt complete after several months of regeneration
Ceﬂ;cmllp That filtration rate of 14 ml was found 21 davs after
transplantation
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1magme 1t 15 oby1ous to all of us that this work could not hwe been
done if the artificial hdney had not been developed, and if we did
not have Dr Memils team at the Peter Bent Brgham Hospital,
that could prepare these patients and also take care of thew wremt
when they get mto difficulty immediately after the surgery
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ACUTE RENAL FAILURE*

GRAHAM MacGREGOR BULL
Department of Medieme

The Queen s Untersity of Ed/m’l

Belfast North Irelind

Ty Toric “Acute Renal Fature,” on which I shall speak, 1s 2 very
broad term By defimtion 1t would inelude any conditton causing
acute renal failure, such as obstructions, glomerulonephnits, or
even the death of the host However, n current usage, 1t refers
particularly to tubular necrosis, and circulatory renal msufficsency
The distmetion between them 1s not, perhaps, as sharp as 1t mght
be but we regard the latter as a condition 1n which 1emoval of the
extrarenal factor 15 followed by prompt and complete retum of
renal function to normal

TUBULAR FUNCTION IN TUBULAI NECROSIS

The present evidence of damage to the proximal convoluted
tubule rests on the finding of low Tma and Tmrax values, and low
renal extraction of PAH They appear to show mavimal abnormility
early 1n the course of the 1llness and thereafter improve with time,
but 1t could be argued that these low levels might be due, m whole
or mn part, to absence of glomerular function rather than actual
tubular damage 1 think that other evidence of renal tubular damage
must be sought

Despite the finding of grossly reduced values for glucose Tm
for mnstance, 1t 1s quite rare to find glucose m the urnine on ordmary
climeal testing with Benedict’s solution, and if glycosura 1s really
absent, 1t would indicate that the Tme/GFR ratio was normal or
greater than normal, and suggest the possibihity of complete non
function of certain umts Dr Olver (1) had another suggesuon
at a recent Ciba conference, namely, that the absence of glycosuna
mught be correlated with a relative sparing of the upper past of the
nephron which he had observed However, this part of the nephron
15 probably not umformly spared m tubular necrosis, becawse
Sheehan and Moore (2) found that followmg accidental hemor
¥TIns work was dose i collaboration with Dr_A_ M, Joekes and Dr X G Lowe
at the Postgraduate Medical School London England
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Ficure 33 The relationshp between daily excretion of total mob and urne
volume per day 1 a patient with tubular necrosis

The chance, that there 15, i fact, not as much functional damage
to the distal convoluted tubule as has been thought, 1s raised by
de Olnerras (6) finding of a surprisingly high ammoma produc
tion 1n tubular necrosis in the early phase Perhaps more surpnsing
was lus finding that the unme was alkaline and yet contuned
ammonra

Suan He overlooks the fact that there 1s usually 2 unnary tract
nfection at this stage of the discase It may well be that there 15
ammoma mn the unne, but he has not proved that 1t 1s secreted by
the kidney

Bull It must huve been formed m the urmany tract, because
after the urme was obtamed 1t was properly handled
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Berliner Y should say that expenmentally we do not find much
ammoma m alkahne unnes

Bull This raises another pomt does osmotie drresis affect the
fixed base spaning mechamsms of the distal tubule® 1 understand
from Drs Pitts and Berbner that an osmobe dwresis redvces base
spanng

Berliner We have found that when the urne pil 15 low m the
coutrol peniods, 1t usually nses with asmotie dresis

Ditts This 15 certamly true i extreme asmotie druresis

Bull In looking for evidence of an osmotic effect, 1t 15 unfor-
tunate that we have no method of assessing the excreted load per
nephron whtch would appear to determine osmotic diuresis How-
ever, Ithink st 5s fair to assume that when the blood ure 1s madhedly
raised, this wall merease the evcreted load per nephron, we do find

a correlation between the blood urea level and the abihty to re
absorb water and jons
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Figure 34 shows the concentration ratio of unne to plasma for
sodium plotted agamnst the blood urea, as suggested by Kenncth
Lowe,* the figures next to the pomts are the days of illness There
does seem to be a relationship between the blood urea les el and the
ability to reabsorb this 1on, of a type which would be espected if
we were dealing with an osmotic drurests

Lauson Were these observations made on urmes collected dur
ing 24 hours, or dunng short pertods?

Bull They were on 24 hour urmes

Lauson Was any attempt made to restrict water intake?

Bull These people were mamntamed on a rather low water mtake

4 T T 3
s 1 5 10 PariENT BO7SI
0N T
u/8
CREATIMINE

I

T

rea 10
Fiunz 35 _The unne/plisma_creatmine ratio pltted agamst the blood s, 0
a patient with tubulir necrosis Smaller numencal figures mdm\fi S iness
for serum sodim concentrations (mEq/L) and lger figures indicate day:

#Personal communication
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Ficone 38 The plasma/urne sodium ratio plotted agunst the blood urea 1n
another patient suffenng from tubular necross

ing dialysis we studied that m the acutely- and chromcally ill
patient — that 1s, 1n the steady-state patient — and found the same
thing to be true This agam makes us think that 1t 15 an osmefte
diresis which occurs 1n these people

Bradley What percentage of filtrate do you suppose 1s lost?

Bull At the height of loss, probably over 50 per cent, I behere

Bradley 1t 15 questionable whether osmotic diresis during the

d ration of large of urea m dogs accounts for so
Targe a loss of glomerular filtrate Is not the osmolar excretion here
cxpressed chiefly 1n terms of urea output?

Bull Urea cxcretion yes In terms of actual mllosmols per
minute excreted the amount 1s not at all great Even at the pomnt
where the blood urea 1s highest, only perhaps 600 milliosmols per
day are evcreted This 1s low in terms of the load that can be un
posed m a healthy person However, as we do not hnow what the
milhosmolar rate per nephron 1s, 1t still could be an osmotic duresis

Dock At the time the patients have a lttle dextrose leakage, do
they also have 2 potassium diuresis?

Berliner In the recovery phase, some of the patients lose quite
a bit of potassium

Dock That 1s after the dextrose leak hus been closed off 15 1t not?

Bull Yes, before and after

Dock At any rate 1t 1s not being reabsorbed very much at that

time
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the more normal the blood chemustry became the worse the pattent
becime

Suan Can we reduce the unne volume withm the Rrst week say
of the onset of the dwresis if we have reduced the load of solute
to be excreted?

Bull Yes

Suan In other words have the statements mn the literature to
the effect that there 15 an obligatory polyuna of several bters per
day been made as a result of not having attempted to restnct
sodium and water?

Bull No The way m which the fall i urme volume on water
restriction 1n early diurests comes about 1s I think cireulatory The
patients continue to pass nrine until they become dehydrated and
1 areulatory msufRiciency develops m addition to therr other trouble
We have one patient who actually died because of that

Lauson Is there an analogy with far advanced nephnitis in this
situation? In that disease the tubules no longer hwe muck v
ability or selectne capacity left so when ume output and solute
excretion vary according to mtahe this presumably occurs on a
cnculatory basis

Merrdl Dr Swan in some of the water loading experiments you
did did you not show that admmstration of 1500 to 2000 m! of
water 1s reflected m the urine volume over the subsequent 24 hours
orso but not immediately? It 1s difficult for me to beheve that thet
amount of water admunstered slowly m 2 patient who muntun
normal blood pressure and well bewg durng that penod of time
could be entirely on the bisis of circulatory readjustments 1 fecl
that the blunted response 15 a hittle more pertment m view of the
unchanging elincal srtuation

Suan We studied 1 patient on the mnth day after the onset of
the diwresss during wlch the daily urmary volume exceeded &
ml The obgunc period 10 this patient had lasted 19 dys On the
nmth day of the diresis after body weight had become stable
doubling the water mtake from two to four Iiters for 2 two dny
pertod was 1 with a ite incrense 1N UTMe Vo'
ume The patient suffered no ill effects When flurd intake was agaw
restnicted to two Iiters duly urmary volume decreased (7

Merrdl Were the solutes excreted the sume? ‘

Swan The patient was on a constant sodium chloride mtake 0
from bout 30 to 40 mEq per day There was some mercase m
sodium excretron durng that trme Mark
during the diuresis 1s partially an artefct

ed and prolonged polyuna
due to the physicrans
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attempt to mamtain body weight and replace uninary loss of clec-
trolytes and water, and s neglect of the need of the panent to Jose
water and sodium chlonde which has accumulated as the result of
catabolism and excessive mtake dunng ohguna Moderate restnc-
tion of water and salt with the onset of the dures:s results 1 prompt
werght loss, but not 1n the patient becoming chnically dehydrated
If the patient, at any pomt after this acute weight loss, 1s allowed
a more liberal diet, the weight does not change appreciablv

Bull The case 1 quoted earlier, of the patient who actually ran
himself down nte a state of eweulatory wsufficiency, shows that
excessive Josses can oceur

Swan 1 wonder whether 1t occurs unless water mtake 15 Te-
stricted to the pont where the solute load 1s greater than the ability
of the kidney to excrete solutes without depletng body water At
this stage the lidneys cannot excrete a concentrated unine of course
If we merease the sodmm chlorde mtake, or if we fal to restrct
1t, then there will be depletion of body water

Berhiner 1f the idneys cannot concentrate or dinte the nnne,
how can they get nd of the extra water without more sodium to
go with 1P

Swan Withm a week or so of the onsct of the dwiress they can
excrete 2 more dilute urine

Berlier Does 1t not depend on what stage we are talking about?

Swan An opportumity to study this in the first few days after the
onset of the diuresis 1s not afforded, but when excess water and
sodtum have been evcseted, urinary volume and sodmum concentra-
tion can be altercd considerably by varymg the mtake

Mernll In your cxpenence, 1s 1t practical to consene sodum
m this state?

Suan Yes

Merndl There 1s a question whether the mgestion of two hters
of water v influence the dynamics of the kadney enough so thit
there will be a marked change 1n uniee volume

Doc® ™ * when the
paticn and with
blood ded house

officer docs a concentration test with a low flud intake The blood
urey begins to chmb sath onh Dus one msult, and even if deby dra-
tion 1s started agun, 1t takes a while to correct the conditton It 1s
surprising 1 these patients, how one concentration test will upset
the situation

They ke a httle decrease tn thetr food and salt intake, and an
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increase m their own protemn breakdown, but it upsets the whole
mechanism, so I personally see no pomt m ever allowing a con
centration test to be done on patients with hypertension if 1t 1s
known that theiwr blood urea has begun to nse We do not leam
anything as clmicrans by doing concentration tests Dr T Adds
used to do the opposite Occastonally he would precipitate a bout
of acute pulmonary edema during the opposite phase of his con
centration dilution test I think everybody who has made frequent
tests on the effects of sudden changes n water load n patients with
fixed specific gravity, has run into trouble, both in the acute and
chronic stages We can produce acute renal falure by 24 hours of
ngid restriction of water mtake

Mernlt As T sard before, 1t probably depends on the state of
hydration of the patient at the time the determunations are made

Swan If we look on the excessive output of water as the result
of an osmotic diuresss, do you suppose that by varying the sodum
chlonde mtake we could perhaps vary the U/P ratio of urea con
siderably?

Bull Not markedly For instance, m the same patient shown
Figure 37, the marked change 1 NaCl ntake on the 26th to the
28th day was not assoctated with much change in U/P urea Thata
dwrests can occur even in the face of dehydration 1s shown
another patient who developed anunia followmg an abortion She
remamed at home, drinking very httle, and came to us on the 12th
day very dehydrated Instead of giving her a lot of flud, we merely
gave one liter 1n excess of her urmary volume per day, and despite
continuing dehydration, as shown by a lhigh hematocnt and plasma
speaific gravity, she had a dwresis In fact, I thmh there 15 30
obligatory loss of water and salt i the early diuretic phase an
that this can create trouble for the patient — probably crrculatory
trouble

Mersd! If we postulate that this 1s an osmotic dresis and there
1s unammous agreement, as Dr Bull has pomted out, certan’}
under those conditions there 1s an obligatory loss of salt and water
1 think that if a patient 1s extremely dehydrated when this bcg:!ﬂs
he will find himself i trouble If not, he probably will not I wonder
of that 15 not the reconcihation of these two pomts of view? "

Dock If patients are run on your dilyzers, do you sec thus

phenomenon? 1 with
Swan We do not remove edema or extracellular flud w
dualysss osmotic load

Dock No but we take the urea out, which 1s an



Acute Renal Failure 129

15 1t not? This 1s the usual cause of the osmotic diuresis, and if the
blood urea 1s brought down close to normal by an artificial kidney,
then this phenomenon should not be seen at all

Mernll 1 do not think it 1s qute as sunple as that There 1s no
question but that 1t varies the unne volume, but it does not com-
pletely obwiate the dirests oceurnng To some extent, perhaps,
that 15 due to the fact that few of these patients have been dialyzed
dunng the diuretie penod, or yust before 1t

Dock And diuresis occurred, even though their blood urea had
been brought down®

Mernll Yes But there 1s such a tremendous varability 1n the
unnary output that again I do not see how one can compare from
patient to patient

Swan Dr Luetscher, I should like to ash what you believe to be
the mech of the hyperchl sometimes seen 1n this stage
of the disease, since you are the one who first called attentron to
this phenomenon

Luctscher We made only a few obsenations on these patients
In most 1nstances, ntovication with a sulfonamide appeared to
be responsible for the acute renal mjury There was nothing char
actenistic about the anunc phase, althongh some patients recerved
more flds than we would gve today to an anuric patient These
patients doubtless had a high total body content of sodium and
water In the early dwretic phase, the patients put out large
volumes of urme contaming very httle sodum or chloride The
serum levels of sodium and chlonide rose to normal and then to
abnormally Iugh levels, assocrated with loss of edema and pro
gressive dehydration The blood urea level started to fall with
dwresis, but rose agun with dehydrition

These patients had an lly high water I'me
to s1x liters of sodium free flusds were needed cach day m order
to rehydrate the patient and dilute the extracellular electrolytes to
normal levels

Tam not sure that I understand, 1n any fundamental terms, how
these patients duffer from the average patrent who tends to be a
salt loser Our patients were water losers, but their U/P ratios for
chlonde and sodum fell to very Jow levels almost from the start
of the duretic phase

Burnctt [ thik the point you made about the previous salt load-
ng 1s importint In our expertence the ones m whom diuresis was
assacrated with hyperchloremi recened quite large quantities of
salt before the diuretrc penod  Tlus seetned 1n sone way to set the
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been dialysis or dietary or both does not seem to make mucl
dilference to the end result Personally T prefer the conservatine
type of management rather than dinlysis simply because 1t s easier
and T think that almost all the disturbances n the electrolyte pat
tern that one meets 1n these patients cn be corrected by p
propoate conservative methods In any event 1 think that the f1il
in mortality that has occurred has been aclueved by relatnndly
simple attention to water nd electrofyte balance and that any
further matenal improvement will depend on attention to other
factors The most import it of these other factors are the presence
of associated mjunes or alinesses d particulwly the factor of
nfection

To ilustrate thus I propose to review what I believe to have been
the causes of death i the patients seen by Dr Joches Dr Lowe
and myself The first group of patients to consider are 39 who were
treated conservatively along the lmes indicated 1 a paper published
m 1919 (8) Bagcally the treatment was bed rest with the feeding
by mtragastne dnp of a synthetic dict contuming 400 gm of
glucose 100 gm of peanut ol and water to one ter The total
water m a bter of this diet assummg that all the fat and carbo
hydrate are metabolized 15 approumately 810 ml

The mean duration of ohiguria (less than 1000 ml of unme per
day) was 104 days with 1 standard deviwion of 57 days There
were 7 deaths a mortahity of 18 per cent The causes of death are
shown m Table T\

1 beheve that mfection played a major role i the death of four
of these patients However the importance of infection was even
mare strang 1n the sccond senes of 54 pitients who were treated
by a number of methods Not all were under our care but we saw
them aither 1 our own hospatal or ebewhere There were 17
deaths and 1n Table \ | have hsted what I consider to be the
prnespal causes In ten out of the 17 patients infection was prob
abb the most importnt factor

The nature of the nfcctions 15 shown i Table \I Fue patients
had bronchopreumonin and 1n four of them the mfection developed
during the penod of oliguna Of the three patients with septicemia
one developed thus condition from 1t pelvic mfection and in the
other two 1t followed and was probablv cwsed by infection dur
g dialysis Two pitients had pentonitis This problem of infection
was one of the mun difficulties we had with the ongml holff
machine Dunng dulysis the bath contaiing glucose among other
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TABLE \

Man Cause of Death Number of Pat nts
Infection 10
Disturbances of water and electrolyte balance 3
Hemorrhage 1

TABLE XI
Type of Infect on \umber of Pat ents
Pneumonia 5
Septicerma 3
Pentomtis 2
Pyelitis* 1

*This pat ent also had poeun ona

thmgs was warmed to 37° C and acted 1s an excellent culture
medum

All of these nfections were resistant to pemallin and usually
to strep also The f orgamsm was the
Staphylococcus We tmarably gave ail these patients one mega
umt of sofuble pemeitlin per day which m wunc or aliguric sub
Jeets results i very lugh blood levels We also gave streptomyen
and sulfonimides 1 smtably reduced doses 1n some eises but at the
time we treated these patients we did not have nailwble i London
any of the other antibioties which could be procured now

The ill effects of infection obviously melude 4 tendency to upset
mmeral and water balance and nulhfv ones attempts at proten
spanng, so that the distinction between deaths from mfection and
rom “the uremias” 1s not always clew Hawever patients do die
of mfection wath appwently norml blood chermstry at least w ith
respect to electrolytes and I think that any further syzmficant lower
ing; of mortality wall depend morc on better treatment of infection
rather than any further r finement m methads of achieving mmcral
and water halmee What are your views on this Dr Memll®

Mermll 1 enticcly agree with you that mfection 1s the cause of
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In addition there are the many obvious objections that I am
sure Dr Bull has thought about to forced feeding with a diet which
unquestionably 1s distrsteful and which m1y cawse diarthea somt
g and electrolyte disturbances I thunk hoth Dr Rull and ¥ would
agree that these considerations are more mmportant than elevation
of the nonprotein mtroggen and that m our expenence hoth from
the th J wnd practical dp fat has not seemed 2 very
cffective adjunct to the treatment of these patients in an anunc
state We prefur to use glucose which 1 think has a sound theo-
retteal basis We admuuster st 1 a 50 per cent solution by a plistic
catheter placed hugh i the hrachml or femoral vem This has the
advantage of enabling us to gne a large number of carbohydrate
calones m an extremely small volume of water and s 1t 15 a con
tinnons process 1t 1s the most effectsy e method of calonie admunrstea
ton It also gives us 1 constant dnp to which anything can be
added as therapy dhctates After some expenence we have gnen
up high fat deet as a form of therapy duning the acute penod Qur
results have not changed much however they bhuwe probably
mproved a httle bt

Piits How many calories would you gne mn the form of 50 per
cent glucose?

Mermdl That depends upon what we think the fuid mtde should
be We give as many calonies as e be admmstered by a 50 per
cent solution the total amount depending upon the volume of
flmd that we think ought to be admimstered

Pitts Is that the total flud intake?

Bull That 1s the total fnd mtake i an munc patient which 1s
800 ml per d1y I the piient 15 passng urme a volume of flud
equal to that urme is added to the next diy s mtake

I have no strong feclngs 1bout the fat n the dit and n fact
am gradually redueing the quutity Lately T have been gning 50
gm per day and perhaps T shall ebmunate it entirely  The cibo-
hydrate 1s 'much more umportant and 1 think that a very ugh
carbohy drate intake 1s sndicated Some people behese that a lugh
carbohydrate intake 1s not necessery 1 order to produce adequate
protem spanng. That 15 possibly true but a very fugh crhohy drate
mtake has a further ady antage 1n that it keeps the seram potssm
low and even causes 1t to fall

Burnett Do you thunk there 1 good cvidence that incresing
the carbohy drate ntake abave 100 gm per day suppresses protem
mettbolism or potassm acenmulation?

Bull 1 have observed 1 completely wune prtient in whom the




136 Rengl Function

Zix;usm potassium fell and stayed down for a matter of fire or sic

Mernll 1 shonld catamly agree with that The work showing
decreasing increments of protemn sparing with glucose admumstra
tion of over 100 gm was done with normal young men wha were
resting and T think 1t 1s an entirely different stuation from that
of compound fractore and trauma mjury In the latter case increas
ing the glucose may be important It certamly has been our clnical
experience md Dr Bulls also that the madence of potwssum
mtoucation which we used to think was a very frequent cause of
difficulty has decreased tremendously since we started the ad
mnstration of 50 per cent glucose 24 hours a day

Muller Is 1t possible that the massive admimistration of glucose
15 preyenting the cure of the infections that causc the death of some
of thesc patients?

Bull 1 do not know I think most of thit glucose 1s bemng stored
as glycogen and that 1s why the serum potassium does not nise
Blood sngars do not tend to run high

Dock Four hundred grams of glucose would not be very &f
ferent from what we are gettng n cubohydrate every dy and
most of us hue not developed nfections yet Howeser these
patients have 2 Ingher metabolism than we e many of them
are febrile

Miller They also hnve many more active bactern

Berliner How much glucose dacs the averige pitten
Is any additional water gnen?

Merrdl These steady state patients usu
of 1 50 per cent glucose solution

Dock Only 200 gm then

Pitts So that would be approximately 300 m} of water per day
That 1s 1ssunung bout half 1 ml of water of oudation per g7
of glucose

Berliner That 1s 1l the water you gwe the patient?

Mernll Yes

Doch The tip of the polyethylenc ctheter Tias to be m aveny
Targe vem when a 50 per cent glucose solution 15 admmstered

Mernll As has been pomted out infection m these people 15 2
1c ntrivenous catheter

miyor problem particularly m the use of 4

It (JICPCI:“IS L‘ﬂhrle)l) upon the care with whtch 1t 1s put p[aceeg’
the pauticulir sertes wlich I hune observed there has bfcn ;on‘
Tittle mfection We usundly do not lewe the catheter m :Pl;h’ﬂ "
than five or six days and then shift 1t to the other sude 1

¢ recenc?

Tly recene 1bout 400 ml
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feasible On the other hand when 1t 15 put 1n by some of the house
staff who are inexpenienced n the procedure the madence of
infection or phlebitss, 1s almost universal

Dock Ts the catheter inserted at the foot in the femoral artery,
or m the arm?

Mernll A small poly viny ! eatheter 1s put through the saphenous,
and threaded to the ilac Of course another advantage s that
when one provides fluid over 1 24 hour pertod 1t does not im
mobihize the pattent The meidence of bronchopneumonia that Dr
Bull mentioned may lso be an mmportant factor purticularly m
the elderly patient

Dock ‘The tubes go m veins and not down the esophagus to

the nisk of asp Iy ?

Mernll That is nght That too has been a problem for us I do
not ymagine that Dr Bull keeps tubes 1n for 2 long pertod of time
but a good many of these patients who are entically 1l bleed from
the nasopharynx and thro1t and that 15 1 real problem if 2 tube 15
1 for a long peniod of time or even if at 1s constantly bemg put
m and taken out

Dock Tlus really requires good surgical threading of the poly
ethylene tube You use the saphenous rather than the arm vem?

Mernll You can use an arm vem

Dock Then you put the tip nto or at Jeast past the mnominnte
vein soat s practically in the veni cna?

Mcrnll No we have been able to do it by gettng up mto the
brachil vein

Dock I should think you would get thrombosis

Berliner The solution does not come out of the tube very fast

Memll When you admmster only 400 ml of flud which 15 50
per cent glicose per diy you do not myect 1 Jot of flud at iy
one time

Lauson I should ke to ash whether you hve had anv ex
perience with the admmistrtion of ndrogens during this period
That would seem to be 1 Jogren! step

Mernll We routinely use testasterone propionate m these people
and there 1s a tremendots 1mount of evidonee i the expenment il
Uiterature, why we should As you muy reilize 1 controlled study
1 almost impossible i this situation but T think at 1s the feclmg
of most of us 1n Boston working n different hosputals and without
being able to document 1t that 1t probibhy 15 1 useful and worth
while adjunct Certunby 1t does no harm wnd mu do some good
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serum potassium fell and stayed down for a matter of five or six

ays

Mernll 1 should certamly agree with that The work showing
decreasing increments of protem sparing with glucose admmstra
tion of over 100 gm was done with normal young men who were
resting and I think it 1s an entirely different situation from that
of compound fracture and traumn mjury In the latter case increas
ng the glucose may be important It certamly has been our chmeal
expertence and Dr Bulls also that the meidence of potassum
mtoxicition which we used to thinh was a very frequent canse of
difficulty has decrersed tremendously since we started the ad
mumstration of 50 per cent glucose 24 hours a day

Miller Ts 1t possible that the massive admimstration of glcose
1s preventing the cure of the infections that cause the death of some
of thesc patients?

Bull Ydo not know I think most of that glucose 15 bemg stored
as glycogen and that 1s why the scrum potassium does not rise
Blood sugars do not tend to run high

Dock  Four hundred grams of ghicose would not be very dif
ferent from what we are getting m carbohydrate every diy and
most of us have not devcloped fections yet However these
patients have « higher metabolism than we have many of them
are febnle

Miller They also have many more actise bactena .

Berliner How much glucose does the average patient recent
Is any additional water given?

Mernll These steady state patients usually recerse 1bout 400 ml
of 2 50 per cent glucose solution

Dock Only 200 gm then

Puitts So that would be approuimately 300 ml of water per day
That 1s wssuming about half a ml of water of oudation per g™
of glucose

Berliner That 15 all the water you gne the patient?

Mernll Yes

Dock The tip of the polyethylene catheter has to be i 2 ven
luge vein when a 50 per cent glucose solution 1s admimnistere

Mernll As has been pomnted out infection mn these people 15 @
mayor problem particularly 1n the use of the intravenous calhcti:l
It depends entirely upon the care with which 1t 1s put 1n place
the particular series which I have observed there has been \L"Z
Iittle infection We usually do not lexve the catheter m for H‘"Jfs
than five or six days and then shift 1t to the other side if that ¥
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Merrdl 1 should certainly agree wath that The work showmg
decreasing increments of protemn sparing with glucose admmistra
tion of over 100 gm was done with normal young men who were
resting, and T thk 1t 15 an entirely different sitwation from that
of compound fracture and trauma mjury In the latter case, mereas
ing the glucose may be important It certamnly has been our chmca
expenence, and Dr Bull's also, that the incidence of potassum
mtovication, which we used to think was a very frequent cause of
difficulty, has decreased tremendously since we started the ad
mumstration of 50 per cent glucose 24 hours a day

Muller s 1t possible that the massive admmustration of glucose
1s preventing the cure of the infecttons that cause the death of some
of these patients?

Bull T do not know I think most of that glucose 1s bemg stored
as glycogen, and that 1s why the serum potassium does not nse
Blood sugars do not tend to run high

Dock Four hundred grams of glucose would not be very df
ferent from what we arc gettng mn carbohydrate every dw, and
most of us have not developed infections yet However, these
patients have a higher metabolism than we have, many of them
are febrle

Miler They also have many more actne bactena

Berlmer How much glucose does the average pitient recene?
Is any additional water gnen? i

Mernll These steady-state patrents usually recen e about 400 m
of a 50 per cent glucose solution

Doch Only 200 gm, then P

Pitts So that would be approumately 300 ml of water per &3
That 1s assuming about half a ml of water of oudation per g
of glucose

Berliner That 1s all the water you gie the patient?

Mernll Yes

Dock The tip of the polyethylene catheter has to be 1 a ey
Iarge vein when a 50 per cent glucose solution 1s admumistered .

Merridl As has been ponted out, mfection these Pfol’llc ’ls‘
mAjor problem, particularly m the use of the mtravenous cathe ;n
It depends entirely upon the care with which st 1s put 1 l"v‘c"e
the parhiculir series wiich T have observed, there has b;en \O\Z
httle mfection We usually do not leave the catheter n fm;hT‘ &
than five or srx days and then shift it to the other side, 1
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Breed Do you hwve any data on the use of ACTH or cortisone
durmng the early stages of anuna Dr Mernll?

Mernll Yes we do ACTH and cortisone after the 1nunc period
has occurred of course 1s contrundicated for obvious reasons It
has been suggested that becuse the early pathologreal lesion 1s one
m which there 1s edema and perhaps some degree of iflammatory
response ACTH or cortisone might obviate that Ve had a chance
observation m n young man who had myoglobulinuna which made
us thnk that this was not valid Dunng an exeraise tolerance test
he was given sterad to see 1f cortisone would prevent the occur
rence of the condition However during the pertod when he was
being given a rather large dose of cortisone this man became anunce
and remamed so for some days thereafter Thus I think cortisone
has very little value

Breed 1 think we observed m one or two cases of anuria who
were also recetving ACTH that the plisma potassum level rose
rather rapidly

Swan Dr Bull what was the nature of the electrolyte disturb
ances which caused death in the patients you cited?

Bull In the first group all of whom we treated ourselves there
were three deaths that might be classified s due to electrolyte nd
water disturbances The fourth pattent developed very severe diar
thea and rpid general arculatory collapse The fifth died of pul
monary edema but I thmk this was partly due to hypertension
and not 1 simple overhydration phenomenon The sith patient was
the only one m this group m whom an clectroly te disturbance alone
was probably responsible for death Her serum potassium fell m
the early dwretic phase nd there was paralysis clectracardio-
graphie change and stupor Admunistration of potassium sufficrent
to raise the serum potassium to shightly supernormal levels did mot
appear to be effectne and she died why we do not know

In the second group the problem was usually one of strmght
water nd salt overlord and death was unsually from pulmonary
edema In nerther group was hyperpotissemin much of a I"“blemc
1n fact 1n the erly duretic phase hypopotassemia was much mor
mportant

Luctscher You mentioned one patient in wh
We have seen 1 number of these patients ofter
abdominal disease wlich led to their acute rent
been impressed with the dificulties of supplying foo
the anuric patient via the gastromtestinal tract This
with sufficient frequency so that we hwe gone back a

omn 1leus occurred
1 with some i
1 farlure We have
d and flud to
has occurred
Imost cntirely



i ki Dfﬂ"
n 95Moty fUregcn
N ‘Wnal I Mean 3,
“Suleg fre e ﬁ]tratl

hle
Moy, diy,

on of Solug 3

4 ¢,



140 Renal Function

The second question, that of the correction of electrolyte dis
turbances, 15, T think, miportant We have been mnpressed by the
fact that very gross changes m chemistry may occur without am
symptoms or signs I do not think that attempts at mproving the
“cosmetic appearance” of the electrolyte pattern are always wise
Figure 37 tlastrates this pomt also Up to the 25th day the patient
was reasonably well, Iistening to the wireless, reading and so on
and that m spite of a serum sodwm of 115, and a serum chlonde
of 55 mEq per hter On the 25th day we gave her two liters of
water m excess of her previous day’s urine volume, mstead of the
usual one hiter She developed a state of water smtoucation This
was treated by the admimistration of about 875 mEq of NaCl, with
mprovement Soon afterward, lioweser, she became confused, de-
seloped twitching, and was obviously worse We then attempted to
correct rapidly all the electrolyte disturbances we could detect The
more normal the clectrolyte pattern seemed to be, the worse she
became chinically, and m the end we just let nature tahe ats course
and she recovered Tlus, and a few simiar expertences, have made
us think that as long as the patient 1s symptom free, 1t is better to
leave hum alone, or 1f any correction 15 attempted, to do i very
slonly

Burnctt We would take a different view on this When the
patient comes to us with hyponatremia, often as a result of poor
treatment, we usually proceed, espectlly during the ohgene p}nscf,
on the basts that there 1s some evidence that hyponatrema el
may compromuse renal function When the patient 1s first seen, \\S
frequently do not know what we are deahing with In admmstenng
hypertome saline, we have not experienced the unfortunate ct:;\scs
quences which have been reported We are not at all sure st dGZS
any good m many mstances, but we are not conymeed that st do
any harm

Mernill As i the admmistration of water and electrolyte d“[““lq]
the dmretic peniod, wo have to consider the situation with “t‘:l!
we are dealing, and as Dr Burnett mentioned, 1£' we h}ve a patient
with difficulties as a result of rusmn t, § -
has to be done about it However, we are also {umihar mtl\fc‘ﬂ;u‘
where management his been extremely good, and m spite 0 ecn
the patient shows a depression of serum sodim levels This xsd s o
of course, m the chronie cardiac patient, m malnutntion, au! athc
0 many forms of discase It 15 seen very charactenstieally lsn‘ 2
cardiac patient with a normal serum sodum whoe \mderlgocn o
vulotomy, and m that patient the serum sodwim, 10 the abse
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wsufficiency 15 all osmotic duresss I do not think anyone can say
I think the question that Dr Bradley raised carher 1s a very good
one that 15 15 the urea concentration high enough to account for
this degree of osmotic duresis? In other words with a blood urea
nitrogen of say 120 or 140 will we get out half of the glomeruhr
filtrate? I cannot recall the exact figures but 1t 1s my mmpression
that 1 dealing with urea dwrests i the dog one does not obtam
$0 great an mecrease i urne flow from urea levels of this order of
magmtude

Merrill We have to remember that that 15 n terms of perhaps
20 per cent or less of the nephron

Berliner 1 am talking about concentrations not total amount

Pitts Plasma concentrations

Berliner Now the question of whether there are other substances
which may be retamed by the anuric mdvidual and which may
contrtbute an osmotic cffect to this dwresis 1 do not know but I
doubt that there are enough of such matenials to add very much
to the effect of urea alone For these reasons I am mclmed to thiok
that although osmotic effect 15 a very mportant factor m the
diuresss there are other contributory factors I suspect that one of
the more important ones 1s some dumnution m the ewpaaty 0
reabsorb sodsum and chlonde

Bradley Dr Mernll has some dat1 on the change m urea con
centrations relitive to variations mn urine output

Berliner That 15 m patients with chronic nephnuis One good
way of mieshgatng the role of osmotc dmresss in the polvura
followmng acute renal msufficiency would be by dilysss at about
the time that diuresis 1s expected One could then observe whether
1educing the urea concentratton to a level which by stself does not
produce duresis woukl have any great effect on urine flow and
sodium chlonide excretion

Dock With the polyethylene tube technique 1 patients where
we wished to obtan dwresis —say m arrhotics or cmdmcs—-“]ﬂ
could test the effect of giving from 60 to 70 per cent urea hl{‘l
15 very soluble stuff Usmg a very small volume oF water with the
urea we could see what happened !

Pits Tundamentally what you wish to know is whether I[e
flow load relationship per active nephron 1s the same thus cond!
tion s 1 the normal

Mernll Exactly

Puts T do not see any way that we could poss

Lauson Why not gne mannitol or para ammohippurate

t at that
1bly get al e
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under a considerable osmotic load excretmg the dilute urne and
40 or 50 per cent of the filtrate, how much effect would we expect
from pitressin? If we obtamed none at all, we might say it was
because the distal tubule was unresponsive On the other hand 1t
mght be capable of responding but fail to because of the pre
ponderince of osmotic effect on flow I do not know what happens
m pure osmotic dwresis when pitressin 1s given Do you Dr
Berliner?

Berliner Titressin produces relatively little change i unne flow
when one 15 dealing with marked osmotic drurests

Mernill So you could not distingwish between the two?

Berliner The effect we should expect would be small Whether
or not we could detect 1t I do not know We can obtam a water
dwresis supenimposed on an osmotic dwuresis due to urea and by
giving pitressin detect a change i urme flow or in freczing pont
I am afraid, however, that m the dwresis following acute renal
msufficiency, the probabilities are that we should not observe any
effect because these patients have a failure of the ability to concen
trate which 1s essentially equivalent to saying that we do not obtam
much effect from the antidretic hormone

Mernll We did this 2 number of years ago and obtamned no
response to pitressin

Pitts It shll does not nswer the question

Shoch The antidiuretic response to pitressit varies widely be
tween mdividuals Dr John H Miller (12), working m our Tabora
tory has been able to demonstrate a sigmficant difference between
the response of old and young subjects which we have mterprete
as evidence for an age difference 1 tubular response to the antr
duretic stimulus The results n terms of U/P mulin ratios art
summarized 1n Figure 38 Water dresis was established by ﬂllﬂ
Wdmnistration of 500 ml of water at 6 am, followed by 250 m
of water at half hour imtervals until completion of the procedure
After three tcn minute control periods, pitressin {05 il umts
per hg of body weight) was admimstered mtrasenously S“btscs
quently six consecutny ¢ unne collection peniods, each of 12 mlm; e
duration were obtuned The solid ke shows average U/P WX“CS
for nimne subjects, aged from 26 to 45, the dotted line, mean va \11015
for ten subjects aged from 46 to 63, and the dashed hne, lenfs:l .
jects aged from 66 to 88 years The antidiuretie response O "
older subjects 1s significantly less than that of the young l’; ;P\cl
of the similarity of all age groups with respect to the ongin? Cm
of diresis evohed A clewrer impression of indndual dafferen
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Fieure 39 Followmg intravenous admuntstration of pitressin relationship betwecn
maxmum U/P nubn ratie and age Reprnted by permussion from Miller IRy
and Shock N W Age differences n the tenal tubular response to antid urcte
hormone § Gerontol '8, 445 (1953)

m the masimum antidiretic response to pitressin may be scen m
Tigure 89

Pitts You really should have completed this with a study of
newborns

Shock It 1s drfficult for us to find newborns among our popula
tion
Lauson Measurements on the premature fant would probably
fall somewhere between the lower two curves, and the mature new
born mfant would do better than the premature Were the diets
and unnary solute excretions more or less the same 1 all of these
people?

Shock  Osmotic pressure of the plasma and unne were not
measured 1n the present study, and concewvably there could Iul:c
been an age difference m the total solute excretion However, the
muddle and old age groups were chosen from the same popuht‘l:lcl
and were recerving the same diets for many months prior to
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evperiments The rate of mfusion was 8 ml per minute Glucose
excretion was measured m all pertods but was neghgble at the
plasma levels reached The mean rate of excretion durtng mwimum
antidwresis was 0 04 mm per mmute Since there was no correld
tion between the rate of glucose excretion and either 2ge or mavi
mum U/P rato of mulin attamed after pitressin 1t seems cvident
that the glucose exeretion had no measurable effect on the age
dilferences m the antidwretic effect

Pitts If we were to make the improbable assumption that mullt
osmolar excretory load were to remam constant then reducing the
number of functional nephrons as 1 function of ge would cot
1espondingly reduce the response to pitressm

Berliner The solute excretion per nephron goes up?

Pitts Yes 1t goes up as the number of nephrons goes down

Dock The metabolism 1n all these older people 1s low as com
pared to the younger ones I should guess that their daily mlt’s‘l‘o"
of electrolyte and nitrogen per square meter 15 considerably below
the other group
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mificantly betwcen the control periods and period 5 where the
maximum U/P ratio of mubln was recorded Hence, I beliere we
have evidence that the functional capacity of the tubular cells ta
perform osmotic work on a umt of glomerular fltrate 1s imparred
m the old hidney

Lorror’s Notr Dr Shock would like to add the following com-
ments to lus remarks at the conference

Examunatton of the reference cited by Dr Berlner (15), showed
that although the specific gravity of the urine excreted by dogy after
subtotal nephrectomy diminished, these ammals could excrete a con
centrated urine under certain conditions, such as increased concen
tration of plasma colloids, lowered blood pressure and the admims
tration of sodium sulfate after water deprivation

Pitts You have not changed the function of any single nephron’s
glucose Tm or the filtration rate, as far as the nephrons are con
cerned, all you are domng 15 altering the number of nephrons In that
case, would you expect this to be the same result that you would
obtain with pitressin?

Dock The osmotic load per nephron would go up

Lauson I thimk that hind of cxperiment onght to include, as
mmumum, a determmation of total solute concentratian (milh
osmoles per liter), and total solute evcretion (mulhosmols per
minute), as well as unne flow and GFR Then compansons coul
be made among mdividuals of different ages who have simlar
osmolar excretions per umt of GI'R If differences in response k:i
pitressin were still present after such ealculations, I think 1t woul
establish this fact as well as could be done at the present time

Berhiner Howeuer, we are not necessanly mterested m the fltet
ton rate, but the number of functional nephrons In other words,
we do not know that doubling the filtraton rate n one nephron
has the same effect as doubling the number of nephrons and putting
out the same amount of solute in either case

Lauson 1 added that it 1s the best we can do at the present hmi
because we cannot count nephrons We can measure GFR, :md;
solute excretion rate and urine flow are caleulated per umtt of (;rlﬂ 2
we can at least compare different indviduals with respect to 8 lec
data Of course, these calculations can gine no assurance that :hec
filtration rate per nephron 1s the same m all subjects, or wathn
lidney of any one subject

Pitts Ts that any improvement
1 terms of glueose Tm? It 1s merely an assumption o
opposite side of the fence, 1t seems to me

hock’s 1dea of counting
P an e n exactly the
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mjection of the test substance 20 per cent m the second and 10
per cent m the third ten minute period In patients with renal
msufficiency this distnibution is displaced to the nght We hae
had difficulty 1 terpreting our findings with radioactive sodium
When para aminohippurate 15 gven simultaneously with sodwm
100 per cent or moare of the radioactiity (by calculation) seems
to appear 1n the first ten minutes T'or a ime we wondered whether
this might be attnbutable to excretion of PAH as ~ sodwm salt but
we now beheve that the phenomenon 15 probably the result of an
abrupt change n sodium reabsorption secondary to the large dose
of PAH In consequence there 1s mereased sodum output and
since this 15 denved from the newly filtered (labelled) sodwm
must necessanly have a higher radioactivaty than 1t would if er
cumstances remaned constant and radioactive sodium were diluted
1 the nonradicactive 1sotope

Bott 1 do not know whether it would help 4t all Dr Bradley
but I was thinking of phenol red in connection with your comments
on the PAH (17) I believe it 1s true that that 1s excreted as a salt
m the prouimal tubule I wondered if using that would give you
any clue

Bradley \Vhat happens to the pH of the unne?

Bott 1 do not mean that 1t appears m the urme that way bt
s 1t comes through It may not have any bearing on the subject
but I do know that when there 1s poor cculation through the
glomerult of an exposed kidney one sees a general collapse of the
tubules and when the crrculation becomes vigorous they swell wp
a hittle Perhaps that would help decide whether or nottis 2 pipe
that you have

Bradley Do they collpse completely?

Bott No I should not say that old

Graffin At times 1n the frog there appears to be 1 severd ?J
difference 1n the caliber of the Iumina under the two sets of con ‘;
tions Also pertment to the present problem 1s the great speedt “(Ibe‘
which the provisional urine traverses the distal tubule “Et‘ﬂ ol
frog s glomerular circulation 1s very active This was ﬁrstﬁo ii“lr‘by
by Elhnger and Hirt (18) and was subsequently con r:l"mo\ pd
Singer (19) With poor glomerular circulation the forwar
ment of the urme proceeds much more slowly by am

Pitts Dr Bradley could these long deliy nephrons ‘y )
chance be those that are internuttently acthve and “1!““({\0)
happen to close down tnd wait for twenty mimutes before

open up agan?
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and mmeral content, and I shall mention some of the stumult which
are known to affect water and salt excretion

The osmoreceptor, postenor pitwtary gland, and renal tubules
form a sort of cycle which can regulate osmotic concentrattons yery
adequately, but which cannot regulite total body water content
Some other process must euist One possible mechamsm for total
body water regulation has been proposed by Sweher, Gauer, and
Henry (21), and Drury, Henry and Goodman (22) They investt
gated the effects of breathing agamst positive and negative pres
sure Breathmg against negative pressure seems in some way to
alter the ‘set” of the osmoreceptor and give nise to a water duresis
whereas positive piessure hreathing gives mise to an anbidurests
It seems very hhkely, as they suggest, that these effects result from
refleves arising n low pressure vascular eircuits in the thorax The
control of osntotic pressure, and the possible method of control of
bedy water, 1s shown 1 Figure 41

A related phenomenon s the effect of breathing from 5 to 7 per
cent of carbon doxide This causes a dwresss and a fall in nrme
spectfic gravity, but without a significant change :n 10n or creattmne
excretion (Figure 42)

The COs diuresis 1s of the sume type as that following the wnges
ton of water (23) There 15 the same delay m the onset of the
duwresis and the absence of an effect on mneral excrenon How

NERVOUS E&EA—?SMOMT
EC.MOLS POST. FIT

N

PULMONARY T
ENGORGEMENT ©

Ficune 41 A possible system for regulation of body water
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Fiowaz 42 The effect of breathung from 5 to 7 pec cent carbon d oude on ynne
ow creatinme and chlonde excretion and unine specific gravity m a recumbent
sl subject. Note the delaved onset of duresis and the absence of an tfect on
chlonde "and crestmne_excretion Reprioted by permission from Barbour A

Bull G M Evans B M THughes Jones N C 1 and Logothetopoulos J The
¢lfect of ‘breathung 5 ta 7% carbon dioude ¢n unine flow and muncral excretion
Clin S 12, I (1953)

ever, it differs 1n that a change 1n osmotic pressure of the plasma
13 not the effective stimulus to diuresis It 15 possible that the same
Mechamsms at work m the negatie pressure breathing are at work
hete The increased ventilation associated with the CO: breathing
could affect the same receptors Howeer, if this were 50 we should
expect a similar type of dwresis on voluntary hyperventilation, but
ths 15 not the case, as 1 will show later Whether the same path
Ways are mvolved or not, both negative pressure breathing and

O breathing appear to induce diuresis by mdirectly or directly
altering the “set of the osmoreceptor, so that less pitressin 1s re-
leased for 4 given osmolar concentration than normally While 1t
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could effectnely control body water, it 15 very unldely that th
mechanism 1s myolved i the regulation of total body water unde
ordmary conditions, simply because nerther CO» nor negative pres
sure breathing affect glomerular fltration or sodmm excretior
sigmficantly We have to looh for another and domuant regulating
system

This other system 15 almost cestatnly hinhed with the crrculatior
1 some way, becuse of the assectation of alterations in renal blood
flow, glomerular filtration and water and salt excretion, with
changes i the general curculatton m heart failure, oligerme shock
dehydration and so forth 1t seems to me that there are only two
ways 1 which the altered circulation could be translated into a
stimudus for water and salt retention or loss first, by causmg 3
chemica) change due to a dimuntshied or mcreased flow of blood to
the whole or a part of the body, or second, by eausmg pressure
changes 1n some part of the circulation or m 1 body compartment

To consider the chemucal changes first Changes m circulabion
could presumably result from changes i cardiac ovtput which m
tum, result from water and salt retention along the hines suggested
by Borst {24) The changed cuculation could then presnmably
alter the rate of transport to, or removal from, the tissue of a sub
stance whose concentration would indwectly provide the signal of
an altered state of hydratian General changes 1n the rate of trans
port to or removal from, the tissues of any substance other than
the bleod gases, are unhkely to provide a sgaal for reaction t2
circulatory madequrcy, because the swme pattern s scen m both
tugh and Jow output cardiae fatlure When we evamine the effects
of altering blood gas concentrations we find marked changes

The effect of 2 tased pCO: has already been dealt with Hper
ventlation wath 1ts fall m pCOs, and shpht nse in artenal pOs»
gives a different type of duresis (Figure 43) Here, unhle the CO2
diuresss, there s a prompt mcrease in unne flow, and an increase
excretion of sodam and chionde (25}

Exactly the same pattern 1s scen on breathing 10 per cent otygf}ﬂ
Thus a fall mm pO;, and a nse m pCO-, both cause diress, 10 the
former with an merease w muneral exerction On teleologicd
grounds we should expect the reverse if a change blood gas con
centrations were the signals we were seeling o

However, 1t could be argued that changes m pCO;, or P
could still be the stemulus 1f instead of considenng the bods “5?
whole we considered the circulation m part of it For mstance.sl(”:;
arise 1n pCO-, and a fall i pOz, mererse cerebral blood flow
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could cffectnely control body water, it 15 very unlihely that this
mechamsm 1s mvoled m the regulation of total body water under
ordmary conditions, sunply because nesther CO_ nor negatn ¢ pres-
sure breathing affect glomerular filtration or sodmm excretion
s:gr‘uﬁmnﬂy We have to look far anather and dommant regulrtmg
system

Thas other systent 15 almost certainly hnked vath the circulation
m some way, because of the association of alterations 1 renal blood
flow, glomerular filtration, and water and st everetion, with
changes 1 the general circulation m heart fulure, ohgeme shock,
dehydration, and so forth It scems to me that there are only two
ways m which the altered cwrculation could be translated ito a
stimulus for water and salt retentron or loss first, by causmg a
chemtcal change due to a dumnished or mcereased flow of blood to
the whole or a part of the body, or second, by causing pressure
changes m some part of the crreulation or in a body compartment

To der the ch I changes first Changes m circulation
could presumably result from changes m cardiie output wlich, m
turn, result from water and salt retention along the lines suggested
by Borst (21) The changed circulation could then presumably
alter the rate of transport to, or removal from, the tissue of a sub-
stance whose concentration would mdireetly provide the signal of
an altered state of hydration General changes m the rate of trans.
port ta or remosal from, the tssues of any substance other thm
the blood gases, are unlthely to provide a signal for reactron to
ureulatory madequacy, because the sime pattern 15 seen 1 both
hugh and low output cardie fatture When we examme the effects
3t alterng blood gas concentrations we find muked changes

The effect of a rassed pCQOs has already been dealt with Hvper-
ventilation with 1ts falf m pCO:, and shght nse w artenal pOz,
gves a different type of duesis (Figure 43) Here, unlibe the CO:
fwrests, there 1s a prompt wmerease m urme flow, and an mereised
sycretion of sodiom and chlonde (25)

Eractly the same pittern s seen on breathmg 10 per cent 00 gon
Thus a fall 1 pO; and a rise m pCO., both cause disesss, m the
ormer with an crease w muneral exeretion On tefeologet!
rounds, we should expect the reverse 1f a change m blood gas con-
entrations were the signals we were seeking

Howeser, 1t could be argued that changes m pCO2, or pO..
oulid stil be the stumulus 1f mnstead of considenng the body as ‘n
vhole we considered the airculation tn paet of 1t For mstisee, Doth

 sise tn pCO,, and a fall p0;, mereise cerebral blood flow Some
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change, consequent on ths altered cerebril blood flow, might be
the ultimate signal Somewhat 1w favor of participation of changes
m cerebral blood flow n this regulating system 1s the fact that
cerebral blood flow 15 reduced mn quite 2 number of the sodm
retaning states However, once agan, the fact that CO; excess, the
most powerful cerebral vasodilator causes no change 1 mineral
excretion renal blaod flow, or fltration rate males it ettremely
unlikely that cerebral blood flow has anything to do with the regn
Iting system we are seehing
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FitRE 44 The absence of effect of admymstenng 1 gm per doy of alpha
tocopherol on water and ymneral excretion (Roche Products itd Lindly supphed
the stamun L)

To take up the sccond powt there are so many possible sites at
which a pressure change mght act, that 1 do not propose to con-
sider very many A gencral venous pressure change seems to be
1ery unitkely, for example, sodum retention occurs m hoth ohgemuce
shock and congestive heart fmiure, conditions 1 which the pressure
moves 1n oppostte directions Forthermore, even 1 congestive heart
failure, there docs not seem to be a very good correlation between
retention and venons pressure
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Ficure 45 The absence of effect of apphcation of a venous occluding cuff to the
neck of a sittmg normal subject

Changes 1n general artenal pressure are also unlikely to provide
the signal because in mld oligemic shock or with hght venous
cuffing m the recumbent subject, obvious sodum retention may
occur without obvious blood pressure fall (Figure 45) Furthermore,
i left ventricular failure with pulmonary edema the blood pres
sure may be elevated or depressed, but sodium retention and very
severe renal blood flow reduction are uniform

There 15 some evidence that the receptor we are seehing 1s intra
cranal, or has such a component If intracramal pressure change
are the signals, we can further narrow the field on the results of
studies 1n which the pressure 15 lowered by the removal of cerebro
spmal flmd This mancuver does not appear to affect the excretion
of water or solutes s Fishman has shown (28), and Barbour and
I have confirmed (29) Thus if there 15 2 baroreceptor mn the head
1t does not scem very likely that it will be 1 a low pressure intra
cramal site However the possibility of one in a high pressure site
1€ 1n an artery remains

Throughout T have assumed that the stumulus to sodium reten
tion etc 1s the same m all conditions This I think 15 possible but
it my be incorrect If it 15 correct I think that the most Tikely
receptor for sodium control 15 1 baroreceptor, for the reasons 1 have
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gven and posS\b\y the site ould be mlmcr:mm\ oralngh pressure

spot n the thorax 1 hope that thus may S some others who are

working 1t this field to discuss the matter

Bradley 1 agree w\\o\c\\caxled\) with ths anlySis of the factors

\hat may be 11 ohed m control of salt and water wecretion 1028

certanly true that analysis of the factor of pressure change %
e

when the “ascular dynwmes e bec e us
changes M electrolyte ererehion Assoc1 BN with varations mn
fltration  an! surbly S0 T Lss0C12010T fmor . at

neural release ™ ght ver well reflect the action stumulus

1}
which 15 0O onger detectable oF me.)s\\m\)\e that 18 indeed past
fustory Hence 2 ‘baroreceptor Y stem seems the mote ikely agent
through which chnges m yolume axe mcdmtcd
Dock Dr ol the c(pcﬂmt’nts Dr Drury 22) made with
breathing agamst pressure 1 entilation occurred Dunog this
the leg volumes pegan to swell very promphy as soon 28 pressure
breathing was begon There 18
sure breathing ncreases the volume of ventitation and at the same
ume changes the gmdxent from the penphery to the heatt so that
there 15 a gl pcnp\\en\ enous Pressire both m the head and
feet The ntrathoracic pressure 1ncreases the water com 8 tO 0
em This has an effect on the cardiac output and flow and on the
pressure o0 the renal vew The Drinker respirator lowers pressure
1n the chest and tends t© ncrease the cardic output Thus 15 about
the same as the oV erventilation nduced by
Bull Carbon dioude 18 Qifferent from ordinary h)pewcnu\mcn
tis CO ke Hrenthing agamst negtive pressurc Wil gne 2
¢ water cifect whereas hypcwenh\ahon with presumab\y the
ne mechantcs produces A water and salt effect
Doch 1y pcrvcnl\hhon produces alkalosts almost mstantly does
not whereas CcO gves the patient 2 hittle Jadosss? 1 do not know
hat the negune pressure preathing does or how much we over
entilate with ths Ve could ncrese the cardiac output that ¥ ay
 thank without nereasing the ventilatio? nearly 18 ‘much as we &0
with the positive pressure Dr Drury uses This 183 varying positv €
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or blood
Dogy Of Course, py, Harnsou's (30) Mew ya¢ that gpp this
could €asily pe demunstrated by ltting 5 cuff around g, neck ang
bIoumg tup ang the DPosturg) changeg and ap d1uress could pe
nbohshed f we y ed the cuff ang Muntameq a good Izend'zche by
gl Venous bressyre mside e head Nobody has oy gp confirmed
that, haye they,
Bmdley No
ek So that doeg ot seem g ear yery well A¢ any rate, the
levels of ‘Venoyg Pressyre that he has usipg Produceq eadache,
and ap ndoubeq et ere cerebra] Shgorgement, and haq nothyy,
to do With whay Oceurs 1p Curdigeg Were these Patients Sitting up?
T Yes
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1am sure that the toals are not skp enongh to do the job 1am all
n favor of the «dea of barareceptors of whatever you may wish
to call them but T do not thnk 1 should discard the other posst
bilities ou the basis of that pariculyr experument

Dock You thought that pulmonary engor jerent for wstance
myht be the paroreceptor?

Bull 1t s poss:b]e that that pulmonan engorgement affects @
aroreceptor of some sort changing only water excreton The neg
tae pressure breathing an CO weie possibly ffecting the set
of the psmoreceptor s 1t were \ltenng the level at ® Iuch antt
diretie hormone (ADH) would be excreted from that system
However 1t could not be regulating tot d bods water sioply be
cause that sort of expenment 15 #ot Hecting, sodmm excretion at ail

Pock Tt 1s surprising that sodsum diaresss ves Mts from breathuing
10 per cent oxygen 1S 1t not?

Bull Yes but yesponses tO hyperentilition 10 per cent oxvgen
and positive pressure breatlung  we Al exceedmgly comphcaced

Dock Congenital cardines with Jow artenal ovygen tenstons do
not seem to have any twouble at all as tar s water sodnun and
so forth are concerned They may have been adapted over 2 penod
of years to this 1 do not know Butit1s kg n tins expeniment
Does one oven entilate very uch with 10 per cent oxvgen?

Bull Yes abit

Doch But compared ® ith CO s |\eghg\hle?

Bull That s nght

Dockh A very stnking thng to se€ ths sodium excretion double
The one thing that seerns to be certun 18 that when the cardiac
output falls or goes ver¥ ngh it 1 ynadequate they say for the
patients needs This mrchmery then goes wito play m opposite
Qirections m shack and congestive heart fnlure

Bull In opposite Adurections 85 fir as yenous pressure is con
cerned but m the same direction a8 regatds the reaction o €
culatory change The effect of the changed crreulation 18 untihely
to be mediated through & £al} in rate of transport of anything other
than the blopd gases to the trssues beeause hoth hngh and low
cardiac output produce the same ptten

Doch In some tissues 1t nught be \ncreased but 1t could very
well be that m a anbotic with 1 hugh cardiac output and heart
fatture there would be 2 plood flow through the central nervous
system that was not quite % good as 1t shoild be I do not know
whether this would be measured 1 cerehral blood flow and high
ocutput cardhac faslure but 1 should guess 1t was down a ttle bt
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Bull In the type of high output cardrac farlure which 15 obsers ed
n emphysema, 1t 15 defimtely up

Dock The cerebral flow 15 well up?

Bull Yes

Dock  With artenial anova?

Bull Yes, and due to the lugh pCO.

Putts 1 do not follow this last conclusion You had baroreceptors
either mtracramal or at some high pressure site n the thoray What
do you mean by that, and why?

Bull A low pressure site in the head 1s unhikely to be the sensitne
aren, because cerebrospmal fiwd (CST') removal does not appetr
to affect water and salt excretion but there 1s, as I sud some ev
dence to implicate the head If the sensitive area 15 1 the head it
must be m a high pressuie site

From pressure breathing experments 1t ts probable that there 15
a baroreceptor m the low pressure intrathoracic eremt, but this
cwnot be the one we are seehing, because of the absence of salt
effects There might be another receptor in a high pressure site
which does affect sodwm

Dock Apparently all concenable sanations on the theme hne
been tried, but an explanation of the ph has not been
found

Bull The changes i blood gises have nothung to do with i, we
hue tried them all

Luetscher From 2 chnical standpornt, 1t 1s difficult to work out
a common denomunator for all these factors

Doch Dr Bulls common denorminator 15 all ght, as far as 1t goes

Luetscher Except that 1t does not define any thing

Prtts It 1s desenptive and not amalytic?

Berliner A good deal of 1t 15 assumption

Dock After all we are dealing with a hypothesis

Berlmer Dr ] G G Borst has not measured the changes
cardiac output which he assumes are important factors m sodwim
excretion Wiile in shock and other such extreme situatons, it 15
obvious that the cardiac output must be reduced, howeser, there
are 2 number of other changes m sodrum excretion wiich he mml;
wtes to vanations m cardiac output, but he concenes that such
changes m output would be too small to measure .

Dock There are a good many processes 1 that section of hle
human orgamsm The change m CO that males one take a br:l::“\
15 not very easy to measure either I think everyone admits
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there 15 some relation between CO  tension and breathing but it
becomes very complicited munly because in exercise we begin
overbreathing before the CO  tension changes tike place

Bradley I think everyone admits that the volumes of flud in the
body are kept relatively constant and that the hidney 1s mtegrated
mto the body economy in such = way that 1t subserves this general
goal But then where are we? It seems to me 1t 1s much more Iikelv
that the human organism contans 1 very complex system of chechs
and balnces

Dock A group of receptors

Bradley They come into play m one way or another depending
on the situation In discase perhaps these systems are disturbed

Luctscher 1 think that Dr Bradley s pont s a very fundamental
one The volume and composition of extracellalar fluud 15 an 1m
portant system which must be regulated by a vanety of fictors
We have seen a number of mechanisms demonstrated here which
can alter sodium exeretton each of which must play some part m
the regulation of sodiam balance The chance of finding one signal
which sets all these mechamsms mto play 1s very remote I think
we should concern ourseles with the factors mvolved m the par
ticular system we are mterested m 1t 15 difficult to keep from being
confused by the other expenimenters system Many factors which
decrease the sodim retaining actity of the unne in human dis
ease also mcrease glomerular filtration

Dock There 1s normally 2 morning sodium dinresis is there not
Dr Bull?

Bull Yes the peak 15 1bout midday

Dock Even though one 1s on ones feet?

Bull Yes

Dock Has this been tested out on patients with Addisons dis
ease who because of mnadequate treatment are on the verge of
ensis? Tt would be interesting to see to what extent the machinery
sould break down

Luetscher One group studied the eflect of posture on sodum n
at least one Addisoman patient retention was much reduced

Doch  The postural sodm retention wis absent I wonder
shether the noon sodum excretion was also gone?

Luetscher Other aircumstances enter méo it

Dock They have a good sodim excretion

Burnett The normal dwrnal water rhythm may be entirely re
versed in the Addisoman disetse prtient and this can be corrected
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puts 1t exactly the same But ¥ you combine thus with 5 per
cent CO breathing you will not see that This 18 not anow?t s d

ons!
Dock Hypervenh\a\mn 1 assocmted with an increased sodium
output 0 mcsumnb\y tins mght be 1€ ated 10 washing out brse
to balance the acd cOo e\\m\mted in the Jungs

pits 1t correlates very meely with the cOo regardless of the
typeof erventifatiot Ye with2 purap OF from CO ;nhaltion

cople’
Bull Most of them ar¢ ¥ sthin the 00 to 30vC3 go GrovP
Lauson What 18 the jnerdence of infarctio? in s nd of ad
it

ney? The T 0 h at we d s for
two hows 1% three 0% 1n Al Y gree of infarctio was
evident 3t autopsy bout four hs later 1€ 1 functio®
\eh\med fully to 1 rmal Y}

gull 1 ow 1 dunk that \nfarction 1 proba! ly de

uite 0 am it T 4615 2 nopsy 40n€ at ab 40 days
After ons€ a5 an OpeR so ther¢ was apout & e squar!
centymeter By about Wi ce mihme ers of tssue There WE€
only W pephrons he h plock

ock Th per entage smal
Bull Ye§

h¢

Dock But there could have been cortical necrosis lsewhere
that same pair of Tadneys

pull Yes Hut we s2% and felt ¢he whole Yadney t© find the most

smtable put t0 study

pock There We1© no SENS ot any scar”

pull Ne we e\mmmed the spot most nhely © reveal Jamag®
put thit was all we saw

guan Was the $17€ of the Yadney appmxxma\e\y pormat?

n
Y
1 This 18 the first t nte cortical necrosts tas been men
woned Jurng W0 days d to the adney e are 1€7 ly dong
el well At Y ate 1ON of your cases ¥ pehere to hare
had acute €OF cal eCTOStS, 4 none hem b a hematt 1a of anYy
e hen £he
s e pus one dd p bg Leep 1B md that tins patie® Tad
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B ~,
Rt n- T

Ficees 46, Buopsy of ladney 40 ovs after omsct of tabular aecioss

the nght condition for des elopmg 3 cortrcal necrasts She had con-
cested apcudent) hemonrhage then bad & pened of oliguna lastng
etght dlays, and ths was taken at about the 40th day

Mernil What about the mubm clerance at that tume?

Bull 1 2o not hnow Renat plasma fow was about 60 per cent
normal

Mernll And 1n the other Nnenlst? n the rate of
Bull There 55 connderable var 1on ¥ e of retorny of
fooetion n:e«le peaple but at s wmonth, the mean RPF would be

about 50 per cent normal
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Breed Did you have an extraction yatio around the ume of the
opsy?
Bull In s patient, W ¢ had extractiont ratios car\xcr, ye, 36 P
h

cent on the 4th day, er ce 19
Olwer Was the extractio® ratio ugh enough 0 ake ou behiere
that the ¥€ flow oS umption

nal biod! n Was vahd
Bull Yes because by then 1t was P b by better than 60 PeT

ent
olwer 1f the extraction were ©! nly 60 PeT cent, hov much con-
fidence would you place m the pr rocedure 35 2 a measur of rend!

oW
Bull A Tt could be put on the errot that would be 1 ntroduce ed
nstead of 60 per cent of norma 2} Bow, 2t ¢ could be & nything 1t from
mm\a\ down to, say, 30 per cent Of ¥ ome\hm \1\. that But € even
s we 100 ook o figur® of 30 per cent of pormal ren? nal B \0 a flow, We
should fin d only 2% very S mall P creentage of nephro s that were
damaged

Olwer But why take 30 per ccm"’ Why not take the other €%
treme that you mer ntione! 00 per

ull Yess 7 see what you

™ tts were the renal blo® d sse\s that yor consulered ot normal

n this b\opsy

BuH Yes

pradley Was there any evidence of hypertensxon?

pull No

Bradley Do o you know whether the Plood flow \will merease m
response £ a Vv d\a\or stumulus?

Bull No 1do not Lnow

Olwcr 1 was wondering if, funchom“y, these vesscls were
pecu\\ar mn some ¥ way mght Yook ol nghts put there my
have been ome state © of contr3 action

pock YoU would usé pyrogen 1o release thero?

Bradley 1 was hnh 4 of somethm a2 httle more safe, some
thing bike 27 resoline hydmzmophtha\

och Have ar of these conditions been stud\ed at p s\mo

Apparent\y the panents who had ths rolonge od dec n ren \\

flow als0 had 2 a decreds® n g\omem\ar fltrate

Swan wDr B 1T's studys most 1€ tgators Aumed U that 2

complet® restorat! of unction ook Place subjects \wcre‘

wsually paty ts € d t rbon t mch\ond hcr c emlco‘

goxins, ¥ ch, accmdmg Olwver, 1S ally P type
At {esion he pr 1t bule, But
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relatiy ely nttle of the h\bu\od\e“c teston I the A 1 think Dr
Bulls senes of cases ncludes those M which, aceor g to DF
Olner, 00 sees @ greater pieponder:mce of the ‘obutorhee 1esion
guch an wreY crsible lesion mght be eq)ecled (o vesult 1® deciensed
ubin &0 pAl clearances

Olwer There o not seem 10 e enough of what you call “tubulor
e lesions "

Bull- That correct, there Was just one

Olwer In gcnera\ the tubules do not ook ke dam3! ed tubules

pock ¥ there had been * good deat of m!mrcna\ e‘(\mvasnhon
of unne, there mght be some chans® of connectin€ nssue pashicu-

Olwer. Except that there 1% only oné good streak of scar tissue
pull No, we found anothet on¢
pock treaks ke this might pot ¥ ork well and perbaps would

Olicer You ad only on¢ biopsy did you not? You are not c€¥
tam as to how many there mght have been 10 the adney?
Bull That s nght
Olwer OF COurses \f every geldhad 2 streak
ke that, and one Jam
biopsy?

ak of connectis€ tissue
ged g\omcm\\\s How large was this

pull About one SQUAre centimete? by three uiimeters

Olwer Oh, well, that & ould not Lnock out very many would i
Dock 118 aot a question of what s e\\mmmed, Put of how gy
{he supporting structur€ ymght become and the capactt of the
1udney to expant at exch heart beat, which appaxenl\y 15 quite 3
ymportant thing, lere, howe er, theré was none of the hypex!cnsmn
‘hat would be e‘(pec\ed with 2 Tadney that could not expand — the
sort of thing ome observes m penncp\mhs In the end Dr Ohwver
1 thwk you el have © find ot what ths dusease ¥ analom\ca\\y
1 suspect there 18 a0 natom\ca\ jesion here that reduces the poten”

thes
Olwer 128 that t18 2 ity but n this par\\cu\ar ex
ample, 1t do t scem be definte from the enrden

pitts That 15 the one place 10 the whole ‘biopsy where yoU really

Bull Yes
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Dock Two places 1 a square centimeter, or better It would be
wnteresting to perfuse these idneys with herosene and see what
thewrr postmartem perfusibility would be, 1t usually approaches the
pyrogen figures for para-ammehippurate clearance m Inmg patients
The caleulated Bow of blood would be over two hters to 4 pair of
normal young kidneys

The nest thing wonld be to mject the kidneys with a good Jead
gelatm mixture, so that the sections would show us what the blood
sessels really looked like

Ohuer That would not gne us an accurate 1dea of where the
blood was flowing duning bie

Doch Tt would show us the possible bed as compared with the
possible normal vascular bed With arterosclerotic ptients for
example, 1t 15 very stnhing how different the hidneys Jook when
one 35 mjected and each vessel 1s fived at the largest Jomen 1t could
ever have had dunng hfe One may look extraordmanly vasculir
w many cases of hypertension, and the other unusually avascular,
becanse each artery s i ngor and has no lumen Some hyperten
sive ladneys have vessels which are hypertrophied, so the w1l Joohs
thick and there 1s no lumen But as soon as the hidney sections ate
filled with gelatin that 15 chilled at 100 mm Hg pressure m the
system, then the wall of the artery can scarcely be found, and the
lumen 15 wade ¥ think st s worth while to study these vessels
morphologically, especially when we are womed about the blood
flow We can study the vascular bed This 1s all very easly done,
and 1t does not require any phcated apparatus Anybody can
mohe up a gelatn mass and rase the pressure m the perfusion
system to 100 mg of mercury

Bradley The reduction m the extraction ratios certamly suggests
that blood 15 perfusing more nonextracting tissue than m the normal
ladney

Dach Yes, that we are akmost sure of

Borliner That extraction tatio was determuned at some earhier
time, was 1t not?

Bull Yes 'The other extractions suggest tht st was probably
normal by them

Bradley You have no data on mavimal transfer rates?

Bull Yes, a few data on glucose Tm’s Syrota (85) has data on
PAH Tm's 1 carbon tetrachlonde powsonmg

Oliver Is 1t correct to say that mast of the people who have acule
1 1 bhish normal function, but that

mbadar o
a certam per cent~—and I should be interested to know what per
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ent —do not? Apparently, there 15 some difference in opimon on
1at matter

Bull Only one of our patients was within the normal range at
ne year

Oliver Did you make any observations after a year?

Bull Yes Dr Lowe did some at about two or three years
Lauson The statements m the earlier hterature that hidney func
on recovers completely in these cases were based chiefly on results
f the phenolsulfonphthalemn (PSP) test which 15 madequate to
etect shght to moderate reductions of function

Mernll We followed 14 of these patients with very much the
ame results as Dr Bull We have not done biopsies on them

Dock There were no hypertensnes m that group were there?
Mermnll No

Obier A considerable number never returned to normal?®
Mernll Only one of the 14 got back to normal

Bull Lowes figures (36) on our patients (Table XIT) were much
he same

We have reason to believe that the extractions would be normal
o long after onset

Lauson Was the same trend observed when the mulm clearance
er Tm ratios was considered?

TABLE XII
Time after Onset Effective Renal Plasma Flow
{1n Years) (ml per run )

1% 201
24 497
24 475
2 388
23 533
a1, 266
In 390

% 38t

% 332
3 474
24 505

1 326

L 355
1% _ 248
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Bull The Tm's were not done during the latest follow up ex-
ammations The glomerular filtration came up a little better than
the PAH clearance In one patient, for example, with a blood flow
of 204 at two years, the thiosulfate clearance was 80 ml per mn

Burnett  Are they able to concentrate the unme?

Bull Yes

Olwer Dr Bul), would you care to describe the cases of chromc
ulcer you have observed that seem to elimmate a few nephrons
each time there 13 an alkalotic episode, and what the sigmficance
of such a series of episodes might be i the end?

Bull 1 have wondered whether recwrrent attacks of tubular
necrosis might eventually produce a contracted ladney Figure 47
shows a patient 1 whom this might have oceurred He had 1 peptic
uleer for years, and had taken large quantities of alkaly In addition
he had recurrent episodes of severe vemuting and weakness, and
was admitted 1n one such attaeh On admission he was dehydsated
and had a blood urea of 600 mg per 100 ml On rehydration he

Parienr 133283 Mae A6eD 56
Duvoognae Urcen
10 777 L L Sl L
SERUM Ne PR
Mo JL 1% ot

Gwms /Day

BLOOD UREA*?? S
(I
Mg fioomt 200 -—u\

‘-
URINE L % "
-

£ 20

E-E S 1o L Yo

Ficore 47 Data from g patient with peptic ulcet and renal fasfure
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behned vers much Iike a patient sath tubular necrosis In par
tieular, on January 15th, there was a change m the rate of falf of
s blood urea, and a nse m serum sodim which was not assocated
with any abrupt change n creatimne clearance I interpreted ths
a5 an improvement mn tubule function s endogenous crestmne
clearance Jeveled off at about 10 ml per mmute, and he Ined for
ayear and a half after this episode, dying yast before 1 left London
Macroscopreally, the kadpeys were very contracted I wonder
whether he, and other people hke b might not develop con
tracted hudneys as a result of repeated attachs of tubular necrosis

Olicer Had be been domg this before?

Bull Yes, be had I just wondered whether some of these people
with chrome d edneys, i with alkalosis and
vormting, do not yust knock off 2 few nephrons cach time they have
an attack

Burnett To my knowledge, nobody has ever demonstrated such
2 patient with normal senal function priar to ths senes of eprsodes
Therefore, I do not believe we can possibly answer this queshon
Until a pateent wath anitially normal hdney function s observed
who then goes on {o termmal renal falure, 1 do not thinh we can
safely tall about the so-called alkalotic kedney

Dock Would subjecting a dog to repeated injunes throw any
{ight on this?

Bumett 1knaw of no good evidence

Doch Worl, along those lmes has not been done on dogs

Suan Dr Olver, how long does 1t take for the tubulorbesc
lesion to be canvested mto a scar®

Ohuer “There 1s 1o renson why fibrosss, and even hyahmzation
cannot take place fauly sapadly, that 1s witlun a week or so 1 have
always thought st would take a long time, but 1 think we have been
tisthusioned by recent work

Dock Some very wteresting expenments (3738) were done 1
Portland on hoboy who took lethal doses of carbon tetrachlonde
together on the same day and who died senatim Siher and col
lagen stams were nsed to determme the length of time 1t took them
to develop new connective tissne Proliferating axgentophal matenal
could be scen 1 a few days

Luctscher Dr Bull, st was mhwnated 1w the previous discussion

at the diretic phase following acute renal falure may be, m a
sense, an artefact which might be produced by a ngid plan of flnd
replacement Tor example adding the vrne volume of the previous
day to the basal water requtrements, mght gne an unnecessarily
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:{xcm has been the 1dea that back diffusion plys a part m the pro
ueton of Jow clearances, and that the clearance of PAH, corrected
by the extraction ratro, results in a Fanly Jugh repal blood flon
Bull  Nevertheless, thesc blood flows, done with extractions
showed a reduction
Breed  So the mmpheation 1s that there 15 an actual 1schenua
present?
Bull Yes
Ohwer There certanly 15 exper: tally, 1f we enough
mereury to the dog or rabbst I think st 15 a matter of degree If we
gne a very small amount of mercury, as we do therapeutically, we
do not obtain necrosis of tubules If we give a higher concentration,
we can produce the pure necrosis With stll Inrger doses, we can
produce both necrosis of tubules and ischemsa (39) I think we
demonstrated this in hving ammals And then, too, human beings
are very different from ammnals If we poison a rabbit, he just
quretly and decently kies down and dies 1f a person takes bichloride,
he goes through an av ful procedure How he could escape getting
a reflex renal tschemm, I do not know, what with the retchmg and
vomuting, to say nothing of the mental agomy A ps) chiatnst mught
suggest that there may be a psychosomatic element in the reml
lesion of humn bichlonde porsoning
Maller The psychosomatic difficulty usually precedes the poisomng
’ T wes v oaescomes
would
o there

.
15 a double tranma
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there has been the 1dea that back diffusion plays a part in the pro-
duction of Jow clearances, and that the clearance of PAH, corrected
by the extraction ratio, results 1 a fairly lugh renal blood flow

Bull  Nevertheless, these blood flows, done with extractions,
showed a reduction

Breed So the mmplication 15 that there 15 an actunl ischerma
present?

Bull Yes

Olwer There certamly 1s expenimentally, 1f we adminster cnough
mercury to the dog or rabbit I think 1t 15 a matter of degrec If we
give a very small amount of mercury, as we do therapeutically, we
do not obtain necrosis of tubules If we give a lugher concentration,
we can produce the pure necrosis With sl larger doses, we can
produce both necrosis of tubules and 1schema (39) 1 think we
demonstrated this m hving ammals And then, too, human bemgs
are very different from antmals If we poson a rabbie, he jest
quietly and decently lies down and dies If a person takes bichlonde,
he goes through an awful procedure How he could escape getting
a reflex renal 1schemia I do not know, what with the retchmg and
vomiting, to say nothing of the mental agony A psychiatnist might
suggest that there may be a psychosomatic element m the renil
lesion of human bichlonde poisoming

Maller The psychosomatie difficulty usually precedes the potsontng

Qlwer Oh no, there are two psychic ernises The major one comes
after the person has taken the poison and has decided that he would
prefer to live, after all and realizes that he has no chance So there
15 a double trauma
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changes 1n 1952 145

potassium concenteation changes 1n
1952 143 143 14

efter adrenalectomy 1952 177

197
Intestine—Cont 4
urea absorption in 1952 18§
water motement across 1952 131
142

after ndr:nxl:tmmy 1952 177
Intoxscation
uc to bromde .mﬁml kedney used
for 1951 15615
due to potassism, 1951
due to water 1950 18
Ineraceliular Buid 1n ton exchanges with
extracellular fluid 1952 1154
Intrarenal pressure definstion of
61

10

1951

Inutin
cellophane membrane permeability to
951 141

clearance of

fter ACTH 1950 106 108 10¢

and age of patent 1953 147150
after cortirone 1950 106 109
s frog 1952 160 161

and glomerular Bltration rate 1950
15 1951 39 41 1952 152
n nephronc syndrome 1953 38
and sodum excretion 1950 115
an transplanted human kidpey 1953

diffusion area per umit puh length 10
capiliary walls 1950
w ptl’uulz of tenal poml vem. 1952

:zpznlmn of from mjected muxture
1951 46-

in tubule of Necturus kidney 1953

43 46
volume of distr bution of

afte enesthes & 1952 30
tn dog 1952 1334
n muscle 1952 21 33
after nephrectomy 1952
after pentobarbutol 1952 *%
m tendon 1952

Invertebrate, manine 1001 regulation m

1952° 179

lodoacetate
pata amnohwppunic acid  accumulation
m kidoey shee after 1949 91
muscle metabol sm after

of n fish 1952 166

similanty of with kideey 1952 178
lg’ sartonius
sodm:
ll'tu :dxen:l hormone 1952 176 Ton
1 adrenal 1952 176
sod um chlaride concentration changes exchange of
m 952 131139 142

after :Jr:nﬂl(((omy 1952 177
after dietary salt 1952 177 178
sodium concentration changes 1 1952

127 131
after adrenalectomy 1952 177
tansport by 1952 186

between extraceffular and intracellu
lar fluds 1952 1154
1 kidney 1949 6469 7481

i tubular epithelwm 1952 5686
tn twhule 1949 130
intestinal eransport of 1952 123151
1é 5 188
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H
Head baroreceptor w2 1953
164

Heart
arthythmia  of

m use of arufiaal
kidney 1951 154

farture of
cetebral arculation an 1953 163
congesnve 1950 6971 1953 138
139 159
ferntn 10 1950 69
high output 1953 16} 164 166

low output 1953 163 166
sodium retayning activity of urine 1n,
1953 20
sodum retention n 1953 159
and tabular necrosis 1953 138 139
Hemarurta 10 pephntis after cortisone
1950 176

Hemoglobin
diftusion area relative to that for
water mofecule 1951 29
excretion of and plasma hemoglobln

conceatration 1951 37 3
m glomerular flud 1953 64
1n kidney cell 1945 1618
m plasma and hemoglobin excretion
1951
m unne 1953 64
Hemnl)su, osmotic affer rapid satestinzl
w of water 1952 139
winfectious  and antidiurene
one 1950 56
Hepatomegaly after acromepaly
102

Hepzuus
1950

Hindlimb
rafftnose diffusion 1n, 1951 23
resnsusnre to blood flow i 1951 33
5

Histamne and glutamrnase activity
1949
Hbmxnnsphmnmh, 1953 106
of kidney 1953
Hormone
actvity of and enzyme systems 1950
21

postersor piturtary 1950 1216
saltregulating 1n dog 1950 9798
100 101
See alio ACTH Adzenal cortical hor
mone Antdwretic hotmone  Cot
tisone Parathormone  Pitocin
Pitress - Steroid  Thyroid  Thy
rotropin  Thyrox:n
Hydrochloric acd
buffeniag of by tssue mechamsms
1952
plasma chlonde after infusion of
1952 27

166 161,

Renal Function

H)dmmrmqne, n nephmnc syndrome
1953 21 22 49
Hydrodynamue _flow, across capulary
1951 1216

Hydrogen transpart of ia tissue 1952
102 103

Hydrogen 10n concentration 1 urne n
Addison s disease 1950 119
Hydroxysterord and sodium retention 1n

ddison s discase 1950 25 26
Hyperchforemiz n tubular necrons
1953 129

Hypertension 1950 71
concentration tests in 1953
and dialyss 1950 70 172
ferustin 1 1950 69
and nephrouc syndrome 1953 54
and unnary antrdwcetic hormone

127128

1950 5
n use of actifical kidoey 1951 172
Hyperventilauon
diuresis afrer 1953 155 156
vs overventlation due to carboo di
oxide 1953
Hyponatremiz 1 tubulae neerosis 1953
140

Hy pophysectomy
DCAhke hormone formation after

195¢ 9
kidney formation of ammoma i
aadosis after 1950 93
kedney functon after 1950 79 103
kidney plasma flow after 1950 103
thytord admumistration after 1950 98

29
water excretion after 1950 138
Hypoprotenerd, 1 nephrosss, 1950
135

Heurn, 1952 123
chlor:de smpoverishment by 1952 124
sodtum concentration changes m S€5
ment of 1952 127130
Heus and tubular necrosis 1983 138
13
Immunszation tumor growth after 1953
10t 102

Inbreeding  2nd transplantation 1953
106

Infarction of kidney in tubulac necrons
1953 168

Infection
"1 tubular necrosis 1953 131137

and uremia 1953 134
Infusion_ bypecton ¢ of sodiwm chlande
194¢ 162 168
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Malomue, pits d accu
mlaton an kidney sle after
19499 91

Manouol imjected  Creatitine  excreton
ater 1951 45

Matice teleost Bsh, 1949 139
Masug nephrosss tymph node from rabbue
wh 1953 41

Measles 20d dwresis 1950 172 173
Membrane

cation ex:hmge through n atkalosss

1952

celtophane m dmyx s 1950 139173
collod on 1951

fltrat on thluﬂensn(s of 1951 13
fltration charactensstics of 195L 12 (3
of glomerulus permeability of 1949
1952 88

Veng ton transport across
2

semipermeable water transpert across
1952 105 107

Meteaptan
atetyl 1951 206
acyl 1951 206-207
Meraupuria as iphib tor uf phenol red
transport 1949 79
Mercurial
effect of on kidney (949 117
wmbib ton of diuresis due to 1951 45
tomzation of 1949 11
sod umt transport i frop shm after
99

Mercuric chlonide
and glutarmnase activity 1949 64
4 stinbitor of phenol red transpon
79

para m\mthpp\m: acd sccumulanion
n kidoey slice atter 1949 91
Mernlr;
and ammonia excretion 1949 79 80
bichlande of as d utenc 1949 719
25 dwrenc 1949
and glutaminase actvity 1949 74
kndney bluod flow 1 posoning with

Mm.\,l sodmm transport n Frog shan
1952 o9

Mesentery capilfary of ftration charsc
teristics of membrane of (952 12
1%

Metaphosphate 1952 82
Miceral in kidoey 1949 39 42
Muachondera
esoxynibose nudem aad i fraction
with 1952
from kidney 1951 201203 1952 67
and absorbed egg winte 1949 38
Potassium exchange an 1952 76

onrd
from kdnev—Conr'd
sodum exchange Qo5 7
from Liver 1952 67 7
putissium exchange 5 1952 76
sodium exchange 1n 1952 T
peptose nuclex acd 0 1952
\\ospl.m w and rhmlroph:nol 1952
5

pms<.um n 1952 6872 7473
and d sutophenol 1952 72 7473
sadium 10 1952
Molany cfiecne exmuuum and water
ummmn 1953
Mol
fipd solubie pesmeab uty of cspiflass

to i
tipad soluble permeabuiaty of capuitury
tw 1951 1236

Morpbine ant duwretic effect of 1950 51
Motk extaseliotar potssiu and s0d o

Mucosa ot stomach

Qloride transport sn 1952 101

sodium fransport m 1952 mo 101
Mulncausalsty (949 (3£ 437
Murphy ¢ dialyzer 1951 145
Murray s dializer 1951 144195
Muscle

bicarbonate 1 1952 48 5t

apilary of

Bltration chars tenistics of membrane
o €zt

molecular diffusion through 1951
15

resistanceto hydrodynamic  flow
1950 1

carbon dioxide of 1952 43

chlonde m 1952 31

chloride space 1n 1952 21 3%

crestine whlization by un musculit dys
9

Donnan equibbnum for 1952 47 31
1852 183

of freg Donnan equilibtum for 1952
FARYY

glatarunase n 1949 66
Elutamine 1n 1949 73
glutathione utilizatson by
after A 950" 146
aftes amsulin 1950
Aiee S rabauon 199 148
il spicen 1952 2 33
tongitedinal 10 vein 19%
potassium in 1951 180 o6 Wr 1952
8

after potassium loading 1949 123
1

and serum bicarbonate 1952 46
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Radney—Coned
shice of—Conf'd
PAH transport 1n mso wo 102
potassium 10 1952
potassium 10 after lttbox ncubation
1952
respiration n after testosterone ad
munistration 1950 101
respirabion 1 aftec thymxm admiat
stration 1950 101 1
sodium exchange 1n 1952 7780 83
surface 1n 1951 10f
tenseness of 1951 68 69
tissue pressure in 1951 65 81 8398
transpfantation of 1953 70 112
n dog 1953 70 73 75 100, 102 108
in human 1953 751
after 1schemia 1953 so 82 85 92
93 99 105 108 110
tubular necrosis of 1953 114153
tubule of See Tubule
tubulorhexac lesion of 1953 171 175
unifateral constiction of 1950 128 151
n uremia 19
without edema 1949 1411
unine fow after resecuon of 1949 142
vasoconstrictian 1951 60 6
VDM in 1950 66
See also Nephnus
phrosis Tubule
hidney cell
amine 2ad o 1949 18
egz white 1 1999 xs 3239
elecirolyte o 1949
Rlycogen i 1949 4
in d abetes mellitus 1949 2527
hemoghobin 1 1999 1618
wd neutral red 1949 53 55
protemn absorption 1 1949 30 39
trypan blue m 1949 )
Kolff s dialyzer 1951
148 151 169 170

Nephron  Ne

141 142144 147

L

Lacate para aminohuppunic stid accumn
n kudney shice after 1949

Leonards d alyzer 1951 145 160
Lepidosiren paradoxa convoluted tubule
n 1949 4443

Ligation of kidney 1950 128 131
Lipoprotein beta 10 unne 1953 1214
20
Luth um
and carb n ¢ anhydrase 1951 193
transport of 1n frog skin 1952 103
and ‘tubutar secretion of potassium
1951
Lith um chloride and glutamunase activ ty
1949 6%

Renal Function

Liver
chlotide 1n 1952 27
asthos s of
bload ferntin in 1950 69 70 71
hype;:):muty ta epincphnne n

setum albumin 10 control of ascites
n 1950 38
disease of
and ant duretic hormone 1950 36
and kidney function 1950 64
:nl:rgcmem of after acsomegaly 1950

glumh one in 1950 153
after insulin 1950 152
mitochondna from, 1952 6776
Ppotass um exchange in 1952 76

Loading osmotic 1949 134153
See also under Sod um Water

Lungfish proximal convoluted tubule 1n
1949 4145

Lymph
deaterium oxide concentration of af er
deaterium ox de absorption m
testine 1952 146 149
flow rate of and ton city of solution 1o
1mtestine 1952 149
potassum  in after absorpton  of
potasslum 1n intestine 1952 151
sodtum 1n after absorption of sod um
n intestine 1952
Lymphatic
neye 1951 81
and intestinal absorpt on 1952 146 151
1a bidney tissue 1951 87
ured m 1953 41
Lymph node from rabbt with Masug
nephrosis 1953 41

M
Macrophage 5 neutral red solut on 1949
616
Magnestum s urine of goowefish 1952
163

Mapnesium suffate concentrat on :hzn:es
m ateal segment 1952

Malate patz am nosppunc acd accumu

2tion n kidney sl ce after 199

Maleate and carbomc anhydrase 1958
93

Maleic aad
Potassium excretion aftet 1951 193
and unoe ac dification 1949 113
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Malonate, para aad accu
wlaton 1 kidney shce after
1942 91

Manmtol njected  creatiming  excretion
after 1951 45

Manire eleost fish 1949 139
Masugt nephrosts fymph node from cabbit
with 1953 41

Measfes, and duresss 1950 172 173
Membtane
oen exchange rough i alaloss
1952

:tllnphane m dulysxs 1954 139173
collad on 40
ﬁ|lralmn (hua(lensn:; of 1951 13
filtration charactenisties of 1951 12 13
of glomerslus permeability of 1949
0
1952 88

5
L ne aon transport across
121

semipermeable water transpart across
1951 105 107

Mecca
Seent 1951 206
a0l 1951 206207
Mercupatin 25 inbubuos of phenot red
transport, 1949 79
Mersutsal
offect of on Wadoey 1940 117
mhibition of diuresis due ta 1951 45
tofcation of 194!
sodsum transpest wn frog skin after
1952 99
Mereuric chlonde
and g‘u\ammax: atuvry 1949
as inhibitor of phenol red lﬂnspor!
79

9
sact amnhuppuic aud accumulanon
1dney shice after 1949 91
Munlry
and ammoma extteuon 1949 79 %0
Buchionds of 3¢ dxuxenc 1949 79
as d uretic 1949
10d glotamunase mmw 1949 T4
kidney blaod ow 1 poisonsng with
1953 17
Mammr sold 5 Asasport 1o frog skn
afte
Mesentery up.um of fltratiop charac
\’esnsms of membrane of 1931 12

Meaphosphate 1942 82
Munesal in kidney 1949 39 42
Mitachondsss
desaryebose suclae aod m fracnon
with 1952 63
from kuidney 1951 201 203 1952 67
and absorbed ey white 1949 38
Potassium exchange i 1952 76

from k dney—Conr'd
sodwm exchange n 1952 6
from lver 1952 67 76
Ppotasstum exchange i 1952 76
sodium exchange 1 1952 8
pentose nucleic zid 1n 195
phosphate 10 and dlm!rbphcnol 1952

7575
potassium 1 1952 6872 7473
and dingrophenol 1952 72 1473
sod um 1 1932 80
Molanty effective extracelular and satee
mtoxication 1953
Molecy
Gipid ansoluble pesrmeab ity of capillary
to 19

lipid soluble permeabiluty of capitlary
to 1951 1236

Morphine antidiuretic effect of 1950 54
Moth extracellular potassium and sodam
w1952 179
Murosz of stomarh
chlnride transport 1 1952 101
sodum transport 10 1952 100 101
Mulucausainy 1949 134137
Murphy s dualvzer 1951 145
Murcay s dialyzer 1951 144 145
Muscle
bicarbonate in 1952 48 51
<apsllany of
filtranon charactenstics of membrane
12 15

malecular difus on through 1951
135

resstance  to  hydrodynamic  flow
1951 16

carbon diwxide of 1952 48

¢hi nde m 1952 31

chlanide space w1952 21 33

creatine utiizat on by i muscolar dys
trophy 1949 63

Dosnsn equil buum for 1952 47 5%
182 184

of frog Donnan equil brium for 1952
4151

glutaminase in 1949 66
rlutamine m 1949 73
ghutaione utibzation by

after ACTH 1950 146

aftes nsuln 1950 150

attes X sadanion 195G 148
muln space 1 1952 21 33
tonguud aal 10 vein 1991 &7
potaimwmoan 1951 180 196197 1952

after potassium loading 1949 123

and serum bicarbonate 1952 46
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Muscle—Conr'd
of rat

m atkalosis due to potassium def
Gency 1952 40 42

chloride 19, in alkalosis due to potas
ssum deficency, 1952 40 42

normal, 1952 40

potassium 1 o alkalosis due to
polassium dehciency, 1952 40 42

sodium ta n atkalosts due m potas
stum defaency 1952 40 4

sastonus

chohine transport mn, 1952 115 117

metsbolism of after  rodaacetate,
1952 117

patassium transpost in, 1952 114 121
sodium transport m 1952 114121
sodrum in 1952 114121
and serum bxcarbonm, 1952 46
sufrose space ta, 1952 22
chiosulfate space 1n, 1952 33
Muscle cett
1n atkalnsts due ta potassium defictency,
1952 4245
chidnide 1n 1952 131 182
as empty sack 1952 50
Mum:hr dysteophy, creatinugea of 1949
M)oxu(tp)m)us octodecimspigosus, prox
mal convoluted tubule in 1949 44
Myxedema, of puatary ongn 1950 98

N

Necrasis
cortrcal, 1953 188 169
rubular 1953 114 153, 168 b8
chlonde absorption 1n 1953
wontracted kidney due to 1953 174
5

deuths an 1953 131 134, 138
extraction ratro o 1953 170 172
hyperchloremia tn 1953 129
kedaey functron sfter 1953 172174
and kidney ischemia 953

fadney plasma flow m 1953 189 173
i transplasted kidney 1953 102

treatment of 1953 130 153
water absorption 1 1953 113
Necossus, hadney of, 1953 4248 63
Nephrectomy
inuhn space after 1952 30
aad potasswm chlorde 1 atkalosis due
ta potsssiom defuency 1952 45
and sodium chioeide in alkalous due to
potassiem deficiency 1952
umlateral effect of pitressin on prne
flow after 1953 14!
Nephndosome, 1952 179

Renal Funchion

Nephniees
acute %mmuhzm and nephrotic syn
drome, 1953
chtome mtemmzl m dog, 1909 1819
corisene for, 1950,
166,

s nephrosss, glomeluhr, 1950
174
Nephrola‘r)x;gnl), after acromegaly, 1950
Nz hro
sorplmn i 1949 4849
of dye, 1949
n acute renal lelu!r, 1953 143
athrocytosis 1, 1949 18

damaged dye absorption i 1949 20
delay within population of, 1953 151

152
enlarged, dye absorptiag i, 1919 18
19

and filtration 1991 116 117
glymgm m, m dabetes mellitus, 1249
3 27

and glym!una xqss 114
smmature, 1
ssolation of, 1949 222
mnerals 1, 1949 39-92
0 nephoitis
of dog, 1940 181
dye absorphion tn, 1949 1819
numbsr of, and sge of pateent, 1953+
1
protain absvfhon n, 1919 3039
spodogrant o 1942
See also Nephrtis Nephosis, Tubule
Nephrosis
ACTH m 1950 167163 173176
and albumm. 1950 is3, 176,
1951 38

carusone ra, 1950 140, 161 167
creatinune clearance 19, 1956 139
definstion of, 1953 31
&raremy an
after ACTH, 1950, 173
after cckes pox 1950 172
after measles ™ 1950 173
spontaneous, 1950 173
edems m
after ACTH 1950 167 168
zhier albumin, 1960 4
aftes corusone, 1950 x 1167
and unnary cortienrds 1950 60 165
plomerulus 10, 1983 3
lower nephron, tubule in, 1919 20
Tow sodium diet sn 1950 166
aitrogen mustard an 1950 176
potasnum exceetion w, 1949 129
and proteinuna, 1953 31
pore, ¥S glomuu)ar nephiitis, 1959
166, 174

salt loading s 1950 40
serumn sodium in, and water excretian,
1950 139 140
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Nephrosis—Conrd
sod um excretion 1 1949 1°9 1950
35156
thiosulfate clearance 1n 1950 122
water retention 1n
after ACTH 1950 22
after corusone 1950 2 23
See alio Nephrotic syndrome
INephrostome 1953 47
Nephroue syadrome 1950
1142, 48 58
ACTH 1n 1953 15 L
and acute hemorthagic nephuitis 1953
55

Ut 1953

10 adult 1953

and age of pauent 1953 53

albumin nfusion 1953 34

s010n excretion 1 1953 33 36

i chld 1953 53

creat ninechromogen  clearan e sn
1953 1

crestinime clearance i 1953 38 58

creatin ne-ioulin clearance 1 1953 38
40

cort sone 10 1953 13

duresis 1n
aftert ACTH 1993 15 14
after album o infusion, 1953 13
after cornsone 1953

after cortisone 1953 13
ferntin i 1950 69 70 71
glomerular crescents 1 1953 55
glomerulac fltraton 1m 1953 12

and protenuria 1952 37
glomerulus 1n 1953

2 bypertension 195335
tnulin clearance in, 1953 38
plasma volume 10 1953
Protemnutia an, 1953 1112 51
after cort sone 1953 13
and glomerular fltration rate 1953
37

Femission in 1953 51 5;
spontaneous 1953 53 54 57 60
thiosulfate-inuhn clearance n 1933
39 4

tubular Jesions 1n, 1953 11 17

vrea ulin clearance in, 1953 40

urne 1y sod um setaning actvaty of
1953 1229

ste fs0 Nephrosis

blnckmnf by potassium in insect 1952

0

Dom}a:; equilibs um for 1952 182

2

Potassium transport in 1952 110
Nervous ussue plutammase ;1949 66

Neuroby pophyseal extrace sodwm trins
port 1n frog skin after adm mstra
ton of 1952 99
Neurohy pophysis phystology of 1950 43
Neuteal red
kidney secret on by 1949 3355 59 60
61

macrophage 1 solution of 1949 61 62
secret on of in kidney 1949 27 30
Nicotwe, antidiuretzc effect of 1950 34

Nrtrogen
nonprotemn mc: adrenalectomy in dog
1950

potassiom e«hmge in Jodney cortex n
atmosphere of 1952 67 &

potassrum loss from at dlzphngm after
supply of 1952 120

ratio of potassum to 1932 &

retention of artificial kidney for Tost
151

sodium vxchange 10 tissue shice i 1952
78

Nurogen mustazd m nephros s 1950 176
Nitzophenol
bxygen consumption 1n frog skin after
1952 96 98
para aminoh ppunc aad  accumulat on
i kidney shee after 1949 91
phenol red transport m tubule after
1949 858
and potassm uptake of kidney cortex
lice 1952

sodum transport 0 frog skin after
1952 96

[+

Oligursa
after d alysis 1951 164165
and VDM 1950 56
Opsanus au convoluted tubule i 1949
41

Orasthin  sod um excret on after 1949
131
Orchophosphate 1952 73
esterification of 1952 818
Osmorecepcor 1 regulat on of
water 1953 154
Osmosts
accoss wbule 1949 151157 162
vs water diffusion, 1952 106
Osmotic pressure
of dralgzer bath 1951 157 161
equalty of between cell and extrs
cellufac flud 1952
extraceilular  and tssue  electrolytes
195;

Lody

of plasma protemn 1 kidney 1951 96
9§ 129
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Oxalacetate, para aminohippunic acid ac-
cumulauon in kidney shice after,
919 o1

Oxidation, aerobre, and phosphorylation,
1949 83

Oxygen
consemption of
after dinstrophenol, 1949 95 96
n léog skin after nutrophenols, 1952
9

after renotroprcally active prepara

tion 1950 84
after thyrotropin, 1950 84

as energy source for kxdney 19(9 100

Renal Function

Para aminohippuric 20d—Conr'd
maximum tubular excretory eapacity for
~Conrd

after duutcophene!, 1949 g7 Bs 96
after sodwum acetate, 1919 9293
sepammn of, from injected” mixtuce,
47

mnspun of, in kidney shce, 1950 101
2
tubular excretion of, after Cannamude,
1951 205
in dog, 1949 91

Para chloromercuriberzoate, 1949 79
mmmls n kidney after,

para acid
m kidney shice after, 1919 90

potassium loss from rat diaphragm
after supply of, 1952

ten per cent, sodmum excretron after,
1953 156, 163

transport of, across capullary, 1951 36

P

anmhemt aad, dietaty and response of
white blood cells, 1950 21
Para acetylaminohtppurate, tubular excre
tron of 1n dog, 1949 91
Para anunobenzoate, tubular excretion of,
n dog 1949 91
Para aminohippurate
tlearance o
and pulse pressure, 1951 108 115
and ureteral pressure 1951 119
Qelay 1n excretron of, 1953 152
and glutaminase actvity 1949 64
tubular excretion of, 1951 203
Para amimnohippurate acetate
transport of 1n kldnty slice, 1951 204
tubular excretion
and alpha k:kog]uﬂlate, 1951 203
and ateic zad cycle, 1951
and succinate, 1951 203
Para-amnohippueic acd
accumulation of, 1 kidney slices 1949

9 92
clearance of
after ACTH 1950 106 111
after cacnanade, 1953 39, 40
after cortispne 1950 106 107, 111
during sodmm par2 ammnohipparate
admunstration 1950 111 114
i transplanted human Jadney, 1953
83

excretion of

after ACTH, 1950 111

after cortisone 1950 1

and hydrodynatmac flow, 1951 32
maxunum tubular excretory capacity

or
after acetate 1949 92 93, 9697

1949 39 &
Parenchyma, of ludney, and subcapsular
ven 1951 87
Pectn solu(mn. flow of, 1n kidney, 1951
53

Penucelln
aad glutaminase activaty, 1949, 65, 73

for 1nféction 1n tubular necross, 1953
133

para zmmohnppun: aad  accumuittion
n kidney shice after, 1949
m use of arufical kidney, 1951 171
Pentobarbraal, inulin space after, 1952 30
Peatose nucleic acsd
n mitochrondnia, 1952 81
patasuum bindieg by, 1952 80
Perfuston, double of renal tubule 1o bull
frog 1952 1511
Fer[unon pressure, arnterial .m: sodium
xcretion, 1951 1011
Pnrmeablh
of capillary, 1951 1238
coefficient 1951 13
diffusion, 1952 54
fltration, 1952 54
Phenobarbital, antidnarenie effect of, 195¢
54

Phenolphthalein, and glatsminase actvity
1949 63
Phenol red
and glutamunase 1949 65
kidney secretion of, 1949 55. 14 56 60
etcurial ) wihdbiting transport o

transport oi m toadfish 1952 8BS

mbum transport of, 1951 203, 208
zher Benermd 1951 205

in tubule
afier Gimtrophenol 1949 8387
of flounder 1919 84 87

after mitraphenol, 1919 85 83
after prenc acd 1949 86
after tnmitrophenc! 1949 86
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