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Preface

For the past ten years we have been concerned and occupied with
the problem of reversible renal msuffictency on the wards of the
Cook County, Mount Sina, and West Side Veterans Adminsstra-
tion Hosputals of Chicago We studied several facets of the prob
lem expermentally, and the results of our investigations have been
published

Although reversible renal sufficiency has been known for the
past three decades as ‘ extrarenal azotemra,” 1t 15 only durng the
past fifteen years that a huge body of climical and experimental
Iiterature dealing with the subject has appeared During this period
we have labored to keep abreast and digest the volummous litera
ture and sts many conflicting and overlapping conclusions The
flood of published materal 1s ever rising, and, like the Sorcerer’s
Apprentice, we are about to be submerged We believe, therefore,
that a suniey of the entire field in the light of our own experience
1s a timely and worthwhile endeavor As much matersal as possible
1 d, mcluding the several 11 graphs and vol
umes deahng with individual aspects of reversible renal insuffi
ciency

Our title has been chosen to emphasize the potential reversibihty
of both acute and chronic renal insufficiency associated with many
diverse conditions Although the term “acute renal farlure” 15
widely used, we prefer the term acute (or chronic) renal nsuffi
clency because failure’ implies bankruptcy of function, whereas
“mnsufficiency” connotes, n truth, a more hopeful prognosis

Our major objective 1s to enable the climaan to differentiate
acute and chronic condittons assoctated with reversible renal i
sufficiency from primary renal disorders which progress inexorably
to fatal uremma Secondly, we make 2 decided effort to change the
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all too hopeless attitude toward the patient with acute and chronic
renal disease, and emphasize that with careful thought and pa
tience, proper treatment often results in reversibility and prolonga
tion of Iife

To achieve our objective, we considered two divergent plans
first, to orgamize the matenal in a comprehensive, encyclopedic
form which would be of value to nephrologusts, physiologsts, and
nternists, and second, to write a concise and simple monograph
which would be of value to medical students, general practitioners,
and specialists 1n surgical fields wherein this problem 1s most fre
quently encountered As 1s often the case, we resolved our conflict
by compromise and we have included matenal of mterest to all
groups

‘We wish to thank the staff members of the Cook County, Mount
Sinay, and the West Side Veterans' Hosputals for their cooperation
m granting us permussion to study their cases, especially the follow
g physicians Drs Arnold Black, Irving Dvore, Louis Feldman,
Joseph Gault, Harry Isaacs Herbert Lakin, Aaron Neiman Irving
Neims, Hans Popper, Henry Rappaport, Sidney Rosenberg, and
Hyman Zimmerman

We also wish to thank Dr Harry F Wesberg for his valuable
suggestions, Mrs Evelyn Palmer and Mr Thomas Scanlan for
photographs, and we are grateful to The Chicago Medical Schoot
for furnishing office facthities and secretaral help



Introduction

That the function of the kidney may be vitally affected m a
vaniety of disease states which are not primarily renal 1n onigin has
long been known Kidney lestons were described as associated with
burns, hemoglobinurta, shock, and acute wnfections as far back as
1823 ™ Such terms as acute Bright's disease, acute parenchymatous
nephntis, and acute tubular nephritis were histologically descrip
tive terms applied to these lesions When the modern classificanion
of kidney disease by Volhard and Fahr#® omitted these entities, the
entre field was generally neglected

In a comprehensive article n 1938, Jeghers and Bakst'® cate
gonized the knowledge to date Under the term, ‘extrarenal azo
temia,” they described the basic mechamsms involved, and empha
sized the comparatively mmor nature of the histologte changes
frequently observed There seems then to have been a hiatus m
nvestigative work 1n this area until curiosity was 2gam stemulated
by an appearance 1n the hiterature of a description of the “crush
syndrome” by Bywaters® i England in 1941

Following this, because of its wartime importance, the relation of
shock to renal disturbance assumed general interest Luecké,*s in
1946, studied particularly the renal pathology of shock and intro
duced the term, * lower nephron syndrome ”

Despite overwhelming evidence to the contrary, with histologte
studies demonstraung that pathologic alterattons range from com
plete absence to extensive damage mvolving the glomeruls, mter
stitial tissues, and all portions of the nephron structure, the appeal
ing designation of Luecké®3 “lower nephron nephross,” 1s
tenactously entrenched as a “catch all” Joosely applied to all forms
of acute potentially reversible azotemic, anuric, and oliguric states

A volumnous Iiterature has accurnulated under various titles,
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1e, extrarenal azotemia, prerenal azotemia, traumatic kidney,
shock kidney, crush syndrome, hemoglobinuric nephrosts, reverst
ble uremia, acute renal msufficiency, toxic nephrosis, lower nephron
syndrome, traumatic uremia, acute tubular necrosis, and necro
tuzing nephrosis Thus list 15 by no means complete, but the mult:
plicity 15 indicative of the need for nosologic reorganization

It 15 unfortunate that each author in this field, in a well meantng
attempt to clanify pathogenests, chose to comn new terminology, 1 ¢,
* burn nephnts” (Marchand,?s 1908y, * crush syndrome” (Dunn,®
Bywaters,52 1941), renal anoxa’ (Maegrath,217 1945, the au
thors, 1951), hemoglobinuric nephrosis” (Mallory,2® 1947),
‘the sschemuric and nephrotoxic hidney” (Olwver,*™ 1951), and
“acute renal falure  (Swan and Merril), 3 1953, Grollman,® 1954,
and Strauss and Raisz,5% 1956)

Previously we preferred to use the term, “renal anoxia,’ sug
gested by Maegraith®? since anoxia seems to be the common de
nominator in these conditions However, we have since adopted
the all inclusive term, acute renal insufficiency

In 1947, Trueta and his group®* added to the understanding of
the pathologic physiology involved by demonstrating the 1mpor
tance of neurogenic factors in animals subjected to shock

Van Slyke®™ and others'® enhanced our knowledge of renal
physiology by renal clearance studies following shock 1n dogs and
human subjects

In 1951, Olwer &% mcrodissection of mephrons contributed
enormously to the understanding of the morphology of these con
ditions, and most Tecently, Swan and Mernll¥ published extensive
studies on the clinical course

The 1mportance of acute reversible renal insufficiency 1s evident
1n its ubiquity, for 1t has been observed by physicians in every
phase of medicine and 1ts specialties Indeed, there 1s no phase ot
specialty of medicine m which thus syndrome may not be encoun
texed, wherefore a knowledge of this subject 15 necessary for every

practicing physician
In mulitary medicine, post traumatic acute renal 1nsufficiency
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has been a major problem In World War II 40 per cent of one
group of severely wounded patients developed acute post traumatic
renal insuffictency with a fatality rate of 90 per cent among the se
verely oliguric 1%

With such a daversity of conditions a common pathogenesis 1s
probably non existent More than one mechanism 1s commonly
mvolved Certain mechamisms such as renal 1schemra however
occur so frequently that they may be considered fundamental A
thorough und ding of the patt and an of
the various disease states in which acute renal msufficiency can oc
cur will lead to earlter diagnosis and more effective treatment
When detected early this condition may be reverstble whereas
later the mortality rate 15 high

‘While tlus work deals primarily with potentially reversible acute
renal msufficiency we believe that a more complete purpose will be
scrved by including a survey of potentially reversible chronic renal

y The 1n many of these condr
trons 1s a disturbance of calcium metabolism resulting 1 nephro
calanosts Although most patents afflicted with chronic renal i
sufficiency slowly detertorate and ultimately exprre occastonally
chronic renal disease 1s caused by a condition which can be ar
rested or improved 1f not completely reversed It 1s not our intention
to review the diagnosts and treatment of those mnmexorably fatal
cases although with proper life can be prolonged for
months or even years as llustrated by Merrill*™ in his recent vol
ume Rather 1t 15 our purpose here to review those conditions
associated with chronic renal msuffictency which are amenable to
arrest amelioration or cure
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pathology of Acute Renal 1nsuffi-
ciency

Histologi¢ findings 1% ac enal 1nsufficrency wve beel contro”
yersal, bot with TSP ucroscoP d the poxmms
of the nephro! rmcipally olv! 146, T et suggest
that the P hologic changes 1 alt are 1oc Ized the distal
and 4 th Jower neph neph

n,
10815 uch precsse ocahization has seemed t0 ust®t and others”? L
s w5 18 192

Togit and expen™® ral facts
Hastologic changes withn the 1ower segment of the nephron-

descnbed 3 218 consist of 1 degener?! necrosis @
the tubutat ep! Ayum, heme , 8 ondary ¥ fammatory Tea!
uons of ¢ adyace! &l hrombosis thin wa!
veins Lu & described this pictuTe ot only 30 € nditions 2557
cated with shock but also those 259 ed with sulfo amide 10L0%L
cation, T m potsonis osts, alkalosts a Jrydration
s concepPh 03 dspeuﬁ ally at the distal segments

rected 1/ e 1o the low epht 5 whcl
1mmedme\y e 1 clich

Pror 1O 1és concept™™ p:n\\o\og\c alterations of the hadney
1n shock © es were & cribed 28 1nvolvin: 1t areas of the
Tadney grossiys 2! e entiTe nephrod Tustolog cally Some reports
designated pr mal conV junon®® 23 the por’ of the neph
yon oSt agcd, by lreraions wer bserved U the dustal

o
con\o\uuon,"'“ the g\omcm\us,‘“ the mtexstma\ 1ssues and the
blood vessels



4 REVERSIBLE RENAL INSUFFICIENCY

Early Pathologic Descriptions

Moon,? 2% 25 1 3 description of renal msuffictency associated
with shock, confirmed the histologic findings of previous investiga
tors® 408 (n his statement

The mucroscopic picture presents varying degrees of changes within a
regular pattern Usually, hyperemia of the glomerular tufts and of the
wntertubular vessels 1s consprcuous  Sometimes, capillary hemorrhages
are present Frequently, amorphous material 1s seen in the capsular
spaces The eprthelium of the convoluted tubules shows acute de
generation ranging to necrosis When death occurs after several days
the cells are low or cuboidal mn shape and the lumens are wide The
cytoplasm 15 more ad d d ton 15 ind

v: 10n of the cytoplasm or by d 1on of the cells Nuclear
changes, especially karyolysts and hyperchromatism, are conspicuous
Usually, these changes are more pronounced in the upper segment,
sometimes 1 the lower, but 1 general all portions of the convoluted
tubules are affected Plugs of debris often form in the lumens of the
lower segments because such debrs originating 1n the upper portion of
the nephron, collects 1n the narrow lumen of the lower portion Hyaline
droplets may form 1n the cytoplasm when degeneration 15 advanced
the lumens may contain masses of this deep Ted material when the

nd

cells 1t have d grated Hyaline, granular, ai
. s - « Mo medmngeas af lacn 1amated

In 164 experimentally burned dogs, Christophe?® described
mamfestations of an acute glomerular nephrnitss * characterized by
oliguria, albumnuria casts, and a rise 1 non protern mtrogen He
described changes 1dentical to those of acute glomerular nephritis,
consisting of extensive glomerular congestion and tubular degenera
tion
Sevitt3¥7 studied renal tissues obtained from 86 fatally burned

patients of all ages, and concluded that fifty to sixty per cent of such
patients have some form of tubular necrosis He reported that
~necrosis of the proximal convoluted tubules 15 more common 1n
elderly persons, while distal tubular necrosis 15 more frequent n
chuldren and young adults
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Martineau and Hartman,?* m a descripiion of renal damage
associated with extensive burns, reported changes in the tubules
p larly in the 1 convoluted tubules, less frequently i
the distal convoluted tubules), the blood vessels, the glomeruls, and
the 1nterstitial tissue

Bell and Knutson,?® 1n a study of 84 patients who were preter-
minal and had azotemra (urea mtrogen 50 or more) from a variety
of causes, found histologic changes 1n the adney in only 20 In
these 20, mild to severe hydropic degeneration of the proximal
convoluted tubules was observed There was no correlation be
tween the histologic findings and the level of the blood urea nitro-
gen, or the seventty of the ohguna

Acute Renal Insuffi y without App Histologic Changes

Acute renal insufficiency may occur without gross or histologic
evidence of kidney damage as in the cases of * low salt syndrome ’
reported by Schroeder®ss or in the preterminal cases of Bell and
Knutson 2

Failure of tubular function often develops before pathologic
changes become apparent Mallory** found no visible changes un
til exghteen hours after the onset of shock and ohigursa in wounded
soldiers, and concluded that at this stage, “The imitial renal msuffi
cency 15, therefore functional rather than anatomical m basis >
There appears to be no correlation between the degree of kidney
dysfuncuion and the histologic picture However, m renal msuffi
ctency resulung from hemorrhage, shock, or nephrotoxic damage

to the tubules a more constant morphological pattern 1s discern
1ble

Mi of Individual Neph

P

A major contribution toward an understanding of the pathology
of acute renal insufficiency was made by Oliver and his group?s e
by the use of microdssection techmque They demonstrated two
general types of morphologic change confined to the tubules which
could be correlated with two mamn etiologic factors, shock and
nephrotoxins
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The “Ischemunc Kidney”

In the first group, lidney damage 1s due primanly to shock
(1schemuric episode), and the nsult 15 considered predominantly
circulatory Here the histologic picture 1s ch 1zed by “disrup-
tive tubular damage or ‘ tubulorrhexis ” These lesions occur at
random areas of the nephron and in random nephrons In Olver's™
dissections
As one follows the course of the intact tubules, quite suddenly, a place
1s found where the basement membrane 1s broken, frayed or disinte
grated, and the epithelial ining disrupted and necrotic The result 1s
2 solution of continty which may nclude only a part of the wall of
the tubule or which completely 1nterrupts its course so that the
fragmented remnants lie between a stll mtact and well preserved
proximal portion and its distal prolongation The lumen thus lies
open to the intertubular, mtersutral tissue and 1ts capillaries and veins

Olver®® 21 stated that the histologic prcture will vary m ac
cordance with the extent of damage, the presence or absence of
casts i the lumen, and the possible reaction of the nterstial tis
sues 1n the vicinuty of the rupture Evidence of xeparative processes
may be vistble even 1n the most severely damaged segments of the
nephrons Thus, disruption of the basement membrane of the tu
bule 1s the dominant and charactenstic pathologic development 1n
nephrons damaged as a result of shock (fig 1)

The “Nephrotoxic Kidney”

In the second group of cases described by Olver,? =% nsult to
the hidney results from the presence of nephrotoxic substances
which are (in his cases) mercuric chloride, potassium chlorate, di
ethylene glycol, carbon tetrachlonde, sulfonamides, and mushroom
possonng (fig 2)

With thus type of renal injury, necrosis of the tubular epitheltum
15 found evenly distributed throughout all the nephrons with pre
domunance at the proamal convolutions A characterstic feature
15 the 1mtact basement membrane despite severe damage to the renal
tubular epithelium In addiuon the tubulorrhexia of the *shock
kidney 1s scattered at random thronghout the nephrons
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uon in » nous forns of poisoning 1) Potassium bichromate” 2) uranyl mitraee
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Dowrre M asp Tracxy A The pathogeness of 1cute renal failure asso-
cated with trumate and toxic ijury Rennl ischemin pephrotovie dantage
and the ischemuric episode ] Clin Imvest S0 13071440 1951)
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Tasie 1
Correlotsons of Structure and Function sn Acuts Renal Farlure
(4cute Tubular Necrosss)

Funct onal Disturbances Structural Changes
The Ohgunc Phase
1 Reduction n renal blood flow and glomer | 1 Glomerular capillanes empty with
ular fltration tufts collapsed but mntact
2 Albuminuna 2 Protem 1 capsulat space
3 Hemoglobiuria 3 Heme pigments m capsular space and
tubule lumens, heme easts
4 Loss of prommal tubule function, mn | 4 Bepnming tubular dsmage—lack of

abilty te concentrate urea and creatinine
to conserve electrolyte and to extract
PAH

Relative mantenance of glucose Tm

«

Persistence of reduced RBF after it}
msult

proximal absorption of beme pigrents,
increasing to tubulorthexic and neph
rotoxic necrosis

Structural wtegnty of first one-thud
provimal convolution

Tubular leakage wterstibal edema and
reaction and increased 1ntratenal ten
s

‘The Early Duuretic Phase
(Occusrence of Duresis as Result of Reparative Phenomena)

Ooset of diuresis a5 3 result of absorption
of smterstibal edema, increasing blood
flow and filtration with continung de-
pression of tubular absorption of water

Persisting evidence of abohtion of prox:
mal tubule function (ack of wbility to
concentrate urea 1n urne, mabity to
conserve electrolyte or extract PAH)

1 Distended glomerular capillanes and

persisting,

nephrotonic  and

twbulorhersc, with especial 1avolve-
ment of proxumal convolution

2 Extensive atymcal regeneranon of re
nal epithehum—absence of wtochon
dria 1nd consequent reduced enzymatic
content of new senal epithelum, excess
epithebal proliferation and tubular ds
latation

‘The Late Duretic Phase

Gradual recovery over meeks or months
of tubular functional ability with poss:ble
eventual clhmucal recovery

Renal function after chnical recovery ade-

1 Slowly progressive maturation of re-
generated tubular epithelum with ult
mate reconstitution of ongnal struc
tures mcluding mitochondnal organ
elles w1th their enzymatic content

Loss of nephrons from ireparable

quate but remaiming below lonec lts of
normat

tubulorrhexic damage and associated
Bypertrophy and hyperplasia of others

Otvey, ] Correlations of structure and function and mechamsm of recovery in acute

tubular necroms Am J Med, 15. 535, 1953
9
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Interstitial Changes

In Olwer's study,*™ 27 reactton of the interstiual tissue varies
from a complete absence of damage when the mtegrity of the tu
bules 15 retawned, to alterations characterized by firmly attached
masses of connective tissue fibers which surround the damaged tu
bules or granulaton nssue and proliferation of capillaries which
sometimes grow mto the disrupted lumen

The most striking histologic feature of kidneys injured by neph
Totox1ins 1s the mterstitial edema and infiltration of leukocytes pre-
dominantly at the site of disrupted tubules Finally, 1t should be
noted that i overwhelming renal mntoxication from any cause, the
impairment of circulation can be severe enough to cause 1schemuric
episodes and histologic changes 1dentical to those resulting from
shock (table 1}

Reparative Processes

A brief description of reparative processes 1s necessary to com
plete the pathologic picture Reparative changes begin soon after
reaction to the onginal insult Restoration of the nephron as a
functioning umt depends largely upon the re establishment of con
onmty m the lumen The probabihity of complete functional res
toration of the nephron decreases in proportion to the mtensity of
damage It 1s Itkely that distuption of the basement membrane of
the tubule precludes the return of nephron function When the
basement membrane remuns ntact the possibility of tubular ep
theltal cell replacement and re establishment of continuity mn the
lumen are enhanced Therefore, the restoration of renal function
depends to a large extent upon the degree of tubulorrhexis, which
n turn 1s affected by the intensity and duration of renal cireulatory
ymparrment This accounts for the extreme variability of chmeally
demonstrable damage residual in hidneys injured by shock or neph
rotoxins

Renal Lesions in Epidermic Hemorrhagic Fever

Olwer and MacDowell” described mn considerable detail the
pathologic alterations of the hidney in epidemmic hemorrhagc fever
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In cases from the Korean theater, histologic changes were corre-
lated with the clinical course Although the disturbances of renal
function m epidemic hemorrhagic fever are largely the result of
circulatory changes and anoxia, the toxins of the etiologic agent ate
probably also 2 factor in the path The symp logy and
associated pathologic changes were considered 1n the four character
1stic phases of the disease No study has thus far been made of renal
tissue obtained by bropsy from patients surviving eptdemic hemor-
rhagic fever, therefore, present knowledge 1s based entirely upon
autopsy study

Febrle Phase

Clearance studies m the febrile phase!'? 72 showed a normal or
increased renal blood flow compatible wath the charactenstic dila
tation of the penipheral vascular bed This 1s followed by mereased
permeability of the caprllaries and venules

f 0 S SR L v N I v .

on the tubules of nephrons that by chance pass through 1t, but no
structural evidence of general cellular damage 1n any of the tubules
The tubular passages are clear there are few casts

‘Thus, m the first stage no serious structural alterations of the
nephron could be demonstrated erther i the hstologt¢ sections or
in the elaborate nephron dissections

Further capillary permeability and dilatation of the small vessels
Tesulted 1n shock and hypotension, augmented n some patients
by hemorrhage 1nto the anterior pitmitary and night auricular mus
culature

Hypotenstve Phase
These events inaugurate the second or hypotensive phase during
which the renal blood flow 15 decreased and the hematoerit 1s ele-
vated without a corresponding elevation 1n total protein, resulung
1 a clrnucal state resembling surgical shock “The histologic appear
ance of the hidney 1n this stage of epidemic hemorrhagic fever dif
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fers from that observed 1n surgical shock 1n that engorgement of
the medullary region 1s more mtense m eprdemic hemorrhagic
fever

7 the contents of the subcortical capillaries become an almost
solid mass of entrapped red blood cells Plasma which has escaped
through the abnormally permeable vessel walls 1s found n areas of
intertubular edema which may extend 1nto the medulla and, by means
of medullary rays, into the cortex

These physiologic and structural changes are assoctated with a
r1se 1n blood urea nitrogen despite the absence of oliguna which is
characteristic of the third phase

Oliguric Phase

Before the third or oliguric phase, a transition penod often oc
curs during which fatal shock may obtain despite the return of
blood to the vascular compartment as indicated by a decrease in the
hematocnit and an ncrease 1n plasma volume Examnation of the
kidneys 1n fatahiies during the Korean war disclosed gross hemor
rthage 1n the congested subcortical zone Histologic sections of this
zone showed 1ntensive intertubular hemorrhage i contrast to the
previous stage wheremn this congestion was due to greatly dilated
but intact intertubular vessels There 1s, therefore, as m all ex
amples of acute tubular necrosis and renal fatlure, no preferentsal
damage to the ‘lower nephron but rather the reverse *7

The tense congestion, dilatation, and ultimate hemorrhagic
rupture of the mtertubular vessels of the subcortical zone extend
mto the cortex and deep into the medulla, and compress portions
of the tubules resulting mn obstructive dilatation of the proximal

g Random f ton of the tubules with disruption
of the basement membrane simular to the tubulorrhexta of acute
renal failure was also observed 1n some sections Many of the ep
thehal cells 1n the proximal convolution were filled with hyaline
droplets, and 1n other subcortical areas the tubular cells were dis
torted and destroyed by compression of the ntertubular hemor
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to this latter segment has been attributed to a decubrtus reaction to
casts and resulting foreign body like response Casts, however, are
not present 1n a sufficient number of nephrons to account for the
oligunia by blockage In one study, casts were found 1n only twenty
per cent of the nephrons examined 1 a hidney damaged by shock =

Changes in the Collecting Tubules

In acute renal msufficiency, the epithehium of the collecting tu
bules s usually normal but can be intensely necrotic, and occastonal
regenerative changes nvolving this segment have been reported
This segment of the nephron 1s the most frequent site of pigment
casts Using microdissection techmque, Darmady™ observed atrophy
of the collecting tubules 1 renal tssue obtamned from several pa
tients who died during the diuretic phase of acute renal nsuff
crency

Renal Biopsy

Considerable progress 1n the development of renal biopsy tech
miques has been made 13 56 132 168 17" 207 259 200 208 A mipor num
ber of untoward reactions have been reported from biopsy proce
dures,?® but fatalities have been extremely rare Sheldon and lus
associates®®® performed renal biopsies on two anuric patents, and
attributed blood clot formation in the pelyis to the procedure

Iverson and Brun® reasoned that renal biopsy 13 of greatest value
1n the study of those mild renal disorders which rarely come to au
topsy, or 1n the early stages of severe, acute renal msufficiency A
biopsy performed on the eighth day of ohguna disclosed normal
glomeruli 1n a patient who developed acute renal 1nsufficiency fol
lowing afebrile abortion However, ‘ In Henle s loops and 1n par
trcular, mn the distal convoluted tubules, numerous heme casts aré
seen, often containing lymphocytes leukocytes, and remnants of
nucle1 there 15 no necrosis of the tubular cells anywhere 1%
The authors observed that the changes demonstrated are conspicy
ously insigmificant considening the state of suspended renal func
tzon In a report of seventeen renal bropsies performed on twelve
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patients anuric from two to sixty two days the followmg changes
were observed 1% The glomeruli were normal the proximal tu
buleshadalow flattened epithelium and were dilated in some cases
the epithelinm showing hydropic changes in some areas and in the
tubular epithelium as a whole both degenerative and regenerative
processes were present aften side by sde Hemoglobin stained casts
were seen 1 the distal tubules Henles loops and the collecting
tubules The degenerative change 1n the tubular cells was also and
perhaps chuefly localized to the proximal tubules

‘Thus Iverson and Brun'® concluded that the term lower neph
ron nephrosis 1s tnaccurate because istologic findings on biopsy
specsmen prove that the injury 1s not confined to the lower segment
alone but 1s also present in the proximal tubules and therefore sug
gested acute tubulo interstitial nephnitis as a more appropmate
designation

Govan and MacGillivray*s3 classified some of therr casesas  upper
nephron nephrosis since most of the changes in three of these cases
occurred 1n this portion

Berman et al #* studted two surviving patients with acute renal

y from ethylene glycol ¢ Needle biopsy of the

kidney was performed on lhe founeemh day of 1llness 1n one pa
tient demonstrating the charactensuc histologic prcture of this
condition They? described widespread necrosis of the tenal tu
bules with apparent preservaton of the basement membrane and
precipitation of calcium oxalate crystals within the tubular lumina
The presence of these crystals suggests that oxalic acid a metabolic
product of diethylene glycol 1s the nephrotoxic agent Siumilar le
sions have been produced in expermmental ammals with oxalic
powsoning

Brun and Munck*® mnvestigated a total of thirty three patients
with acute renal insufficiency following shock from varous causes
and performed twenty renal biopsy examinations i seventeen of
these patients In general their studies corroborated previous ob
servations They 100 were especially impressed with the phenom
enon of moderate morphological changes 1n the presence of com
plete functional breakdown
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The Pathophysiology (Pathogenesis)
of Urinary Suppression in Acute Re-
nal Insufticiency

Although ohiguna and anuria are considered the cardmnal clint
cal mamfestations of acute renal insuffictency, they are not invan
ably present An occasional case may present severe azotema not
withstanding adequate urine formation It 1s evident, therefore,
that no one factor can be solely implicated 1n 21l cases of acute renal
msufficiency We concur with Oliver®™ that there 1s no single cause
but a constellation of causes acting 1n summation and resulting i
suppression of urme These various and much disputed patho
physiologic alterations which produce suppression of urine are con
sidered 1n this chapter under the following classifications 1) the
effects of shock on renal circulation and glomerular filtration, 2)
the effects of shock and nept 1ms on tubular and the
non speaific total reabsorption of glomerular filtrate, 3) tubular
obstruction by casts 4) increased intrarenal pressure, 5) Trueta®!
shunt, 6) reflex anuria, and 7) anudiuretic hormone effects

‘The Effects of Shock on Renal Circulation

Primary and Secondary Shock

The clear-cut sey and the basic of the vanous
types of shock still remain to be clanified despite 1ntensive and pro
longed study by clinicians and research teams In a sense, ‘ shock’
constitutes a spectrum of hypotensive states ranging from mild,
rapidly genic shock to dary 1r , fatal
wound shock and includes such diverse conditions as bacteremic
shock, anaphylactic shock, and hemorthagic shockh At the begin
ning of the spectrum are the “shock like” hypotensive states which

17
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are largely neurogenic (vasovagal), appearing immediately after
emotional or physical trauma

It 15 well to remember that hypotenston per se 1s an equivocal
term ¥ The symptoms often depend upon the usqal blood pres
sure level of the patient Thus, the symptoms of shock may appear
1 a normotensive mdividual when the pressuze falls below 80/50,
whereas 1 a hypertensive patsent, shock hike symptoms may occur
when the pressure falls, for example, from 216/110 10 110/70

Our primary concern 1s secondary shock, a state of pertpheral
vascular collapse which follows 1mmediately or several hours after
a number of conditions, 1¢, trauma (wounds, burps, fractures
crush injuries, hemorrhage), wnfarction {myocardial, pulmonary,

1c, cerebral), phylaxis, bacteremta, toxemia, acute ad

renal msufficiency to mention only a few of the many potential
causes

The state of secondary shock 1s characterized by an extreme fall
in blood pressure, gray cyanosts of the fingertips toes, nose, and
lobes of the ears, rapid shallow respirations, 2 fast, thready pulse,
apprehensive moaning, muscular weakness, prostration, apathy,
blunted sensorium, depression of body temperature, sweating m
some patients and dryness of the skin 1n others 2

Although the physiologic manfestations of shock, 1 e, decreased
venous return and cardiac output, hemoconcentration 1ncreased
capillary permeability, peripheral vasoconstriction, sludging of
blood, tissue anoxia, and increased blood ammonum concentra
nons, have been thoroughly recorded, the basic mechanisms pro
ducing these alterations remain to be clanified

A vast amount of clinical and experimental data was accumulated
during and following World Wars I and IT and the Korean conflict
concerning the mechansm of wound shock and hemorrhagic shock

Several theoties have been advanced to explan the mechanisms
of the various types of shock The toxic theory holds that a
histamunic or histamne Iike substance 1s released into the circula
ton from the site of injury This theory 15 weakened by the
fact that such a substance has not yet been solated from ex
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peimentally traumatized nssne which will produce shock n a nor
mal ammal

On occaston  the extreme hypotensian of shock has resisted all
reatment including blood transfusions and plasma and has re-
ulted sn death The mechanism of this irreversible form of shock
110t clear The most acceptable explanation to date has been of
ered by Shorr et al % as a release of a vasodepressor substance
VDM Crowell and Read® have attributed this irreversibihity of
hock to the formation of thrombi within the systemic capilanies
tesulting from 1ncreased coagulabitity of the blood The response
of this overwhelming form of shock to the administrauion of L nor
tpinephrine and phar 1ly related sut 13 2 notable
therapeutic triumph 1n that many who would formerly have died
Row survive with this treatment

Bacteremic Shock

Bacteremic shock 15 a not uncommon yet frequently overlooked
ause of vascular collapse!*® and acute renal msufficiency #* The
usual mansfestations of shock may be absent or obscured by the
ymptoms of ful T and the chnician may be alerted
to 1t5 presence only by detection of low blood pressure Bacteremic
shock 1 caused most frequently by those antibiotic resistant gram
negative infections which often terminate 1 death 14° The precise
mechanism of bacteremic shock 1s not known but recent studies
indicate that the harm 1s mediated by endotoxins acting divectly
on the vascular system producing peripheral vasodilation 37

Shock and Glomerular Filtration

A vast amount of mvestigation has been devoted to the physio-
logic differences between the varions types of shock It s ourim
presston that whatever the cause and mechansm of secondary
shock. 1ts eflect on the kidney 15 the same

Van Slykes™ has shown expenimentally that ohiguna occurs dur
ing both primary and secondary shock The oliguria of the first
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muscle For ple, ad. triphosphate, a nephrotoxic sub
stance, has been 1solated from ischemc muscle 3t 36 These sub
stances may injure the kidney as they are excreted Of great chinical
1mportance 15 the fact that some degree of renal 1schemia accom
panies all states of circulatory falure and severe systemic reac

f1ons 358

CASE REPORT

LM, a thirty two year old Mexican male, entered Mount Smar
Hospital on May 15, 1956, for surgical treatment of an acute suppura
1 Sinre]

tive append y postoperatively, his temperature rose to
105 ¥, and symptoms of shock were observed The blood pressure was
60/40, and the pulse rate 120 phrine was d by

slow intravenous drip, but the shock Iike state persisted for twenty
four hours A portable 7 disclosed el of the night
diaphragm and pneumomius of the right lower lobe which were at
tributed to atel and a night ph performed six years
previously for pulmonary tuberculosts Because of the persistence of

shock despite antibiotics, oxygen blood transfusions and norepineph
- © af emnd s mcdav to sncnart the

second postoperative day, a persistent ohiguria was noted ot berween
- v a0 aa

~ e

tern remained unchanged 1he blood urea NILUEEN 105 LUy & Bussa
- T %= -~ WnEmEqQ per

sodiem
e whate

On the mnth day of oliguna the dwmretic phase vegan with a
uninary output of 2700 cc During the oligunic pertod, flurds were
limited to 1000 cc of 10 per cent glucose plus the volume obtained by
gastaie suction The patient expared on the tenth postoperative day,
May 25, 1956

Autopsy disclosed bilateral p!

ry due to
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by mucoid plugs Healed tuberculosis of the rght upper lobe was
evident Both kidneys were enlarged, and cut section showed a gray,
reddish cortex and a dark red medulla with sharp demarcation Micro-
scopic examination of the renal tissue disclosed necrosis of the distal
tubules heme casts and 1 y reactions

ng these casts

Comment This 1s a typical example of necrosis of the distal
tubules and rupture of the basement membrane described by
Olwer as the 1schemunic kidney The anoxic damage to the
tubules resulted from the renal 1scherma of shock and the im
paired oxygenation of blood which resulted from the massive
atelectasis The severe overwhelming inf prot d shock,
and anoxta were of such intensity and duration as to produce
renal damage beyond reversibility

Hemoconcentration, Blood Viscosity, and Sludging

Hemoconcentration 1ncreased blood wviscosity and sludging
resulting from shock contribute matenally to the impairment of
glomerular fltracon Hemoconcentration increases blood vis
cosity teduces the rate of renal blood flow, mncreases the oncotic
pressure mn the glomerular capillaries, and finally inhibits glo
meruylar filtration

VEM and VDM of Shorr et al 3

Shorr Zweifach Furchgott, and Baez*** demonstrated a hepato-
renal t for careulatory h They
wolated two substances from the blood of shocked’ amimals
The first, VEM, 15 produced by the kidney and has a pressor
effect on the metaarterioles and precapillary spbigcters The
second, VDM, produced chiefly by the iver, - to ferratin
and has a depressor effect on the meta 13 ecapillary
sphincters Both of these .. ©anerobic
conditions wnd are mactvated under
acrobic

¢

i



24 REVERSIBLE RENAL INSUFFICIENGY

Thus homeostatic mechanisms producing anoxia of the liver
and kidney during shock may contribute to the 1mparrment of
renal function

Shorr et al #5 demonstrated that thts homeostatic mechanism
1s operattve n dogs and rabbits during hemorrhagic and tournt
quet shock They observed two phases referable to VEM and
VDM actvity In the first phase which 1s compensatory and re-
versible an excess of VEM 1s produced by the kidney In the
second phase whuch 1s 1rr ble VDM 15 pred probably
due to an mpairment of the mechanism mactivating VOM 1
the liver

The Effects of Shock and Nephrotoxins on Tubular Function

Non Specific Total Reabsorption of Glomerular Filtrate

Non spectfic total reabsorption of glomerular filtrate resulting
from tubular paralysis has been described as the cause of ohigurta ¥
By this mechanism the shocked tubules lose their selective and
specific reabsorptive ability and all or most of the glomerular
filtratess 15 reabsorbed thereby producing anurta or oliguria
Sirota’® concluded that the obigurta 13 due manly to a back dif
fuston of the glomerular filtrate across the damaged tubular wall so
that the orgamsm urinates imto the kidney nstead of the blad
der The existence of such a mechanism 15 confirmed by Rich
ards®® who studied frog nephrons poisoned with hichloride of mer
cury He was able to visualize directly the glomerular filtrate in the
tnbular lumen and the subsequent disappearance of the filtrate
through the damaged tubular cells Oliver™ 20 subscribed to
this concept and set forth the following sequence of events re
sulting from tubular mjury a) In the early stages there may be
a short period of reduced reabsorption of water by the tubule to
counteract the reduced filtration b) As renal 1schemia produces
more tubular damage there may bea gross pouring of tubular
flwmid 1n toto through holes m disrupted tubules at every level of
the nephron c) Leakage of tubular flmd nto the nterstiial
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tissue results 1n interstitial edema with ncreased intrarenal pres
sure and compression of the tubules and thewr thin walled af
ferent capillanes all leading to further renal ischemia and re-
duced glomerular filtration

However 1t should be noted that a contrary optmon 1s held by
Smuth® 3 who has stated that the evadence for back diffusion of water
through the impaired tubules 15 rather meager and 15 more of 2
gratutous inference than an established fact

Tubular Obstruction by Casts

Tubular obstruction by casts was once believed a major factor
1 the decrease of unne flow According to Smith 52 even before
anoxic mjury of the distal tubule occurs an almost complete re
absorption of sodium and water effects 2 maximally concentrated
unne favoring the precipitation of protemns (cast formation) 1
the distal segment and collecting tubules Smith®>® concludes how
ever that protracted anoxia of the renal parenchyma without
cast formation can lead to 1rreversible tubular injury Oliver??s 278
believes that casts found 1n the unne are formed m the collecting
tubules from which they are easily expelled and even casts formed
more proximally are not ly obstructtve Hustol ex
ammations of the hidney n shock have shown casts 1 approx1
mately twenty per cent of the tubules®?® Obstruction of this
relatively small number of tubules cannot possibly account for
the presence of oliguria even to a moderate degree and certainly
1s not responsible for total anunia

Increased Intrarenal Pressure

Increased mtrarenal pressure has been suggested as the prime
mechanism of oliguna on the basis of gross distention of the kidney
parenchyma and the microscopic picture of nterstiial edema
Tins edema may be produced to some degree by leakage through
the disrupted tubules 275 21

Peters? theorized that since the renal capsule s relatively
ngid and melastic a shght increase i the bulk of the mtra
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capsular renal tissues can easily canse a sigmificant yise 1n 1ntra
renal pressure Thus, he reasoned that the primary cause of th
oliguria or anuma 1s a decrease i effective filtration pressur
resulting from increased intrarenal pressure which, 1 turn, 1
caused by swelling of the tubular epithelium and dilatation of
the tubules He constructed an ngenious mechanical nephron tc
demonstrate that an mctease of the mtrarenal pressure by a feu
millimeters of mercury immedately causes ohgurna or anuna
and that a shght reduction promptly restores a normal urnary
output

Increased ntrarenal pressure, therefore, may act by 1) pres
sure on the thin walled blood vessels increasing 1schemia and/or
2) by compression collapse?®® of the tubule sufficient to produce
obstruction to the flow of unine

Alternatively, most workers believe that increased intrarenal
pressuTe 1s 1ot a sigmificant factor 1 the tmpairment of the forma
tion or flow of urine, a2 view with which we concur

The Trueta Shunt

The Trueta®™ shunt, by means of which bloed 1s diverted from
the cortcal glomernls with ther fine and muluple glomerular
mfts 10 the juxtamedullary glomerulr 1 which there 1s much
less filtration surface, may also be a factor m oliguna Trueta and
Ins associates®® demonstrated a mechanssm of cortical renal 15
chemw They observed that prolonged constriction of the hund
leg of a rabbit produced severe vasospasm of the arteres supply
ng the cortex of the kidney, with a shunt through the juxta
medullary glomeruli The atterioles of the juxtamedullary glo-
meruli are larger, contaimng fewer caplllary loops, and have
larger cfferent arterioles, which break up nto a coarse network
to supply the tubules These bear the major portion of the repal
arculation In some of these glomerul the commumecation be
tween the afferent and the efferent arteroles s, 1 a sense, 1o
more than an arteriovenous connection, while the efferent ar
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terioles enter almost directly mto the venae rectae thereby by
passing tubular tissue According to Trueta 3! this bypassing of
both glomerular filtratton and the nutrient vessels of the tubule
by branches from the glomerular efferent arteniole 1s sufficient to
produce a decrease 1n glomerular filtrauon and tubular damage
Trueta®! was able to produce the same effects by stimulation of
the splanchnic nerve He d d here a remarkable mcrease
1n the rate of renal blood flow by observing that the time required
for the blood to traverse the kidney under these circumstances
was halved and that the renal vemns showed red streaks and pulsa
tions wndscating a more direct arterial commumcation Reports
ndicating umprovement of the renal anoxia syndrome by splanch
nic block or by spinal anesthesia may be chinical corroboration
of Truetas experimental observations

Studies by Maxwell et ¢l 235 and Van Slyke®* have not sub
stantiated the existence of the Trueta mechanism®! 1n all cases
of human shock The existence of such a mechamism n the
human 15 open to serious doubt and further studies are indicated

Reflex Anuria

‘The vascular systemn of the kidneys and even the tubules are
under the control of complex nervous and humeral factors Re-
flex impasrment of unine flow 1 a normal kidney from disease
1n the contralateral kidney has been observed 18 211 810

Reflex anuna from surgical mampulation of viscera other than

| the gemtourinary tract 1s said to occur 16 310 810 858

These examples of reflex anuria however have not been within
our experience and their 15 g 1ly open to

O Connor and Verney*™ reported imhtbition of water diuresis

¢ 1n dogs subjected to emotional stress They suggested two factors
i op 1 this mect 1} a rapid inh y factor d

3 by nervous control of the renal blood vessels which was not
s Operative after denervation of the kidney and 2) a slow mhib
3

3

tion of urine formation due to an 1ncreased release of anuduretc
hormone
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Swota and Narns®™® reported three cases m which intense
ohguna and azotemsa followed uncomplicated cystoscopic ureteral
manipulation and retrograde pyelography Repeated Cystoscopy
disclosed that this interference with nrinary fiow was the result
of bullous edema of the ureteral onfices which they atrributed to
a hypersensitivity to trauma, formaldehyde (used for catheter
sterihization), or the dye used for retrograde visuahzanon Thus,
reéflex anunia 1s o catchall misnomer which wcludes satrogensc
condifions To establish the precise cause of “reflex anuna’’ cysto
scopic examnation s ndicated

Anndretic Hormone Lifects

Brun ef al * studied kidney function 1n human subjects durng
circulatory collapse from prolonged, passive erect pompon, and
demonstrated that postsyncopal oliguria 1s due to an ncrease 1
the secretion of the antidiuretic barmone by the para nervosa
Postsyncopal ohguria lasts from fifteen to about minety minutes
after syncope Following this brief period of ohiguna, urine flow
returas to normal It 1s of mterest to note that a transtuston of
blood from subjects who had just collapsed with postsyncopal
oliguna, mto water loaded subjects, caused a distinct decrease of
urine flow 1n the latter

The ncreased unnary chlorde concentration and the increase:
vate of chlaride excretion effected by this form of syncope corre
spond to the pattern of changes observed after admnistration ¢
postenior pituttary extract Although these experiments mdacats
that oliguria 18 produced by anudiwretic hormone, the precist
mechanism controlling the release of antidiuretc hormone re
mans to be established It 1s possible that such a mechanssm
may be evoked by hyp and other | 1c disturbances
resulting from shock

Darmady™ has advanced anatomic evidence suggesting that the
site of action of the antidretic hormone m acute tenal wnsué
ficrency 18 predomunantly the collectng tubules and to 2 lesser
degree the distal tubules
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The classtcal studies of Verney®®" concerming the control of
antidiuretic hormone release stimulated a tremendous amount
of research 8 but much remains to be learned about the relation
of osmotic and volume alterations to antiduretic hormone release
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Diagnosis of Acute Renal Insufhi-
ciency

Defimtion of Acute Repal Insufficiency

Acute renat fh y has been d bed*™ as a spectrum of
duturbances whuich merges 1n one direction with functional renat
disorders (acute disturbances of water and electrolyte balance tran
stent unnary suppression associated with shock of short duration)
and m the other direction wnh rcnal msufficiency assocated with
liver dsease (hepato-renal sy pl) of
and severe mfecuon

Memill"e #7 considers renal 1nsufficiency and renal farlure as
separate and distinct entities defining renal msufficiency as a ha
tent dysfuncuion which becomes apparent only with abnormal re
sults of renal funcuon tests and/or when unusual excretory de
mands are made and renal fulure as kudney function ampaired to
the degree that the normal excretory and metabolic demands can
not be met To the contrary we belteve that renal insufficiency and
renal Ealure are synonymous Therefore ta thus volume the term
acute renal msuffictency wn the absence of demonstrable obstruction
af urine fBow destignates 1) a sudden reduction of unne flow be
low 400 cc for m enty four hours 2) acute symptom:mc and/or bio-
chemical of deranged renal which are po.
tentally resersible

We do not believe that renal damage which 1s not symptomats
ally or biochemically evident can mn truth be cailed acute renat
wsufliciency It should be noted too that acute renal nsufficency
must perforce occur with greater ircqucncy when carculatory
stresses or are { on the p dam

aged kidney which has Tost 1ts ﬂcxtbx]ny or compenszmr) fune
tion

preg

p13
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Diagnosis of Acute Renal Insufficiency

Before proper therapy for acute renal msufficiency can be s
tuted the exact cause for the supy of urine or must
be determined The diagnosts of acute renal msufficsency 13 based
primanly on the clinician 5 awareness of the numerous conditions
with which renal msufficiency 1s Lnown to be associated (table 2)
Tt1s not withan the scope of this volume to review 1n detar) all of the
causes of Tenal msufficiency as Iisted 1m table 2 In most of these
nstances, the causes of acute renal msuffictency ave readily appar
ent Our specific purpose 1s to discuss those mstances wherem the
diagnosts may be obscure None of these conditions however sen
ous or overwhelming, should so completely absorb the clinicians
attention as to cause hum to overlook the presence of acute renal
wisufficiency, especially since tmproper therapy can be fatal

Acute Renal Insufficiency without Oligurta

When acute renal msufficiency results from conditions other
than shock, 1 ¢, electrolyte disturbances or nephrotoxic substances
the presence of an adequate urinary output may be msleading
and acute renal y can then be d 1 only by blood
urea nitrogen determmnations When acule renal wnsufficiency 1s
due to nephrotoxic agents such as bichlonde of mercury or carbon
tetrachlonide (table 2), the maximum reduciion in unine flow may
not be reached unirl several days after the onset of other symptoms
of systemac yntoxication

CASE REPORT

The pauent a twenty three year old white housewsfe entered Mount
Stnat Hospital semistuporous She was transferred from another st
tutron after seven days of absolute anuna fol g the sngt ofa
hatf glass of home permanent neutraling solution {potassium oro-
mate) ‘The aliguria was noted 48 hours alter mgestion of the posson
as soluton. The blood pressure was 90/60 temperature 936 F, and
the pulse tate was 102 Pulmonary edema asties, and generalized ana
sarca wete noted—the pattent had previously E?.m grven 4000 to 5000 ce.

mata n m ITAORD



DIAGNOSIS

Tass 2
Cuuses of Potentially Reversible Renak Insuficuency (Non-obstructsve)
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1

0

Shock.

Medical®t

Myocardial mfarction
Pulmonary mfarction
Artenal embolization
Cerebral vascular acadent
Cholemia

Hepatorenal syndrome%t
Hypoglycemia

Swrgcal

Abdominal catastrophies, 1 ¢ B¢ mesentenc thrombosis, volvulus, acute pancreatitis,
perforated pepic ulcer twisted ovanan Cyst, wmtestipal obstruction, penetrating

wounds, etc ¥ 4
Crush imyury*t # # 7 10
Extensive burngts! ™ 9
Bemorthage, massive!™ 118
Fractures

Obstetrscalst ¥t st
Tostpartum hemorthage
Septic abortiont”

Tlacenta previa

Abruptio placenta
Toxerata (eclampsa)™
Utenne rupture

Water and Electrolyte Disturbances
Acsdosss

Sodium depletion? 7 =

Potassium deplotion®® # ot 8 1

Fistula

Gastraintesunal intubation

Ketosis (starvation and diabetic)™
Drarrhea®t B¢

Chlonde aadosis (ammomuym chlonde, calctum chlonde wmtexication)#
Respiratory acidosis

Alkalosis

Vomiting (chloride depletion)

Pancreatic fistula

Lxcesuve 1ngestion (alkalies)®

T aler Depletion

Water depnyation™?

Solute diuresss (hypertorue glucose sclutions)
Mercurial diuresss
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TABLE 2—Continued

3 Nephrotoxins

Copper sulfaten
Carbon tetrachlondent 1

Heavy metals {mercury, thalbum, selenium, uranum, bismuth, ete)® 1t wr s
Sulfonamdest? 14

Phosphorusi®

Chloroform®

Vepomstt

Acetazolamide (Dhamox)1st 7

‘Neomyan?

DT
Diethylene glycol
Djenkol Bean®t
Mushroom
Phenourone
“Toluenes?
Potassium chlotate.
Pason oaks

'S

Intravascular Hemolysisi?

Incompatible transfusionstet 0
Acadental ifusion of distilled water®
‘Transurethral resection~—water irngation'™
Fulminant malania (Blackwater Fever) @6
Quinine abortifacientitt 31 2 s

Clostnidium welchu, Pyog
Chemical agents—methyl chlonde, coal tar products, etc 18 17 40
Fava beans"®
Paroxysmal nocturnal hemoglobuunaltt
Paroxysmal cold hemoglobinuna®t
Oroya fever (Carnon's disease)®! 37

5 Infections
Epidemc Hemorrhagic Fever® 17
Septicermiat® 33
Acute pyelonephntigh
Overwhelming pneumonia
Pseudo uremat®
Waterhouse Frdenchsen syndrome
Menmgococcerma
Severe respiratory mnfectionsit
Tuberculous meningtzs™




DIAGNOSIS 35

Tasie 2—Cencluded

6 Ceatral Nervous System Condstions
Cerebral vascular acadentit
Acute dabetes msipidug™
“Tumors about the thurd ventrcle and hypothalamust®
Following * bran® surgery!®
Ligation of cerebral artenes™s
Ruptured cerebral aneurysm
Neuroge: and n

T Metabolic Disturbances.
Hyperparathyrodism® 7 %
Nephrocaleimosisit 13 m s
Boeck’s sarcod® 14 0
Vitamn D imtouication? 4 1 #9
Gout pephropathy™ B w5
Addison's disease
Thyrod ensis
‘Excess protem catabohsms
Extess use of androgens and estrogens!™ 1
Fancont syndromel?t 18 26 150
Renal acidosss

8 Miscellaneous
Heat stroke and exhaustion™
Electnic shock.

Anaphylactic reactions
Radiation ingury
Freening

Reflex anuna®™? 3¢

ng o
perfectly well

the patient r red p and has since been

Comment This 13 an example of acute renal insufficiency caused
bya nephrotoxin The patient was considerably overhydrated and
evidenced symptoms and signs of hydremia, but nevertheless e
covered after twelve days of absolute anuna

CASE REPORT

J F, a thurty five year old white male furniture finisher, entered the
West Stde Veterans' Admumstration Hosputal on March 5, 1955, be-
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cause of bilateral flank pain and vomiting of nine days' duration He
had been worlung with carbon tetrachloride 1 a poorly ventlated
room Each evening he drank up to four quarts of beer No previous
hustory of renal disease was elicated Physical examination disclosed a
thin, acutely 1], lethargic patient who was shightly icterie Crude mus-
cular tremors and a ‘liver lap” were noted The blood pressure was
160790, pulse 64, and temperature 98 F Urinalysis dasclosed a speafic
gravity of 1010, 4 plus albumin, and numerous red blood cells and
white blood cells were present m the sediment A few fatty casts were

the chest showed a moderate degree of passtve congestion The non
Pprotem mtrogen was 240 mg per 100 ml, creaunine 96 mg per 100 m!,
serum sodtum 132 mEq per liter, and serum potassium 65 mEq per
hiter During the first twenty four hours, the urinary output was only
190 cc. Five hundred cc. of 20 per cent lactose were administered by
Levine tube On the second hospital day, the urinary output was 330 cc.
- o N

C
a

T, a
serume potassium was 73 mEq per liter The electrocardiogram dis
- T - L% wew- ~ ~= = The non pro
~ 126 mg per
1126 mg per

100 1!, and the CO, combimng power 107 mEq per liter Because of
chimcal deterioration, the patient was translerred to the Research and
E spital of the University of Hlinors School of Medicne
for vivodealysts After a single dialyss, the diuretic phase began, and the
pattent recovered completely The entire btochemmeal pattern returned
to normal, and the patient was dismissed

Comment The diagnows of carbon tetrachlorrde mntoxtcation
was based upon the history of exposure, alcohol addiction, and the
climeal picture The deleterious effects of alcoholism combined
with exposure to carbon tetrachloride are well known The oligur
charactenstically appeared several days after the onset of the symp-

toms of 1ntoxication
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Taste 3

Date NeN i Ures I Creatia e ]Hmlh}rxn’ Clond
1/18/49 57 17
1/21/49 133 87
1/28/49 162 04 20 4
1/31/49 178 139 7s 3 106
2 189 155 110 47 34
2/ 2/49 108 88 28 22
2/ 4449 75 55 21 n
2/ 52 33 21 33 108
2/ 9/4% 53 24 33
2/14/49 45 30 17 34
2/16/49 6 u 27 5
2/21/49 45 28 13 32 17

on admussion was exaggerated by soditm depletion and dehydr
tion This was further corroborated by the fall in non prote
nitrogen, creatinine, and hematocnt after correction of the hyp
natrera

CASE REPORT

A ], a thirty seven year old Mexican male, entered Mount Sinat He
prtal on June 7, 1952, acutely 11l because of weakness, dizzifiess, nause
vomiting, and severe diarrhea of ten days” durahon Two years prey
ously, a tuberculous night testicle was removed He appeared extremel
weak and emaciated The blood presstre was 94/60, pulse 86, Tespir

glucose 95 mg per 100 m!, and the blood urea nitrogen 858 mg pe
- - cfootT

acidosis and dehydrapon Treatment with adrenal steroids and 1
venous saline and glucose produced a rapid recovery Wathin three day
the brochemical pattern, including the blood urea mitrogen, retumne
to normal, and the patient was discharged for outpatent mangemen
of chronic adrenal corucal insufficiency

Comment The acute renal nsufficiency here was the result o
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electrolyte depletion acidosis and dehydrauon and developed
despite a more than adequate nunary output Correction of ad
renal cortical tnsufficiency and restoration of water and electro-
lyte balance resulted i rapid clumcal improvement and reduction
of the blood urea mitrogen to normal

Addison s disease mn crisis commonly 15 associated with acute
renal it y Several } probably combine to pro-
duce this effect sodium depletion dehydration and shock prob-
ably are dommnant (Chapter 2) Dehydration 1s further augmented
by vomiting and diarthea Because of the dramatic ymprovement
of this cnsis with the proper admsmistration of electrolytes and
steroids 1t may be classified as a reversible form of acute renal in
sufficiency

Sodsum Ion Disturbance

Sodrum depletion 15 invariably associated with loss of water and
shrinkage of the lular flurd comp S 1y more
sodium than water 15 lost a mechanism which protects the blood
volume2®® at the expense of toncity in order to delay pertpheral
vascular collapse Thus 1n hyponatremia there s both a relatne
and absolute decrease in sodium Also sodium loss results in
acidosis  comp d or uncomp d as evidenced by a
311 1n both CO, content and CO, combimng power Concomutant
loss of both sodium and chlonde 1wons results 1 mtense dehydra
tion and hypoelectrolemia

In stmple water deprivation there may be an actual nise 1n the
serum sodium level combined with intracellular desiccatron and
mtense thirst **7 % This increment 1n sodium level 1s known as
the reaction of dehydration 23

CASE REFORT

The patient a thirty-ight year old negro housewile entere | Cook
County Hospital on fanuary 15 1949 n a deep comatose state The
respiratory rte was 12 and Kussmaul 1n type The blood pressure was
130/80 the temperature 102F and the pulse 110 She appeared in
tensely dehydrated Examination of the unine disclosed a speafic grav



40 REVERSIBELE RENAL INSUFFICIENCY

1ty of 1 024 and sugar and acetone 1n large a
17 911 024 o g gnd getone 1 Large amorts The i vos

.
therapy with insulin and intravenous saline resulied sn 2 rapsd récovery
within twenty four hours The azotemta subsided completely and the
hematocru dropped to 30 The patient recovered and was discharged
to return for out patient management of diabetes

Comment Tt 1s evident that acute renal msufficsency 1 this
patient Tesulted from the intense dehydration and acidosss asso
«ated with diabetic coma Diabetic acidosis is one of the few con
ditrons tn which acute renal insufficiency occurs tn the presence
of polyura

CASE REPORT

RF, a forty-one year old negro male laborer and chronic alcoholtc
addict for many years, entered the West Side Veterans’ Admimstration
Hosputal on July 26, 1956, with the symptoms and signs of fulmmant
pneumoma He appeared acutely 11l dyspnetc, tremulous, and mildly
confused Temperature was 98 4 F, pulse 104, resprration 36, zn‘d’blood

pressure 110/80 Phystcal signs of ); Y
were evident Symptoms of mmpending delinum tremens appeared and

liter After a stormy course he smproved L1€ d2OLLULE suus utu, o
eturned to normal The patient was dis-

the entire biochemycal ptcture r
charged completely recosered and with 1o evidence of ympaired renal
function .

[of An overwh % [ y b inned
with mtense dehydration i gi’” * malac oholic
addict Tesulted 1n acute rerv. y o never

Ther was

promunent dunng the «
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sumilar to the “pseudo-uremia” assocrated with bactenial toxemta
as described by Meroney?*? in battle casualties

Chlonde Ion Disturbance

HYPOCHLOREMIC ALRALOSIS

The state of metabolic alkalosis resulting from chlonide deple
tion due to vomiting or gastric suction may cause an acute de
tenoratron of renal function Metabolic alkalosts 1s more harmful
to the hidney than a corresponding degree of metabolic acidosis
Patients with preexisting renal disease are especially vulnerable
to the effects of alkalosis Muscle cramps, particularly of the calf
muscles, are an mportant practical clue to the existence of chlo
nide depletion The biachemucal pattern 1s one of low serum chlo-
nide, high CO, content, normal or high serum sodium, normal or
low serum potasstum levels and an alkaline pH

Nicol,?7 1 a study of six pauenvs with hypochloremic alkalosis
and renal i g from concluded that
acute renal {Ti n these ¢ resulted from de
hydration and hemoconcentration He emphasized that the kidney
may continue to produce acid unine despite intense systemic
alkalemia He suggested that dehydration and hemoconcentration
will impair the renal blood supply and result in tubular damage
The failure of these damaged tubules to secrete alkaline radicals
further aggravates the alkalemia

Perlmutter®® also noted that hypokalemic alkalosis resulting
from loss of enteric flurd or urmary loss after major surgical
procedures may lead to tubular damage In these circumstances, he
adwvises the admimistration of potasstum tons despite oliguna to
mhtbit the nephrotoxic effect of hypolalema

Fifteen cases of distinctive vacuolar tubular nephropathy were
studied by hutha and his assocrites ' No correlation was ob-
senved between the signs and symptoms of hidney dysfuncuon
and the seventy of the vacuolization of the tubules Nutritional
disturbances, electrolyte imbalance (ammonium chlonde acidosis,
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potassium defictency), and administration of hypertome “sugar’
solutions were advanced as the possible causes of this patho-
physiologic alteration

The detals of the renal effects of alkalosis and potassum de
ficiency are covered in Chapter 9

IATROGENIC HYPERCHLOREMIC ACIDOSIS {(AMMONIUM ION INTOXICA
TION)

In the presence of latent, impaired kidney function, the ad
mmstration of large quantities of acidifying salts, such as am
momum chloride, 1 the treatment of heart farlure, anasarca,
premenstrual water retention, or cough may produce chlonde 1on
ntoxication (chloride acidoss)

Ammonum chlonde 15 absorbed by the bowel nto the portal
crreulation and transported to the liver where the toxic ammonium
10n 15 converted to urea, iberating excess chlonde 1ons Damaged
tubules are unable to form sufficient ammonium cations for pair
1ng with these chlonde anions for urmary excretion, consequently,
sodium 1ons are displaced from bicarbonate rons Under these
crrcumstances, much sodium s lost 1n the urine as sodum chlonde,
and chloride acidosis results The biochemical pattern of this
state 1s that of low CO, combining power and content, high serum
chloride level, normat or low serum sodium level, and an acid pH
Typical symptoms and signs of acidosts develop, 1¢, hyperventila
tion, Kussmaul breathing, lethargy, acute renal insufficiency, and
eventual coma Chloride acidosis usually responds to the oral or
ntravenous admumstration of alkalies (sodium bscarbonate, 1/6
M sodium Iactate solution)

Keith et al 1 appear to have been the first to record severe
acidosts and from the ad: ration of large quantities
of ammontum chioride to patients with renal smpasrment Stmilar
expertences have been reported by Slesenger and Freedberg®®
and Stevers and Vander #¢ Ammonium chlonde produces these
untoward effects by 1) the aadifying action of chloride 1ons which
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cannot be excreted mn excessive amounts by damaged kidneys,
and 2) the toxic effect of the ammonium 10ns

Iatrogemc hyperchloremic acidosis and potassium deficiency
have also been reported™ in association with bilateral trans
plantatton of the ureters into the colon Under these circumstances,
hypopolassemla augments the wbular dysfunction Thus defect
18 ble with the of 1/6 M
sodrum lactate soluuon with added potassium

CASE REFORT

AT, a twenty mne year old whte, stx month gravida female, was
admutted to Mount Sinai Hospital on June 17, 1952, because of the
gradual development of intense dyspnea Earlier in the course of her
pregnancy, a severe anemia of undetermined cause was treated with
blood transfusions, and three months prior to admusston she was given
4 grams of ammonium chloride daily as a diuretic for the treatment of
a moderate pedal edema The unnary output was always adequate and
2 mild albuminuna was detected. On adwmussion, her resprrations were
deep and rapid (36 per minute), yet the lungs were clear to auscultation,
and no cyanosis or venous e gorgcm:nt was observed. ‘The heart rate

e YR .

secondary acute renal insufficency was considered Runger s lactate solu
e wa’ 3

il wuh yomuung m:llalsc, and a mnpemmr: of lol F Anhnlgn of
tha k3 * ne o -
< - H v -

3
T

2b, 1922 )



4 REVERSIBLE RENAL INSUFFICIENCY

Comment The adminsstration of ammomum chionde over a
prolonged period to a patient with impaired tubular function
produced 1ntense chlonde acidosis and augmented the renal 1
sufficiency Cotrection of the acidosis reduced the azotemm Ac
cording to DuBais # nutrogen mustard therapy 15 of distinct value
m the treatment of acute renal msufficiency associated with dis

d lupus erytt and may promote a reversal of
azoterma Unfortunately at the tume of this patients illness the
adminustration of mitrogen mustard as a therapeutic measure 1n
the renal complications of lupus erythematosus had not yet ap-
peared 1n the literature

Imparrment of ammomum jon mecabolism 15 afso one of the
manufestations of severe hepato-cellular damage This phenome
non was first described by Kuk™ in 1936 1n association with
elevation of the blood ammoma level Subsequent studies®
corroborated the fact that the admsnistration of ammonum chlo
nide or ammonium contatning drugs to patients with severe hepatic
msufficiency can produce hepatic coma simulating uremia

Central Nervous System Lesions Associated wath
Acute Renal Insufficiency

Although 1t 18 known that gastromtestinal alterations dsabetes
msipidus and disturbances of carbohydrate metabolism may be
associated with hypothalamic lesions 1° hittle attention has been
gven to the relation of central nervous system alterations to
electrolyte disturbances and acute renal imsufficiency

Sweet and Iis associatess™ were among the first to observe
gastrointestnal hemorrhage hyperglycemia azotema hyperchlo-
remia and hypernatrema following lesions of the frontal lobe 1n
man These authors seported this symptom complex 1n four pa
nents 1n one of whom only the frontal Jobe was mvolved and 1n
three of whom the lesions appeated to nvolve structures 1n the
vianity of thurd ventucle Autopsies were performed i all four
of these patients and fustologic study of the kidneys disclosed no
primary renal cause for this funchional disturbance Moreover
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renal failure 1n these cases developed notwith ding an ad
urmary output It was the opinion of these authors that the hyper
and renal y 1 from lesions of the

frontal lobe are mediated through the hypothalamus They sug
gested that these biochemical disturbances represent an exagger
ated “alarm reaction  Other acute conditions mvolving the central
nervous system, such as tuberculous meningitis,** tumor,**® hem
orrhage, and abscess, have produced buzarre electrolyte disturb-
ances probably by their effect on osmoreceptors'® and volume
receptors, through nervous connections not yet 1dentified %

MacCarty and Cooper?®s reported that bilateral higation of the
anterior cerebral arteries resulted 1n profound electrolyte dis
turbances (hypernatremia, hyy and
severe azotemia [blood urea mitrogen 172 mg per 100 ml ]) which
could not be explamned by a dehydration effect alone since the
patient’s urinary output was adequate and at tmes excessive At
autopsy, the gross and histologic changes of the lidney were
minymal and could not explain the azotemia

The authors?’® concluded that a disturbance of the cerebral
mechamisms controlling electrolytes and water metabolism re
sulted 1n this hyperelectrolemic pattern and contnibuted to the
death of the pauent

MacCarty and Cooper®s subsequently reported two cases with
a similar electrolyte pattern One pauem demonstrated this elec
trolyte disturbance foll y and sub-
total removal of a chromophobe adenoma o( the pituitary The
other suffered from a cerebral vascular acadens The protocols of
these two cases did not contain data concerming the non protein
mitrogen or blood urea mitrogen levels, and autopsies were not
obtained

Luetscher and Blachman®* reported five pauents with a history
of sulfonarmide ingestion who dc\elopcd symptoms of persistent
cerebral damage, hyp and renal it y In
two of the suniung pauents, the signs of central nervous system
injury contmued with a slow and only temporary recovery Ulu
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G t The ad ration of chlonide over a
prolonged period to a pattent with impaired tubular function
produced 1ntense chloride acidosis and augmented the renal in
sufficiency Correction of the acidosis reduced the azoterma Ac
cording to DuBous # mitrogen mustard therapy 15 of dustinct value
1n the treatment of acute renal insufficency associated with dis

d lupus eryth and may promote a reversal of
azotemia Unfortunately at the time of this patient s illness the
admmstration of nitrogen mustard as a therapeutic measure
the renal complications of lupus eryth had not yet ap-
peared 1n the literature

Impairment of ammonium 1on metabolism 1s also one of the
manifestations of severe hepato-cellular damage This phenome-
non was first described by Kirh7? 1n 1936 wn association with
elevation of the blood ammoma level Subsequent studies®®
corroborated the fact that the admimistration of ammontum chlo-
ride or ammonium contaimng drugs to patients with severe hepatic
msuffictency can produce hepatic coma simulating urema

Central Nervous System Lesions Associated with
Acute Renal Insufficiency

Although 1t 1s known that gastromntestinal alterations diabetes
msipidus and disturbances of carbohydrate metabolism may be
associated with hypothalamuc lesions 1% lsttle attention has been
gven to the relation of central nervous system alterations to
electrolyte disturbances and acute renal insufficiency

Sweet and his associates?™ were among the first to observe
gastrointestinal hemorrhage hyperglycemia azotemia hyperchlo
remia and hypernatrema following lesions of the frontal lobe 1n
man These authors reported this symptom complex 1n four pa
uents 1n one of whom only the frontal lobe was mvolved and 1n
three of whom the lesions appeared to involve structures in the
vicinity of third ventricle Autopstes were performed 1n all four
of these patients and histologic study of the Lidneys disclosed no
primatry renal cause for this functional disturbance Moreover
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renal failure 1n these cases developed notwath di d
unnary output It was the oplmon of these authors lhat (he hyper
electral and renal it resulting from lesions of the

frontal lobe are mediated through the hypothalamus They sug
gested that these biochemical disturbances represent an exagger
ated ‘ alarm reaction’ Other acute conditions involving the central
nervous system, such as tuberculous meningitis,”® tumor,?® hem
orrhage, and abscess, have produced bizarre electrolyte disturb-
ances probably by their effect on osmoreceptors*® and volume
Teceptors through nervous connections not yet identified %

MacCarty and Cooper®™® reported that bilateral hgation of the
antenor cerebral arteries resulted n pmimmd electrolyte dis
turbances (hypernatrera hyperchl and
severe azotemia [blood urea nitrogen 172 mg per 100 ml }) which
could not be explained by a dehydration effect alone smce the
panent’s urinary output was adequate and at times excessive At
autopsy, the gross and histologic changes of the kidney were
mmal and could not explamn the azotermia

The authors™s concluded that a disturbance of the cerebral
mechanisms controlhing electrolytes and water metabohsm re
sulted m this hyperelectrolemic pattern and contributed to the
death of the patient

MacCarty and Cooper®*® subsequently reported two cases with
a similar electrolyte pattern One patient demonstrated this elec
trolyte disturbance following transfrontal craniotomy and sub
total removal of a chromophobe adenoma of the pitmitary The
other suffered from a cerebral vascular accident The protocols of
these two cases did not contamn data concerntng the non protein
nutrogen or blood urea mtrogen levels, and autopstes were not
obtained

Luetscher and Blackman®'* reported five patients with a history
of sulfonamide 1ngestion who developed symptoms of persistent
cerebral damage, hyperel )t and renal fhi y In
two of the surviving patients, the signs of central nervous system
njury continued with a slow and only tetnporary recovery Ult
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C t The ad ration of chlonde over a
prolonged peried to a patient with mmpaired tubular function
produced 1ntense chloride acidosis and augmented the renal
suffictency Correction of the acidosis reduced the azotemia Ac
cordmg to DuBois * mitrogen mustard therapy 1s of distinct value
i the treatment of acute renal mnsufficiency associated with dis
semnated lupus erythematosus and may promote a reversal of
azoterma Unfortunately at the time of this patient s illness the
administration of nitrogen mustard as a therapeutic measure n
the renal complications of lupus erythematosus had not yet ap
peared 1n the literature

Impairment of ammonum 10n metabolism 1s also one of the
manzfestations of severe hepatocellular damage This phenome
non was first described by Kk n 1936 1n association with
elevation of the blood ammoma level Subsequent studies®*
corroborated the fact that the admimstration of ammomum chlo
nide orammonium containing drugs to patients with severe hepatic
msufficiency can produce hepatic coma simulating uremia

Central Nervous System Lesions Associated with
Acute Renal Insufficiency

Although 1t 1s known that gastromntestinal alterations drabetes
msiprdus and disturbances of carbohydrate metabolism may be
associated with hypothalamic lesions 19 little attention has been
given to the telation of central nervous system alteratrons to
electrolyte disturbances and acute renal msufficiency

Sweet and his associates’™ were among the first to observe
gastromtestinal hemorrhage hyperglycema azotemta hyperchlo-
remia and hypernatremia following lesions of the frontal lobe 1n
man These authors reported this symptom complex 1n four p2
trents 1n one of whom only the frontal lobe was mvolved and 1n
three of whom the lesions appeared to 1nvolve structures m the
vicinity of third ventricle Autopsies were performed 1n all four
of these pattents and histologic study of the kidneys disclosed no
primary renal cause for this functional disturbance Moreover
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Acute Tubular Necrosts (Ischemuric Episode)

Acute tubular necrosis 1s the term applied to acute renal in
sufficiency due to an ischemuric episode and 1s the most common
cause of acute renal insufficiency in pregnancy In Ober’s senes, 2
nine of forty mne renal fatalites of pregnancy showed pathologic
evidence of acute tubular necrosis A Yeview of the nstory of these
mne cases disclosed episodes of circulatory collapse resulting from
hemorrhage, intravascular hemolysss, or severe sepsis The patho
logic and chinical manfestations of this type of acute renal msuf
ficrency are sinilar to the effects of xschemur:c epsodes from other
causes

Toxemua of Pregnancy

According to Dieckmann,®? ‘ The term  toxemia of pregnancy,’
should be restricted to pre-eclampsia and eclampsia, which are
1dentical except 1n the latter condition convulsions and/or coma
oceur * Smce toxemia 1s characterized at times by ohiguria and
azotemua. which subside after correction of the eclamptic state,
toxemia of pregnancy may be classified as a condition associated
with acute reversible renal msufficiency

ETIOLOGY

The precise cause of eclampsia has eluded mvestigators 8 101 135
Many authonties have tenactously adhered to the early theory of
utermme 1schermia notwithstanding the lack of evidence regarding
the path of this 1sck , the link between
uterine 1schemta and the climcal manifestations of eclampsia has
not been demonstrated Traditionally, 1t has been held that ec
lampsia 15 dué to some toxic or by
the placenta 3 Such substances, however, have not yet been 150
lated from the placenta of toxemic pregnancies

Because sodium retention occurs 1n tovemia, aldosterone and
felated steronds have been 1mp]|caled as the offending agents
However, of ald have been isolated
from the urine of many patients with sodium retention and edema
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mately, necropsy disclosed areas of edema, gliosis, and hemorrhage
of the bramn

Allott™ reported five autopsied cases (adults, wnfants, and chil
dren) 1 which elevations of serum sodwum and chloride concen
trations were associated with an almost complete absence of these
1ons mn the urie Other electrolytes were handled normally by
these patients Histologic evidence of renal disease was not suf
ficient to account for this electrolyte disturbance, but n those
cases wherein the brain was examined postmortem, central nervous
system lesions were found

Thus, patients suffering from any and all types of acute cere
bral conditions should be carefully observed for electrolyte altera
tions and azotermia which may result from a disturbance of the
osmoreceptors and volume receptors of the central nervous system
Both increased and decreased serum electrolyte levels may result
from central nervous system disturbances

Acute Renal Insuffi A d with Preg

Acute tenal msuffictency may complicate pregnancy under a
variety of circumstances and conditions, 1e, 1} acute tubular
necrosts, 2) toxermua (eclampsia and preeclampsia), 3) bilateral
cortical necrosis, 4) pyelonephritis, 5) permicious voruting of
pregnancy, 6) pitwitary necrosts In most nstances, the renal
msufficiency 1s reversible, as 1 eclampsia and acute tubular
necrosis Other acute renal complications of pregnancy, however,
such as ulateral cortical necrosss, are usually fatal Often the
climical picture 1s obscure, and a precise diagnosis of the renal
catastrophe complicating preg y cannot be established readily
The decreased urine flow may be transient, of only a few hours
duration, or 1t may last for several days According to Ober et al 2
twenty to forty per cent of all cases of acute renal mnsufficiency are
associated with complications of pregnancy They further asserts
that “ 1 female patients with acute renal failure, about fifty
per cent are or have been pregnant * 27




DlAcngsys 47

Acuse Tubular Nccm.n.r (I.rc}zemunc Epuodt)

Acy, U, CCrosis 55 term 2pplied CUte renay m
suITxmency d, My CPisode ap, 15 th Ommoy,
Cause en, Dsufficien m pregnancy In TS seneg 2z

ne of f, Re renaj g, talitreg of pregnancy pa ologc
Vidence of €CTos 5 TeView of th Oy of ¢h,

d:sclvsed Prsodes o, < culatory <ollapse 1, sul, g from
hem, hage T3 lar b, } 'S or sey, € sepsyg Tlxep.:th
logy, and ¢} Qtions of ting typ, acuy, ! insyg
ficien, TE Sy hy of Munc ep, des f, ' other
Caus,

OXemyq of regnanzy
ding to Amany, 52 The term Pregnap

shoulq Testry, 0 pre eclampg;, and ey, s, vhich are
denticy; €Xcept jp he latter condigy, co; Ustons /or comg
Scen: tce 15 hamcrcmed at igura and

Otemy, hich bside af, T cop Ction of hy 'Plc seap0
tox, f b Slassifeq as condyy,, ted
with acute Teversip), )] cy
ET10r06y

he Precyg Cause AMPsia hag eludeg mvesugators ° dor gy
Map, h ties hay, "Nacy, sly adhereq ¢ carly ht‘oly of
ferine 45 1 p, nhstandmg the Jacy OF evid,, C gardmg
Pathoger, 1S Of thyy schem,, Moregy, 1 betwecn
Uteryp, 2 Clincy) amfestay,, ‘Ampsa
ot peq, Strateq Tradmonauy t b, el e
'Psia 15 g to 5o, ox1c Substancq OF suby, Prodyceq b

e Placeny, 15 ) Stanc, honevcr b t een 150,

lateq g, Placen, 3 toxem,c €gnap,
¢ sody, Tetenyop, ‘Curs aldosteronc and
Telateq erords have een Phicatey offe agents
o, n Quantygec e hay, Ated

“Bed g, Osteron, ave €en 1501,
from the Unine of many Patienyy with Sodyynm, Tetenyopn and edema



48 REVERSIBLE RENAL INSUFFICIENCY

from other causes Moreover 1n true hyperaldosteronism edema
as 1t occurs 1n toxemia 1s not usually present Consequently evi
dence favoring aldosterone or aldosterone like substances as the
cause of toxerma 15 extremely tenuous 2

The postenor pitutary hypothalamic system has also been 1m
plicated 1n the pathogenesis of this condition Increased amounts
of antidiuretic hormone have been 1solated from the urine of
patients with preeclampsia 1% However since increased amounts
of antidiuretic hormone are found 1n other edematous states the
cniticism applied to the aldosterone theory applies here also

PATHOLOGY

Necrotizing inflammation of the renal arterioles 1s occasionally
observed m eclampsia but this 1s probably a secondary result of
acute hypertension "%

A thickened glomerular b
creased quantities of mucopolysaccharide 1s often cited as the
spectfic lesion of eclampsia Pollack and his associates® studied
tissue obtained by renal bropsy from ten patients with preeclampsia
as evidenced by hypertension edema and/or protermnuria They
refute the theory that mcreased quantities of mucopolysaccharide
ac late n the b L They describe two distinct
alterations 1n the glomeruh of patients with toxemia of pregnancy
1) swelling of the glomerular tufts and 2) thickening of the
basement membrane They believe the former 1s the specific patho
logic lesion of preeclampsia and the latter alteration the char
acteristic of the associated hypertension and nephrosclerosts In
some patients both of these cl 1stic changes disappeared
postpartum These observattons and conclusions lose credence be
cause the authors projected postpartum findmgs These results
would be valid if the biopsies had been done duning the pre

by m

eclamptic state

It 25 app that 2 ¢

derable diff e of oprnion exists
concerming the precise renal lesion of toxemia We anticipate that
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twenty per cent of all cases of acute renal nsufficiency According
to Dieckmann's review, seventy two per cent of seventy eight
cases occurred during pregnancy

ETIOLOGY

Two thirds of the patients studied by Allen®® were muluparous,
and m forty per cent of the patients, there was some evidence of
renal dysfunction antedating the cortical necrosis Acute bilateral
cortical necrosis of the kidney may also occur 1n the presence of
fulminant infectrons, such as, scarlet fever, diphthena, tonsihtis
pneumonia tuberculosts, and therapentic malanal infection
Toxic substances,® 12 such as, almond extract, cobra venom
thyrod extract, camphor, and chemcal poisons such as, diethylene
glycol methol and butyl carbitol, or dioxane fumes, have also
been 1mplicated Reversible acute renal insufficiency due to acute
cortical necrosis has resulted from the orgamc iodide used 1
aortography 18
PATHOGENESIS AND PATHOLOGY

Necross 15 primarnily due to prolonged and intense spasm of
both the renal arterioles and venules 27 The period of vascular
paralysis which follows further reduces renal blood flow, and
stagnant thrombi are formed Thromb: formation mvariably pro
duces 1schemmc coagulation necrosis of all structures distal to the
thrombt Urinary suppresston then ensues within a few hours
after * utero placental apoplexy” (Shechan and Moore®** have
classified all types of obstetric hemorrhagic complications, such as,
premature separation of the placenta, abruptio placenta concealed
and massive accidental hemorthage, under the general term of
“uretero placental apoplexy ) Arrest of this process then depends
upon relief of the primary spasm in the artenal tree before gross
renal damage has occurred, 1 e, within the first two to three hours
after the onset of obstetrical hemorrhage 342

Ober et al 2 observed nephrosclerosss of the arcuate and nter
lobular arteries proximal to the site of thrombosts It 1s thewr
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terpretation that this nephrosclerosis 15 the preexisting morpho-
Togical basts upon which cortical necrosis 15 superimposed

Identicat lesions of acute hilateral cortical necrosis have been
produced m expenimental animals by the injecuon of various
bacteral toxins ® Thomas and Good*” produced this condition
1n young rabbits by glvmg cortisone for several days prior to a
single 10t ration of end of gram negative
bactllt It 1s concervable that bilateral cortical necrosis may be an
trcapated 1n patients suffering from gram negauve mfecuons who
have been treated with adrenal steroids

HYPOTENSION, DLIGURIA, AND ANURIA

Hypotension preceded the onset of acute renal nsufficiency
m fifteen of eighteen cases of renal cortical necrosis studied by
Wells and his associates ¢ These authors*! emphasized the diffi
culty mvolved 1 differentiating this condition from other causes
of acute renal insufficiency An accurate urinary output recorded
i fifteen patients showed that twelve had total anursa for one or
more days Fourteen of the patients passed less than 50 cc of urme
daily during at least one half of the course of acute renal wsuffi
aency

CQURSE

Anuria or ohiguria marks the onset of the disease Retmopathy,
flank pawn, and tenderness of renal disinibution are charactenstic
Lxtreme febrnle reactions and generalized edema have been ob
served

The duration of the disease varies widely according to Duff and
Murray # Of the seventy-one patients they reviewed, fifty two died
m four to twelve days Two patients died on the second day of
urinary suppression, and one patient survived thirty two days of
oligutia before death

Examination of the eye grounds in thirteen cases disclosed
tetnopathy which, in mnc m:tances, consisted of papiiledema
andfor vascular edema foll n
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some mstances by generalized edema was observed m twenty eight
of seventy one cases Blood pressure values during the oligunc
phase showed na typrcal pattern except for a termnal depressiol
Thus the chinical course 1 most of the fatal cases 15 sumlar to the
following total extirpation of the kidneys in experimental ammal

Lauler and Schreiner'® studied four fatal cases of renal corne:
necrosis Three of these were complications of pregnancy and th
fourth was a sixty nine year old male who suffered from sever
trauma due to an automobsle accident Although all of these p:
tients eventually died the fact that three survived for more tha
twenty four days suggested to the authors that with proper medica
management the disease 15 potentially reversible and may be com
patible with survival

Pyelonephntis Associated with Pregnancy

Pyelonephrtts 15 an especially frequent complication 1n preg
nancy and at times it 1s stubbornly antibiotic resistant A hustory
of previous episodes of pyelonephritis should serve to alert tte
obstetrician to the early recognition of this hazard Acute pyelo-
nephritis resulted 1 the death of eight of the forty mne fatal
cases of toxema of pregnancy reviewed by Ober and hus asso
crates 2 Oliguria was reported 1n three of these eight cases

Pernicious ¥ omsteng of Pregnancy

Hyperemests gravidarium was advanced as the cause of death 1n
four of the forty nine cases reviewed by Ober et al 2% Under these
circumstances acute renal insufficiency undoubtedly resulted from
the combmed effects of dehydration and electrolyte 1mbalance
which developed despite adequate uninary output In two cases
autopsy dusclosed changes simlar 1o the tubular vacuolization of
hypopotassemia {hypokalemic vacuolar nephropathy) The potas
sium deficiency mn these patients was probably augmented by the
administration of glucose
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Postpartum Necrosis of the Pituitary

Although acute necrosts of the anterior lobe of the pitutary
may be due 1o factors such as diabetes mellitus sinus thrombosis
and cerebral artentis the most common cause 13 severe circula
tory collapse from hemorshage at the ime of or following delivery
Thus 1t 13 apparent that the cells of the antenor fobe of the pitw
tary are stmilar to the cells of the renal tubules 1n their vulner
ability to sschemuric epsode Thus rare complication of pregrancy
has been comprehensively reviewed by Sheehan and his asso-
tiates?® 341 1n several excellent monographs

Necrosss of the pitwitary produces no immeduately discermble
mamfestations but results 1n a fibrotic obliteration of the an
tenior lobe which produces the full blown cluucal picture The
chinical cousse of this condition 1s charactenzed by episodes simu
lating acute adrenal cortical mnsufficiency 1€ nausea vomiting
slurnng of speech mental o and coma Lat y studies
during coma revealed gross ketonuna hypochloremia and ex
treme hypoglycemia The non protemn nutrogen and blood urea
nitrogen were normal except m the pyrexial cases when the blood
urea mtrogen levels rose to 120 mg per cent The coma m these
patients 15 probably due to hypoglycerma and most pauents re
spond to the administranon of intravenous glucose A good num
ber of these patients appear to survive many years despite these
episodes of coma and they present the chinical appeatance and
course of Simmonds disease

Ful Tnf A d with
Acute Renal Insufficiency

Post traumatic Psendo Urerag
Meroney and others * 2% 1n a study of acute renal msufficiency
teported uremia like symy anda Iy high
rate (50 per cent) i horean War Casualties despite modern radical
therapy 1¢ artificial hadney dialysis They attnbuted these symp-
toms to the toxiciy of bactenal mfection and breakdown of
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necrotic tissue In some cases, the symptoms appeared within two
days following the onset of oliguria and could not be attributed
to renal insufficiency Moreover, the persistence of the uremia like
symptoms after dialysis and correction of the hyperpotassema in
cicated that the symptoms were due to bactenal toxiaty rather
than renal insufficzency Although symptomatically simular to ure-
ma, this syndrome 15 disngwished by quantitative differences in
blood chemistry and the chronology of the symptoms In post
traumatic pseudo uremiz, the uremua like symptoms appear withimn
one or two days after the onset of the ohiguna, whereas 1 true
Ppost traumatic renal Jidt y, uremic symp rarely appear
before the fifth day It should be noted here that in most other
types of acute renal nsufficiency, uremic symptoms do not be
come manifest until the second week of oliguna Azoterma de
velops more rapidly 1n oliguric battle casualties than i oligunc
patients mn ctvilian hfe 10

Meroney®* deplores undue preoccupation with electrolyte,
water, and mitrogen balance at the expense of prompt, thorough
debridement and vigorous treatment of wnfection wheh, he be
Lieves, reduces the inctdence of this syndrome

Efndemic Hemorrhagic Fever

In no other mnfectious disease, except perhaps cholera, do renal
disturbances occur as frequently as they do 1n epidemic hemor
thagic fever The Russian and Japanese workers were the first
to report the assocated renaf disturbances The condrtion 1s hnown
to the Japanese as epidemic hemorrhagic fever and to the Russians
as eprdemic hemorrhagic nephroso nephrius, or Far Eastern hem
orrhagic fever Considerable information was recently obtained
from the study of pattents i Korea and the Far East by military

physicans
ETIOLOGY

The disease producing agent has not been 1solated and the dis
ease cannot be transmitted to an experimental animal * Since the
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organusm passes through a size N Berkefeld filter, 1t 15 probably
a viral disease ‘The disease may be transmitted to man by rodent
ectoparasites, such as, fleas, mutes, ticks, and chiggers The natural
reservoir of hemorrhagic fever 1s probably several species of
rodents

PATHOGENESIS

‘The mechamsm producing Tenal damage in hemorrhagic fever
1s not known Froeb*? made serial observanons of renal hemo-
dynamics in eight patients all of whom recovered The glomerular
filtration rate (GTR) and the effecuve renal plasma flow (ERPF)
were senally determined by standard clearauce techiiques through
out all phases of the disease A general pattern was demonstrated
of normal or shghtly wncreased clearance i the late febrl stage
decreasing rapidly during the hypotensive phase, remaining low
duning the oligunc phase, and gradually returnmg to normal
durning dwresis and convalescence Early mstitution of Learterenol
therapy did not prevent a decrease in renal clearance, but did
result 1n a transient increase 1n clearances as the artenal blood
pressure was elevated from shock levels

PATHOLOGY

The pathologic alterations observed 1n this condition are so
distinctive as to have become the final entenon for diagnosis®™
(see Chapter 1) The chimeal course of the disease may be divided

nto four phases 1) febmle, 2) hypotensive, 3) ohigunc, and 4)
diuretic

CLINICAL ASPECTS

* Of §28 patients with eprdemic hemorrhagic fever observed m
hotea 1n 1953 all had protemuna and a majonity had some degree
of tenal msufficency Hypotension with shock, hemorrhages, and
central nervous system complications was cOMmMON 11 over one
half of the cases Of the forty two fatalies 1 this series, the
majonty had considerable renal imsufficiency which contmibuted
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to the mortality Shock was a common cause of death, and one
thrrd of the patients suffering shock eventually died

The diagnosis of eprdemic hemorthagic fever should be con
sidered m anyone recently arnved from an eprdemic area who
demonstrates 2 sudden onset of chulls, fever, prostration, headache,
tharst, lower lumbar myalga, and signs of facial flush, injection of
palate and conjunctivae, petechiae of conjunctivae, palate, axilliary
folds and waistline %

LABORATORY FINDINGS
185tudies of the coagulation mechanism disclosed abnormalities
n prothrombin acuvity clotting time, and a persistent thrombo-
cytopenia, all of which are causally related to the observed hemor
rhagic phenomenon Depression of the platelet count was the most
common abnormality recorded, and levels dropped as low as 25,000
per cu mm 1m patients suffering severe shock The coagulation de
fect 1n eprdemic hemorrhagic fever 15 sumilar to that observed in
other types of acute renal insufficiency Also as in other types of
acute renal msufficiency, electrolyte changes in eprdemic hemor
rhagic fever are unpredictable, and vatious abnormal patterns have
been observed,'s 1 e, 1) hyponatremua with or without salt losing
nephropathy, 2) hypernatrerma with or without a decrease 1 urmne
sodium excretion, 8) hyperkalerma 4) potassium deficiency with or
without hypokalermia The phenomenon of hypernatrema with
out previous excesstve sodium ntake 1s sumilar to the hypernatremia
and renal insufficiency associated with sulfonamide toxicity (sce

Chapter 4)
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Differential Diagnosis of Acute Renal
Insufficiency

The differential diagnosis of acute renal insufficiency mnvolves a
consideration of all causes of oliguna and anuna assotiated with
azotemia Attention must also be directed to those clinical states
previously mentioned 1n which azotemia occurs despite adequate or
even mcreased urine flow

‘When medical and surgical conditions known te be associated
with acute renal ffi are not app 31 the foll
pounts favor the diagnosis of acute renal insufficiency

1) Absence of retinopathy

2) Absence of severe hypertension (retnopathy and severe hyper
tenston suggest primary renal disease, 1 €, glomerulonephrtis,
pyelonep and pt 1 )

3) Absence of fever, flank patn, and tenderness

4) Oliguria rather than total anurna (complete suppression of
urine suggests obstruction or acute glomerulonephritis)

5) Specific gravity of the urine approaching 1 010 and a pH be
tween 55 and 75 (in acute glomerulonephnits the unine 1s
usually more strongly acid and the specific gravity ranges 1n
the vicimty of 1020)

6) Normal or slightly large hadneys as visuahzed by pyelograms,
and absence of roentgen evidence of renal calcification

7) Absence of signs and symptoms of chronic renal insufficiency,
such as chrome weight loss, muscle wasting, pallor, dusky
pigmentanon of the shin

Inmost of urinary supp and the recent

Iustory and presenting chinical state clearly point to some condition
charactenstically associated with potentially reversible acute renal
tnsufficiency It has been our experience that in the absence of

57
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such a history, renal insufficiency 1s usually due to some chromc
irreversible renal disease The possible reversibility nevertheless
must always be considered regardless of cause

CASE REPORT

§1, a nineteen year old white female student, entered Mount Stmat
Hospital on June 19, 1955, complaiming of blurrsng of vision, dizziness
intense headaches, weakness, and lethargy of three months’ duration
She had scarlet fever at the age of twelve following which a persistent
hypertension was observed She appeated chrontcally 1ll, slightly stu
porous, but able to give an 1nteligent history The blood pressure was
2207140, pulse 72, and respirations 20 The heart was of normal size
and configuration and the lungs were clear to auscultation Ophthal

Js 1on disclosed a bilateral, grade IV hypertensive
retinopathy, 1 e, severe papilledema, macular stars  cotton woeol exu
dates, flame shaped hemorrhages, and extreme arteriolar spasm The
hemogram revealed a red blood count of 3,190 000, hemoglobin 90
grams per cent, white blood count 7,400 with a rormal differential dis
tribution The total protem was 6 51 grams per 100 ml with 8 9 grams
of albumin and 2 61 grams of globulin Eighty per cent of the phenal
sulfonphthalein dye was retamed at the end of one hour An mtra
venous pyelogram however, revealed kidneys of normal size and con
figuranon The blood urea mtrogen was 638 mg per 100 m! a:xd
lhc T ' - Slemar In
nef
nar
mng
to
pressure to normal levels 1 the standing position and regression b
the pathy The fund: ul ly appeared entirely normal A mild
degree of azotemia persisted ranging from a blood urea mitrogen of
40 to 60 mg per 100 ml and a creattnmne of 4 to 6 mg per 100 ml
The anemia was controlled by transfusions of packed red cells at
two to three month 1ntervals, and her only complaint for two and one-
half years was episodes of dizziness following an excessne dose of the
“blocking agent currently given {ansolysen nversene, or mecamyla
mine) The patient meanwhile was graduated from college and was
teaching school unti! one month prior to death on October 9, 1957
The cause of death was congestive heart failure and renal insufficency
Autopsy confirmed the diag) of chronic g ph with
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secondary hypertenston producing massive hypertrophy of the heart,
coronary ntsufficiency and congestive heart fatlure

Comment The patient suffered a conniderable decrease i the
physiolagtc reserve of kidney function and reached the vulnerable
ascending portton of the curve (fig 3) Supenimposed malignant
hyperiension and remal anemsa produced further venal smpart
ment and precipitated a preuremuc state which was reversed for
almost two and one half years Autonormuc bloching agents, which
are dered 1 the p of were used
successfutly i this pattent despite azotemia Uumately the arrerial
system developed resistance to the progresavely larger doses of
these drugs, and death resulted from the effects of hypertension
on the heart

SIGNS OF
RENAL
INSUFFIGIENCY

*campensoted” { \\—__,_

M b T Wom T

< FUNCTIONAL RENAL TISSUE

. Figute 3 Relauonstup between fanctoning renal tsssue and signs of resal
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Obstructive Uropathy

Calenlt and Crystaluria

A special effort should be made to rule out obstruction as the
cause of cessation of urme flow A hstory of previous attacks
of renal colic due to calculi should be sought, and consideration
should be given 1n the history to all causes of calculy, 1e, gout
metabolic bone disease, hyperparathyroidism, vitamin A deficiency,
excesstve ngestion of vitamin D and/or soluble calcium salts

The use of triethylene melamme® or radiation’® 1n the treat
ment of leuhemia, nitrogen mustard in the treatment of Hodghn's
disease,*s and dibenamide 1n the treatment of gouts™ have re-
sulted 1n the rapid mobihization and excretion of unc aad pro
ducing ureteral obstruction by uric acid crystals In addition, farge
amounts of uric acid, other purines and pyrtmidines may be de-
posited m the tubules, further mmpainng tubular function 127

CASE REPORT

MO, a sixty four year old white male, was admutted to Mount
Smnay Hospital on Aprl 10, 1954, because of the sudden onset of
anuria No urine was obtaned by cathetenizatton The pauent had
been receving deep X ray therapy to the axillary and cervical regions
for lymphosarcoma Three years previously, a cholecystectomy for
cholelithiasis a right nephrectomy for 2 cystic ight kidney, and poly
pectomy of the sigmord were performed The diagnosis of Iympho-
sarcoma was established from biopsy specimen Cystoscopic examina
tion and passage of a ureteral catheter into the pelwis of the left
Tudney disclosed no obstruction Two days before admusson to the
hospital, the patient complained of 2 mild diarrhea The patient was
by y appeared fairly well hed, and was not acutely 11} or
dehvdrated The sahent findings were a moderate degree of cervical
and axullary adenopathy and a brawny induration of Brunger s shelf,
palpable on tectal exanination The prostate gland was not enlarged
The cause of the acute anuria was obscure although dehydrauion
resulung from diarrhea was considered He was treated conservatively
with flud restniction ntravenous glucose, oral feedmngs of carboliy
drates and fats antibiotics, and ntermuttent daily gastne lavage A
retention catheter was placed 1n the bladder Oligunia of less than 100
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Other Causes of Obstruction

The accidental mnjury or ligation of ureters during surgical pro-
cedures (traumatic retroperitoneal hematoma®) may produce ob
structive uropathy Inadvertent umlateral igation of a single ureter
can produce total anura if the opposite kidney 1s exther absent or
hypoplastic

Diagnostic Proced , Indi and Hazards

‘When obstructive uropathy 1s suspected, a scout film of the ab
domen should be taken 1mmediately and an indwelling catheter
placed 1n the bladder If the scout film gives no clues and urine 1s
not obtained within twelve hours from the indwelling catheter,
cystoscopy 1s mndicated 1 the search for possible obstruction of the
urcters by radiolucent calcult or other pathologic conditions If
ureteral obstructron 1s likely, the ureters should be probed singly
and the catheter removed from one ureter before exploring the
other This precaution 1s necessary to prevent reflex anura or pos
stble damage from retrograde dye 1njected 1n the presence of pre-
existing renal damage Some believe that retrograde pyclography
15 actually contramdicated 1n acute renal msufficiency Under no
circumstances are ureteral catheters to remain 1n situ since they
may, reflexly, further inhibat urine formation

RETENTION CATHETERS— PROS” AND CONS™

The common practice of inserting a retention catheter has been
justly criticized because the mdiscriminate use of this procedure
1s undoubtedly a factor n the development of ascending upper and
lower urnary tract mfection *¢ We believe that the use of the re-
tention catheter, even for short periods, 1s a calculated nisk which
cannot be circumvented 1 the oliguric or anuric patrent In critical
circumstances, nto other method may be feasible for determming
urme flow If the patient 15 baving difficulty voiding frequent
catheterizations are as harmful as the .ndwelling catheter When the
retention catheter 1s used, 1t should be removed and replaced with
a sterile substitute every three or four days The catheter should be
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vent the development of sulfonamide sensitivity and the hazard of
subsequent reactions

When the use of sulf des 15 dable, considerable de
crease of crystaluria has been reported by the use of combinations
of sulfonamides 12 It has been clearly demonstrated that these
sulfonamide combinations are equal to the sum of the mdrvidual
components i antibacterial effect 147

The alkalinization of the utine by concomitant adminustratton of
alkaline salts, such as sodtum brcarbonate and potassium citrate, has
also served to reduce the maidence of sulfonamide crystalurta 12

CASE REPORT

S P, a sixty four year old white male laborer, entered Mount Stnai
Hosprtal on March 14, 1949, because of oliguria of two days duration
For five days prior to oliguna, sulfadiazine was given for treatment of
a severe febrile bronchutis Five years previously, a suprapubic prostz

tectomy was performed for the reltef of the urinary obstruction of benign
’ TY ee o1 ee 1 AT lashare s angd had

nitro-

per

100 ml, the creatimne 168 mg per 100 ml, and the hematocrt was
43 Sulfonamide crystaluria was noted Oral and intravenous fuds (10
Pper cent glucose) were hunzted to 1000 ec. for 24 hours After a tota)
of eght days of oligurta (urine flow 150 to 300 cc for 21 hours)
the diuretic phase began The hematocrit dropped to 38, and the bio-
t 1 and climcal of rapydly cleared The
patient was discharged in excellent condition on Apml 1, 1919 Here
mained 1 comparatively good health and was ganfully employed
until October, 1955, when a night nephrectomy was performed at
another hospttal because of a persistent, pamless hematuria and an
1ntravenous pyelogram that suggested a neoplasm of the kidney No
azotemia was detected The opposite kidney visuahzed normally The
removed kidney was almost entirely destroyed by polycystic and pyelo-

nephritic changes He made an uneventful postoperative recovery, bt
1€ = — 1afov tranement of a postoperative

s after the admnmira
. suppression occurreds
aw o ‘ al (January 26 1956)

with prcu;:m:c mamifestations The blood pressure was 114/70, the




mFrsRENmu, DIAGNQs;5 65

Blood yre, Ntttogen v, 174 mg Per 100 my the Tetinpe 14 g per
100 g, Potassium 9_Per hiter, Ted blo, count 2 450 000, ang
white blood wun 16,4p The Oligurgy Persisted apq tense aadoss
obtaineq Wwith a )z combmmg Power of g TEq per liter 1o exprred
R urem;e g4, e on February 1, 1956, after 17 days of oligur;,

Commeny Thys €ase 15 gy €Xample of 5 sulfunzmxdc Teacuon
e, a d

n

the Overwhe; TINg siresy of nephr:cwmy, ponaperauvc Vomuting,

\nd sulfonamxdc Teaction yerq supenmpost.‘d on the prcvxously
i ney

Iatrogem'c Utmary Rcrenliou
The sudden Mobilizatgy, of ANasarcoys 1d u;
315 may Prodyce apd distengion of the bladder and acyge Urinary,

etenyop, pamcularly n the Presence of Prostag;e hypertmph
Epj edrine and relageq drugstse ncrease ope tone g

Mechap,, 5, banthipe Pinte Iike » g, Castonalty
duce yy, etention Walle Teparte ., n €e5 of acype
Urinary, 5 €ntion v, hich g, tributed 1 bangy, th ¥ for pe,

< tlcer ents wyep 8 degrees of Ostal ‘Pertropp,

uto; Blockyy, agents, 3, hexa thon ad
hne,"'zn Olysen, i d toly], 1n 2dditye, Causing bladder g,
fungy,, » Can indyce enaf Wnsufficyen, nn vidugls Wwhose
Temal fung OI1 15 afre, 1 ePression e ydrostar,,
filtra PTessure vy, D the 8lomeryy, Tesulting ¢ ¢ sudden
lowery,

2ents g, 8 With acuge Pyel neph; ly dechop
higur;, an ! 1ngy Ciency from Obstrucyy,, £ th Teters by
Pus tomy of chujy, high g, er, !, freq <Y, and



66 REVERSIBLE RENAL INSUFFICICNCY

dysuria are so charactersstic that differentsation from acute renal
msufficiency 1s not difficult

‘Wezss and Parker,®* 1n 2 classtcal monograph, were among the
first to emphasize that patients suffering from recurrent pyelone
phritis may termunate years later with malignant hypertension or
uremia The disease may have a long latent period durtng which
the process 1s quiescent and the unne clear These patients fre
quently give a hustory of acute pyelonephntis during childhood
and flare ups” during pregnancies The symptoms, however, may
be forgotten by the pauent and, consequently, not ehated m the
history Thus, the presenting symptomatology of chronic pyelo-
nephritis may be only that of mahignant hypertension and uremia
In this final stage, the urine may be remarkably free from evidence
of those previous infections which have ravaged the kidneys ™

Malignant Phase of Hypertension (Malignant Hypertension)
During the terminal stages of the malignant phase of hypesten
ston from any cause, oligurta or almost total anuria not infrequently
supervene The history and symptomatology of hypertensive en
cephalopathy, 1€, vomiting, headache, stupor, and particularly
neuroretinopathy, papilledema, and a diastolic pressure above
120, differentiate mahgnant hypertension from acute renal 1
sufficiency Extreme clevations in diastolic pressure are rarely ob-
served 1n acute renal insufficiency Papilledema and neuroretinop-
athy are the cardinal signs of malignant hypertension Goldnng
and Chass,* to the contrary observed the absence of neuroretinop-
athy 1n 23 per cent of 68 patients suffering from malignant hyper
tenston In doubtful cases severe anemia s of diagnostic sigraficance
1n that 1t usually denotes the presence of chronc renal snsufficency,
whereas in malignant hypertension without a substantral degree of
axotemza, the red blood count and hemoglobin are usually normal
and may even indicate hemoconcentration
The symp logy of the malg phase of hyperteasion
parallels the abrupt, raptd increase 1n wntracranial pressure and
cerebral edema so that despite the absence of renal insufficiency the
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phrotic picture, alb 13, and a pathologic unnary sedt
ment offers a grave prognosis 1n subsequent years

Acute and subacute glomerulonephritis can be differentiated
from acute renal wnsufficiency from other causes by a history m
the former of a preceding acute upper respiratory tract infectson or
scarlet fever, peripheral or periorbital edema evidence of vascular
disease 1n the fundus, persistent hypertension, a bloody acid urine
the sediment of which presents a typical microscopic appearance
and the early occurrence of symptoms of cerebral edema and hyper
tensive encephalopathy

In the early stages of acute glomerulonephntis, symptoms of
acute left heart fallure may result from the myocardial damage
and the sudden onset of hypertension Tachycardia, tick tock
rhythm, pulmonary edema, pneumonits, and cerebral symptoms
simulating encephalius may be present early i acute glomerulone
phritis Epistaxts, ecchymoses, purpura, and showers of petechiae
are also prominent symptoms not often encountered in the early
stages of acute renal msufficency

We observed a patient with renal shutdown wherein a preceding
severe upper Tespiratory tract mnfection had been treated wath
sulfonamides In this case, the puzzling question arose as to whether
the oliguria or anuria was the result of acute glomerulonephritis
or the effect of sulfonamide sensitivity reaction Renal biopsy

blished the correct diag of acute glomerulonephritis

The clinical mamfestations and treatment of acute renal in
sufficiency due to acute glomernlonephniis are the same as those
of acute renal insuffictency from other causest® (see Chapter 7)

Renal Vascular Occlusions

Intravascular occluston of the renal vetns or arterses from throm
boss or embolism, and dissecting aneurysm of the abdominal aoria
are extremely rare, but may occasionally present the problem of
aifferenuation from acuore reversile renal msafioency Other
than the cf 1stic sequence of symg and rapid detertor2
tion observed n the patient with dissecting abdominal aneurysm
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bactersa, and by injection of vinylamine Muirhead? has produced
stmlar lesions 10 dogs by ureteral ligation alone

The symptomatology early i the course of the disease 15 smilar
to that of acute, fulminant pyelonephrnitis, 1 e, chulls, fever, flank
pamn, dysurna, and pyuna Patients afflicted with necrosis of the
renal papillae, however, do not respond to the usual therapeutic
measures, and within a few days azotemia and symptoms of acute
renal insufficiency supervene

Oliguria and anuria were not striking in the experience of White
house and Root 18 Two of thewr eleven patients, however, had a
dasly urinary owput persistently below 500 cc for twenty four
hours A third patient was ohguric on the day of death The
urinary alterations although not specific for the disease, include
proteinuna, pyursa, and hematuna, m additon to ohguna The
presence of a substantial degree of hematurta favors a diagnosts of
this condition

A characteristic t genographic apg of the mt
pyelogram has been described as shing,” ‘ ring ™ shadows, blunt
ing of the papillary tip 2 According to Whitehouse and Root,**
the visualization of ragged calices by rerrograde pyelography 1s the
only way to establish the diagnosis unless a papallary cast ss observed
in the unne

Therapeutic procedures which fave been attempted include
nephrectomy, nephrostomy, and transplantation of the ureters 10
the colon "These Lieroic procedures usually farl and have not gamned
acceptance Since the condinon once established 15 so often fatal,
effort should be directed to prophylaxis by early detection and
eltminatson of urinary tract obstructton and nfection, particularly
1n the diabetic patient

Although the course 1s one of ripid deterioratton, an pceastonal
patent mmay Terover 1ot e wAvpy sadies of Debduns and
Angrist,$7 1t appears that healed, absorbed papillae augment dila
tation of the corresponding region of the pelvis of the hidney and
thus may be a mechanism of obstructive hydronephrosis
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Comment Prior to autopsy, this case was erroneously classified as
hepato renal syndrome The cause of this renal leston 1s not clear
although alcoholism or some undetermined nephrotoxin may be
implicated This case also illustrates that complete anura 15
usually not due to a reversible renal condition



5

Clinical Aspects of Acute Renal In-
sufficiency

Symptomaiology
The detailed symptomatology of the ohgunc and dlureuc phases
of acute renal it y will be
therena derable overlap of symp m mcse o mgcs

A well-defined clinical picture 15 not apparent during the early
stages of acute renal tnsufficiency stnce the pnmary signs and symp
toms of renat dusturb are often ob; d and
by the precipitating causes Patents are frequently overhydrated
and suffer from symptoms of water moxication, such as, lethargy,
nausea, and headache If the clumcians attentton is not directed
10 the decteased urmary output, or ta the azotenua which may
occur despie an adequate unne flow, renal mnsufficiency may not
be detected until the appearance of uremic symptors, t ¢ , nausea,
vomuing hiccough, diarrhea, prurmus, muscle twitchung, lethargy,
hallocinations, and stupor

The chintcal picture of acute renal wsuffictency vanes con
siderably with the etwology, pathogenesis, rate of onset, duration
and seventy of the preciputatng cause, and the abtluy of the hidney
to withstand the insult If the msult to the kudney 1s sudden and
severe, as in crush 1njury or masstve hemorrhage, the charactersstic
uremic state may appear quichly A paradoxscal siuation may ob
taun wherem the pauent recovers from the prumary catastrophe
only to be threatenied by the development of acute renal 1nsuf
fictency I the causation 1s slow 1n onset, as 1 gradual salt de-
pletionand the devel of the of renal

sufliciency 1s insidious and easily overlooked
(i
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the changing modes of therapy. The reported varations m blood
pressure are probably due to quantitative and quahtanve differ
ences n fluid and electrolyte administration Luecké?s reported an
elevation in blood pressure 1n nearly all of his cases, and concluded
that 2 moderate rise 1n blood pressure 15 one of the cardinal signs
of the ‘ lower nephron syndrome ” Grollman® declared that
blood pressure wsually rises during the oliguric phase, often to
hypestensive levels and may not decline to normal for several weeks
or months * Waugh?®* observed systolic blood pressures 1n the 200
to 300 range Howard et al ! reported blood pressure readings of
140/90 1 85 per cent 0f 42 battle casualties The average maximum
blood pressure on the sixth post wound day was 160/90 The milt
tary surgeons attributed this mld hypertension to the liberal use
of blood and plasma expanders

In our experience, only occasional elevations of systolic or dias
tolic pressures were observed, and 1t 1s our behef that hyper
tension 1s uncommon 1n the conservatively treated patient

CARDIAC MANIFESTATIONS

All too often, early cardiovascular manifestations are overlooked
while the climcian s attention 15 focused on renal symptoms which
may be limited to lethargy and nausea during the first week An
awareness of the fact that 1n the early stages of acute renal nsuffi
cency, patients often die from acute pulmonary edema or the
cardiac effects of potassium intoxication rather than from uremi
1s regarded as the most mportant step of the past ten years 1
the treatment of this condition 97 One must be alert to the earhiest
evidences of cardiac weakness, such as, dyspnea, cyanosis, tachy
cardia, gallop rhythm, pulsus alternans, rales at the lung bases,
accentuation of P 2, and cardiac dilatation manifested by an apcal,
blowing systolic murmur All of these symptoms and signs ndicate
a state of overhydration and/or potassizm 1ntoxication It should
be noted that even when intravenous flads (transfusions, electro-
Iytes, glucose) are withheld, hypertension and cardiac weakness
often appear during the ohguric phase It 1s tempting, therefore,
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levels were depressed to values below normal 1 most wnstances
Tlus decrement was attributed to the anorexia and consequent
decrease in food ingested during the preceding oliguric phase

Thus subject was recently investigated by Wacker and Vallee®
employing a muluple channel spectrometer Of twelve patients
with renal disease, eleven suffered from acute renal msufficiency
and one from chromic renal disease Light of the eleven patients
with acute renal msufficiency had acute tubular necrosis It 1
important to note that the symptomatology of magnesium mtox
catron simulates the uremuc state, 1 e, muscular weakness, stupor,
and coma Moreover, the symp logy and electrocardiograph
changes of hyperkalemia and hypermagneserma are sumilar This
may explain the previously mentioned frequent absence of cor
relation between the symptomatology of acute renal msuffictency
the degree of hyperpotassema, and the electrocardiogtaphic
changes of hyperkalemia Wacker and Vallee® have postulated
that hypermag may be resy ble m part for the symptom
complex referred to as potassium intoxication They believe that
the 1ncrease of magnesium concentration 1n the serum of pattents
with urerma undoubtedly contributes to the uremic state

‘They reported that the concentration of serum magnesium 1
patients with acute renal nsufficiency 1s signuficantly sncreased
1n all cases to 2 degree paralleling that of potasstum In several
of their patients, however, the magnesium elevation was dispro-
portionate to that of the potassium They believe that as much
benefit from dialysts could be attributed to removal of magnesimt
10ns as to the removal of potassium 1ons
Perscarditss. Penicarditss, as evidenced by a friction tub, may
occur 1 both acute and chronic renal msufficiency,®? and does rot
necessarily parallel the intensity of the azotemia Wiule pert
carditis wdrcates a grave prognosis i chronic renal disease, 1t 15
compatible with complete recovery in acute renal insufficsency
Whereas perrcarditis was reported 1 only 18 per cent of patients
with acute renal isufficiency, 1t was observed in one half of
patients suffering from chronic uremia 248
Pulmonary Changes. We have not observed the spectfic roentgend
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graphic pattern of the uremc lung described by Alwall ** The
existence of such an entity 1s questionable and 1t 15 probable
that the pulmonary findings of uremia are indistinguishable from
the usual type of pulmonary edema associated with heart falure
or hydremia

Cardiac Fatlure— High Qutput Type The carduac farlure of
acute renal msufficiency 1s apparently of the high output type
It 15 charactenized by tachyeardia hugh venous pressure rapid
arculation ume wide pulse pressure and 2 poor Tesponsg 1o
digitalis Friedberg! ¢ 1n a study of four cases of carbon tetra
chlonde poisoning also concluded that the heart failure assocrated
with this type of acute tenal insufficiency 13 of the high output

variety

HEMORRHAGIC TENDENCIES

A hemorrhagic tendency in acute renal msufficiency evidenced
by bleeding from the gastromntestinal tract shin and mucous
membranes has been observed Gastrointestinal bleeding has been
frequently tecorded in miltary casualues with acute renal in
sufficiency 1 The cause of this defect 15 obscure and may be
augmented by anticoagulants used dunng dialysis procedures

Roth et al 33 preh 1y studied the h defect
m forty five uremic pauents selected at random Twenty-one of
the forty five patients had acute renal msufficiency from a vanety
of causes including nephrotoxins  postabortal sepsis  pyelo-
nephritis and necrotizing renal papilhiis Twenty three of the
patients died Hemorrhage was 2 contnibutory cause of death in
four cases The principal | defect was thromb
which was prominent n twelve of twenty-one paucms Olhcr
slgml'mm l\cmosmuc dc{:cu were prolonged prothrombin time
): and prolonged plasma
rcmlcnﬁcmcn and blecdmg ume

Acute Renal Insufficency without Oliguna

As mentioned previously acute renal insufficiency can be pres
ent without d le oliguna This cond! has been observed
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most commonly 1 various salt depletion states classified withm
the category of low salt syndrome by Schroederss* and Danow
ski” In a sense the low salt syndrome comstitutes a spectrum
of conditions ranging from iatrogemc states (sodium depletion
from excessive use of mercurial diuretics and salt restriction diet)
to metabolic disturbances such as Addisons disease and salt
wasung tubular dysfunctions (socalled saltlosing nephms)
{table 4) Under these circumstances the cardinal sign of acute re
nal msufficaency ohiguria 1s absent

‘We have seen several such patents with acute renal insufficiency
due 1o salt depletion caused by excessive mercunial therapy m
whom the uninary output was adequate or even tncreased

Parnsh? reported that two of three patients suffering from
acute renal insufficiency associated with alcoholism  pulmonary
nfection and dehydration usually had a daily unine output of
more than 1000 cc Teschen 3™ in a study of war casualtes re
ported esght patients with considerable impairment of renal func
tion 1n whom oliguria was exther transient or entirely absent He
emphasized that acute renal msuffictency without oligura s not
uncommon and that under trymng circumstances imvolving large
numbers of critical battle 1njuries many casualties wathout obvious
clinical uremia may pass unnoticed through the regular cham of
evacuation We suspect that many patients suffer a mild degree of
acute renal insufficiency without oliguna which passes unnoticed
to spontaneous recovery Thus by relying on oligura alone as a
sign of acute renal snsufficiency many cases may be overlooked
There 1s no substitute for repeated non protewn mtrogen or blood
wrea mitrogen determinations

Diuretic Phase

The first s1gn of recovery from acute renal mnsufficiency 1s an
increase in unine flow which may gradually progress to polyuria
Swan and Memll?™ reported a speafic quanttative pattern of
urine volume during the oligunc and diuretic phases which was

d

not p ty bed They reported this pattern as one of
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“profound reduction 1n urinary flow,’ the onset occurring a few
hours after the imtial catastrophe, and sometimes dwindling to
less than 50 cc per day The muimum flow was reached by the
second or third day, after which the daily output gradually m
creased until 350 to 400 cc per day were voided Thereafter, the
daily urine volume increased rapidly until a balance was reached
between intake and output of flurds

Stock,#2 1n an analysis of 22 cases of acute renal sufficiency
related that diurests occurred gradually, 1 step like fashion
over a span of four to seven days He arbtranly established the
onset of the diuretic phase as the first day the urme volume ex
ceeds 1000 cc

It should be noted, however, that despite the onset of diuresss,
the biochemical and clinical manifestations of acute renal insuf
fictency often persist or may even be temporariy tntensified The
unusually high incidence of deaths during the diurettc phase
should caution against undue optimism based entirely upon the
ncreasing une flow In one large series,’® approximately 25 per
cent of the deaths attributed to renal insuffictency occurred after
the onsct of the diurests In a series of 27 battle casualues 1! mn¢
deaths occurred after the onset of diurests Therefore, a guarded
prognosis and careful observation are required durng this phase

The most dramatic symptoms of acute renal msufficiency ar¢
often observed during the druretic phase, due perhaps to rapid
water and electrolyte loss In military experence, the Tevel of
azotema was seldom lowered by a urme volume of less than 1000
cc per twenty four hours *® Failure to replace water and eIzdﬂ;l
Iytes judiciously dunng the diuretic phase may conirtbute as mut:
to fatality as the 1 of these sol durning
the oliguric phase

Mechanism of Diurests
The phenomenon of diuresis has been attributed to the osmo;:c
effects of metabolic products which accumulate during lh‘
oliguric phase This osmotic druresis has been credited to the
excretion of electrolytes and nitrogenous substances (urea, cre
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atimne, uric acid) Bull*® substantiated that this salt and water
losing phenomenon 1s an osmot effect by demonstrating a inear
correlation between the quantity of solute excreted and the urine
volume It appears that duning this phase, the tubules do a com
plete turnabout 1n that during the oligunc phase they mdiscrimi
nately reabsorb practically all of the filtrate, while in the diuretic
phase they reject large quantities of solute which they are unable
to properly reabsorb This 15 obligatory diuresis since abnormally
large amounts of water and electrolytes are sacrificed Unless water
and electrolytes are replaced, electrolyte depletion and intense
desiccatron result The extent to which the untoward effects of
this osmotsc diuresis can be modified by replacement therapy has
not yet been established

Weght Loss

A substantial weight loss (up to 30 per cent of body weight) 15
generally observed during the diuretic phase ¥ This weight loss
appears to bear no relation either to the nature of the primary
disease cause of acute renal insufficiency or to the duration of
oliguria Weight loss 15 probably affected by several factors, such
as fluid and electrolyte replacement and rate of tissue breakdown
during oligurra

Fever and Convulsions

A low grade fever of days to weels’ duration 1s common during
the diuretic phase Occasionally, this fever 1s the result of unmnary
tract nfection from repeated cathetenszations ( ‘catheter fever ),
but 1t also occurs when other obvious causes of fever have been
excluded and pyuria 15 absent The cause of this febrile reaction
duning the diretic phase 15 not clear Anttbiotics should not be
admimistered unless pyuria 15 observed or some other definite
mdication for their use 15 present

An exaggeration of the neurologic signs of uremia progressing
to convulsions and coma 1s not uncommon dunng the diuretic

phase, and 15 probably due to rapid changes mn osmolanty within
the eells



90 REVERSIBLE RENAL INSUFFICIENCY

Prognosis

Mortalty statistics over the past ten to twelve years are incon
clusive During the earlier years improper treatment (maly
overhydration) based upon an incomplete knowledge of patho
genesis and pathology was often a cause of death Unfortunately
many phystcians adhered to the misconception that oligura was
an 1nvarable sign of dehydranon which demanded vigorous ad
munstration of oral and parenteral fluids Apparently overlooked
was the physiologic axiom that an undamaged kidney 1s obliged
to form at Jeast 300 to 400 cc of urine despite dehydration At
present all investigators agree that the forang of fluids and
electrolytes has been responsible m the past for many fatalies

The prognosis has substantially improved since Luecké s senes
1 1946 ' when a 90 per cent mortahty rate was reported Staus
tics based on the use of perfusion techmiques (peritoneal dialyus
artificial kidney intestinal lavage) compared to the use of con
servative measures are mconclusive The more critical cases usually
recewve the most radical treatment and 1t 1s concervable that many
patients treated by perfusion techniques could have survived with
conservative management

Another cause of musleading statsstecs 1s the difficulty mvolved
n separating  renal deaths from fatalities resulting from the
primary disease

Strauss®” 913 declared that factors probably unrelated to th
kidney must be implicated 1n many fatal cases since 50 per cent of
the deaths 1n his series occurred during the first six days and 118
unlikely that pl d renal i y could cause deatht
1n such a short time He reported that most of the fatal cases of

hemoglobinuric nephrosis  observed by hum had pulmonary
edema which may have been the canse of death

According to Strauss and Raisz %8 the non protein nutrogen
1ncrement seems to bear little relation to the mortahty Lower
values were more often encountered 1 fatal cases than n pauents
who had ultmately recovered Mernll?*® states that acute renal
suffictency of more than three weeks duration usually mndicates
an extremely poor prognosis particularly 1f total anuria 1s present.
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Laboratory Studies in Acute Renal
Insufficiency

The Oliguric Phase

Unnary Findings

While unnalysis may be of aid in diagnosis, there are no
speafic ab \ cuffe acute renal i from
other renal conditions and unmnalysis 1s of no value in prognosss
Also urinary al vary derably with the etiol fac
tors producing acute renal ffi

REACTION AND SPECIFIG GRAVITY

‘The reaction of the unine 1s usuaily acid (pH 55 to 7) and the
spectfic gravity 18 Jow and fixed in the vianty of 1 610 % A tugh

specific gravity 1s of great siy for 1t often ind: a state
of dehydration 1n the presence of tubular function sufficient to
concentrate unne This warrants vigorous flind

therapy According to Howard et el **' uncomphicared dehydra
tion as a cause of ohguna can be excluded by the presence of
utinary specific gravaty of less than 1020

SEDIMENT

The urine 15 often frankly bloody duning the first few days but
subsequently clears In acute cortical necrosis due to concealed
obstetnic hemorrhage, ¥ the first unine passed 1s often intensely
bloody and may at times consist almost of pure blood Microscopic

of the sed, quently duscloses red blood cells
pyuna of varying sneensity and casts of all types including the
broad renal farlure casts of chronic uremia as desenibed by Addis®
The prognostic significance of broad casts 1n acute renal insuf
fiarency 1s not as grave as the appeanance of such cauvs 1 the

9




92 REVERSIBLE RENAL INSUFFICIENCY

urine of patients with chronic renal disease 3% When the pH ex
ceeds 6 0, 10n of the sed 1 lrable because of the
tendency of formed elements to dissolve Tapidly mn an alkalwe
urine

The pyuria which often results from repeated catheterizattons
15 usually unresponsive to antimicrobial agents During prolonged
peniods of oliguria the urine, stagnant within the bladder and
tubmg undergoes alterations and may not truly represent the
urine as 1t 1s formed

PROTEINURIA AND GLYCOSURIA

Proteinuria may be intense and prolonged but usually dimmn
1shes gradually during the course of the 1llness Myogloba from
crush njury and hemoglobin from mtravascular hemolysis filter
mto the unne in substantzal quantities and give a positne
bennidine reaction

Urme formed during the first hours after crush njury ¥
reddened with myoglobin, 1n oxy and meta forms and 1 amounts
which may exceed three grams per twenty four hours Qther
normal constituents of muscle cells such as creatinsne, phosphate
and potassium, also appear 1n the urmne 1n large quantities

It 1s strange that notwithstanding severe tubular damage, the
reabsorption of glucose from the filtrate 15 rarely affected and
glycosursa 1s unusual However, Lowe,?!! using sensttive chiomato
graphic methods for detection of glucose, demonstrated a patho
logic glycosuna during the oligunic phase which did not extend
1nto the dretic phase Gross glycosuria has also been reparted
mercury possoning 17

Blood Chemustry
fested 1n profount

Acute renal ffi 15 rapudly )
biochemical alterations with respect to mitrogenous byproduct!

electrolytes, and aromatic ring substances
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PATHOGENESIS OF AZOTEMIA

Nitrogen tetention or azotermnia becomes apparent with a rapid
115¢ 10 non protein nitrogen, blood urea mitrogen, unc aad, and
creatinine values Non protein mitrogen values above 300 mg per
100 m! and creatimne values over 20 mg per 100 m! have been
recorded 1n acute renal insufficiency ** According to Sheehan and
Moore,#? 1n acute renal cortical necrosis the blood urea mtrogen
does not reach the fugh levels which may be seen 1n acute renal
msufficiency from other causes

Urea excretion parallels both the quanuty of protemn metabo-
Lized and the glomerular fltration rate and may be sunply stated
by the formula Q + LGFR X P, where GFR = glomerular filtra
tion tate, P == plasma level of urea Q = concentration of urea mn
glomerular filtrate and L 15 a proportionality constant (fig 4)

Many factors combine to augment the blood urea level For
example, urea clearance 1s abnormafly reduced by a decrease 1n
glomerular filtration rate and/or an ncrease in back diffusion
(reabsorption) through damaged tubules Both of these factors
are undoubtedly operative
Ratio of Urinary Urea to Serum Urea Perlmutter®®® believes that
the ratio of the unnary urea concentration to serum utea con
[ may be a valuable test 1n the diag of acute tubular
necrosis At times the tubules can concentrate electrolytes while
they cannot concentrate urea Further studies concerning the sig
nificance of thus ratio are certamnly indicated

i Proten Catabols I protein lism result
g from shock, hemoconcentration ® peripheral arculatory fail
ure, and infection will deliver of

byproducts to “shocked hidneys already I::\nd\capped by impaired
arculation Three basic mechanisms are involved 1n thus ac
celeration of protein breakdown 1) anowa, 2) disruption of
oymolanity between the cells and the extracellular flmd, and 3)
toxse destruction of protein Since 1n the experimental ammal thys
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increased protein catabolism 1s not hibited by adrenalectomy®
1t 15 probably not mediated by adrenal sterouds alone

Increased protein catabohism 15 obviously present when ex
tensive muscle destruction occurs Nitrogenous residues are also
absorbed 1n considerable quantuty from large necrotic areas

Strauss and Rausz** have calculated that the non protein nitro-
gen should ncrease by 12 mg per 100 ml daly 1n the anunc
subject who receives 10 grams of glucose per day and whose 10
sensible water loss 1s replaced

Q=KGFR*P
P
mgm%
. 1
T 50% T 1o
GFR
% of normal
Figure 4 Relationships mherent 1n excretion of urca Q = quzmg:g uc:cf :1::

formed and excreted k = a proporuonality constant GFR =
fltranon rate and P = plasma level of urea {Ersterv F H Reversible
uremic states | A M A 161 494499 1956)
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‘The mean rate of plasma non protein nitrogen accumulation n
a farge senes of battle casualties was 50 mg per 100 ml for twenty
four hours, % which 15 four umes the rate calculated by Strauss
and Raiz?® from civihan expernence

Remenchik et al, 3 1n a study of changes in body water com
pantments by the anupynne and radiosulfate methods 1 eght
patents with acute renal y. corrot d the
of an d bolic rate Thus d bolism releases
excessive quantities of water and electrolyte which augment the
unne volume durnng the diuretic phase
Increased Nitrogenous Products from Masswwe Infarctton, Hema
toma, and Gastrointestinal Hemorrhage The systemic absorption
of the 2 d of t bin breakhdown from pul
monary mfarcuon hematorna formation  and massive gastro
mtesunal bleeding® contributes only shightly to the azotemia
which may develop Under these aircumstances, the azoterma
more probably results from the effects of shock on renal arcula
tion as previously described (Chapter 2) Another mechanism ele
vaung the blood urea level 13 the physiologic increased reabsorp-
ton of urea which occurs when the unne flow 1s substantially
teduced 22 Thus, ohguria, per se, increases the level of blood urea

DISPROPORTION BETWEEN NON PROTEIN NITROGEN AND CREATININE

We have occasionally observed patients 1n whom the non protem
murogen and levels were disprof clevated
Thus disproportion was most cormmon 1n acute remal insufficiency
A suney of the English literature revealed a pauaty of informa
tion on the sigmficance of the mto of non protem mirogen or
blood urea © especially 1n d other
than pnimary renal disease Bell and knutson™ stated that in
extrarenal azotemua there 13 no distinct relation between these
wwo components Fishberg!® obsened that i acute glomerulo-
nephintis andin - pre renal azotemia, the increase in urea content
of the blood may be ¢ derable before the value rises
Tatch and Rabinowitch?? reported that when the creatinine levels




96 REVERSIBLE RENAL INSUFFICIENCY

were normal or nearly normal, symptoms of uremra were usually
absent 1n spite of the high urea values Livermore™S stated that
while a urological obstruction may at first show a normal or low
creatinne content with a high non protein mtrogen levet, i long
standing obstruction, the creatinine and non protein mtrogen
values are both proportionately elevated Although numerous
studies of the various aspects of acute renal msufficiency have been
published, reports on the sigmficance of the non protem nitro-
gen blood urea mtrogen creatinine ratio are singular Therefore
1t appeared worthwhile to us to 1nvestigate and compare this
“rato’ 1n all azoterma nephropathues, 1e, acute renal wsuf
ficiency, primary renal disease, and urinary tract obstructions

Of thirteen patients with priumary renal disease and non protein
mitrogen values above 100 mg per 100 ml, only two had ce-
atinine values below 8 mg per 100 ml, the lowest being 4 4mg
per 100 ml Whereas, of 14 patients wath acute renal nsufficiency
and non protein mitrogen values above 100 mg per 100 ml, tes
had creatinine values of 8 mg per 100 m! or less '®

In our study'®® of this problem on 22 cases of acute renal nsuf
fictency from a variety of causes, we concluded that a creatimine
value disproportionately lower than the non protemn nitrogen of
blood urea mitrogen ncrement 1s ndicative of acute renal 1
sufficiency

Fishberg!® offered a plausible explanation for the discrepancy
between non protem mitrogen and creatimne valnes m cerail
cases of acute renal insufficiency He reasoned that urez 18 ehmt
nated solely by glomerular filtration while creatinine 1s elimnated
both by glomerular filtration and tubular excretion, thercfores
although morphologically the tubules are always wmvolved pn
marily, the earlest attack 1s on the glomerull Fishberg!®® als®
teported that he observed this same phenomenon of an 1ncreast
1n blood urea nitrogen with normal creatinine, im the first stage
of mechanical urinary obstruction Others believe,”® to the con
trary, that this disproportionate mse in blood urea mirogen l'l:
probably an mndication of chrome wasting and reduced musc
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mass 1 ds d praductson  Ordwmanly,
however, xhe Tise in creatimne parallels the rise 1 non protein
mutrogen regardiess of the cause of renal insufficiency

PHENOL BODIES

The significance of blood phenols and their relation to uremc
states has been the subject of considerable 1nvestigation and dis
putes? 120 18 28 ynce Bechar™ fust pomted out the simulanty
between symptoms of phenol powsanung and uremua

Blood phienol levels se whenever uremic symptoms appear 8t 243
Azoterma without urermid, however, does not produce a nise
phenol Jevels Jn our experience, a substanual mncrease i Bood
phenal levels does 1ot present as serious a prognoss i acute renal
msuffictency as it does m uremsa of prumary renal ongn 1%

ELECTROLYTES

The mechanism of water and electrolyre imbalance in acute
renal msufficiency 1s unresolied, and the serum electrolyte values
are unprecictable The levels of serum sodmm, chlonde, potas
swm, and bicart, should be d y since
thesr d and de are and thcr.\py depends
upan the alterations observed Often, electrolyte disturbances re-
flect the preceding therapy rather than changes cavsed by the
disturbance of rem funcuion

In the experience of Strauss and Ranz* serum sodim levels
shawed no disunar deviation from normat but the chlonde and
incarbonate values were lower than those annopoted from the
tise 30 sulfate and phasphate No exp for ths d
was offered

In our expenence, the electrolyte pattern commonty consists of
a depression of seram sodium, chlonde, and brcarbonate levels
and an elevatian of potassium  However, other patterns of elevs
tion and depresnon of electrolytes have been deserabed Con
mbuung to this iconstancy are factors, such a, therapy, extrs
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cellular shift of water intracellular mgration of sodum lability
of skeletal sodium and msensible water loss

Since only small quantities of electrolytes (sodtum potassium
chlonides sulfates and phosphates) are excreted in the meager
urmne formed dunng the oligunc phase the observed hypo
electrolemia 15 probably the result of the migration of these lons
(partzcularly sodium) mto the cells

AMYLASE

Altogether plasma amylase has been reported to rise and crises
vesembling acute pancreatitss have been observed 1n acute senal
msufficiency Meroney et al % 1 an experimental study demon
strated that the urme plasma amylase 1s so varuble as to be of
little diagnostic tmpottance

The Diuretic Phase
Decreased Vulnerabilsty of the Kidneys during the Diuretic Phase

A curtous paradox of mncreased resistance to further sasult dur
1ng the diuretic phase has been potnted out by Welt and Peters
This decreased vulnerability has been attributed to the sability
of the tubules to concentrate urtne Under these circumstances
toxic metabolites capable of producing tubular damage cannot be
sufficiently concentrated to exert their harmful effects Thus once
diurests has begun addstional trauma and stress such as shoch
or dehydration do not result mn a second oligunc phase

Urtnary Fendings

REACTION AND SPECIFIC GRAVITY
Durimng the duretic phase except for the absence of glucose
the urime 1s almost identical ;n compositton to glomerulas filtrate
and has a specific gravity n the range of 1010 ta 1 014 Trom days
to several weeks or more the tubules are unable to concentrate o
dilute the urine A blunted response to water loadimg and a normal
to excesstve excretion of salt have been reported 1 Therefore 2
paradoxscal situation obtains wheremn extreme polyuria exists
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without the low urine specific gravity usually observed mn polyuric
states, such as daabetes insipidus

SEDIMENT

Pyuna persists for several wecks before gradually dissipating
‘This may be attributed to previous catheterzations All types of
casts are prominent for some time but ultimately disappear Red
blood cells are rarely found after the first week

ALBUMIN AND SUGAR

The duration of the albuminuna vanes from several days to
months, but glycosuria has not been reported dunng the diuretic
phase

ELECTROLYTES

The large quantittes of electrolytes (sodium, potassium, chlo-
rides, sulfates and phosphates) excreted 1n the unine duning the
diuretic phase are due to several factors 1) accumulation of these
electrolytes during the ohiguric penod 2) excessive admimstration
of electrolytes 3) inability of the tubules to selectively reabsorb
and conserve electrolytes The nature of the renal injury and
treatment recewved dunng the course of 1llness determine which of
these three factors 1s dominant

Blood Chemustry
AZOTEMIA

Tt 1s 1mportant to be aware of the fact that there 1s often a lag
m the fall of blood urea nitrogen with the onset of diresis and,
on occaston, there may even be a transient nise (fig 5)

Occastonally, several days of diuresis will elapse before urea
clearance 15 sufficiently 1mproved to cause a decrease 1n blood
non protemn nitrogen level Usually however, the non protemn
nitrogen, blood urea nitrogen creatimine, and urc acd drop

preapitonsly to normal levels within a few days after the onset
of dwresis
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ELECTROLYTES

A tremendous loss of water and electrolytes particularly sodium,
results 1n a transient phase of negative sodium balance which oc
castonally produces hyponatremic mamfestations Paradoxcally,
despite the magnitude of electrolyte loss, the previously depressed
serum electrolyte levels now :\ppmnch the normal range More-
over, hyp and hyp have been observed
duning this stage

Recovery Phase

When acute renal insufficiency 1s the result of shock, the in
ability to concentrate urine may persist for weeks or months,
whereas 1n hidneys damaged by nephrotoxins, recovery of concen
trating powers 15 more mpid In some panents howeser, the con
centrating and pH regulating functions are not re-established for
many months, and occasionally the impairment 18 permanent

A follow up study of 16 pattents who recovered from acute r:nal
wmsufficiency revealed that although the phenol:
excretion and speafic gravity retumed to normal wn.hm s1x
months the clearance values for ynubin and para aminchypunc
acd remained impaired 1n most patients This study showed no cor
relavion between the degree of residual functional impairment
and the seventy or duration of the acute renal insufficiency 17

Another follow up smdy of 14 patients who recovered from
acute renal it d that al gh chinieal re
covery was complete, clear:mc: values remained below normal
for up to three years 210
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Conservative Management of Acute
Renal Insufficiency

Physiologic Principles of Treatment

To properly treat acute renal insufficiency, an understanding of
the fund 1s of renal physiology s essential, particularly since
there are few other medical conditions 1n which therapy can so
cniucally affect the ulimate outcome In general the Mdney per-
forms two vital functions 1) It eliminates waste products, especially
the residues of protein metabolism, mantatming certain of these
products (urea, creatning, and uric acidy at or below a certain
level 2Z) It 1s the dominant organ regulating the “internal mihen”
{water, pH, and electrolyte balance)

In addiuon, the hidney 1s imvolved 1n certain poorly under
stood metabolic functions, such as, detoxification and excretion of
aromatic ming compounds,®® and some 11l defined facets of carbo-
hydrate and fat metabolism It should be mentioned here that the
basic mechamism of the uremic state has never been sausfactonly
explained Although phenolsi*® and related substances have been
strongly smplicated as the offending agents, other as yet un
determined factors may be more important

For a short penod at the end and immediately following World
War 11, many patients with acute renal insufficiency were gnen
substantial quantities of water and electrolytes nowwithstanding
the abvious fact that the oliguric patient 1s a “closed systern ™ Un
fortunately, s:\cnl mulcadmg theories were advanced 1n support
of ths v ¥y were for the ex-
ceedingly high monahty rate recorded duning this period The
hiberal use of water and electrolytes was based upon these theories
1) Water is the best of dsuretics and should be gnen to break
gk W “rereh Wedkade” o “vpam e Wt %) Avrdoss

103
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and anemia should be fully corrected to improve renal function
3) Toxic substances producing ureria can be diluted by forced hy
dration Contributing to the high mortahty was a lack of knowl
edge as to the frequency of acute renal insufficiency and the conse
quent * flooding  of the patient by mtravenous flinds, plasma, and
blood 1n the prophylactic and defimittve treatment of shock In the
presence of oliguria, attempts to restore a low hematocn value to
normal by means of blood transfusions often resulted m a fatal
pulmonary edema

Schremer and Berman®? offer two explanations for the ubiquity
of overhydration 1n these patients 1) delayed recognition of ol
guria and 2) failure to appreciate the large amount of endogenous
water produced by the metabolism of food and body tissue Ten
patients transferred from various hosputals to therr msittution for
treatment were overhydrated, some to the point of edema

Accumulated experience has resulted 1n a better understanding
of the dynamics of acute renal msufficiency, and it 15 generally
agreed that conservative management consists of the control of
hyperpotassemia and restriction of fluids, electrolytes and pre-
temn * Differences of opinion are limited to the degree of flud re
striction the type of flurds to be given, and the method or route of
admmstration With general accep of the modern physiol
principles of treatment, the mortality and morbidity have measir
ably decreased

Prophylacuc Treatment

The prophylactic treatment of acute renal msufficiency 18 of
prime 1mportance Since hemorrhage and shock appear to be com
mon pathogenetic factors, their immediate treatment 15 1mperative
Particular emphasis should be directed toward preventing and 1
versing hypotension The therapeutic measures, therefore wlud;
prevent or reverse shock will reduce the incidence and seserity O
acute renal msuffictency Thus, the judicious use of blood plasm2
plasma substitutes, morphine, and oxygen 1s of utmost 1mportance
There should be an mmmediate but cautious compensation falll'
blood loss together with constant surveillance of urine flow 0 2
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acute surgical, medical, and obstetnical conditions The prevention,
or early recogmtion, and proper therapy of acidosts, alkalosis, and
dehydration states materially reduce the incidence of renal insuffi
clency Meticulous attention to blood typing and cross matching,
and careful observation of the patient during transfusion are of ut-
most 1mportance in reducing the inaidence of transfusion reac
tions

One of the most frequent causes of acute renal wsufficiency mn
the urological practice 1s hemol d with vanious trans
urethral procedures *™ The venous plexus surrounding the cap-
sule of the prostate gland often allows entry of large quantities of
mmgatng fluid mto the vascular system If, as in the past, stenle
distilled water 15 used for imigation the mflux of substantial quan
tities of water into the circulation can cause mntravascular hemoly
s1s sufficient to produce renal shut-down To prevent this catastro-
phe, various 1sotonic solutions, such as 1 1 per cent glycine or 4 per
cent glucose, have been substituted for distilled water

Frequent determmation of the blood urea mtrogen, serum so-
dium, chlonde, potasstum, and CO, content should be made on all
pattents intensively treated for congestive heart failure with low
sodim diet, mercunal diwuretics, and ammonium chloride Am
montum chloride, 1n the | of impaired hidney fi 15
especially prone to produce chloride acidosis when given over a
prolonged period (see Chapter 3) Ammonium chloride, therefore,
should always be admimistered intermuttently—a few days of ther
apy, followed by a few days of rest 122

Vasoconstrictor Drugs in the Treatment of Shock

The widespread use of prnept and related vasoconstric
tor drugs for the correction of hypotension and shock should per
force reduce the icidence of acute renal msufficiency The precise
effect of these pressor substances on renal blood flow 1s not clear 17
Norepinephrine 1s said to diminish renal plasma flow while homeo-
static mechanisms within the hidney simultaneously mamtamn a
normal or increased filtration fraction 13
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Mattingly*** administered L-noradrenaline to two patients for
the treatment of hypotensive shock associated with acute renal
msufficiency Both patients recovered The shock like state 1 one
mstance was assoctated with dehydration following hysterectomy
and 1n the second 1nstance 1t was associated with ntense diabetic
Letosis and dehydration He concluded that the increased renal
blood flow following restoration of normal blood pressure more
than compensates for the intrinsic renal vasoconstrictor action of
this substance

Although continuous nfusion of L arterenol 1s of mestimable
value 1n the prevention and treatment of shock 1n epidemic hemor
rhagic fever, this pressor therapy alone 1s rarely adequate for the
treatment of profound shock and does not prevent severe renal
wsufficiency and other serious complications which occasionally
appear with this condition 414

Boughton and Sommers,®® m an autopsy study of exght panents
who died 1n shock from vartous causes despite vigorous treatment
with Levarterenol (Levophed), suggested that renal spasm of shock
1s mntensified and prolonged by this treatment They observed histo-
logic changes which they attributed to spasm of the renal artertoles
and medullary veins

In order to mamtain an effective circulating blood volume salt
poor concentrated human serum albumin 1s required 1 addition to

L-arterenol However, the amount of alburmin required ss consider
ably reduced when ad d cc ly with L arterenol

Antibiotics

The treatment of severe mfections, such as, fulmmant pnet
monia, meningitts, and septicemia, with antibiotics has reduct
the incidence of peripheral vascular collapse and acute renal nsufft
vaney wated. wath, such, dispases. Apphiotics., therefore, are 4
vital prophylactic agent Meroney®? reported a urema like syn
drome 1 battle casualttes which he attributed to the toxic effects
of bactenial mfection and necrotic tissue breakdown (Chapter 3
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Prevention of Intravascular Hemolysis

‘The use of intravenous alkal: in the form of solutions of sodium
bicarbonate or sodium Jactate has been recommendcd for lhc pro-
phylacuc and defi of \ Te-
sulung from faulty blood typing or the accidental mtmvenous mn
fusion of distilled water 2% 3¢ During the course of transurethral
resection distitled water may also 1nadvertently enter the vascular
system The rationale of alkalt therapy 1s based npon the increased
solubility of hemoglabim 1n 2n alkaline urine and the theory that
the acid hematin already precipitated 1n the tubules can be dus
solved with mhib of further preap by the alkalimty of
the urine ¥ The evidence for this therapy 1s most tenuous and the
hazards tved 1n the ration of large of alkaltes
militate agunst thexr use in these arcumstances We were m
pressed with the p of a severe f reaction by the
admimstration of large doses of cortisone to a panent who mad
vertently recerved 500 cc. of mismatched blood We attnbuted the
favorable result 1n this to the infub ofag
glutination response by cortisone

P of P I

A frequently overlooked cause of potassium 1ntoxcation 1s blood
transfusions which are often given only because of a desire on the
part of the phystcian for active treatment It must be emphasized
that the serum potassium concentration of banked blood increases
with the age of the blood *¢! #8 The chinical mamifestatons of
potassium intoxication are rarely cvndcnl before the fifth day 1n
acute renal {6 Iung fro shock 22 Un
less the red blood count falls below 3 000 000 or the hematocrit
below 25 transfusions are not indicated and may be harmful It has
been pointed out that even severe anemia 1s well tolerated 1n acute
and chronic renal falure 248 37 Apparently the red cell mass 1s fixed
1t lower levels by homeostatic mechanisms for the hematoent fre
quently remains between 25 and 30 despite hematinics transfu
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Mattingly*®® ad d L 1 line to two patients for
the treatment of hypotensive shock associated with acute renal
insufficiency Both patients recovered The shock like state in one
mstance was associated with dehydration following hysterectomy
and 1n the second 1nstance 1t was assoctated with intense diabetic
ketosis and dehydration He concluded that the increased renal
blood flow following restoration of normal blood pressure more
than compensates for the intrinsic renal vasoconstrictor action of
this substance

Although continuous infusion of L-arterenol 1s of mestimable
value 1 the prevention and treatment of shock 1n eprdermic hemor
rhagic fever, this pressor therapy alone 1s marely adequate for the
treatment of profound shock and does not prevent severe renal
msufficiency and other serious complications which il
appear with this condition 44

Boughton and Sommers,® 1n an autopsy study of eight pattents
who died 1n shock from various causes despite vigorous treatment
with Levarterenol (Levophed), suggested that renal spasm of shock
15 fied and prolonged by this tr They observed histo
logic changes which they attributed to spasm of the renal arterioles
and medullary veins

In order to maimntain an effective circulating blood volume, salt
poor concentrated human serum albumin 1s required 1n addition to
Larterenol However, the amount of albumin required 1s consider
ably reduced when administered concomitantly with L arterenol

Antibiotics

The treatment of severe infections, such as, fulmmant pet
monia, memngitis, and septicemia, with antibiotics has reduced
the incidence of peripheral vascular collapse and acute renal msuffi
ciency associated with such diseases Antibiotics, therefore, are 2
vital prophylactic agent Meroney*? reported a uremia like sm
drome 1n battle casualties which he attributed to the toxic effects
of bacterial infection and necrotic tissue breakdown (Chapter 3)
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Prevention of Intravascular Hemolysis

The use of wtravenous alkalt i the form of solutians of sodium
bicarbonate or sodinm lactate has been recommended for thc pro-
phylactic and defintwve t of 1nt Te-
sulting from faulty blood typing or the accidental mlmvcnous m
fusion of distilled water 1%¢ ¥ Durning the course of transurethral
resection, distilled water may also madvertently enter the vascular
system The rationale of alkali therapy 1s based upon the mcreased
solubility of hemoglobin 11 an alkaline unne and the theory that
the acid hematin already precipitated n the tubules can be dis-
solved with 1nhibition of further pretpauon by the al\ahinny of
the unne 24 The evidence for this therapy 1s most tenuous, and the
hazards lved in the of large of alkalies
militate against their use in these circumstances We were wm
pressed with the prevention of a severe transfusion reaction by the
admmstration of large doses of cortisone to a patient who mad
vertently recerved 500 cc of mismatched blood We attributed the
favorable result 1n this disastrous situation to the inhibition of ag
glutmation response by cortisone

P of F I

A frequently overlooked cause of potassium ntoxication 1s blood
transfusions which are often given only because of a desire on the
part of the physiaian for active treatment It must be emphasized
that the serum potassium concentration of banked blood increases
with the age of the blood %! 3% The climical mamifestations of
potassium 1ntoxication are rarely evident before the fifth day in
acute renal msufficiency resnlung from traumanc shock 242 Un
less the red blood count falls below 3 000,000 or the hematoenit
below 25, transfusions are not indicated and may be harmful It has
been pornted out that even severe anema 1s well tolerated 1n acute
and chromic renal failure 2% 37 Apparently, the ted cell mass 15 fixed
at lower levels by homeostatic mechamsms, for the hematocnt fre
quently remams between 25 and 30 despite hematinics, transfu
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sions, or progression of the azotemma This anema often extends
mnto and beyond the diuretic phase ¢ 510

The ubiquitous custom of serving frust juices to all hospital pr
tients as a panacea for 11l health undoubtedly contributes to hyper
potasserma 1 patients suffering from acute renal isufficiency For
example, an eight ounce glass of orange juice contains approvt
mately 12 mEq of potassium Other foods high in potassum con
tent which should be avorded are duied Fruits, bran flales, dark
rye flour, graham crackers, nuts, cocoa, cane molasses, potatoes
Dbeets, mw cabbage, artichokes, raw carrots, beans, peas, parsley, raw
spmach, raw parsnips, popcorn, potato chips, and brewer’s yeast

Pr of Introgeme Nitrog I
The adminsstration of antilenkemic and uncosuric agents can
overtax the hidneys, espectally 1n the presence of preexisung kid
ney disease ¥ An overwhelming nitrogenaus load can produce an
acute uremc state To prevent this disastrous turn of events all
patients given uricosuric or antileuhemuc agents (6 mercoptopt
nne, amethoptenin, steroids, benemide, x ray therapy) should have
blood urea mitrogen and uric acid level determmations pror ©
therapy If these values are elevated, therapy must be given et
tiously with attention directed to signs and symptoms of renal dys
function Dunng therapy, blood urea nitrogen and unc aad de
terminations should be obtained, flurd intake should be ncreased
and oral alkahes should be admimstered to prevent precipitation of
urc acid erystals

Management of the Oliguric Phase

Water Balance
Calculation of the exact amount and precise composition of the
fluzd given to the oliguric patient 15 one of the knottiest pm‘n‘le'mif
encountered 1n the practice of med Accurate t o
urinary output 13, therefore, of utmost importance To direct pmp:
therapy 1n certain critical patients, the unne flow should be ol




CONSERVATIVE MANAGEMENT 109

served at ntervals of four to six hours ot less rather than relying
entirely on a record of the twenty four hour volume

INSENSIBLE WATER LOSS

Numerous mtangible factors affect insensible water loss via the
lungs and skan Febrile reactions substantially increase water loss
by augmenting the metabolism and protein breakdown and m
creastng the insensible loss thmugh sweating and rapid respirations
Elevation of the perature also mnsens:-
ble water loss Fach degree of increment above 30 G mcreases wa
ter loss by 13 per cent 4 Varations 1n Tespiratory rate also affect
msensible water loss but not to the extent which mght be anuct
pated More water 1s expired during deep, rapid respirations than
during slow, shallow respirations Thus, a severely 11l patient suf
fening from acute renal msufficiency with superimposed pneumont
us, hxgh xempemlure, profuse sweating, and rapid respirations loses
c y more water ly than the oliguric patient who 15
afebrile and breathung normally

RELEASE OF WATER FROM ENDOGENOUS METABOLISM

During the postoperative period, or drately following se
vere physical trauma, endogenous metabolism 15 accelerated, re
leasing large amounts of water

Elaborate formulas have been evolved for computmg lhe amoum

of water released by the and of
carbohydrates protem, and fat By such computations, it 1s cur
rently believed that mn the average adult 400 cc for twenty four
hours 1s the msensible water loss which should be replaced 1n add:

ton to the volume lost through sweat, urine, and gastrowmtestinal
contents

WATER REQUIREMENTS

Frequent hlood volume determinations by 1sotope methods have
been advocated as an accurate method for regulating fluid admumis
tration, but such techniques are not available m most mstitutions
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It 15 generally believed that the amount of flnd adminst
orally and mtravenously duning the oliguric phase should be e
to the total quantity lost in the urine, vomutus, and stool, plus
cc as the esimated insensible loss through the skin and lungs €
and Walker,?®® however, take strong exception to this dictum T
consider the replacement of 1000 cc as the amount of wsens
water loss excessive, and regard the admimistration of fluids by
calculauon as hazardous They also believe that replacemen
vomutus fluid with an equal volume of normal saline 15 unso
and contributes to overhydration These authors emphasize
vanability of insensible water loss during 1llness, and the difficu!
mvolved 1n attempts to compute precisely the amount of flutds
via the skin, lungs, stools, and vomitus A recent text mistake
advises the administration of 2000 cc of flud during the first
of nephrotoxic oligura %

Generally, the insensible water loss 1n the average, afebrle, n
sweating adult 1n a temperate environment 1s approximately I
ml Since about 500 ml 1s replaced by water of oxidation fr
endogenous or exogenous glucose, fat, and protem, the quanl
of flmd which must be replaced, 1 addition to the amount Tost
unne, stool, emesis and Levine suction, should not exceed 5001
According to Strauss and Raisz,%8 proper water balance may bet
tained 1n a pattent, who 1s recerving only glucose as nutrient, bye
pinically supplymng 7 to 8 ml of water per kilogram of body weig
to cover the usual ‘net insensible water defictt

WEIGHT LOSS

It 15 impossthle to maintan the weight and water balance of ;l
oliguric or anuric patient without the complications of overhydi
tion, such as, hypertension and pulmonary edema Therefore .
15 generally accepted that patients may properly losea smallal! a;n;)\;
of weight, up to 5 kilogram per day Strauss and Rasz®® bel
that a loss of one half to one pound per day 15 consistent with pw};
water balance Weight loss of more than one hilogram per dayu
ally indicates starvatron and fluid deficit
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n postoperative wound healing, their use 1 acute renal msufi
ciency 1s contraindicated because of the nitrogenous byproducts

Electrolyte Balance

The regulation of electrolyte balance 1n acute renal insufficiency
15 at tumes utterly perplexing and demands considerable clmeal
experience and judgement There 1s a strong tendency for the
patient with acute renal isufficiency to develop acidosis and hypo
electrolemia as evidenced by depresston of the serum level of so-
dium, chlonde, and bicarbonate 1ons It 15 often difficult to deter
mine whether thus alteratton 15 a natural homeostatic manifestatton
a dilution effect, or 1f 1t actually constitutes depletron of these tons
SODIUM

‘When the serum sodium level 1s decreased, 1t 1s important to de-
termine that this decrement 1s not due to 1) loss of sodium through
body fluids, 1 €, vomiting, fistulae, or diarrhea, 2) 1atrogenic factors
such as, dwretics or sodium restriction, 3) dilution by excessive
hydration with sodium free fluids, or 4) excessive endogenous pro-
duction of water I none of these factors is clearly apparent from the

hustory, st must be d that the hyp results from
de h tatic mech d ded by the di
£
Although Danowski and his associates™ attrbute the hypon

trema of acute renal ffi to water 1on and dilu
tion, we believe that 1t 1s more often the result of disturbances of
the mechanisms which regulate the volume (volume receptors)
composition (osmo Teceptors), and distribution of body fluids El
kinton and Danowski™ have applhied the term ‘new steady states
to the readjustment of these regulators
In our present state of knowledge, 1t 1s not hnown whether du:
homeostatic” or ‘ adaption” hyponatremsa 1s the result of stuftng
of water from the cells 1nto the extracellular compartment i1 T
sponse to decreased osmolarity wathn the cells, or to a mlgrallD;\
of sodium 1nto the cells (particularly bone cells) resulting from 2!
terations 1n the selective permeability of the cell membrane to
sodium and potassium 10ns
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The frequency of this hyponatrema 15 revealed wmn the large
senies Teported by Swan and Mernill*™ wherein the serum sodium
level was observed to fall below 130 mEq per hiter m one-half of
the patients, and below 185 mEq per liter 1n one-third of the re
maming patients They believed the mcidence of hyponatremia
may have been even greater than this if serum sodium determina
tions had been more frequent They regarded intravenous flud
therapy unquestionably a factor m the development of hypo
natremia during ohiguria In our experience, however, kyponatre
mia was evttably present during the ohgunc phase despste flurd
restnction, and therapeulic attempts with correclve solutions
served only to accenluate the defect

‘We emphasize that hyponatrerma as such produces no symp
toms or serious clinical consequences Although the Literature con
tamns reports on the improvement of hyponatremia by the admims
tration of hypertomc salt solutions,™ % 1n our experience unless
the hyponatremia resulted directly from severe sodium depletion
and dehydration attempts to correct this defect resuited only
overhydration, edema, and cardiac failure Danowsha™ also adhered
to this concept in an excellent report on the low salt syndrome He
stated that of all the hyponatremc states only those due to actual
salt depl or water 1011 are Tesp to the admmnts
tration of hypertonic saline

Oard and Walker®® also believe that the depression of chlonide
and CO, 10ns observed 1m acute renal msufficiency 1s adaptive, be
nign and necessary and, therefore, should not be mampulated

In a symposium on renal function, Bulls related that he was

1mpressed by the fact that very gross changes in chemistry may

occur without any symptoms or signs * He further stated that at

tempts at improving the * cosmetic appearance” of the blood chem

Istry picture are not always wise He cited his experience with a
¥ -

b ant e @amoa £ — ¢ & 4 LT ae »

and a chlonde level of 50 mEq per Iiter ‘The admunistration of two
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Iiters of water n excess of the previous day s urine volume r
m symptoms of water intoxication Attempts at correction
hydremia by admimstration of 375 mEq per hter of sodwut
ride resulted n further clinical deteroration In short
more normal the electrolyte pattern seemed to be, the wo
patient became chinically ” He concluded that ¢ as long
patient 15 symptom free, 1t 15 better to leave him alone

Thus, 1n the practical management of acute renal msuffi
unless hyponatremta unquestionably results from total b
dium depletion attempts to raise the sodium level by adm
tion of sodium brcarbonate soluttons, saline or sodium
should be avoided entirely Indeed, Strauss and Riasz®® sta
equivocally that they have encountered no patients with acutt
msufficiency in whom hyponatremea required any treatment
than drastic fluxd restriction

However, 1f 1t can be ascertamed that the hyponatrem
questionably a depletion effect, cotrection of this defect shot
attempted with hypertonic sodium chloride solutions 1n conc
nons up to five per cent

Computing the amount of sodium to be admimistered by s
formulas involving estimation of the total body water u
yelds quantitative values for sodium, the admnistration of 1
would produce overhydration

POTASSTUM

Unless positive evidence exasts that large amounts of pota!
have been lost with gastrointestinal contents and hypopotasses
corroborated by the electrocardiogram and/or a depressed s
potassium level, the addition of potasstum 10ns to the therap
solutions 15 contratndicated n the presence of oliguria Wei
this statement despite the fact that potassium depleton can ¢
without clrnical or laboratory evidence

Under the es of intense alkal as obsersed 1t
socalled ‘ milk alkah or Burnetts syndrome (Chapter 91
1nsufficiency can be associated with potassium depletion Howt
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even 1n this the of p 1k d
unless the unine flow 13 adequate The dcuuls of potassium 10n 1

toxicatton are covered in Chapter 5

CHLORIDE

Of the 10ns which are dep d 1 the hypoel )t of acute
renal msufficiency, only calcium, p and chloride depl
will produce symptoms Muscle cramps, particularly mvolvmg the
calf muscles, are an Js of hyp Ex
treme caution, however, must be exercised in the correction of
hypochloremia with the oral or parenteral administration of am
monmum chlonde

Ordinanly, the toxic ammonium 10n 15 converted to urea by the
liver, leaving an excess of chlorde 1ons However, 1f admimistered
too rapidly, or given to 2 patient with liver or renal nsuffictency,
nausea vomiting stupor convulsions and coma will result ¢ We
had this experience when treating severe symptomatic hypochlo-
rtemia with the intravenous administration of 2 per cent ammonium
chlortde solution 1n a patient suffering from chronic congestive
heart failure and cardiac cirthosis A few moments after commenc
g the infusion the patient lapsed mnto coma and reganed con
sciousness immediately after the infusion was discontinued On the

following day, the same resp despite a sub lly
slower rate of infusion
CALCIUM

S hypocalcemia frequently develops in both acute

and. chronic renal msufficiency as a result of the serum phosphate
mcrement and depression of the pH Decreased serum acidity
reduces calcium solubility Depression of the romic caleium level
augments the harmful effects of hyperpotassernia on the cardiac con
duction system Conversely, calcium 10ns are the physiologic an
tagomst of p 10ns Mo 2e2 ly,

Y

the daily miusmn of 100 ¢c or more of 10 | per cent calerum glu
conate both as prophylactic and speafic of hyperpotas
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serua He advised the daily admimstration of the follown
venous solution

Calewum gluconate, 10 per cent

Sodum bicarbonate, 75 per cent

Dextrose, 2§ per cent m H;0 (Contaiung 50 units of regular insulm)
Isotoe sodium chlonde solution or 1/6 M sodwm lactate

Although this amount of caleium 15 not sufficent to
systemic caletnosss or nephrocalanpsss, 1t miy be a hazar
patient who 15 simultaneously receiving digitalis becaust
posstble harmful effects of digitalis and calcium 10ns comt

Because the effect of intravenously administered calen
conate 1s transient, Strauss and Raisz®®8 advised intramusc
munsstration (10 to 20 ml of 10 per cent calcium gluconatt
attempt to prolong 1ts effect However, the advantage of 1n
cular administratson 1s more theoretical than actual and t
ful local reaction negates 1ts usefulness

The correction of acidosts with intravenous sodsum bicas
or sodum lactate solutions will occasionally precipitate b
cemuc symptorns, such as tetany, by the sudden reduction of
Iabatory effect of hydrogen 1ons (acidosis) on neuromuscul
tability and a decreased solubility of calerum The routine
calcium solutions s not indicated, however, unless potasst
toxication or hypocalcermic tetany 15 evident

Ton Exchange Resins

Cation exchange resins are synthetic polymers with carl
side chain groups which substitute hydrogen or ammoniu:
for other cations, such as, sodium potassium and magnesium
effectiveness, orally, for removal of sodium has been well d
strated, and the use of resins for this purpose has become 2 5t
therapeutic procedure Ammomum loaded resins have beent
ehiminate potasstum 1 the prophylactic and defintrve trea
of potassium mtoxication ¢ 37 18 Elkinton and his nsso<‘
treated three patients suffering from acute renal wmsufficienc
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ammonmum loaded resins The resin was admmistered orally by
Levine tube as a 7 per cent suspension in whole milk and also as a
17 per cent suspension in water Because of vomiting, one patient
was given a Testn enema of 10 per cent suspension 1n water Two of
these three patients recovered, but because of other concomytant
treatment imnstituted, their recovery cannot be attrsbuted enuirely
to the use of resins The authors concluded, however, that satts
factory removal of potassium as well as depression of the serum po
1assium level can be achieved by the use of resins

Knowles and haplan® sumularly reported the treatment of ten
patients with acute renal failure from various causes Durning the
obguric phase, adults recewved approximately 50 grams of resin
orally per day 1n duvided doses with 2 mixture of glucose and water
‘These authors also concluded that the use of cation exchange resins
1san efficient method for reducing or averting hyperhalemia

Burke*® advised a preparation consisting of 50 grams of carbox
Yucacid resin per 500 ml of water with the addiion of 4 rablespoons
of methyl cellulose to affect a satisfactory suspension This mixture
was given 1n quantuties of 250 ml every four hours as an enema to
chuldren with hyperpotassemic symptoms due to the oliguna of
acute glomerulonephritis After this treatment, improvements mn
the electrocardiogram signs of hyperpotassemia were noted

Our expenience with these substances has been generally unsat
ssfactory Oral ad 1 and nausea
The use of resins as enemata has been impractical because of their
tendency to form mmpacuions Efforts by Meroney?*! to circumvent
thus difficulty by the introduction of resins into the rectum within
asilk tube were not feasible It must be emphasized that the sub
sntunion of hydrogen or 10ns for p sodium,
and calgum 1ons further increases acidosis Moreover, the hazard of
ammonium 1on intoxication 1s ever present (Chapter 3) In addi
tion, calaum 1ons may be eliminated, thereby augmenung hypo-
calcemia Thus, 1t appears to us that the use of 10n exchange resins
for removal of potassium 1s unsausfactory and may be abandoned
ulumalgly
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Digitalis

Since the heart failure associated with acute renal insuf
15 of the high output type (Chapter 5), the use of digatalis 1s ¢
tionable value Elkinton and Danowski® pomnted out that th
of digitalis on the heart, under these crrcumstances, 1s mhib
hyperpotassemiaConsequently, the sudden removal of pot
by dualysis or diurests may produce digitahis ntoxication
tient whose digitalization was optimal 1n the hyperkalems
Moreover, although the potentiation of digitahs by calaumy
tronable,®*® the combined use of digitalis and intravenous ¢
may be hazardous

Aluminum Hydroxide Gels

Practically every reference on the treatment of acute 1el
sufficiency advises the oral admunustration of alummum hyd
gels for preapitaung and removing msoluble 2luminum
phates from the gastromtestmal tract While some evidence
that the administration of aluminum hydroxide reduces thi
dence and frequency of recurrent phosphate calcult ¥ we
aware of experimental data establishing the effectiveness o
aluminum hydroxide for reducing the serum phosphate le
patients with renal y and der the ad
of this substance of quesuonable therapeutic value

Antibiotics

A particular effort should be made to focus on local or sys
nfections which may be obscured by the critical symptoms ¢
patient As emphasized by Meroney 2 infection 15 an 1mpe
factor 1n the cause of death from acute renal insuffiiency Tra
shock, and debility make the patient especially vulnerable t
fectzion which m turn, augments protein breakdown and 1t
sequellae Moreover, 1n the presence of overwhelming nfec
the protein spaning effect of glucose 15 negated, electrolyte ant
rer 1mbalance 13 increased, and a general detenioration of th
tient ensues
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Bull®® reported that infection was probably the most smportant
factor 1n 10 out of 17 deaths 1n a senies of 54 patients Of these 10
patients, 4 had pneumonia, 3 septicemia, 2 pentonitis, and one had
pyehitis and pneumonia All of these mfections were resistant to
penicillin and streptomycin In two of the patients infection was
probably imtroduced during the use of the * artificial kadney *

Therefore, the early debndment of wounds, adequate drainage
of infected areas, and strict observance of surgical principles are of
utmost 1mportance When chimieal evidence of infection appears,
such as, leukocytosts fever, tachycardia, flush, toxicity, or stupor,
therapy with a broad spectrum antibiouc 1s indicated Whenever

possible, the g should be 1dentified by culture and
tested for specific antibiotic sensitivaty In the absence of definite
evidence of inf the prophylactic use of t 1s contra

indicated because of the hazard of complicating fung: infections of
the gastromntestinal tract which often result from disturbance of
the balance of natural bactenal flora However, when repeated

are d or an wdwelling catheter 1t used,
the use of antbiotres 1s indscated to prevent \mn:u-y tract infec
tions The use of masks at the bedside by the house staff and at
tendmng physicians has been advocated to avoid cross infection 248
Ths strikes us as a rather ovetly cautious procedure

Management of Anemwa and Hemorrhage

As mentioned 1n Chapter 5, a rapidly developing normochromic,
normocytic anerma 1 one of the cardinal symptoms of acute renal
wsufficiency However, unless the anemia approaches critical levels
(hematocrit below 20 to 25), transfusions are not mdicated and, m
deed may be hazardous Attempts should not be made to treat this
anema with hematinics, such as 1ron folicacid, vitaman B 12, liver,
or cobalt 3 The anemia oE acute renal mxumclency 1s more prob

ably another adapuve or t d by
the condition and s well lolcmlcd hy the patient
Bleeding from the g 1 tract, skin, and mucous mem

branes 15 Itcol‘ded ma large number of battle casualues (27 per
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cent of 55 patients) 3'7 The tendency toward purpuraa
from the gistrointestinal tract and mucous membrane
be related to the duration rather than the intensity of
state The precise mechanism of thus bleeding tendencyt
clanified It 35 certainly not due to intrnsic defects 1n ¢
mechamsm and remains unaffected by vitamm G or vt
It may be secondary to increased capullary fragility res
unknown factors Thrombocytopenta undoubtedly cor
the hemorthagic tendency

Hypertenswe Encephalopathy

Hypertensive encephalopathy 1s nfrequently observe
renal msufficiency, however, when the cause 1s acute
nephus, hypertensive encephalopathy 1s a frequent co
and may produce convalsions and death Fifty per centt
sulfate solution, parenterally administered, has long bet
ard effective therapeutic agent Howeyer, 1n the presel
gura, a state during which hypermagnesemia 1s a freque
cating factor, we regard the use of this drug as hazardous
other drugs, such as reserpine and veratrum viride comp
equally effective parenterally admmistered and are co!
safer

Tr of Muscell Symp and Complu

't

Nausea and vormting are among the most troublesome
tions, and when present, ingestion of food should be dis
Drugs for combating nausea, such as, chloropromazine, dr
and bonamine, are available for intramuscular administr
should be given a therapeutic trzal Whale chloropromazr
zine) appears to be the most effective drug of this group, 1t
duce hepatitis and jaundice and  therefore, 1s contraindtc:

The diarrhea which has been reported n association W
renal insufficrency has not been prominent m our experier
we have not observed the reported acute hemorrhagic
tits 40

Duning the ohguric phase, while the patient 13 subst
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parenteral glucose, water soluble muluple vitamun supplements
should be added to the solutions Ice chips i small quantities may
be cautiously allowed to alleviate dryness of the mouth The use of
various candies ‘sourballs etc, 1s of questionable value In our
expenence, these serve only to increase thirst Thirst s a function
of ntracellular sodium concentration rather than fluid content of
the body tissues Marmiott?? states that he has seen men suffermg
from severe secondary dehydration refuse water Although extreme
thurst has been reported 1n battle casualties with acute renal insuffi
ciency, ! 1t 1s fortunate that the ohguric patient more often re
Jects rather than demands oral fluids 2% In our experience, an over-
hydrated or edematous patient will mamfest thirst only during
Tigorous water restriction or following the adminstration of hyper
tonic saline solution ¢

Other uremic symptoms, such as, delisum, convulsions, and
coma, are quite resistant to specific treatment although parenteral
barb s, ypertonic sulfate and calaium gluconate
may be of temporary benefit The administration of magnestum
sulfate, however, 15 hazardous 1 the presence of ohiguria because
of the toxtcity of the magnesium 10ns

Management of the Diwuretic Phase

Water and Electrolytes

As previously mentioned, the onset of the dwretic phase may be
marked by exther a gradual step-like increase 1n unne output (fig
6) or a sudden increase m volume (as high as 2000 to 3000 cc for
twenty four hours) It 15 of utmost umportance to emphasize that
the volume of urine formed during the diuretic phase depends 1n
great measure on the state of hydration and electrolyte balance dur
ing the preceding ohguric phase Therefore, 1f the patient was
overhydrated and loaded with electrolytes dunng the ohgunc
phase, the unne volume during the diuretic phase will be greater
than would obtain if water and electrotytes had been more dis
creetly admimistered

Although Swan and Mernll¥® attnibute profound diuresis mainly
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to overhydration, some consider this phenomenont obligatory
polyuna with urea as the principal loading solute

An additional important factor augmenting and perpetuating an
mereased urine volume during the diuretic phase results from the
attempt to maintain water balance by replacement, quantitatively
and quahitatively, of the entire unnary solume of the patient who

P ly overt This herap £rTor 18

based on the fallacious axiom, appearing mnumerable times n the
literature, that urinary water and electrolytes must be completely
replaced Adherence to this axiom frequently results in perpetua
tion of the cycle of overhydration, edema and diuresis On the
other hand, an obligatory polyuna occasionally may be cbserved
n 2 patrent who has not been overhydrated In this case, electrolyte
depletion and dehydration may result

During the diuretzic phase, particularly when sodium solutions
are given excessive amounts of potassium may be lost, and oral
supplements in the form of potassium chloride tablets are mdrcated

Thus we emphasize that nigid rules cannot be establsshed for the
veplacement of water and electrolytes dunng the dinreuc phase 244
The amount and specific character of flmds given dunng this pe
nod must be determined by an evaluation of the state of hydration
from bedside impressions and laboratory studies rather than from
the quantitative measurement of the urinary Joss of water and elec
trolytes

Duning the dwretic phase, considerable decrease in the concen
traung power of the kidneys as well as a blunting of the response to
water loading occurs 7 This imposes a imutation on the amount of
solutes which can be excreted Therefore, as 1n the oliguric phase,
caution must be emp d 1in the ad; 1on of ¢l 1
partrcularly sodium It 1s probably safer at this stage to risk the ef
fects of electrolyte depletion rather than the possibility of hyper
electrolernia which may result from the attempt to replace urinary
electrolytes mull ' \! for millieq 1

The dinresss which marks the return of kidney function repre-
sents, to a degree, the excretion of water and salt which accumulated
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during the ohguric phase, and does not represent exclustvely 2 los
of salt and water conserving powers of the tubules It 15 our m
pression that many cases reported as salt and water wasting sy
drome associated with lower nephran nephrosis * are satrogenic
arufacts We hope that by avoiding adherence to mflexible rules
and formulas for the regulation of fluid and electrolyte balance
the present high mortality (25 per cent) during the duretic phase
will be substantially reduced

Ambulation

Patients should be mobilized as early as possible since prolonged
penods of bedrest augment negative nitrogen balance and predis
pose to hypostatic pneumonia and thrombotic phenomena Even
the daily administration of parenteral flutds and the presence of an
indwelling catheter should not interfere with the ambulation of
the patient The catheter may be clamped for several hours without
harm while the patient 1s ambulatory At the first sign of druress
the mdwelling catheter should be removed, but prophylactic antt
biotics should be continued for several more days to avert gento-
urimary mfections

Food Intake

Once the nausea and vormiting have subsided, patients should be
encouraged to take food and water as desired The possibility of
potassium mtoxication vamshes m the presence of an adequit®
urme flow Elevation of the blood urea nitrogen during the diuretic
phase does not preclude the ingestion of protemn

As shown by Matshall and Hoffman,!55 238 there 15 often 2 lag of
several days from the onset of diuresss to the decrease i non P
tein mtrogen (fig 5) Moreover, the non protemn nitrogen may evel
11se with the onset of duresis despite the improved urea clearait®
and give 2 misleading mmpression as to the course of the 1llness

Anemg

Although the anemia of the oliguric phase may persist for
time after the onset of dresss, transfusions and hematinics ar¢ not

some
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indicated  Regeneration of blood usually occurs spontaneously,
and the hemogram soon returns to normal

Neurologic Disturbances
Convulstons and other neurelogic disturbances reported durmg
the duretic ph:se have not been observed by us It may well be that
the ! p are a f of ratrogenic hyper
clectrolemia - mzher than the natural development of the diwretic
phase (Chapter 5)

The Therapy of Heavy Metal Nephropathy

British Anti Lewisite, or BAL 20 21 169 207 208 35 ap effective
chelating agent n the treatment of most heavy metal intoxication,
e, arsenie, gold, mercury, cadmium, lead anumony, bismuth,
and chromium It 15 of particular value in the treatment of arsenic,
mercury, and gold ion The sut was developed
during World War 11 by Stockton and Thompson®** while work
g m the laboratory of Professor Peters at Oxford

The therapeutic activity of this matenal 1s based upon the strong
affimty of 1ts sulfhydryl groups for various heavy metals, thus en
abling 1t to compete with the cellular enzymes to which the metal
13 bound 1n exerting us powsonous effects BAL therefore, acts by
displacing the heavy metal from its combmation with cellular en
zyme proteins, forming a non toxic BAL-metal complex, which 1s
then rapidly excreted through the kidneys without producing any
demonstrable 1njury to this organ To date most of the mvestiga
tions dealing with the therapeutic effects of BAL on heavy metal

have been d d with experimental animals, and

application to human subjects 15 stall preliminary

It1s 1mportant to empk that BAL 1s 1nefT agamnst cer
tamn metallic poisons such as thallium and silver, and may actually
wcrease the toxtaity of others, such as, lead and selenium

BAL has been dramatically effective in the treatment of bichlo
nde of mercury intoxication and assoctated acute renal msuffi
ciency The efficacy of the treatment does not depend as much on
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the quantity of bichloride ingested as 1t does upon the time interva
between the ingestion and the first intramuscular mjection of 2
sufficzently large dose of BAL Thus, the success of this therapy de
pends almost entirely upon prompt admimstration The rapid de
struction and excretion of BAL himit the duration of its therapeuti
effects to a few hours Therefore, a dose 15 recommended every four
hours around the clock Longcope and Luetscher?? 2 have re
ported the largest series of successfully treated cases 1n an excellent
comprehensive review which 15 our major reference

BAL 1s available for intramuscular use in a 10 per cent solution
n benzyl benzoate and peanut o1l Longcope and Luetscher®
recommend 150 mg for the mutial dose i the average adult fol
lowed 1n 4 10 6 hours by another dose of 150 mg IE larger amounts
of bichloride were mgested a third dose of 150 mg 1s given 4 hours
later Many of his pattents recerved 600 to 700 mg of BAL dunng
the first 12 hours of therapy Durimg the succeeding 24 hours 21
3 additional doses of 150 mg are advised Injections are contiaued
for the next few days 1n duminishing amounts 1n accordance with
the severity of the symptoms

According to the Council on Pharmacy and Chemistry,?? BALS
avatlable for mtramuscular use 1n an o1l base The mtsal dose
25mg per kilogram of body weight, followed 1 one or two hours
and agawn 1 2 to 4 hours by 25 mg per kilogram of body weight
Up to 125 mg per hilogram  total dose, may be given within the
first twelve hours On the second day, two doses of 2 5 mg per kalo-
gram, and on the third day, one simular dose 15 recommended Thi
dosage may thereafter be reduced to two myections daily for a tot2
period of ten days or untl recovery 1s complete Larger doses o
BAL, up to 5 mg per kilogram, appear to be necessary 1n more e
vere poisoning

A number of side effects have been recorded These make thcg
appearance within a few minutes after the mjection and duapp
within one to one and one half hours The untoward symptoms art
recorded as nausea, vomting headache, burning sensation of the
oral mucous membranes and eyes sahvation, rhinorrhea, lacnmd
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tion muscular aches paresthestas and anxiety reactions The side
effects appear correlated with the dosage level It 15 stated that 1f
administered sufficiently early BAL will prove to be lifesaving in
all cases of bichlonide poisoning This optimism however should
not cause neglect of other routine therapeutic procedures 1o the
treatment of bichlortde poisoming such as the use of sodium form

aldehyde sulfoxalate solution for lavage of the stomach
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effects appear correlated with the dosage level It 1s stated that 1f
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not cause neglect of other routine therapeutic procedures 1 the
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the quantity of bichloride ingested as 1t does upon the time intenal
between the mngestion and the first intramuscular mjection of 2
sufficiently large dose of BAL Thus the success of this therapy de
pends almost entirely upon prompt adminstration The rapid de-
struction and excretion of BAL limt the duration of 1ts therapeut ¢
effects to a few hours Therefore a dose 15 recommended every four
hours around the clock Longcope and Luetscher®? 2 have 1¢
ported the largest series of successfully treated cases i an excellent,
comprehensive review which 1s our major reference

BAL 15 available for intramuscular use 1n a 10 per cent solutios
1n benzyl benzoate and peanut o1l Longcope and Luetscher **
recommend 150 mg for the imtial dose in the average adult !
lowed 1n 4 to 6 hours by another dose of 150 mg If larger amountt
of bichloride were ingested a third dose of 150 mg 1s given 4 hovt
later Many of his patients recewved 600 to 700 mg of BAL dunng
the first 12 hours of therapy During the succeeding 24 hours 210
3 additional doses of 150 mg are advised Injections are continued
for the next few days in diminishing amounts 1n accordance with
the sevenity of the symptoms

According to the Council on Pharmacy and Chemustry * BAL#
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The Radical Treatment of Acute Re-
nal Insufficiency

Prior to the development of various dialysis techniques for the re
moval of nitrog; wons and other un
1dentified toxic materials a number of diverse procedures were ad
vocated and mdeed carried out in the treatment of acute renal
wsufficiency Since most of these procedures have been wisely aban
doned as futile and at times hazardous they are mentioned here
only for historical completeness Among such procedures are de
capsulation of the kidney spinal anesthesia sympathetic block
blocking of the splanchnic nerves short wave diathermy to the renal
area 1ntravenous aminophyllin mercurial diuretics rmgation of
the renal pelvis with ureteral catheters and finally exchange trans-
fusion

Exsangumno Transfusions

Theherowc p dure of exchange t either with banked
blood or continuous cross transfuston with a normal donor has in
tnigued physicians for two decades ™ * 7 Exchange transfusion 1n
the treatment of erythroblastosis fetalis has encouraged investiga
tors to use the procedure for the purpose of removing heme pig
ments and other nephrotoxic byproducts when acute renal msuffi
ciency results from massive transfusion reactton or other types of
intravascular hemolysis The general acceptance and widespread
success of this procedure have been reported largely m the Euro
pean literature

Snapper®? has advocated this treatment on the tenuous theory
that important so-called non dialyzable toxic 10ns svhich cannot
be removed from the blood by dialysis can be eltminated by com
plete blood substitution
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nal Insufficiency

Prior to the dcvc]opmem ot various dralysis techmques for the re
maval of 1ons, and other un
wdentified 1o mntemh. a numbcr of diverse procedures were ad
vocated and mndeed carned out n the treatment of acute renal
wnsuffictency Stnce most of these procedures have been wisely aban
doned as funile and at times hazardous, they are mentioned here
only for lustorical completeness Among such procedures are de
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the renat pelvis with urctcml catheters, and, finally, exchange trans
fusion

Lxsanguino Transfusions

The heroic procedure of exchange transfusion esther with banked
blood ar cantinuous cross transfuston wth a normal donor has -
wngued physicans for two decades 77 # 378 Exchange transfusion 1
the treatment of erythroblastosis fetalis has encouraged wnestiga
101 10 use the procedure for the purpose of removing heme pig
ments and other nephrotoxic byproducts when acute renal insuth
clency results from massive transfuston reaction or other types of
smtrasascular hemolyss The general acceptance and widespread
success of this procedure have been reported largely in the Euro.
pean hiterature

Snapper™ has adsocated this treatment on the tcnuous theory
that umg so-called tyzable toxic 1ons” which cannot
be remosed from the blood by dialysis ean be eluminated by com
plete bload substieutson
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The hazards and disad ges of this procedure are 1) Theuse
of banl blood adds potassium 10ns which already may be approach
ng lethal concentratton 2) Only a neghgible amount of mnocuous
small molecular dialyzable substances (urea, creatinine, etc ) 1s €hm
nated by this procedure 3) Complications, such as, serum hepatits
transfusion reaction, or hypervolemia, are nherent 1n transfusion
of Iarge quantities of blood 4) Fatalities have been reported
donors during cross transfusion 5) The infusion of large quanttties
of blood tntroduces sodrum citrate i toxi¢ amounts resulung m
tetany which requures intravenous calcrum gluconate for correction
Obviously, the shortcomings of this procedure outweigh the hypo-
thetical 1ndicanions, thus resulting in abatndonment of this tech
mgue

Dialysis Procedures

Dualysis methods may be divided mnto intracorporeal and extra
corporeal procedures In other words, either by the use of the
body surface as a dialyzing membrane, or the temporary removal
of the blood from the body for exposure to synthetic dialyng
membranes (fig 7)

Since permeable nitrogenous ressdues (urea, creatinine, and uric
acid) are not the offending agents in the genesis of the uremic state
the efficient removal of these substances 3s not a measure of the
effectiveness of a particular dialyzing procedure It 15 necessary 10

pt that these nitrog dues are even when
lughly concentrated Moreover, once the diuretic phase begins
thetr presence n large quantsties s benefictal by enhanang solute
diurests The evaluation of a particular dialysis techmque should be
based entrely npon 1ts ability to remove potassium to properly
regulate the concentration of other tons, and to adjust body wates

Intracorporeal Dialysts

GASTROINTESTINAL LAVAGE
‘The earliest attempts toward removal of mitrogeno
were based upon the fundamental physiologic observation

us byproducts
that dur
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Diolysing
solution

off

; t
¥ cellophane X
membrane

Figure 7 Prinaple of dialysis across a cellophane membrane The large
open tircles on left represent red cells and protein molecules which are too
T e O e T T S PO B2 s

transfer and are not shown (Erxinton J R anp Danowsst T § The

body fluids bastc p and practical th Balumore The
Willams & Wilkins Co 1905 )

1ng uremea a sigmificant quantity of urea 1s excreted into the gastro-
intestinal tract * Various portions of the gastromtestinal tract have
been utihized a3 a dialyzing membrane Ordinanly a double lumen
tube 1s placed within the small bowel 2 ¢ The hypertonic perfusing
fluud empties 1nto a proximal opening and 1s withdrawn through
a distal openng several feet beyond thus employing the interven
ng portion of the bowel as a dialyzing membrane This method of
dialysis has been applied largely by conunental investigators par
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ticularly by Hamburger'” in Paris but has ganed only a meager
acceptance i the Umited States

Other methods of lavage which have been tried with only mm
mal successare 1) the introduction of the perfusing flund througha
Levine tube threaded 1nto the small bowel and collection of the
fluid by rectal suction thus perfusing the entire gastromntestinal
tract 1% 2) lavage of the stomach and 3) lavage of the colon by rec
tal tube 78

SALINE CATHARSIS
Another approach 1s the induction of diarrhea by the oral ad
mimstration of hypertonic magnesium or sodium sulfate solu
tions "% Without doubt sut 1al of p and 1%
ter can be removed 1n thus fashion but the procedure cannot be
properly controlled and 1s generally debilitating to the patient

MISCELLANEQUS PROCEDURES

A surgreally 1solated loop of small bowel has been employed as2
dialyzing surface m the treatment of chronic experimental ure
mia %7 In an attempt to combine the relative mens of 1ntra and
extracorporeal dialysis Schloerb? * devised a method i which 2
closed seven foot cellophane tube 1s introduced 1nto the intestine
by jejunostomy under local anesthesia An appropriate dialyung
fluid 25 intermattently perfused through the cylinder A preluminary
report of the application of this technique on experimental ammals
15 encouraging Obviously these drastic measures are contramdi
cated 1n acute renal insufficiency of short duration

SUMMARY OF GASTROINTESTINAL LAVAGF
With the exception of the cautious moderate use of oral
solutions { saline catharsis ) 1t 15 our belsef that all forms of m!ﬂtsl
tmnal lavage should be abandoned because the gastroantesttnal m:
15 not an 1nert semipermeable membrane except perhaps for na C;
and urea Flectrolytes such as sodium potassium calcum  an
phosphates are selectively secreted and absorbed under lhc] C(l:v“c
trol of complex humeral mechamisms independent of the rela

sulfate
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concentration gradients between the intestinal dialysis flnd and
the blood 26 Moreover, as shown by Brun,!? a distinct difference
exists between the excretion by the intestinal mucosa of urea and
other substances, such as, uric acid, creatimine, and phosphates
“Thus, while intestinal lavage will remove a certan amount of urea
and potassium, water and electrolyte balance 15 affected only to a
munor degree Although intestinal perfusion 1n experienced hands
1 a safe, effective method for adjusting flmd and electrolyte bal
ance, 1n our op1on 1t 1s not generally recommended 1n the routine
therapy of acute renal insufficiency

PERITONEAL LAVAGE

The extensive peritoneal surface (approximately 22,000 sq cm )
has long been utilized as a hving dialyzing membrane for expen
mental and therapeutic purposes 10t 11 297 Iny contrast to the intes
tnal mucosa, the penitoneum as an inert membrane has no active
excretory or reabsorptive function However, 1t does permit the
free exchange of water, small permeable molecules and 1ons be
tween the blood and the peritoneal cavity in either direction unul
equilibrium 1s reached Thus, pexmeable nitrogenous residues and
electrolytes rapidly diffuse across the peritoneum 1nto appropriate
perfusates while protein does not pass the barrier As demonstrated
by Darrow,” considerable shifung of body water between the extra
and sntracellular compartments results when the tomeity and 1onic
concentration of the peritoneal perfusing flind are varied With the
use of an 1sotonic (5 per cent glucose), electrolyte-free, perfusing
solution, sodwm, chloride, potassium, and other 1ons can bLe re
moved, and by adjusting the tomaty of the fluid, the total body
water can be increased or decreased at will

Prior to the 1mportant nvesngations of Frank, Seligman, and
Finc % pentoneal 1mganon techniques remamed primitne be
Quse of certain inherent Yor ple, the sol
Ppresiously used did not correct acidosis ot hypocalcemia, excessive
amounts of water were absorbed from the perfusing solution, pro-
tem and vitammns were lost and most important of all, peritomius
often developed from external contamunation and/or actual mi
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gration of colon bacilli into the peritoneal cavity across the mtact
intesunal wall These investigators modified the perfusing solution
and made 1mprovements on other details of the techmgue so that
1ts himutations have been largely corrected Of eighteen patients
treated by this method, only four recovered 8 However, this mor
tality rate does not negate the effectiveness of the procedure be
cause many of the cases were beyond salvage and utilized as expen
mental subjects mamnly for the purpose of perfecting a hopeful
therapeutic method The hazard of snfection despite massive antt
brotic therapy remauns the principal objection to peritoneal lavage

Various techniques for peritoneal lavage have been descnibed
and advocated Grollman'® applied intermittent lavage with a s
gle, small, perforated polyethylene tube introduced 1nto the pento-
neal cavity through an ordinary paracentesis trochar He allowed
the perfusate to remain within the peritoneal cavity for one and
one half hours to establish equilibrium with the blood before
stphoming He advised 6 to 12 exchanges of 2 to 3 liters at two hour
imtervals, and allowed the polyethylene tube to remamn within the
cavity durnng the entire procedure

Strauss and Raisz® reviewed the Amenican Iiterarure and found
52 cases treated with long term perttoneal dialysis ‘There were 29
deaths m this series and a ugh mcidence of pulmonary edema and
pentonttis Thus, although the overall results were poor, the ef
fectiveness of the method for removing urea and potassum was
clearly demonstrated Strauss and Raisz®® concluded that, in gen
eral, peritoneal dialysis *  has been improved to 2 point where
1t must be considered a useful and potentrally ifesaving procedure
1n acute renal farlure

Legramm and Memi1*® descnibed 1 detail what appears to us;
most satisfactory method for short duration (usually less than 1
hours), continuons 1rmgation of the pentoneal cavity It 13 not
within the scope of this volume, however, to present 2 dcscnP“"L"
of this method, and the reader 1s referred to the original wor:
Furthermore, since we have had no personal experience with dialy
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does not replace mital tubrlar excretory and non excrelory detoxt
Fying functrons This may account for the rise 1n blood phenol con
centrations which we observed 1 all our patients with acute renal
msulfficiency who developed uremye symptoms

PHENOL BODIES

The sigmificance of phenols 1n the blood and therr relationship
to urerma fike states have been the subject of considerable nvestt
gation and dispute since Bechar® first pointed out the similanty
of phenol poisoning to uremia From our mvestigations we con
clude that although an elevated blood phenol concentration offers
a poor prognosts in patsents afflicted with primaty renal disease
n acute renal msuffictency a high phenol concentration mav be
reversible with chinical improvement of the patient 12

ARTIFICIAL KIDNEY® 40 218 *44 213

At presenit three general types of apparatus 1) holff Mernll ™
184 183 248 310 2y Alwall 12 and 8) Skeggs Leonards™® 4 (fig 8) are
beng used successully while undergoing continual modificauions
and mprovements All three methods are based upon the safme gen
eral principle of passing arterral Food under asephic tonhiens
through a cellophane contamer {either tubing or flat sheets) 1m
mersed 1n a dynamuc dialyzaing solusion the contents of which can
be varied at will In most of these apparatus the ccllophane through
which the blood must pass 15 wrapped sprrally around a drum
which 15 1mmersed 1n the perfusing flurd The apparatus must st
e primed with compatble blood After exposure to the synthetic
dualyzing membrane the blaod 1s returned to the body by vem fn
addition the patient must be given substantial quantiues of hep-
ann and broad spectrum antibiotics

Merrill s2¢ most ymportant refinement n the apparatus ong!

nally suggested by Kolffts? 195 15 the addiuon of 2 hood over the
rotaung drum 1 order to mamtain a partial pressure of (ioo(;d
Skeggs and Leonards™ developed an apparatus in which the: '
15 separated from the dialyzing perfusate by flat shects of cellophant
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renal msufficiency may well be attributed to the proper manage
ment of infection and water and electrolyte balance, rather than to
the mtrod and refi of dialysis hods 48

Indicatrons for the use of external dialysis 1n the treatment of
acute renal 1nsufficrency are by no means clearcut It 1s generally
believed that the conservative measures previously outlined wall
certamly suffice 1n most cases of uncomplicated acute renal msuffi
ciency The notable reduction 1n mortality rate throngh modem,
skilled, conservative management has lead many physicians to the
misconception that dialysts techniques are never indicated We
take the position that there should be no argument between con
servative measures versus the artifical hidney Although the aver
age, previously normal mdividual can survive up to three weeks
of stmple oliguna under conservative treatment, the development
of complications (infection, hyperpotasserma and uremia) war
1ants the use of the artificial hidney Prolonged oliguna and anuna
alone are not sndications for dialysis

When acute renal msufficiency 1s due to trauma or fulmimating
infections deterioration of the climical state often occurs early,
and as soon as practicable, the patient should be transferred to a
‘tenal center” where vivodualysis 1s available As stated by Mer
1,28 whose experience with the artificial hidney has been most
extensive, the onset of diuresss and advent of comphicating factors
cannot be predicted by even the most experienced chinician, there
fore with each case, an arbitrary ume limt should be set, after
which dualysis will be available 1f necessary In this regard, Mer
Tl has further pointed out that small increments 1n urine volume
may not necessarily imply clinical tmprovement and under no ar
cumstances should the use of the arufictal hidney be postponed

until all other measures have failed

According to Elhinton and Danowsk: ® the overall mortality
Tate, even with good conservauve therapy, 1s still 50 per cent There-
fore, the aruficial kidney must be considered as a valuable adjunct
to good conservative and does not ly repre
sent radical treatment They believe that dualysis should be 1n
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Alwall in Sweden? and Murray in Canada® have mdependently
altered the original apparatus and reported constderable success
In the United States, the most widely used apparatus 1s the one
ongmally designed by Kolff®* %5 and modified by Merrill 26
Numerous other types of apparatus have appeared, none of which
has as yet been given adequate expermmental and clinical trial
It 15 the concensus of the workers m this field that although the
Kolff*# 1% apparatus 1 1ts present state 1s an effective means of
dialysis, many defects remain to be corrected, 1¢, 1) The hazard
of infection 1s ever present 2) The cellophane tubing 1s fragile, dis
tensible, and occasionally results in fatal * hemorrhage 1nto the
h 8) The * mect 1 handling’ of the blood by pumps
and coupling may result 1n hemolysis 4) The use of hepann as an
anticoagulant often results 1n excessive bleeding 5) Hypertension
occastonally develops with hugh rates of blood flow 6) A large body
of tramed personnel 1s required for 1ts operation 7) The apparatus
15 massive, unwieldy, and difficult to transport A review of the
spectfic details of each method 1s nat included n this volume be
cause of the current and continuous modifications and 1mprove
ments that will be forthcoming from renal centers For details on
each type of dialyzer, the oniginal sources may be consulted

INDICATIONS FOR EXTERNAL DIALYSIS
It 1s not our intention to take sides 1n the question of conservative
treatment versus the more radical methods of therapy, particularly
various types of dialysts The management of a particular patient
must depend largely upon the equipment and techmiques available
At present, the elaborate apparatus, tramned house staff, nurses, tech
nicians, and laboratory procedures required by dialysis methods
are available 1n only a few mstitutions Also 1n the average hospital
of 400 beds or less, the occasion for dalysis 1n so infrequent that
of these elab facilitres 1s not feasible Most pa
tients, therefore, must of necessity be treated by conservative tech
mques unless transferred to ‘ renal centers *
Some beheve that the recent reduction 1n mortahty rate of acute
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renal msufficiency may well be attributed to the proper manage
ment of infection and water and electrolyte balance, rather than to
the mntroduction and refinement of dialysis methods **

Indrcauons for the use of external dualysis in the treatment of
acute renal msufficiency are by no means clearcut. It 1s generally
beheved that the conservative measures previously outlined will
certamnly suffice 1n most cases of uncomplicated acute renal insufft
aency The notable reduction m mortality rate through modern,
skilled, conservative management has lead many physicians to the
musconception that dialysis techniques are never indicated. We
take the position that there should be no argument between con
servatine measures yersus the artifical kidney Although the aver
age, previously normal ndividual can survive up to three weeks
of sumple oliguna under conservatve treatment, the development
of compl (1f hyperp: and uremua) war
rants the use of the artificial kidney Prolonged ohiguna and anuna
alone are not mdications for dialysis

‘When acute renal msufficiency 1s due to tranma or fulmnating
mfections detertoration of the climcal state often occurs early,
and as soon as practicable, the patent should be transferred to a
“renal center where vivodialysis 1s available As stated by Mer
nll*** whose expenence with the aruficial kidney has been most
extensive, the onset of druresis and advent of compheating factors
cannot be predicted by even the most expenzenced climcian, there-
fore, with each case, an arbutrary tune limt should be set, after
which dialysis will be avarlable 1f necessary In this regard, Mer
nll#¢ has further pomnted out that small increments m unne volume
may not necessanly imply clinical improsement, and under no ar
cumstances should the use of the arufical kidney be postponed
‘+ unul all other measures have failed.’

According to Elkinton and Danowski,® the osverall mortaliry
Tate, even with good conservatis e therapy, 1s still 50 per cent. There-
fore, the aruficial kidney must be considered 2s a valuable adjunct
10 good conservative management, and does not necessarily repre
sent radical treatment. They belreve that dialyns should be m
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Alwall 1 Sweden'? and Murray m Canada?* have independently
altered the orginal apparatus and reported constderable success
In the United States, the most widely used apparatus 1s the one
ongmally designed by Kolfi*® 155 and modufied by Memll 26

Numerous other types of apparatus have appeared, none of which
has as yet been given adequate experimental and chinical trial

It 1s the concensus of the workers i this field that although the
Kolff'$3 18 apparatus 1n 1ts present state 15 an effective means of
dualysis, many defects remam to be corrected, 1¢, 1) The hazard
of mfection 1s ever present 2) The cellophane tubmg 13 fragale, dis
tensible, and occasionally results n fatal “hemorrhage” mto the
machine 3) The “mechanical handhing” of the blood by pumps
and coupling may result in hemolysis 4) The use of heparmn as an
anticoagulant often results in excessive bleeding 5) Hypertension
occasionally develops with high rates of blood flow 6) A large body
of tramned personnel 1s required for 1ts operation 7) The apparatus
15 masstve, unwieldy, and difficult to transport A review of the
specific details of each method 1s not mncluded in this volume be:
cause of the current and continuous modifications and 1mprove:
ments that will be forthcoming from renal centers For details on
each type of dialyzer, the onigial sources may be consulted

INDICATIONS FOR EXTERNAL DIALYSIS

It 15 not our intention to take sides m the question of conservative
treatment versus the more radical methods of therapy, particulatly
various types of dialysis The management of a particular pattent
must depend largely upon the equipment and techmques avaifable
At present, the elaborate apparatus, trained house staff, nurses tech
means, and laboratory procedures required by dralysis mcrhodls
are available 1n only a few institutions Also, 1n the average hospita!
of 400 beds or less, the occasion for dialysis 1n so infrequent that
marntenance of these elaborate factlittes 1s not feasible Most p3
tients, therefore, must of necessity be treated by conservative tech
niques unless transferred to “renal centers”

te
Some belzeve that the recent reduction m mortality rate of act!
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tension persisted until the diseased kadneys were later removed 1n
two stages

Ths will stimulate and
Tenew attempts to surmount the obstacles of homotransplantation
so that man will ultimately have more that his own kidneys for
Teserve

ERRY Youbted]

ach
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stituted as early as the fifth or sixth day of oliguria A bleeding
tendency, especially gastrointestinal or mtracramal, constitutes an
absolute contraindication to dialysis

Schremer and Berman®32 reported that obstetrical patients com
prised over 30 per cent of those patients with acute renal msuf
fictency whose clinucal course warranted hemodialysis This 1n
cluded such conditions as abrupuo placenta, abortion, eclampsia
clostrrdial infection, and intravascular hemolysis

The documenting at renal centers of hundreds of chimcal trials
and the beneficial effects of the artifictal hidney as evidenced by
electrocardiographic and biochemical improvement, amelioratton
of symptoms, and a sense of well being leave no doubt that ynder
the proper circumstances the artificial kidney has a permaneat
place 1n the treatment of acute renal insufficiency

Renal Transplantation

A review of acute renal insufficiency would be mncomplete with
out some mention of homotransplantation of the human kidney
In dogs, homotransplants survive only 10 to 14 days despue at
tempts to combat with sterowds the anttbody response which ult
mately destroys the transplanted kidney *7 A kidney transplant
from a dizygotic cattle twin, however, survived and functioned
for nine months Most of the attempts at transplantation pro-
cedures 1n human subjects have met with failure, however, 18 2
few cases, a kidney transplanted mto the thigh functsoned ade-
quately for up to five and one half months |

The favorable result of skin homografts between identcd
human twins led Memnil and hus group at the Peter Bent Buighat
Hospital?*7 to successfully transplant a kidney from one healthy
human subject to his identical twin who was suffering from
chromie urema and mahgnant hypertension This dramatic P’;
cedure was attempted only after tissue compatibility was su[
stantiated by the persistent viability of a skin hc'motranspla;
Although the uremic symj cleared ph ly, the hyp!
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Disturbances of Calcium Metabolism
Associated with Potentially Revers-
ible Chronic Renal Insufficiency

An important group of potentially reversible chronic renal 1n
sufficiency 15 that associated wath disorders of calctum metabolism
which often result 1n nephrocalcinosis 1e 1) primary hyperpara
thyrowdism,® 2) hyperparathyroidism versus the mulk alkali
{Burnett s) syndrome,!? # 1% 3) vitamun D and 1rradiated sterol in
toxication,? 57 71 300 4) sarcoidosis 25 %0 5) hyperchloremic aci
dos1s 18 6) Fancomi syndrome,0? 191 238 7) 1diopatic hypercal
curma 88 35 204 g) ged  skeletal Lization, 150 9)
excessive administration of androgens and estrogens 1% 10) thyro
toxicosss, 31t 11) leukema 23+

Primary Hyperparathyrowdism

The cltmeat and biochemical aspects of the usual forms of hyper
parathyrordism are well described 1n the several standard texts® ¢
and need not be reviewed here However, when the cause of azo
temua 1s obscure, especially 1n the absence of hypertension, a low
CO, combiming power, and retnopathy, hyperparath d
should be suspected To the contrary Hellstrom!® believed that
hypertension probably due to tubular damage occurs i hyper
parathyroidism

Primary hyperparathyroidism produces two distinct types of
renal disturbance 1) renal calcuh and 2) nephrocalanosis These
two compl of hyperp: yroidism are mutually exclusive
€ntities 1n that, for some unknown reason those patients afflicted
with hyperparathyroidism who develop recurrent calculi usually
are free from extensive nephrocalcinosis, and those afflicted with
nephrocalcinosis rarely develop calcuh ® For the sake of complete

147
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hour urinary excretton of calcium was low and wmconsistent with
hyperparathyroidism

CASE REFORT

The pauent, a forty three year old negro, entered the West Side
Veterans Admunstration Hospital on November 28, 1955, because of
recurrent episodes of right flank pain, chulls, fever, frequency, and pyu
na over the past year A gonorrheal infection 1n 1936 resulted in a
urethral stnicture with dysuria and frequency ever since. Physical ex
‘was not X except for 2 mod degree of flank
tenderness. The blood pressure was 140/100 The non protein nigrogen

v o e -~ .

b
1
r
and a normal renal pattern on the left The unine cleared, and the
Ppatent was about to be discharged when the serum calaum and phos
phorus levels were req because of a q of
the night kidney Surprisingly, hypercalcemia (caletum 15 mg per 100
ml) and hypophosphatemia (phosphorus 18 mg per 100 ml) were
discovered Repeated serum calcrum determinations on 2 low calcum

reaction was strongly posiuve despite 2 100 mg calaum diet The
twenty four hour excretion of calaum was not determmed A large
3 X 2 cm parathyrord adenoma was removed from the right cervical
area The patient made an excellent postoperative recovery A posttve
Chyostek’s sign was controlled wath oral vitamn D and calaum The
hon protein mtrogen receded to 28 mg per 100 ml, and the entire
biocherucal picture returned to normal

Comment This patient was afflicted with two unrelated con
ditions 1) a urethral stricture with pyelonephrosis, and 2) hyper
Patathyrordism The first cond masked the second which was
only madvertently discovered because a suspicion of the presence
of a tenal calculus led to a search for hyperparathyroidism The
Prompt correction of the hyperparathyroid state reversed the mild
220tetma and undoubtedly prevented further renal damage

At the Mayo Clinic, 260 primary hyperparathyrordism 15 diag
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ness 1t should be noted that patients with hyperparathyroidism m
mamfest a third type of renal dysfunction® caused by the durel
effects of hypercalciuna and charactenized by anemsa a shight ¢
vation of the non protein mtrogen and a polyuna so ntense
ta sumulate diabetes isiprdus

CASE REPORT

The patient a forty nine year old negro housewife entered Cox
County Hospital on October 25 1955 complaining of low back pa
polyuna polydipsia and nocturia Three years previously bilawer
renal caleuli were observed on roentgenogram but she was not treate
The blood pressure was 140/70 and she cid not appear acutely il
Uninalysis disclosed the speafic gravity of 1004 albunununa (3 to
olust and a persistently posttive Sulkowitch reaction (2 to 3 plas

parent on genog of the abd; ‘T he non protest 11U,
was 244 mg per 100 ml creatinine 110 mg per 100 ml and

serum calerum ranged between 101 and 110 mg per 100 ml wa!
phorus ranged between 80 and 110 mg per 100 m! The alka n:
phosphatase was $ 1 to 5 2 Bodansky units The twenty four hour uns!

volume ranged from 2000 to 3000 cc and contained only 58 to &
* «  wan ameanngared anc

solitary adenoma of the nght lower parathyroia granu s
cm l:yxlateral stag horn calcult and extreme bilateral dilatation t:if ;1'6
renal pelvis Microscopically the kidney showed a pscudo—thy‘l’ollm}’L‘
pearance of the tubules Nephrocalcinosis of the tubules was min!

Comment This patient suffered from a potentially r:vcrsxb}lt
type of renal msufficiency and might have been salvaged by ;?fo}f'
diagnosis and proper treatment The diagnosts and n'catrlndcmvc
hyperparathyroidism three years previously probably woul e
been lifesaving The preterminal biochemical picture 1llustral e
suppression of the biochemical mamfestations of hyperpa

ty four
roidism by superimposed renal it y Even the twenty
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Primary hyperparathyroid hyperchl acdosss, and
chronic pyelonephritts constitute by far the most frequent causes
of nephrocalcinoss and renal insufficiency (fig 9)

Hyperparathyroidism versus the “Milk Alkaly”
{Buruett’s} Syndrome

The synd of alk and renal resulting from
the voming of chlorides and the prolonged ingestion of milk
and soluble allalies 1n ntractable peptic ulcer patients has ap
peared sporadically®+ 41 168 263 yn the licerature since first described
by Hardt and Ruvers 43 In some of these patients only a transtent,
Teversible renal insufficiency developed, while in others, generalized
calcinosts with metastatic calcrfication of kidneys and other vital
organs resulted and a fatal uremia was not infrequent Burnett
and his assocrates®® reported srx cases of a syndrome which they
attributed to the prolonged 1ntake of milk and alkalies 1n the treat
ment of ulcer, characterized by 1) hypercalcerma without hyper
calawunia or hypophosphatemla 2) generahized metastatic calcmnosis
3) ocular lesions and 4) renal insufficiency

Since Kursner, Palmer, and Humphreys'™ '™ and others®” hayve
shown that intense alkalosis alone does not produce permanent
renal damage 1n erther expertmental animals or human subjects,
1t seems probable that other pathogenetic factors such as latent
subchinical kidney disease, must be associated with chronic alka
Tosis to produce this syndrome

Sanderson-® adminstered 140 grams of sodwum bicarbonate and
three liters of milk daily for three weeks to a male ulcer patient
Although this tremendous amount of bicarbonate produced a rise
of plasma, CO, combining power to 40 mEq per liter, a werght
gan of nearly 7 kilograms and mild edema of the anlles, the
blood urea nitrogen remained unchanged until the end of the
penod of allal admunustration when the level rose shghtly In 21
other expeniments on human subjects using smaller doses of alkaly
similar results were obtained No evidence of renal damage was
Observed Sanderson®™® concluded that man 15 well able to cope
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nosed about three tmes as frequently as nephrocaleinosis When
nephrocalemosss 1s detected by roentgenogram examination, the
cause can be determined clinically in most 1nstances The cause of
unnary calculs, however, 1s not as eastly discernible Contrary ta

u .
quate treatment with alkalt of pauents with nephrocalcimosis sec
ondary to hyperchloremic acidosis Because of the potential
reversibility of nephrocalcinosis and the dire consequences of allow
1ng the condatton to progress or remain untreated, Mortensen® has
outlined the diagnostic procedures necessary to establish, in most
mstarnces, the precise cause of nephrocalcinosts

Nephrocalcinos:s
Associated causative disorders

Hyper
chloremic
acidosis

hronie
glomeruionephrms

Recurrent
5 Eenul lithiasis
~Hypercalciuria

N~ No
dusease found

Primary

‘hyper-
parathyroidism
417%

orders tesponsible for roentgeno
1n 91 collected cases (MowTENSEY

Figure 9 Distnibution of causative dis
Tcall el

JD" Eswerr, J L ano Bacoenstoss A H  Climaal aspects of
calanosis Proc Staff Meet Mayo Clinic, 28 305, 1953)
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Prmary hyperparathyroidism, hyperchloremic acidoss, and
chronic pyelonephrttis constitute by far the most frequent causes
of nephrocalcinosis and renal msufficrency (fig 9)

Hyperparathyroidism versus the “Milk Alkah”
(Burnpett’s) Syndrome

"The synd. of alkalosis and renal ffi y resulting from
the vomiting of chlorides and the prolonged ingestion of milk
and soluble alkalies 1n intractable peptic ulcer pattents has ap
peared sporadically’* 41 268 263 1 the literature since first described
by Hardt and Ruvers #* In some of these patients only a transient,
reversible renal insufficiency developed, while i others, generalized
alanesis with metastatic calcification of kidneys and other vital
organs resulted, and a fatal urerma was not infrequent Burnett
and his associatest® reported six cases of a syndrome which they
attnibuted to the prolonged intake of milk and alkalies 1n the treat
ment of ulcer, characterized by 1) hypercalcemra without hyper
alauria or hypophosph 2) g lized metastatic cal
3) ocular lesions, and 4) renal msufficiency

Since Kirsner, Palmer, and Humphreys'™® 17 and others®” have
shown that intense alkalosts alone does not produce permanent
renal damage 1n erther experimental animals or human subjects,
1t seems probable that other patt 1¢ factors, such as latent
subclinical hidney dusease, must be assoctated with chronic alka
losis to produce this syndrome

Sanderson®"® adminustered 140 grams of sodium bicarbonate and
three hiters of milk daily for three weeks to a male ulcer panent
Although this tremendous amount of bicarbonate produced a rise
of plasma CO, combiming power to 40 mEq per liter, a weight
83 of nearly 7 kilograms, and mild edema of the ankles, the
blood urea nitrogen remained unchanged unul the end of the
period of alkali admumstration when the level rose shightly In 21
other experiments on human subjects using smaller doses of alkal
stmilar results were obtaned No evidence of renal damage was
observed Sanderson$™ concluded that man 1s well able to cope
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with an enormous alkali intake for periods up to three weeks
In one patient suffering from a duodenal ulcer and pylonc ob-
struction, Sanderson®® observed that the severe alkalosis resulting
from the admimstration of bicarbonate actually lowered the blood
urea nitrogen, whereas vomting which produced dehydration and
a relatively trival alkalosis resulted 1n a substantial nise 1n blood
urea nitrogen From this observation, Sanderson®® reasoned, and
we concur, that the renal damage associated wath clmical alkalosis
1s more likely due to dehydration and consequent renal 1schema
than to alkalosis per se (fig 10) The hypopotassemua associated
with alkalosis undoubtedly augments this renal disturbance The
profound effects of dehydrauon and allalosis on renal function
are 1llustrated in the following case

CASE REPORT

The patient, 2 twenty six year old white female and known alcoholic
addict for many years entered Cook County Hospital on February
1949, m a porous cond from vomuting and de
hydratton The blood pressure was 140/90, pulse 112 and respirations
28 Theln
‘The bioch
alkalosis -
hematocrit was 30 The pattent was oliguric (less than 100 cc, oxunik
i twenty four hours for two days) Despite dehydration the unne
spealfic gravity was 1 010 A trace of albumin was present, but no formt

ally 1n the urinary sediment. Large

were visible ):
quantities of saline sofution and 1/6 M sodm lactate were adminis
tered 1ntr ly, and the bioch al picture comverted to met

abolic acidosts with a CO, combining power of 95 mEq per liter The
anent, as a result of this treatment, became overhydrated (hema
tocrit 21) An intense diuresis obtamed, but electrolyte and wa!;r
balance were ultimately established The non protein mirogen at the
heght of the electrolyte disturbance and dehydration was 107 ms;
per 100 ml, and the creatimine was 58 mg per [00 mi ‘The pate
recovered, and the azotenua subsided completely
Comment This case illustrates the untoward effects of mclz[
bolic alkalosis and dehydration on renal function The extent :e

the preexisting renal damage, as in most nstances, cannot
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Figure 10 Blood urea (mg /100 m1) and plasma total €O, (mEq /L) 1n

2 man with
bicarbonate

pylonc stenosss recervang 1000 mEq_ per Lier (84 gm) of sodium
dally On the days marked with a v the subject vomuted ‘A*

Tepresents the aspiration of over a licer of gastric contents Administration
Of bicarbonate caused severe alkalosis but lowered the blood urea, vomiting

sov,

Posium on the kidney Boston, Litile Brown & Co. 1954)

€aused a relatively trvial alkalosis but 2 marked mse 1n blood urea (SANDER
P H Renal response to massive alkali loading Ciba Foundation Sym
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ascertained Because of the combination of liver disease and renal
wsufficiency, this case could be classified loosely as hepato renal
syndrome, a term which we believe should be dropped from med
1cal terminology

Ogle and Harvey'™ observed that even when alkalosis results
from massive alkali therapy of peptic ulcers, 1t 15 seldom accom
panied by hypercalcemuia  The reason only an occasional patient
develops hypercalcemia under these circumstances remarns obscure

‘We have observed that when a patient afflicted with latent or
subclinical hyperparathyroidism develops an intractable peptic
ulcer which 1s treated with large quantities of milk and alkales
(particularly calcium salts) and alkalosis and azotemia result the
clinical and biochemical picture 3 indistinguishable from the
syndrome which Burnett and hus assoctates*® attributed to the pro
longed ingestion of milk and alkalt alone The diagnostic dilemma
15 further compounded by the added complication of frequent and
massive gastrotntestinal bleeding resulting in shoch and renal
1schemia With the appearance of peptic ulcer complications and
renal nsufficiency 1n the hyperparathyroud patient a clear-cut
separation from the milk alkal syndrome becomes a most perplex
ing problem In short the symptoms and findings of peplic ulcer,
gastrowntestinal hemorrhage, alkalosts, and renal insufficiency often
mask the chnical and brochemical mamifestatrons of hyperpara
thyrowdism

Whereas 1n hyperparathyroidism a tendency exists toward hy
percalcemia and hypophosphatemia 1n renal msufficiency the
phosphate level 15 elevated and the calaum depressed With an
adequate ntake of calcium x ray evidence 1n bone of hyperpara
thyroidism may also be obscured The polyura resulting from
tubular dysfunction and loss of concentrating ability may produce
only a weakly positive or negative Sulkowitch reaction Thus the
only biochemical proof of the existence of hyperparathyroidism
smay be the increased swenty four hovr excretion of calcium while
the patient 15 on a low caloum duet, and even this clue may be
lacking 1n certain patients (fig 11)
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Figure 11 The modification of hyperparathyroidism by peptic ulcer com
plications and renal insufficiency The usual osseous alterations of hyperpara
thyrodism as visualized 1n roentgenograms of bone are negated by the ad
ditive cffects of excess calcum ingestion {mutk and calewum salts) and the
alkaloss of chlonide depletion from vomiting Alkalosis causes a shft of
tontzed ralcum 1o protein bound calcrum and also reduces the solubility of
calaum salts The latter effect counteracts the tendency of hyperparathyrord
1sm to mobtlize calwum from bone Chronic renal msufficiency which tends
to produce acidosss phosphate retention and hypocalcemua further modifies
he biochemical picture of hypcrpnalhyroldum (ATLAs D H, Gamervan,
E masked Ann
!m “Med 44 11851210 1936)

yperp

CASE REPORT

B O, a forty five year old white male married bookeeper, was first
admutted to Mount Sinay Hospnal on March 15, 1917, with a twenty
five year hustory of by the pamn
food relief sequence Durmg ﬂus twenly five year period, he ingested
large quantities of milk and cream and soluble alkahes For the past




156 REVERSIBLE RENAL INSUFFICIENGY

) N because
and n
. - . dne year
previously, he was seen by a gastroenterologist was told he had symp-
toms of an obstructive ulcer, and was advised to undergo surgery
During the month before hospitalization, he frequently passed black
stools For two days prior to admussion, he often 1nduced vomiting and
took large doses of alkales to relieve his ulcer pamn
Physical 1on disclosed an apprel , thin pale, dehy
drated, and chronically 11l white male complaming batterly of weak
ness, thirst and burming epigastric parn reheved only by self induced
;ommng His blood pressure was 100/70, pulse 130, and temperature
80 F
By sltt lamp examination, small subepithelral deposits were noted
bilaterally adjacent to the Iimbus and extending two to three milh
meters into the cornea at the interpalpebral zone The eyes were other
wise not remarkable Loud, blowing Grade I, systolic murmurs were
audible at the apex and base of the heart No other abnormalities
were found in the chest Shght epigastric tenderness was elicited The
red bload cell count was 2 700000, kemoglobin 75 grams and the
white blood count was 17,200 with 2 normal differential distrtbution
The hematocrit was 21 There was ohiguria for three days Severe
and bolic alkalosis were reported He was placed on a
Meulengracht regimen
Electrolyte and fluid balance was establ by the ad
of mntravenous glucose and saline solutions A satisfactory unine flow
was ot d, the was precip ly reduced, and s general
condition rapidly improved Unnalysis disclosed Ittle 2{ ugmﬁc‘ar'lhce
- B ~ ~F the

stro
1ntestinal hemorrhage, dehydration and alkaiosis A gastii resection
was advised but was refused by the patient He was discharged on
Apnl 19, 1947 improved
Second Admussion—December 14, 1947

The chief complaints now
breach s temperature was

lobe pneumonitis was Teporte .
therapy, became afebrile, and the lungs cleared within a few days

Severe azoterma with a non protem nitrogen of 136 mg per 100 ml
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and creatimne of 74 mg per

0 ml was reported on admussion He

for relief of ulcer pain
Third Admission—August 4, 1948
The pattent complained of weakness, shortness of breath, and the
P U A o3 e

Fourth Admisston—-January 17, 1949

The complaints were smilar to those on previous admisstons with
the addinton of painful spasm of the calf muscle and a generalized
prutttus The level of azotermia and anemia were unchanged A de
pression of serum chloride was noted which could not be elevated by
large amounts of orally administered sodium chloride The diagnosis
of salt losing neph was sug d He was d on January
27, 1949

Fifth Admission—March, 3, 1949

He entered the hospital because of weakness, hematemests, and
melena His red blood cell count was 2 000,000 and the hemoglobin
68— — Am

ag
8
it

Sixth Admussion—October 12, 1949
The were d On this ad
co, combmmg power was found to be 454 mEq per lter, and hy
ponatremxa and hypochloremia were agamn noted 1n addition to the
azotemmia Treatment consisted of blood trznsfusmns and electrolyte
therapy He was disch slightly imp ber 5, 1949
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the lumina of these vessels were greatly reduced ‘The iliac arteries pre-
sented s;miar changes

The krdneys were moderately enlarged, weighing 280 grams together
On their external surface there were muluple cysts measuring up to
15 cm contantng straw colored flmd The renal capsule was firmly
attached to the cortex which was finely granular “The thickness of the

cortex was considerably reduced, and there were numerous yellowish-
- -c

atn walal waly iy
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the fungs and caletfication of the cayilaginous pliques of the trichea
md large brondn The other viscert were gronly aormal exapt for
shght enlargeraent of the paritharods wnd caletfication of the dars over
the comexity o} the cetebrum

Macroscopre exammation confirmed the visceril cliinges descnbut
shove In additzon 1o the healed posteror will infaret ol the myncar
dium there were arcs of vecent myoeardiat necrasis \ueerons foa of
cdnficiion were seen withun the infarcted reglons A large coronan
iery was completely occluded by 1 partly endaifind fy line tike throm
bus The lungs diplaved arets where the alvcols were oblierid by
proflerwing fibrous conneding hssnes contamng Ll which m
some areas showed ostead metiplastt There was moder e wieng
seleronts of the hrindies of the putmon sy wtery Numcrous glamerah
ware completely by dimtad Some tubules were atrcphic whide otlices
showatd prnnd nerosss of ther cprbdnd fomng. The adjaccnt wtter
sutial regre £y contnnet masscs of purplish amorphous matertal which
goe the stammng, rewtiom of cadonam (g 13 There were milirung
hymphocvies throughout the ntensutil tisste of the kednys The
Branches of whe rnal winey shonad sivere srtenosclerosts Scatians
of the farrthyrouds reveated dutfuse bypetplisty with predonunance of
large polygon b water cloar cells In one parithyroid there was a wel/
encapsulat d rodule asurng 15 3 2 em composed of st duk
stuning celly arrged m cords and 19 ciboidil cells with < tendency
o form e (fig (1) these codls bt a eletr (yoplasm T he stromr was
semt and richly vascularized The murow of the vertchrac w s prart ety
repliced by fibrous connectint tssue T he bony wabecul e werd atropic
am seme Seze wTronnded by osteoclastie gt cells (fig 155 Sctions

Fhe dura raveaded Jarge §o0s of ¢ dafic ttion with metipl suc bone tor
Mo

Ao evebudl was oxarned grawte ad ustolagicdly by e Gandd B

kart(New York Evr Nose ind Thron Wofimuy) The anatomic
dignases of the ncular puhology were 1) bandfotm ketats 24 gl
comi %) cdafied pligues m sclera #) chronic chororbins §) usead
wrophy 6) myead and retna) vascalar sclerosis Ty ghoses of 1ehm &)
apuc atrophy

Ve anator e & agnoses were s follows 1) solitary wlenomy of the
prrntavonds with dsftuse hyperplasce 2 acgphirae danosts superin
posd on v chrome pyddoncphnus and bitweril congeated pobyoystic
Rdngs Gmid) $) pychin evsger §) ovuns fibvost o) metnt i ke
Heatiom of the thne artenes racher lungs dur mater £) severe catatic
stictose of the coron iy artenes with thrombote occtuston Ty taper



162 REVERSIBLE RENAL INSUFFICIENCY

Figure 13 Renal tubules showing partial necrosts and depositton of cal
aum X 880 (ATuas D H GaBrRMAN P AND Ersennerc FI L Syndrome
of masked hyperparathyroidism Ann Int Med 44 1195 1210 1956)

trophy of the heart with recent and old myocardal infarct 8) organized
bronchopneumonia 9) chrontc peptic ulcer at margin of gistroenter
ostomy healed peptic ulcer nt the pylorus

Duscussion The ingense deterioration of renal function pro
duced by each eprsode of hematemesis shock alkalosis nd dehy
draton demonstrates the vulerability of previously impasred hid
neys to these deleterious influences A considerable degree of
reversibility however resulted from restoratton of blood yolume
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VLA L

Figure 1 Parsthirond adenoms Fimous capsule sep rates aderoma from
wormal parastveond frsue % 190 (AiLas, D B Gazryvan Poann Eisiy
sth H L svndrome of maskid hyperpirathyrodism Ann Im Med
1193126 1936)

and water and electrolyte batance This susceptibiny of Lidneys
with andertymg disease o disturbances of Gronlaton, water and
electroiye balance bas been previowsty noted 3 In our patent, 1t
iy p te that msid hypery dism produced calanoss
of the mbules which then became \uh\crahlc to atteratons of the

wternat mbien The Leyses and 1 pyclonephnu

it




164 RTVERSIBLF RENAL INSUFTICIFAGY

Tigur 15 Marrow obtuned from vertebra showin,, ostaitis fibrost fibrous
of mwrow imd oseodstic vty X 880 (\1Las D OH o Garervan I
awp Loenstxe H 1 Syndronc of muked by erpurithyrodem  Ann
Int Med 48 195-1210 19.6)

were of mimor consequence and pronbly phiyed an msigmificint
role i the sequence of cvamts which culmmated i renl fulure
The occsiom] nonmal scrum calaun the cdevated serum phos
phorus the normal alkaline phosphatase the absence of 2 strong
Sulkowitch reaction and the fulure of bone roentgenogrums to
disclose ostertts fibrost cysticr desverted us from the dignosis of
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prunaty paathyroid disease Unfortanately the crueal and ding

nostic quanutitne deterinminion of cakonm excreted m twenty

four hours o a low calestum et was not done It should be noted

} ever thathypersalaurinmay not he derected by the Sulkontech

v ermaradkyrendim s assacaated with

~To v of poly

cention

tuner

pliosphatuna of by y Ry
obscrire hyporpirdiy rovdisn may be alnent

While ths pruent was on our service the repore by Bument

etal Wapperred an b ar e e the fmdimgs 1 our panent secmed

compauble with thetr description

1 evaew of the A\Dik Alhalt (Busnett sy Syndion ¢4

We beheve it a enuca review of the vartous cases reparted as
Burnert 49 syndrame may dispel some of the present confusion con
nected with this problem (rable 4)

Tra noa reeent and by fan the most comprebensive resien of

! Wenor Rirsner and Patmer

with

pepue ulcr hosprritees 1956
e tedd 10 pauenrs studied m det b o chom

ey 1) adeqirite

£ 0t of peptic wheer
nedrome of hypcraat

t

»

stidetermmacns 1S
s Moy Dhese thers 0o vepots the dieen o

P owe dan prmary hypapan
«

Olutlicrtion
Carponter wd Fada sepored 2ense of 1in 5]
arrde who denonstr tted 9% of the mne ontan of Pume s syn
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drome The Auent d not manife est 1Y cruentd n the following
hree WS 1) there ® a tender \cy 10 ac! d r.n\\er thn aikalosts
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mal st une ph phat after ¥ striction um A
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the develop i s syn¢ ple 1o the
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XL 16t of twe pomntes ou d
culties Lolved? \fferent of hyperPa” yromd from
he MY RISUD ih swucms Al ¢ ke @
mith ot WY he M3 h em M L hyrou
adenot® w g jly remo’ Postnor AW of
furst pAv \\ ongen 1 horse ! 10 ik arhed
e cphr! d (fuse mer
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sttial nephritts apparently secondary to the calamoss Metastatic
calatfication was demonstrable m the dura lungs orbits and me
dium sized arteries A large ulcer crater was present in the first por
tion of the duodenum It was apparent that the patient dted of renal
farlure Since the parathyroid glands were not 1solated after dihigent
dusection of the nech the possible existence of a small functioning
parathyroid adenoma was not entirely eliminated In the second
patient removal of a parathyroid adenoma resulted in a complete
clinical cure It 1s noteworthy that 1n the latter patient notwith
standing the hypercalcemia the twenty four hour urinary excretion
of calerum was not usually increased hyle! ¥ suggested the posst
bihty that this hypercalcemia without hypercalciuria may be due to
the mterference ot the urinary excretron of calctum by alkalosis

hyle!*® offered one unportant chfferental dragnostic feature of
the true Burnett s syndrome namely improsement on a diet Jow 1n
calcrum and absorbable alkali He stated that with proper dietary
restriction panients with hyperparathyroidism should demonstrate
sufficient improvement 1n renil function to uncover the character
1stic laboratory features of this disease unless trreversible renal dam
age has occurred under which circumstances differentiation of these
tuo disorders may depend on surgical exploration and examinalion
of the parathyrords hyle'® did not subscribe to the opinion ex
pressed by Carpenter and Pautler and the authors' who doubt
that Burnett s syndrome can develop 1 the absence of previous
renal damage or obscure hyperparathyroidism

Schnesders * ¢ ¢ related that under certain crrcumstances Bur
nett s syndrome and hyperparathyrotdism may be indistinguishable
He presented two illustrative case histortes In the first patient the
symptomatology led to surgical explorauon of the neck and later
of the mediastinum No parithyroid tumor or hyperplasia was
found and discontinuance of milk and absorbable alkali resulted
m prompt correction of hypercalcemit and azotemia Although this
pittent was regarded s hnang had Burpett s syndrome the pres
ence of 1 persistent atheit improved urea «learance suggests to us
that this piuent may have had preexisung luent tubular damage
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which made the hidney vuluerable to alkalosis In other words the
mpured nephrons were unable to properly regulate the wnterml
milieu or manage an overnhelming alkal or caleum load The
second patient presented a sumtlar chnical and biochemical pattern
which was corrected by surgieal remoyal of 1 parathyroid adenoma
Schnexder 8 nevertheless concluded that Burnett s syndrome may
be 1 distinet clinteal enuty and not necessanly 1 manfestauon of
hyperparathyroihism ¥ He and his assoointes regard a o serum
phosphorus feve! s 1 most relable clue to the diagnosis of hyper
parithyrotdism unless renal insufhiciency has occurred

Schneider®  described 1 third patient with diabetes medlius and
long standing duodenal ulcer in whom the milk alkali  syndrome
developed ripudly following 1 diet of milk and calcium chloride
powders for exight d1ys The level of non protein mitrogen rose [rom
39to 143 mg per 100 ml and the patient became stuporous and had
polyuria and polydipsia The serum cilcium rose to 16 5 mg per
100 mi With mnstitution of 1 fow calcrum chet the serum calaum
level and renal function returned to normal Since urmary calcium
excretion was not reported tn the protocol the existence of hyper
parithyrowdism was not completcly elimmated

Scholz and heatng ¢ 7 m 1 review of eight cases which they
classified as milk alkah  syndrome considered antecedent renal
damage 1mportane 1 the production of thns syndrome They also
noted the difficulty involved 1 the differentiation of thus syndrome
from primary hyperparathyrowdism without bone diserse partic
ularly 10 1 pauent who develops 1 achive ulcer and renl msuf
ficrency

They crted the case of a fifty one year old white male with symp
toms and findings of bleeding ulcer excessi ¢ ingestton of milk and
alkilies azotemnn hypercilcemia and hypercalciuna over a twenty
eight year perod which led to the considerrtion of enther hyper
parathyrowdism or Burnett s syndrome The nech was surgicfly ex
plored but no parathyroid tumor was found The patent refused
surgical explorition of the mediastinum  Because of recurrence of
ulcer symptoms a gistrectomy 1nd duodencctomy were performed
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which made the hiduey vulnerible to alhatosis In other words the
impured nephrons were unable to properly regulate the mtermi
mliew or mnge 4 oserwhelming Mkl or <lcium load The
second prttent presented 1smithir chmead and biochemel pattern
which was corrected by surgieal semos 3 of a parathyrond adenomn
Schnerder 3 ® pevertheless concluded that Burnett s syndrome may
be 1 dntmcr dmicnd entsty nd not necessinly 1 mamfestion of
hyperparuhyrontism  He nd hus ssocrites regard 1 losw sertm
phiasphiotts tevel 1s 1 most reliable chite to the dignoss of hyper
parathyrachism unless ranat msafhicency bas occnirred

Schaewder  descrtbed 1 thited paoent sith ditbctes metlivus wid
lang stwnding duodenat uleer m whom the  muth Alkalt syndrome
developed rapudly following = diet of mulk and claum chloride
ponders for erght days The fevel of non protetn mitrogen rose from
Jto Himg per 100 ml and the pauent became stuporous wd bnd
potyurty wd polydipsia The setum crletum rose to 165 mg per
100 mI YW ith mnsutution of 1 fow calanm diet the serum eafonm
level and renal function returned to normal Since unnary calem
cxcretion was not reported m the protocol the esstence of hypor
prrrthyrowdism was not completely chnmnated

Scholz and hewng  m 1 renon of aght cases which they
classsfied 15 mah alkal syndrome considered antccedent tenat
damage 1mportnt n the production of this syndrome They lso
noted the difficulty smsolied 1o the differentintion of ths syndrome
from primary hyperparithyrordism without bone disease partic
ularly 1 a patent who develops an 1ctne ulcer md yemd msuf
ficzency

‘They ated the Cise of 7 fifty-one year old white mate with symp-
tomms md findings of Dleeding nlcer exeessive mgostton of mith and
aikaltes wotemn hypercalcemin and hypacileturtr over 1 tuenty
ught yaar pensod wineh Jed 1o the considerttian of erther hyper
parathyrowdism or Burnctt s syuidratme The neck was surmolly es
plored bnt no preadhyrond tumar was found The pagent sefused
surgictl exploritian of the medrstimm Beewe of vecurrence of
wlcer symptoms 1 gustrectomy md di denectomy sere perinrmed
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Gurman®*® appeass to have been the first to emplisize the fact
that the gastro; } symy of hyperp yrowism may so
domnate the symptomatology that pepnic nicer 1s suggested Rogers
et al %% %% yeported three autapsied cases of pumary hyperpara
thyrowdism associated wich peptic uicer in which the gastrointes
unal symptoms during hfe were presumed entrely due to ulcer

Black® noted that twenty four per cent of panents with hyper
parathyrowdism bave climcal evidence of pepic nicer at one nme or
another and an additional fifteen 1o twenty per cent of these pa
teents have some ulcer ithe symptams without demonstrable x ray
evidence of ulcer He suggested screemng of panents with mivact
able uicer sympioms for evsdence of hyperparathyrordisin Blackss
also suggested that the pepuic ulcer symptoms assocrated with hyper
parathyrowdism respond poorly to medical and surgtcal treatment
untal the hyperparatbyronism 15 cured Whereupon they become
more amenable to ulcer therapy

Schuerder and Robimettes » reported a sumilar expenence This
relationsinp of hyperparthyroidism to ulcer has also been noted
by Snapper:® as well as Honard and s assotates'™ who com
mented upon the high inadence of peptic ulcer in patents with
hyperparathyroidism (15 per cent 1n the Johins Hophuns group)
Becher and tus group™ studied 2 Yarge series of wiopsy secords of
pattents with the anatomic diagnosss of chrome active or healed
duodenal ulcer regardless of the cause of death They ehmnated
condinons assacated with a lugh ncidence of renal calerfication
(hyperparathyrorhism hyperviaminosss D metabolic bone disease
chrome rena) fature etc) Ther study indicated that nephirocaler
nosts occurred more frequently (36 per cent) i the presence of dun
denal ulcer than in other medweal condinons (13 per centy A 81
mficantly higher imadence of nephrocalemosis was reported
those patients whose symptoms required athalt therapy and surgt
calttervention They concluded that the syndrome of 1ikalosis and
renal insuffiiency 15 probably largely due to delwydratton and
hemoconcensration tather than hyperaftaliniziton alone They
also observed that pattents who develop massive g‘aslmn“““““‘
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Walsh and Howard™ reported this distinctive phenomenon
1n the eyes of one half of their puents with hypercalcemin They
believe these lesions are the direct result of hypercalceria and en
able the physician to recognuze hypercalcenu at the bedside (fig
16)

The conjunctnal deposits appear as nunute clear glss ike
particles in the region of the palpebral fissures T he cornenl type of
deposits 1ppear s graysh grainulae epichednl and subepithelnl
opaaittes which form concentrieally at the Limbus on erther the

V///ﬁ A =‘§Q?\{
!nu/\{j \\_:'._‘:

po uts m cornea of piere with Fyper
Teo Useruy calaumt 10 per 100 ml

Figure 16 Congentric cilaife de
Admin stratvn West Sude Hospital

caleena due € muttple mychm
(Medical Hlustration Service Veterans
Chicrgo 12 Ilhnos)
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Tigure 17 Appearance of the r ,ht eye when the piuent was [rst scen
{A) and two years after tl e beginnng of oral trentment wath cortsone ar d

sodum phytate (L~
diffuse granular o
whate spot in the

flash Light and serves to demonstrate the smoothness of the anterior surface
The cornea cleared almost completely as the tlood calgum returned 10
normal (B) (Cocan D G asp Hessesan P H  Diffuse calafcation of
the cornea m hypercalcemia New England ] Med 257 451453 19.7)

174
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Wenger hasner and Patlmer 103 Saxteen of theiT 35 piuents with
malk alhals syndrome Lad a definie Justory of preexisung Typer
tension Of their entir€ series 10 only on¢ pattent did the il
alkal syndmme derelop without obvious prcdxsposmg canse M
even this single patent gave ? past fustory of scarlet ferer Asob
served by hyle
alkalt syndrome could develop the absence of pre eastent renal
m pmrment Wenger Tarsner, and patmer™” Also concluded it
decreased yem! function 18 a0 ymporttnt factor 10 the genesis of
the matk alkal syndrome whether the ympairment eswles from
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salt Lostng Nephntts
Cheyne and Whitehead™® yeported 2 case of st Josng nephmtt
vecently rermed Thorne s syndrome by Entic ot whach ey

alln\mled o excessive 1ngestion of athaties and intractable yomit
a fe s

sng These anthors observed chat winle o cas

losing nephritis are yecorded he mnade of those pents with

a hastory of excess1ve alkali therapy 1s lugh and cherefore suggestt
d

hiat such therapy must be const ered on¢ of the poss\\;\c canses ©

ect

In our panent ® h mashed \\yperpw\x\\yrmd\sm we abserved
e A marked depresston of the serumm sodium
ol OF

£ sodsut® chtonde

The admmsxeﬂ:d sodmm chlonde was almost 4 ::mm\u\cly ex
4 dignos® of

Geg nfection® " of

~ A}
1njurIes to the bt 90 And certain pu!monaw 1esions* \
A review of teponed cases of salt losing pephritt® dusclosed
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duce renal insufficiency, 1t 1s conceivable that alkalosis contributed
to the renal insufficiency 1n this patient

Relman and Schwartz,*? ** 1n a study of five panents sum
manized the climical features of a previously unrecogmized disorder
of renal function associated with potassium deficiency resulting
from chronic diarrhea The syndrome 1s characterized by severe
hypokalerma, absence of dehydration, sodium depletion and other
clectrolyte disturbances, normal or only shight elevauons of lhc
blood urea nitragen, vasopressin resistant hyy 12,
changes 1n the urinary sed L 13,
striking histologic changes of the tubules (b)opsy speclmen) and
potential reversibality by correction of potassium defict

Schwartz3® summarzed the current Literature on the specific ef
fects of potassium depletion from various causes on tubular epithe
hum Vacuolization and degeneration of the tubules without
changes in the glomeruli have been attributed to potassium deple-
tion from the diarrhea of ulcerative colitis or excessive use of laxa
uves In pattents with renal disease, potassium depletion from
vomiting and diarthea may induce additional renal damage Po
tassium depletion may be partially responsible for the disturbance
of renal function attributed to alkalosis since potasslum depletion
and alkalosis are freq ly c P depletion may
also be the cause of renal dysfunction 1n patients with aldosterone
Pproducing adrenal tumors

‘ Water Losing Nephritis”

The term water losing nephnitts  was introduced by Roussak
and Oleeshy® 1n a description of two patients who exhibuted a syn
drome simulatng diabetes 1nsipidus which was untesponsie to the
action of pitressin In one patient, myelomatosss, particularly involv
ing the distal tubule, was the cause of the defect and the second
Ppatient was found to have hydronephrosis caused by an enlarged
prostate gland because of carcinoma The latter patient recovered
from polyunia after relief of the urmary obstruction and was able
to produce a concentrated urine Sturtz and Burke3® sugzested the
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103 mg per 100m! serum calctum 8 9to 10 3 mg per 100 ml and
phosphorus 3 0 to 8 8 mg per 100 m! The patient died 1 uremc
coma Examination of the parathyroid glands was not mentioned
1n the autopsy report Each hidney weighed 100 grams and ap-
pearance was compatible with chromc pyelonephnitis Renal cal
afication was not reported Quantitative urinary calcium excretion
was not recorded The authors noted It 1s not clear what role the
ulcer therapy may have played 1n the development of pyelonephritis
n the current case

Levere and Wesson'*® reported salt losingnephrnitis ina twenty
nme year old white male 1n whom the diagnosts was confirmed by
needle biopsy of the kidney The admnistration of substantial
quantities of sodium chloride and sodium brcarbonate resulted m
considerable clintcal and biochemical improvement so tha the
patient was gamnfully employed despite a perststent azoternta These
authors proposed the following mmmmal cniteria for the dragnosis
of saltlosing nephntis as distinct from other salt losing states
1) signs and symptoms of dehydranion on normal salt intake (5 to
8 gm per day) that can be relieved by an increased salt intake up
to 10 to 20 gm per day 2) absence of response to adrenal sterouds
or presence of such steroids in the urmne 1 normal amournts and
3) persistence on a high salt diet of evidence of renal disease 1€
azoterma anemia polyuria low urnary specific graviyy

Potassium Losing Nephritis

TVyngaarden'®® reported a case of malignant hypertension ure
mia allalosis and a defect 1n renal conservation of potassium asso
cated with renal insufficiency In this patient 1t was established
that the potassium deficiency was due to renal loss because hypo-
Lalema and hyperpotassunia were simultaneously present ‘The
alkalosis could not be attributed to gastromntestinal Josses adrenal
cortical hyperfunction 1ngestion of alkalt or use of mercurial
diuretics and therefore was probably secondary to potasstum
deficiency Autopsy confirmed the diagnosis of malignant nephro-
sclerosts producing tubular dysfunction Smce alkalosis can pro-
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duce renal msufficiency, 1t 1s concetvable that alkalosis contributed
to the renal nsufficiency 1n this patient

Relman and Schwartz,2? 33 1n a study of five panents, sum
marized the climical features of a previously unrecognized disorder
of renal function assoctated with potassium defictency resulting
from chrome diarrhea The syndrome 1s characterized by severe
hypokalemna, absence of dehydration sodium depletton and other
electrolyte disturbances, normal or only shght elevatons of the
blood urea mitrogen, vasopressin Tesistant hyposthenuria, minimal
changes 1n the uninary sed 1 1nconstant 13,
stuking histologic changes of the tubules (bropsy specimen), and
potential reversibility by correction of potassium defiait

Schwartz3%* summanized the current Iiterature on the specific ef
fects of potassium depletion from various causes on tubular epithe
Inm Vv and d of the tubules without
changes 1 the glomerul have been attributed to potassium deple-
tion from the diarrhea of ulcerative colitts or excessive use of laxa
tives In patients with renal disease, potassium depletion from
vomiung and diarrhea may induce addittonal renal damage Po
tassium depletion may be parually responsible for the disturbance
of renal function attributed to alkalosis smce p depl
and alkalosis are frequently concomutant Potassium depletion may
also be the cause of renal dysfunction in patients with aldosterone
producing adrenal tumors

“Water Losing Nephrntis”

‘The term  water losing nephritis” was introduced by Roussak
and Oleesky® 1n a description of two patients who exhibited a syn
drome ssimutating diabetes dus which was p to the
action of pitressin In one patient, myelomatosis, particularly involy
1ng the distal tubule, was the cause of the defect, and the second
Ppatient was found to have hydronephrosis caused by an enlarged
prostate gland because of carcinoma The latter patient recovered
from polyurnn after relief of the urinary obstruction and was able
to produce a concentrated urine Sturtz and Burke®® suggested the
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term, ‘obstructive water losing uropathy” to describe this condt
tion

Congenital defects of the renal tubules producing a similar syn
drome have been reported under the term, “nephrogenic diabetes
nsipidus "1® Earley® reported a sumlar case due to obstructive
uropathy 1 a six month old infant ¢ Water losing nephritss,” there
fore, 15 2 symptom complex which can result from several diverse
conditions and 15 not a specific disease as the term suggests

Conclusions

Salt lostng, potasstum losing,® and water Josing nephritis are
terms which we feel are more euphonic than nosologic Renal dam
age may be of varying degree and character, and the effects on elec
trolyte balance are unpredictable The kidney may lose or retain
sodium, [ 9 chloride, phospt calcium, amino acids, or
water The German workers have termed this erratic behavior of
the kidney “Launisch”~moody We beheve, therefore, that the
terms saltlosing nephritis, “potassium lostng nephritts,” and

‘water losing nephritis” are not precise and should be duscarded
A search for spearfic enologic factors 1s necessary for accurate classt
fication

Vitamin D and Irradiated Sterol T

Renal insufficiency which may be reversible has been observed 1n
vitammn D and/or wrradiated sterol intoxication 2 Massive doses of
vitamin D have been used 1n the t of Tickets, rt d
arthrits, various allergic states, osteoporosts of various causes, hypo-
parathyroidism, tetany, and mal united fractures (1n an attempt to

t bone reg ion} N untoward reactions have
been attributed to this group of sterols, 1 e, nausea, anorexia, vom

—Li Ta ¢ ahdaminal narn duareher museniar weakness,
. tences
were

no; gener:::lly appreciated Since high potency vitamtn D prepar
atzons have been used indiscriminately and may be purchased freely
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over the counter, a history of vitamin D 1ngestion should be sought
mall patients who manufest hypercalcemic symptoms and /or renal
msufficiency

‘The state of vitamin D intoxication can be diagnosed prior to the
develop of renal insuffi by observation of metastatic cal
afication of the jJoints tendons shin soft tissues eyes and hidneys
Diet appears to be an important factor 1n the genesis of this syn
drome since the degree of hypercalcerma resulting from 1rradiated
ergosterol 1s related to th amount of calcium ingested 57

In two cases reported by Tumulty and Howard®®” fractures were
treated with massive doses of irradiated sterols and milk 1n addition
10 the usual prolonged immobilization Thus 1n these two 1n
stances 1t 1s probable that several factors were cumulatine 1n the
production of renal damage viz prolonged immobilization high
calcium diet and admunistration of irradiated sterols Most workers
agree that renal damage can result solely from hypercalcemia
Others 1 however hold to the opinion that hypercalcemia to an
extreme degree may occur without evidence of hidney damage and
therefore hypercalcemia 1s not necessanly a factor in renal injury
assoctated with irradiated sterol intoxication Danowski and hus as
sociates™ observed two patients with renal damage secondary to
massive doses of vitamin D admmmcrcd l’or uc:nmcm of arthnitis

These patients showed d ¢ 11 add:
lo impatment of renal function but nephrocalainoss could not be
on

Freedman'™ reported a case of vitamin D intoxication which
resulted 1n hypercalciuria and caleulus formation wath hypercat
cema This metabolic disturbince persisted for at least fifteen
months after the vitamin was withheld and may therefore have
been an example of wdhiopathic hypercalawuna rather than hyper
alaria from vitamin D intoxication

Chaplin Clark and Ropes®” reviewed the protocols sn the liter
ature of 111 cases of vitamin D intoxication and added detatled
formation of 7 cases which they studied and treated at the Mas
sachusetts General Hospital They particularly emphasized the
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findings of band keratitis and metastatic calcium cysts They out
lined the syndrome as follows

General weakness, faugue, weight loss

Gastroentestinal nausea, vomiting, diarrhea, abdominal cramps
Neurological headache, paresthesias, vertugo

Psychiatric variable mental symptoms—depresston, mild psycho
s1s, stupor

0 N

— te .o

we

@ o

Chemucal elevated serum calcium and phosphorus, with normal
or shightly elevated alkaline phosphatase Progresstve nitrogen

retenition
9 R I I diffuse d lization of the bones m ad

3
vanced cases periarticular soft tissue calafications

10 Pathological scattered calaum deposition 1n kidney, blood
vessels, perarticular soft tissues, heart, stomach, lung, thyrod,
and pancreas

-3

Renal biopsy on a patient with vitamin D intoxication resulting
from the admunistration of calctum and ergosterol concentrates for
the treatment of hypoparathyrotdism revealed considerable calaium
deposits 1n the collecting tubules which were not discernible on
roentgenogram examnation 6

In this connection 1t 15 of interest to note that Mortensen et al *
1n reviewng 48 cases from the literature and 43 additional cases
from the Mayo Clinic, observed that although conditions such as
vitamin D 1ntoxication, multiple myeloma, osteolytic metastasis
and chronic obstruction of the upper portion of the gastrotntestinal
tract with vomitung prolonged ingestion of alkalies, and mercuric
porsoning are listed as well known causes for nephrocalcinosis 1n
standard textbooks none of these conditions was encountered 1

their series
CASE REPORT

The patient, a sixty year old female housewife, entered three different
hospstals during a six month perrod The first hospital admission wis
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on April 26, 1955, because of recurrent eprsodes of epigastric pain ra
diaung to the right scapular region associated with nausea and vomiting
of three years duration The blood urea mtrogen was 31 mg per 100
ml, and the unnalysis disclosed no abnormalises The presence of
cholelithiasis was confirmed by roentgenograms, as was 2 calafic density
over the lower pole of the left kidney A cholecystectomy was per
formed and the postop course was [ul until the seventh
day when she became temp ly apath an At this
time the non protein nirogen was 61 mg per 100 ml , and the creatinine
was 3 mg per 100 m! The serum electrolytes were normal, and the
pauent was transferred to another hospital m a semicomatose, dehy
drated state

Thysical examimation at this time revealed a blood pressure of 140/
100, pulse 80, and respirations 18 She was lucid only at intervals, and
rematned 1n the hospital for one month during which time her cen
sorium cleared as nuinuon and electrolyte balance were established
The non protein nitrogen on the day prior to discharge was 76 mg
per 100 ml

While at home she again Lecame confused and vomited frequently
She reentered the hospital on July 29 1935 The red blood count was
3880000 the white blood count 11 500 with a normal differential diy
tabution and the hemoglobin 105 grams The non protein nitrogen
was 92 mg per 100 ml 1nd the CO; combirung power was 312 mEq
per hiter A trace of albumin and 125 white bload cells per high powered
field were present 1n the urine Hydration and electrolyte balance were

blished, and she was harged on August 10, 1835 The non

protem nitrogen prior to discharge was 68 mg per 100 ml Two weeks
later weakness, nausea and vomiting recurred, and she was admtted
to a third hospital 1n a i P 4

It way now learned that because of arthritic pains she had been self
rdministening two capsules of Darthronal daily, each capsule contamn
g 50000 units of vitimin D She was also drinking three to four

alacese Emp A4 1 TlaRlanl v eoeee - el e 100 cc
toe ) 120 mEq
- - per lhiter

) . The serum
er 100 ml!

1he phenalsulfonphthaletn test showed a total excretion of only 15
per cent of the dye in two hours The Sulkowitch reaction was 4 plus
Raentgenograms of bone disclosed general osteoporosis and multiple
metastatic soft tissue calafication The electrocardiogram showed 1n
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verted T waves m all V leads Electrolyte balance was established by

a normal hemogram normal serum calaum and electrolytes hidney
function tests (phenolsulfonphthalem and urea clearance) were normal.
A faint trace of albumin was sull present in the urme but the patient
was now able to concentrate urine to 1 020 The soft tissue calafications
disappeared but the calafic density within the left kidney remained
unchanged

Comment This 1s a typical example of renal msufficiency re
sulting from vitamin D 1ntoxication and producing uremic symp
toms In addition the impaired renal tubules were vulnerable to
the effects of hypochloremic alkalosts resultng from prolonged
vomiting thus aug 1ng acute renal fi Although the
pattent was chronically and acutely azotemic the entire climcal
and biochemrcal pattern was reversed by cessation of vitamin D
and substitution of a low calcium diet Because of the low potas
stum levels observed n this patient the term  potasstum losing

nephrnitis  could have been applied

Sarcordosis—Renal Involvement

Hyper asa festation of sarcoidosts was first noted
1 1989 by Harrell and Fisher ¢ who observed this phenomenon
1n five of eleven cases Since hypercalcemia 13 not confined to pa
tients with bone 1 and 1s often d to levels not
commensurate with the degree of serum protemn elevation hyper
calcemia must be regarded as a characteristic biochemical disturb
ance peculiar to sarcoidosis As noted by Albnght$ n this
respect sarcoid resembles hyperparathyroidism

Scholz and heatng®™® reported eight cases of sarcoidosts with
renal mvolvement only two of whom mamfested renal msuffi
ciency Hypercalcemia was present 1n six renal calcult n five and
nephrocalcinosis 1 one These authors emphasized the dufficulty

1.
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Aiff, fe

the renal 10ns of dosis from those
hyperparathyroidism

‘The tensity of the renal m all hyp

ates appears directly related to the height and duration of the hy

realcenma Irrespective of the underlying mechamsm, the effects
hypercalcemia on the kidney are the same with regard to histo-
gic and 1 changes G 1 mfiltration of the
dneys?" has also been reported m sarcordosis but 1s not regarded
a cause of renal msufficiency

e

Incidence of Renal Involvement in Sarcoidosts

The ranty of renal nt n 15 rated
1 a review of 160 cases of sarcordosis by Longcope and Fren
an 2% who found only 5 nstances of renal msufficiency and 2
istances of renal caleult wathout renal insuffictency The hidney
1lure and hypercalcerma tn such cases, ho vever, may so domtnate
e climeal pattern as to conceal the underlymg disease Two
rch cases simulating Liyperparathyroidism were reported by Klat
an and Gordon,'® who were able to collect from the literature
nly 17 reports of sarcordosts with renal failure These authorsi®
mphasized the difficulnies involved 1n distinguishmg sarcordosis
om hyperparathyroidism, especially 1n the presence of renal fail
te Since sarcosdoss 15 a chronic disease charactenized by remis
ons and exacerbations, and ymprovement has been noted with
'eroid therapy, the nephrocalcinosts and azotemia of sarcoidosts
1ay, i 4 sense, be considered a potentially reversible type of renal
nsufficiency As pointed out by Phullips and Fitzpatrick, 2 this
ype of hypercalcermia deserves emphasis since 1f unrecogmized and
ottreated the renal insufficrency may become 1treversible

Mechamism of Hypercalcemia

Anderson” concluded that since no cases of sarcordosis and
'Ypercalcerma with a low serum tnorgamc phosphorus level have
een reported, there 1s strong evidence against parathyroid over
ictivity as the cause of hypercalcerma
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verted T waves in all V leads Llectrolyte balance was established by
. « aran ¢ 1 .

a normal hemogram normal serum calaum and electrolytes Kidney
f tests (ph 1fonphthalein and urea cl ) were normal

uncl‘mngcd

Comment Thus 15 a typical example of renal insufliciency re
sulung from vitamin I 1ntoxication and producing uremic symp
toms In addition the impaired renal tubules were vulnerable to
the effects of hypochloremic alkalosis resulting from prolonged
vomiting thus aug ing acute renal i y Although the
pittent was chronically and acutely azotemic the entire climcal
and biochemical pattern was reversed by cessation of vitamin D
and substitution of a low calcium diet Because of the low potas
sium levels observed 1n this patient the term potassmmlasmg
nephritis  could bave been applied

Sarcod Renal )\

Hypercilcermia as a mantfestation of sarcoidosts was first noted
m 1939 by Harrell and Fisher 14¢ who observed this phenomenon
1n five of eleven cases Since hypercalcerma 13 not confined to p
tients with bone 1nvolvement and 1s often increased to levels not

-t

~ honer

.
respect sarcoid resembles hyperparathyrotdism

Scholz and heating®™® reported eght cases of sarcordosts with
renal 1nvolvement only two of whom mamfested renal nsufl
ciency Hypercalcemua was present in six renal calcult in five and
nephirocalcinosis 1 one Thiese authors emphasized the difliculty






186 REVERSIBLE, RENAL INSUFFICIENCY

In Anderson s three cases,”® calerum balance studies showed that
fecal excretion of calctum was less than normal, and an abnor
mally Jarge urinary excretion of calcium suggested a vitanun D
hhe action, 1€, a decrease of tubular reabsorption of caleium
The authors' demonstrated a hypersensttivity to vitamin D
one pattent According to Anderson,® cortisone thus corrected the
metabolic defect by exerting an action antagonustic to vitamin D
Since the serum calcium level 15 not depressed by cortisone m
hyperparathyroidism, Anderson?® theorized that the adminustration
of cortisone may be of value i the differentiation of hyperpara
thyroidism from sarcoidosts

Harrell and Fisher, also stated that the bone changes and hy
percalcemia of sarcoidosts are not caused by hyperfunction of the
parathyroid glands

Dent et al ™ reported the case of a 23 year old white male with
pulmonary sarcordosis and renal calculus The blood urea nitrogen
was 60 mg per 100 ml, calcium 14 3 mg per 100 ml, phosphorus
42 mg per 100 ml, and alkaline phosphatase 111 King Arm
strong units Moderate band keratius was observed The treatment
consisted of a low calcium diet and 15 mg of cortisone daily The
calcium decreased to 10 1 mg per 100 ml and the phosphorus to
22 mg per 100 ml, but the alkaline phosphatase remaned un
changed A biopsy examnation of the kidney during the surgical
removal of the renal calculus showed evidence of mild chromc
pyelonephritis There was no characteristic sarcoid lesion or tu
bular calafication The failure of diet to correct the hypercalciuna
and hypercalcemia suggested that hypercalcemia results from os
seous sarcordosis and rapid bone destruction According to Dent
and his associates,™ the imparrment of renal function cannot be
correlated with the sevenity of the sarcoid process, but seems re-
lated to hypercalcemia

Results of Steroid Therapy

Gleckler'?® reported 2 case of sarcoidosts with hypercalcemia
nephrocalcinosts, and renal ffi n which cor
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n a prompt reduction of the serum calcium with concomutan
improvement 1n renal function (fig 18)

The blood urea nitrogen fell from 128 to 39 mg per 100 ml , an¢
the serum calcrum from 125 to 10 1 mg per 100 ml In addstion
balance studies disclosed a decrease mn urnary excreton of calcium
and a delayed mncrease 1n fecal content of calcum Ths study
further corroborates the theory that improvement of hypercal
cemia and renal insufficiency with cortisone results from the re
duction of calctum absorption from the gastrointestinal tract and
ncreased excretion of calcium into the gastrointestinal tract Al
though a transitory increase mn blood urea nitrogen was observed
on steroid therapy, the blood urea nitrogen ultimately was re
duced from a high of 128 mg per 100 m! to 29 mg per 100 ml
and the transient Tise was attributed to an increased nitrogenous
load secondary to the catabolic effects of cortisone The serum
calcium, phosphorus and sed 10n rate also app hed nor
mal values after treatment These workers, too, emphasize the im
portance of early recognition and treatment of the hypercalcema
of ds to avoid nephrocal renal calcull, and renal
mnsufficiency

Phullips and Fitzpatrick?®® reviewed the problem of hypercal
cemia 1n a report of two cases of sarcordosis with symptomatic
hypercal which responded well to steroid therapy A mild
degree of renal dysfunction, as evidenced by impaired phenol
sulfonphthalemn excretion and nability to concentrate urine above
1010, was sigmificantly improved after prolonged treatment Nei
ther of these patients, however, was azotemic or oliguric and, there-
fore, does not fulfill our criterta on renal msufficiency

Anderson® also observed the effect of cortisone on calcium
metabolism 1n patients with sarcordosis and hypercalcemia In a
14 pear old boy, the pretreatment level of blood urea mitrogen
was 54 mg per 100 ml, and the serum calctum was 14 mg per
100 ml After prolonged steroid therapy, the blood urea nitrogen
and serum calewm reverted and has been mantaned at normal

levels with 5 mg of cortisone daily
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Balance Data

Cortisone

%{F ""’1 200|200 q’"
24he mg d’:‘g
oF tduly

LY

anie

/o
Hs,
T

ANOBAARO S

S 1 1723
Nov 1955

0 e
Srafagr 5

TN
Susho

Fhosphorus Calerum:R
85 b

5833885

B

Urea
2owBE

Creatinine
pEppos
Gowoanb

1

Sedimentatron
rate
o55338E

Blood Analysis

E) 11 17 23
Nov 1955

i3

Figure 18 Effects of corusone on phosphorus caloum and murogen
balances and on serum calaum norgame phosphorus and blood ures In
these balance data the daily mtake 15 charted from ¢ line downward and
the average daily excretion {feces below and urine above) upward from the
bottom hne Extension of the mirogen calcum or phosphorus above the
0 fine indicates a negative balance and a clear space below the 0 Line a
positive balance (Scrorz D A Power, M H anp Desrine W H Meta
bolic effects of cortisone m a case of sarcordosts with hypercalemia and
Tenal insufficiency Proc Staff Meet Mayo Climc 32 182-187 19.7)
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A 56 year old white female with persistent hypercalcenua and
hypercaleiuria was subjected to surgical exploration of the neck
because a parathyroid tumor was suspected Four normal parathy
roids were found, but biopsy examination and an enlarged regtonal
lymph node established the diagnosis of sarcoidosis The blood
urea nitrogen rose to 191 mg per 100 m! on one occasion, but
did not fall below 132 mg per 100 ml on cortisone therapy de
spite the return to normal levels of the serum calcium and allevia
tion of the symptoms of hyf Icemia and renal it Y

A 25 year old male with sarcordosis presented a pretreatment
serum calcium level of 143 mg per 100 ml and a blood urea
mitrogen of 54 mg per 100 ml After sterord therapy, the serum
calcum level veverted to normal, pulmonary infiltration cleared,
and the blood urea mitrogen was 36 mg per 100 ml All of these
patients had chinical manifestations of hypercalcemia 1€, poly
uria, proteinunia, renal failure, fatigue, weakness, anorexia, nau
sea, vomiting, weight loss, and all showed the typical comeal
changes of hypercalcerma

Hyperchloremic Acidosis

Hyperchloremic renal acidosis*® 1s a rare, primary metabolic dis
turbance of renal tubular function, the cause of which 1s undeter
mined It often first becomes apparent during infancy and child
hood with episodes of hypop paraly 1
pseudo fractures” (Milkman's*® syndrome), renal calcult, and pro
gressive nephrocalcinosis,’® ulumately resulting n a fatal urema
The pathogenesis of this tubular defect remans obscure Pyelo
nephritis™® has been suspected, but evidence substantiating this
theory has not been forthcoming

The syndrome of hyperchloremic acidosis (renal tubular ac
dosts) was first reported by Lightwood m 1935,%* 23 and sporadic
cases have since appeared 1n the hterature The condition may be
congenital, presenting early m Iife, or 1t may develop 1n adults m
association with chronic pyelonephritss € An ratrogenic form often
results from bilateral ureteral transplantation mnto the bowel ¢
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A number of varations of this syndrome have been thoroughty
studied and reported by Albright ®

‘The basic physiologic disturbance appears to be failure to com
plete bicarbonate 10n absorption by the imparred proximal con
voluted tubules The resnlung obligatory absorpuon of bicarbon
ite by the intact distal tubule nhibits ammonium 10n formation
and hydrogen 1on secretion thus augmenting the urmary deple
on of cations (sodium potassium  calcrumy)

Therapy 1s based upon correction of the acidosis and augmenta
10n of caleium absorption from the gut It appears to us that while
this therapeutic regime may correct the acidosis augment calcium
absorption and increase caletficatton of bone 1t would stmultane
ously induce further nephrocalcmosis and 1mpairment of tubular
function

Since the mitial disturbance 1n this conditon 1s a loss of base
all of the depleted cations should be admimstered 1n accordance
with the need as determined by the biochemucal pattern Accord
Ing to Albright ® the response of these patients to treatment with
sodium lactate calcum gluconate potassium citrate and large
doses of vitamn D 1s spectacular Renal insufficiency resulting
from the nephrocalanotic  disturbance of tubular function 15 1n
part reversible with this treatment 240

Fancomt Syndrome

When amino acidunia and renal glycosunia are present mn add:
tion to the previously described brochemical disturbances char
acteristic of hyperchloremic acidosis the term Fancom™? syndrome
1s applicable 91 238 Fancom™” first reported this blzarrc symptom
complex 1n 1936 as a rare hered 1zed 1n
addition to the above by physical retard.\uon bony changes
(rickets) albummuna a persistently alkaline unne hypcrphos
phaturia hyperphospt with hypercal hyp 12
and dcwencmme changes 1n the tubules This defect was defined
by Fancom®? as a failure of reabsorption by the tubules of certain
speaific solutes from the glomerular filtrate The term  amindia
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Primary Nephropathy
{mechanical deposition of urates)

'd N
"I::bu‘lar depuslltmn Inéersmlal Deposition Calculus Formation:
toph { d
dﬂtruct‘)‘ P! ) (pure and muxed)
Secondary Nephropathy
/
4 l \\
A Yarscl Hvd Pyeloneph
A
Glomerulonephnitis?

| /

Uremia

Figure 19 Schematic representation of the types interrelationships and
course of gout nephropathy (FiNneeerc § K ANp Aumscnur, A The
nephropathy of gout Aun Int Med 44 1182-1194 1956)

sults from the foreign body response to the deposition of urate
crystals 1n the tubules and intersutial ussues Inflammatory and
degenerative changes also develop n these areas In the secondary
type, unic acid crystals serve as a mdus for the development of
nephrolithiasis which predisposes to obstructive uropathy, 1 e, hy
dronephrosis pyonephrosis and pyelonephritis

Thus renal impairment results from urate deposits mainly with
1n the lumina and vicimity of the collecting tubules obstructing and
destroying the tubular epithelium and producing foci of subacute
and chronic pyelonephritis 203

Lichtenstemn et al %% teported on cleven necropsied cases of
proven gout All but one of these patients were men mn their sixth
decade In five the cause of death was uremia These authors cor

roborate Talbott s observation™™ that the renal mamfestations of
letely overshadow the 1 arthritts Obstruc

gout may F



OTHER CONDITIONS 199

tive nephropathy from uric acid stones was observed m only one
of their series
Smuth and Lee®* produced uric acid nephritis in experimental
1abbits 1n an attempt to clarify the mechamsm of uric acid injury to
the renal epithelrum The damaged renat tubules were studied by
mucrodissection techniques Maximal damage was observed nt the
proximal portion of the collecting tubules They concluded that
the Iocal mechanical action of the precipitated urate crystals may
be of greater importance than chemical toxic effect
The hy of Lupus Eryth D

phiropathy

Prior to the advent of steroid therapy patients affiicted with
acute subacute and chromc lupus erythematosus disseminata
mvartably expired rapidly The proper admimstration of steroids
now can prolong mdefinitely the hfe of many of these patients
Since considerable 1mprovement of renal function occurs 1n those
patients with renal involvement associated with lupus erythema
tosus dissemunata this condituon may be considered among the
causes of potentially reversible chronic renal insufficiency &

Lupiss eryth di renal damage which
1s manifest 1n three ways the most common of which 15 an msidious
nise 11 blood pressure which 1s not affected by hormone therapy
In this hypertensive group ® the urine 1s usually normal at first
but within a few months albuminuria white blood eells ted blood
cells granular and red cell casts and eventually oval fat bodies and
broad casts appear In short the condiuon 15 characterzed by a

telescopsc urine 2#! In the second group the blood pressure re
mains at upper humits of normal and the above uninary changes
appear gradually The third group 1s characterized by intense pye
lonephnitss and cystitis

In the acutely 11l patient 1n ersts and in the termanal stages of
lupus nephropathy the non protemn mtrogen 1s often considerably
elevated During the acute phases of the dsease elevations of non
protein mtrogen levels up to 130 mg per 100 ml have been re
ported fully corrected by steroid therapy IE evidence of renal
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damage and edema persist after a month or more of sterord therapy,
then mitrogen mustard and/or triethylene melammne should be
adminustered &

In a report of 32 patients with acute disseminated lupus erythe-
matosus treated with steroids, Soffer and his associates®®® pointed
out that the presence of azotema before institution of trearment
may be the 1esult of fever and dehydration and would not necessar
1ly 1mply the existence of severe renal damage In four of ten such
azotemic patients, the manifestations of renal msufficiency subsided
with general clinical :mprovement These authors indicated how
ever, that the persistent evidence of renal nsufficiency (azotemia)
n adequately treated patients constitutes an omnous prognostic
sign
‘We have had under our care for the past five years, a 42 year old
white female with typical symptoms and findings of chronic dis
simnated lupus erythematosus treated with large quantities of
steroids All of her symptoms abated except the renal mamfesta
tions, 1€, albuminuna and a  telescopic * urine demonstrating all
types of abnormalities 1 the sediment There was no biochemical
evidence of renal insufficiency Durning steroid therapy, active
pulmonary tuberculosis developed which was cured by six months
of samitarium care and the administration of PAS and INH Since
discharge from the sanitarium the urinary sediment has been re
markably clear and the quantity of sterotds required for control
of the underlymng disease has been dramatically reduced Whereas
previously 30 to 40 mg of Predmisone were needed per day, she
now takes only 4 to 5 mg per day, and 15 asymptomauc We are
now 1n the process of mvestigating this serendipidous observation

CASE REPORT
The patient a twenty five year old negro chauffeur, entered the West
Side Veterans A atton Hospital on ber 28 1955, because
of severe right flank pain, sweating chills fever, sore throat, and weak
ness of three weeks duration Two weeks prior to admission he re
cerved ble q of vartous b but the fever
did not abate He had lost twenty pounds during this period While 1n
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mlitary service during World War 1I, he received extensne antiluetic
treatment with pemallm because of a positive serology Physical exam
wation disclosed that the pauent was both acutely and chroncally 1l
A moderate generalized adenopathy was palpable The temperature
was 101 F, blood pressure 105/70, pulse 88, and respirations 20 A
moderate degree of diffuse abdomunal tenderness was ehated The up
of the spleen was barely palpable Repeated LE preparations disclosed
the Iupus erythematosus phenomenon 1n the form of rosettes and LE
cells Cryoglobulins were present The non protemn nitrogen was 136

to large doses of cortisone was achieved The non protemn nl!ruge‘n fell
to41mg per 100 ml and the urine cleared remarkably of albumin and
S Ao v anoace G '

evidence of an extensive lung abscess and despite massive antmicrobial
therapy, he expired on December 9 1955 with the symptoms and spinal
fluid evidence of a subarachnoid h yit and septic g

Autopsy confirmed the presence of lupus erythematosus disserunata,
particularly 1mvolving the kidney and further disclosed a large lung
abscess which resulted 1n multiple septic pulmonary vemn thromb: and
bactenal menngiuss from a ruptured mycotic aneurysm The offending
orgamsm was staphylococcus

C t The renal ffi d with d d
lupus erythematosus was reversed with intensive steriod therapy
However, the vulnerabihity to bacterial infection resulung from
prolonged steriod therapy was a factor 1n the fatal overwhelming
wfection

Polycystic Disease of the Kidney

The depletion of functiomng renal tissue of patients with poly
cystic kidney disease reduces the physiologic margin of safety to
a vulnerable point so that comparatiely minor alterations 1n the
internal milieu or renal blood flow result 1 a profound depression
of renal function Thus, in the paucm,wlh?qucysuc disease of

TN O ’
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the kidney, a minor degree of shock, dehydration, acidosss, or alka
losts can induce a sudden, mtense renal msufficiency which, how
ever, 15 rapidly reversible by correction of the precipitating dis
turbance

1t 15 not unusual to observe a reversal of the uremic state 1n the
patient with polycystic disease with correction of the “extrarenal
disturbance, and the patient maintained in a comparatively healthy
state for several years The patient with polycystic disease of the
kidneys, for some unexplained reason, 1s able to withstand chromc
renal 1nsuffi for an lly long period Fishberg™? has
pointed out that in his expenence, renal msufficiency resultng
from polycystic disease 15 tolerated longer and better than from
any other type of renal disease

In the early stages of polycystic kidney disease, pam of a dull,
dragging nature 1s an outstanding symptom, due probably to the
enlarged hidney producing tenston on the renal pedicle and pres
sure on adjacent structures Occasionally, the parn 1s colicky 1 na
ture and when assocrated with hematurta simulates renal calculi
Polycystic disease 1s at times associated with calculi formatron and
pyelonephritis

Pauents with congenual polycystic hidneys occasionally will
manifest no symptoms of renal disease until oliguria and total
renal failure emerge At this stage, symptomatology 1s more often
that of chronic renal msufficiency, 1 €, anemia, weakness, lethargy,
anorexia, weight loss, vomiting Hypertension usually develops,
but may beabsent Although the polycystic hdney 15 often palpable,
occastonally no renal tumefaction 1s discernible

Pathologically and climcally, polycystic disease of the kidney has
been divided 1nto two forms, infannle and adult 3¢ In the adult
form, deteroration of functioning renal tissue progresses slowly,
thus permitting longer survival Also, 1n the adult form, many o
the cysts are tubular 1n origin and retain some functioning capacity,
whereas 1n the infantile form, the cysts are closed and non func

tioning
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An excretory urogram presenung considerable elongauon and
enlargement of the calices 15 charactersstic If tubular damage 13
advanced however intravenous pyelography may fail to visualize
the kidneys More precise visualization of these defects can be
obtained on retrograde pyelogram

The association of polycystic kadney disease with congemtal 1n
tracramual berry aneurysms 1s well known 3% Four per cent of pa
tients with intracranial aneurysm are said to have polysystic kidneys
and 17 per cent of the patients with polycystic kidneys have assoct
ated aneurysms It may well be that the hypertenston of polycystic
kidney disease accelerates the development of berry aneurysms

The Nephropathy of Cushings Disease

Inaddition to renal vascular changes and associated hypertension
nephrocalanos:s and tenal calculi® are not infrequently encount
ered i Cushing s disease Since these renal defects can be corrected
and reversed early in the course of the disease by surgical treatment
the nephropathy of Cushing s disease may be considered a revers
tble form of renal msuffictency

The calculus formation and nephrecalainosis occasionally ob
served mn Cushing s disease are due to the increased protein catabo
hsm with loss of protein bone matrix and resultant osteoporosis
hypercalcemia and hypercaleiuria Thus although this particular
renal lesion might perhaps have been included among hypercal
cemic states (Chapter 9) the predomimance of remal vascular
changes would delineate 1t as a distinct entiey

The frequent occurrence of cardiovascular and renal changes 1
Cushing s disease was pointed out by Scholz et al 9% Vascular alter
ations 1 the kidney and the resultant or associated hypertenston
are the same as those observed tn other forms of essential hyper
tension or benign nephrosclerosts In the more advanced stages of
Cushing s disease the hypertension assumes characteristics of a
malignant phase and here agan the vascular lesions cannot be
ifferentiated from those observed in the malignant phase of hyper
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the hidney, a minor degree of shock, dehydration, acidosis, or alka
losts can mduce a sudden, ntense renal insuffictency which, how
ever, 1s rapidly reversible by correction of the preaipitating dis
turbance

It 15 not unusual to observe a reversal of the uremic state ta the
patient with polycystic disease with correction of the “extrarenal
disturbance, and the patient maintained 1n a comparatavely healthy
state for several years The pauent with polycystic disease of the
kidneys, for some unexplamed reason, 1s able to withstand chronic
renal ffi y for an lly long period Fishberg!*® has
pomnted out that 1 his expenience, renal nsufficiency resulting
from polycystic disease 15 tolerated longer and better than from
any other type of renal disease

In the early stages of polycystic kidney disease, pamn of a dull,
dragging nature 15 an outstanding symptom, due probably to the
enlarged kidney producing tension on the renal pedicle and pres
sure on adjacent structures Occasionally, the pamn 1s colicky mn na
ture and when assocated with hematuna simulates renal calcult
Polycystic disease 1s at trmes associated with calcuh formation and
pyelonephritis

Patients with congenital polycystte kidneys occasionally will
manifest no symptoms of renal disease until oliguria and total
renal failure emerge At this stage, symptomatology 1s more often
that of chromic renal msufficiency, 1 ¢, anemta, weakness, lethargy,
anorexia, weight loss, vomittng Hypertenston usually develops
but may be absent Although the polycystic kidney 1s often palpable
occastonally no renal tumefaction 1s discernible

Pathologically and chimcally, polycystic disease of the kidney has
been divided 1nto two forms, nfantile and adult # In the adult
form, detertoration of functioning renal tissue progresses slowly,
thus permuitting longer survival Also, 1n the adult form, many o
che cysts are tabular i origin and retzin some funchoning capacity
whereas mn the infantle form the cysts are closed and non func

uoning
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obtained on retrograde pyelogram

The association of polycystic kidney disease with congemtal m
tractamal berry anenrysms 15 well known ** Four per cent of pa
tients with intracramal aneurysm are said to have polysystic hadneys
and 17 per cent of the patients with polycystic kidneys have assocy
ated aneurysms It may well be that the hypertension of polycystic
kidney disease accelerates the development of berry aneurysms

The Nephropathy of Cushings Disease

Inaddition to tenal vascular changes and associated hypertension
nephrocalcinosss and renal calculi®® are not nfrequently encount
ered i Cushing s disease Since these renat defects can be corrected
and reversed early 1n the course of the disease by surgical treatment,
the nephropathy of Cushing s disease may be considered a revers
1ble form of renal mnsufficiency

The calculus formation and nephrocaleinosis occasionally ob-
served 1n Cushing s disease are due to the increased protein catabo
hsm with Ioss of protemn bone matrix and resuitant osteoporosts
hypercalcermia and hypercalcrunia Thus although this particular
Tenal lesion might perhaps have been included among hypercal
cemc states (Chapter 9) the predominance of renal vascular
thanges would delineate 1t as a distinct enuty

The frequent occurrence of cardiovascular and renal changes 1n
Cushing s disease was pomnted out by Scholz ef al #¢ Vascular alter
anons 1n the Jadney and the 1} or d hyp
are the same as those observed 1n other forms of essenuial hyper
tension or bemgn nephrosclerosis In the more advanced stages of
Cushing’s disease the hypertension assumes charactensucs of a
mahignant phiase and here again the vascular lesions cannot be
differentiated from those observed 1n the malignant phase of hyper
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tension from other causes. As in essentral hypertension, the mech
amism of these vascular changes and therr relationship to hyper
tension remain obscure
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