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PREFACE TO THE SECOND EDITION

No changes hive heen made 1n the baste plan of the monograph
but since about 18 000 additional autopsies have been surveved o
larger group of cases of each disease 15 av ulble for study  The
chapters on tubular diseases and extrarenal azotemi have been
enlarged  The recent 1dditions to the literature have leen i

corporated into the text
FTB

PREFACE TO THE FIRST EDITION

‘Tars monograph 1s in part a compilation of studies on remal
diseases carried on by the author during the past twenty five years
but a large amount of newsmutertal 1 mncluded The structural
changes m the hidneys the pathological physiology and the chntcal
mamfestations of each disease e discussed  The rationale of treat
ment 15 presented but the reader 15 referred to spectil pipers for
the details of therapy  The relation of hy pertension to the kidney s
15 discussed fully and there 13 a discussion of the toxermas of preg
nancy and the renal lesions i diabetes In the exposition of each
renal disease an effort 1s male to correlate the structural changes
with the chnical mamfestations The patlolegist often cannot
make an aceurite dizgnosis unless he hnows the clinieal sy mptoms
and the chmelan may be misled 1f he ignores the anatormieal back
ground of the disewse It 1s hoped that this monograph wilf help to
bring about closer cooperation between these tno groups of
vestigators

The photographs were male bv Mr Henrv Mornis

MivNEAPoLIs MINNESOTA

(5)
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RENAL DISEASES

CHAPTER I

INTRODUCTION  CLASSIFICATION OI RFNAL
DIsI'Asl S

LuF purpose of this monograph 15 to present the pathology of
the various renal diseases and the features bv which they may be
recogmzed climealls and at postmortem The pathologicnt phyvs
ology 1s discussed 1n connection with ech disease since the tvpe of
functional disturbance 15 usually closelt related to the underlving
structural alterations m the hidneys

The literature of renal diseases s now so volummous that one
can survey only the more import int contributions and ndicite the
stages through which our thinking has progressed  Abundant
references are cited for those who desire more complete mformation

Renal diveses are more easihy understood when el woified on an
anatomucal basis  Apart from the malformations and hydro-
nephrosts we my distingunh  (¢) glomerular diseases (b) tubular
diseases (¢} diseases of the mterstittal tissue and (4) diseases of
the blood sascular system  The functtonl disturbances correspond
rather closeh to the anatomical changes brought about by disense
The diseases will be discussed aceording to the following outlne

CLASSIFICATION OF RENAL DISEASES

I \formations
A Renal agenesis
1 Bilateral
2 Umlateral
B Renal hypoplasiy
1 Unilateral dwarfed kidney
2 Bilateral hypoplasia
C Renal ectopt
D Anom thes due to fusion
1 Horseshoe hudneys
2 Umlateral fused kadnes crossed renal ectopa
T Dupleation of pelss and reter
F Gastic disense of the hdnevs
1 Polyevstic hrdnevs
2 Solitary cvsts
11 Obstruction of the urmar tract—hydronephrosis
)



1o CLISSIFIC ATION OF RENAL DISEASEN

11T Glomerular dine1ses
Dytfuse prolifurative glomerulonephritis
1 Acute
Other forms «f neute nephnites
2 bubacute
3 Latent chrome
4 Active chrome
B Membranous glomerulonephrits~hpowd nephrosis
¢ Amviod disense
D losems of pregniney
IV lubular diseaces
Trom bicterial porsons
2 1rom chemict] por ons
3 Frowm sulfy drugs
4 Irom blood transfusion
o Trom casts
¢ Of unknown onigin
V Iatrarenl uremny
VI Diseases of the mterstitial tissue (py elonephnitis)
A Cortical abscesses
B Pveloncphntis following urinary obstruction
C D elonephnitis wathout urinary obstruction
1 Acute
2 Chrome
D Speatfic infections
1 Tuberculosis
2 Svphils
3 \cute lupus ert thematosits
VII Di eases of the blond vaseulir syvstem
A Pissive congestion
B Infarction cortical necrosis
C Tenartentis nodovt
D Arteriosclerosts of the hidners
I Arterolosclerosts of the kidnevs and primary
hypertension
1 Duabetes mellitus
VT

3 Renal duarfiam
B Distuthances w the metabolism of urte acd
1 1 ric ncid mnfarcts
2 Gout nephntes
€ Renad caleult
I\ lumers



CHAPTER 1)
NORMAL HISTOI 0GY

In each human hidney there are probibly about one million umits
or nephrons  Fach nephron begins n a glomerulus and ends m a
collectng tubule The promumal comvoluted tubule is_connected
through the loop of Ilenle with the distal com oluted tubule which
m turn jons a collecting tubule The different segments of the
nephron will be discussed 1n sequence

T1a 1 “ecto ofagl meruhsthroug! 18 vascular pele From s easc of ehronic
glomerutonephntis in wliel sl nnkage of the | bulos realt g feom the d seasy
emphasizes the ante 1 hular fessrew  1hot m erograpl

THE GLOMERULUS
The afferent glomerulir arteriole at ats entrance tto the glomer~
ulus diides into <everal branches which breah up mto eapitlanes to
[§33}



12 MORMAL HISTOLOGY

form the glomerular lobules  In mud centril sections through the
vascular pofe one usuafly sees three or four mayor Jobules umted
centrally by narrow pedicles and termmating peripherilly n krowd
exprasions  The mjor lobules are separated by deep fissures as
shown 1 ] gure 1 and they exubut a shallow superficra) <ep wetion
mto secondary lobules  In normal glomernl the lobules fit closel
together and are not rewdily seen but m the e rlh stages of atrophy
from chrome glomerufonephntis they are sepirited and easih
visible (Iig 1)  The fissures letneen the prmary and secondar
labules are ined by glomerular epithehum which covers sl the free

]

T W tneR

Drawing of an inzected glomerulys (W Imes}  Note th e tortuous eap Tar en
@ theut lateral 8 astomosos

Fr »
t 1y sern that

surfices of the glomerulus  In wax recon tricticn ¢

the major Jobules tre nctecne shapod Tut}roallerf hhe structures

Allen

¢ 'l'hc)deep fisstres |etnecn the fobules (Iig 1) wre evidenee th:
there arc no anastomoses Letneen ther vesels  Wilmer m)(‘ﬂv;
glomerul with a cellodin misture and was atle ta follow t‘l c ('nplX
Janes throughont their ccune (Lig 2 1le foun that the mm(
fanes are fong winding locp s without fateral ahastomo v connec
g the afferent to the effcrnt arteriole This conception was

ongnated by Vimtrup but not s clearh demonstrated



THE GLOMERULUS 13

In each secondary lobule one usuafly sees tno or threc (ypiflaries
surrounded and embedded wn the glomerulsr epithehum  Tach
capiflary consts of a bisement mexwbrane hned by an meomplete
endothehal laver, and covered on all sides by the protoplasm of

Tio 3 —Narmal glamsralys with distes ded capullaries  Matlory Rer lonhain stam
f ntomierokraph

glomeralar epithehal cells (Migs 4 and 3)  The mner or deep
DTN " " .

changes m capiflary hasement membirnes



1 AOERMAL NISTOLOGY

The structure of the glomerulus is deally adapted to filtration.
The numerous <econdary lobules provide a [irge amount of surface
for filtration and the capillaries are all elose to the surface  Tiltra-
tion can oceur only through the outer surfaces of the cpillaries and
not from therr decp mner surfices  The delieate membrane which

|

[T RRY NP

Path)

<eparates the blood from the capsular apace serves the pnnm‘cm‘ n{
fltration well, but tnyial mjures may ampair ies fmetiom o that ¥

srtem the myjonity of the
empty of blood, and the



THL GLOMERULLS 15

same condition obtams m anunals unless the capillavies are dis-
tended by special means just hefore the wmal 1s hilled  This
feature 15 due 1n pert to the fact thut only about one-third of the
glomerular capillaries are open and 1ctive 2t am one time under
normal condrtions but this does not seem to be a complete explina
tion one must behieve that the capillaries commonly contract atter
deth ind force out the blosd  Lhe finer structure of the glomerulus
15 best studied when the eapillanes are moderately distended m
empts collapsed eapllartes the basenient membr me 15 wnnkled and
one 13 apt ta overestimnte 1ts thicknews [t v afso more difficult to
see the endothelal nucler and mtercapilary structures when the
capillary walls are collip ed  Sections should not te more thwn o
microns thick

e

A
S s
L= P

Tt 4 secondary glumerulyr labile under b gt magn fieton  Mallory
He lentan stan  Photom crograph  Note ef ti efal cell between the caplla iy
e N1 e sofepthelinl cell ¢ erytirocyte hm capll y ba cment membrane
7 potoplasm of ep t! el al eell

The Glomerular Epithelium —This laver of cells covers all the
free surfaces of the glomerular tuft g Wl the ntorlobular fissures
It 1s closely apphed to the external surf ices of the capillanes £ilts all
the shallow superfial grooses between them ind covers ther
internal surfices where thes are not i actunf ecntict (ags 4 and
= 1 oom B

epithelnt Yiver ippers to be 4 svney tnam but <0 boundnes are
sometimes demonstrable (McGregor Benslev) N\ucler e seen at
rrregular intersals and some of them are m the lohule between the
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capillanes  Nollendorff regards the epithelnl cells as perict tes
compar 1ble to the Rouget cells of other capillaries but ther orgin
T .

mentioned

The Capsular Epithebium —The glomerular epitheliem 15 con
tinuous 1t the vascular pole with the eapsular epithehum which
hmes the outer wall of the capsular space  The capsular epithelium
consists of flattened cells which at the tubular pole become larger

and merge with the cells of the comoluted tubule Unlike the
4 . flammators

i1 cells also

page 199)

In the male mouse the cipsulir epithelim 1s normally composed
of tall columnar cells 1nd Fisen described o hidnes from a woman
fifty four vears of age wn which the capsuiar epithe um had a simthr

structure

P - m . -l
on th '
e
httle

dently do not form 4 continzous laver since no wtereellular boun

are demonstrible by siver stunmg exeept i the mun

dares
In this

brinches of the afferent glomerular 1rteriole (Benslev)
respect glomerular capillanes are unhihe all other capillines
A few mestigators (Borst Wilbur) muntan that endothelial
nucles outnumber the epithelinl but myv obsers ations do not support
this contention  In 107 Midnevs obtamed from persons dead of
accidental causes who had previousiv been m goodd health St per
cent shoned onh a fen cndothehal nucler as m Iigures 3 to »
15 per cent <honed tbout an equal number of eprthelial and endo-
thelid nueler and ondy 1 per cent showed a preponderance of
endotheln! nueler (Bell 1936) However if one does not sefect
the normals carcfully and uses crses i which death was due to an
mfectious process the endathelil eells will frequent)s outpumbnr
the epithelal since thes respond ekl to stimulation by snfections
agents (se page 100)  Unles the tissue 1s fresh and well fixedt the



THE GLOMERULUS 17

epsthelinl cells are esily lost through desquimation In general
endothelial cells are less numerous i children than i adults

The endothehal cells do not act as phagocytes. 1nder normal
conditions the ¢y toplasm 1s toe scanty for this function When bae-
tema or carbon particles are wnjected mnto the blood stream some
partieles may be found i the glomerufar capilfaties but these are
esther 1 the bodies of leukocytes or they are merely adherent to the
capllary wall  No phagocytic action has been demonstrated even
for the large endnthehal cells of acute glomerulonephntis

The capillary endothelum plays a very mmportant role 1n disease
In intracapiflary glomerulonephntis the cells increase greatly m size
and number and may obstruct the capillaries completely

The Capillary Basement Membrane —This structure received
very little attention prioe to McGregor s study m 1029 afthough
1t had been previously demonstrated by Ohmen  With rovtme
stams 1t cannot be seen satisfactonlv butit s colored 4 brilhant blue
by the Mallory-Ileidenhan stain after fixation m Zenkers or
Helly sflnd (Fig §) The basement membr ine may alse be stuned
a brght red color by trextment with penodic aad folloned by
Sehiff s reagent (McVManus)  The demonstration of the basement
memwbrane is indispensable for finer glomerular studs since st gnesa
sharp separation betw een intra and extracapilliry structures

T1he the endothelum the basement membrine ma reet to m
Jury ot show changes as a result of myury  In acute glomerulo
nephritis the deep lay er thickens wd breaks up mto smalf segments
whach later fuse to form sohd m1sses betneen the capillaries (Plates
Tand ID  In liperd nephrosis there 1s & diffuse uform thickenng
of all parts of the membrane (Plate JII) Tt 15 not clewr whether
these alterations are @ reactive or a degenerative proeess but they
result i dusturbances of renal function

The brsement membr ine 1s the mawn part of the normal capiilury
wall It 1s a fibrous structure presumabls mudh stronger than the
thin layer of emithelnl protoplasm the endothelil liver gives «nly
msigmficant strength to the epflany

The Juxtagiomerular Bodies A juxtiglomerular bods 15 4 group
of modified smooth musele ceils (epithehord cells) in the mediyof the
affcrent arteriole Just before it enters the glomerulus (Iig 6) Goor-
maghtigh suggested that they serve to regnlate the flow of blnod

hvpertrophy and In perplava of these cells only 1 c1ses of extreme

renil atrophn produced by arternl constriction (Goldblatt hyvper

tension)  The juxtaglotmerul it bodies are not prominent m novm il

human hdnevs nor 1 the fadnevs of elirome bypurtension with

chrome uremuy but 1 primary by pertencion with acute urcmaa they
2
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are often conspicuous and some of the epithelioid cells may be gran-
ulated (Des Prez)

The Glomerular Arterioles.—The affcrent glomerular arteriole
breaks up nto the glomerular capillaries w hich are reunited to form
the efferent arteriole  The efferent +essel 13 somen hat smallcr thin
the afferent since about 10 per cent of the v olume of the blood is lost
by filtration e the glomerular capdllaries Contrictton of the afferent

dend of primary hypertensinn
Fre 6 A juxtaglomerular bady  From a patient
with acute uu{nna The juxtagiomerular bads occupies the media of the afferent

arteriole adjacent to the glomerulus

plasma filtered through the capllarses s aries directiy witn tne mu'.-:
caplliry blood prossure, it follaw s th it the filtration fraction mf).\ l”
mamtamed at & normi or merGased favd by contraction of the

ciferent artertole when the renal blood flow i~ redueed
THE TUBULES

In reconstructions 1t 1+ seen that the proxamal mn\olu&ul_tuhu{c
is quantitatively much more mportant than the destal (Fig 7) In
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cubical cells with relitively clear ¢y toplasm eontaning onh a few
granules, and showing no definite mner striated horder A rather
striking difference between the two segments s that there are tno or
three times as many nuclet shown in cross-seetton m 2 distal than

copurcr uo 1 s

Fia 7 —Reconstruction showing proximal and dstal canvoluted tubules (Qliver,
courteay of Arch Path)

a proumal tubule (Lig 8) The more complex structure of the
proviml segment suggests a more intricate function than that of the
chstal

There 15 no satisfactory evidence that the ustological structure of
the tubnle yares under phy siologiea) conditions  Saver found that
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separated from the cells and the stnated borderismtact  Y1th poor
- . oo VA o #a M aidm o

the urme

My own obseryations ure m agreement with those of Stuer  Wath
the possthle exception of the sucrose expeniment no clear-cut changes
m the cells can be asenbed to mcrese or decrease of functional

Fuu 9 Proxmal convoluted tubulea from & rabbit kidney following intravenous
tjection of suerose  This severe hydropic change 1 transitory the cells recorer
a short time

activity  Hebmholz has shown that the cells of the conoluted
tubules are markedly altersd temporarihy by intray enous apertrons
of large amounts of sucrose  Tollowing the injection there 13 a
severe polvurit but no albummurir or other sign of myury to the
Yadney  If the ammnl be halled during the polyuriy the cells of the
comoluted tubules are found distended with large vacuoles filled
with clear fuid, but the lutnens of the tubules are small (T1g 9) The
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no unine 1s formed by the nephron  The secretion of urine imvolves
the action of both glomerult and tubules

Ofliver made numerous drssections of tubules i ¢hronic glomerulo-
nephnitrs and concluded tht a tubule may persist and even undergo
hvpertrophs ahien connected with a glomerulus that 1s lrgely or
completely obliterated  He bilieves that such aglomerular tubules
mas persist and function T have not dissected out tubules but 1
have studied many seral sections of hidneys and have always found

\
Yoy’

Fre 10 Cortex of & typical umilateral dwnrfed kilney Note the  thyrowd
sppearance Tl ero are no glomerul but small sexments of tubules filled with casts
ere to bo seen Note the thick walle 1 artenies  Phintomicrograph

a ciose correspondence between the degrie of atraphy of a tubule and
the perme thility of its glomerulus "Fius relvtionsip 1< especially
clear 1 subicute glomerulonephntis (Iig 33} m which all the
glomerult are severel obstructed and all the tubules show varying
degree  €aem Y D i
rar

after o

g 1t
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After_occlusion of a glomerulus tubular atrophy proceeds slowly
and does not become prommnent until three or four weehs have
elpsed  In acute glonterulonephrtis there 1s msuffictent time for
tubular atrophy to occur, but 1n subacute and chromie forms exten-
sive tubular atrophy 1s found

In pj elonephritts the tubule 1s destroyed by the cellular infiltrate,
and this also results m atrophy of the entire nephron meluding 1ts
glomerulus
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CHAPTIR III
NORMAL AND PATHOLOGICAL PHYSIOLOGY

Early Investigatons —Bowman 1842 suggested that the water
of the ure 1s seereted through the glomerah and the solids through
the tubules fle based s theory entirely on anatomucal considera
tions notmg that the stractures are especilly sdapted to such
functions

Ludwig 1844 ongated the idea that the glomerulus 15 2 simple
filter which under the force of the capiilary blood pressure allows
a1l the eonstituents of the urine to pass through except the proteins
Unine 1s formed from thus filtrate by cohcentration the water diftus
g back through the tubules  Later he realized that urne 1s not
deprotemized concentrated plasmn since the tanous constituents
are not present 1 the same proportions as w plsma and he there-
fore modified his theory to admut the back-diffusion of some solds
along with the water

Hewdenhamn 1874 maratained that blood Ppressure is not mmportint
in the secretion of unine that the glomeruh secrete water chiefly and
that the tubules secrete most of the solids with a mnunum of water
After section of the <pl cord whuch lavers the blood pressure so
that no urine 15 formed he found that mdigo earmine wyected 1
travenously appears m the celly and tumina of the tubules but not i
the cipsular spaces  An mncerease of venous pressure does not cwse
an merensed flow of unne  The Bowman Hedenhan theory nas
supported by Nusshaum s classical expenoent in 1878 Nusshaum
mnde use of the fact that the glomerult in the frog s hidne)y are sup-
phed by the renal artery and the tubules by the renal portal vein
After igature of the artenes no unne 18 formed but when indigo
carmine 1s myjected mto the portal vem of 4 frog with hgatured
arteries the dyve appeirs m the tubules  1f urea s imjected sumitarly
urine s formed  Nussbauin beliey ed that the tubules exerete ndigo
carmme and urey md that under the stunulation of wrea they
exercte water also

Herdenhain s theory prevasled for many y errsbut 1t was gradually
letrned that all the o ervations on which 1t 15 based could be ex
pluned otherwise It was shown that in bige eaxrmine 13 visible i the
eipstlar spaces when hirge amounts are injected (v Sobieranshu

1895) It ys dilnte n the eapsular spares and concentrated in the
tubules  Scetion «f the spanal cord fowers the blood pressure and
reduees the unount of the glomerular filtrite 1o such an extent that
it 13 all reatrorbed m the tubules and o unme enters the renal
pedns but it does not stop glomerular actiats entarels

(2a)
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THI GLOMLRULAR FILTRATL 27

concentration as m the plasma and that water sodium chlonde
and glucose are reatworbed by the tubules

At present the prevading opimon 1> that the glomerul: filter o
flud 1mto the eapsulr spaces nhich 15 identical with oo plasma i
composttion except for the ab ence of protein nd certtin 1 puds
The glomerular filtrate ordmanty wbont 100 times 1s great quantita
nely as the definitive urime passes mto the tubules where a very
large proportion of the water 1s reabsorbed together with yvarious
substances in solution notably glucose chlorde and ammo-1cids
A rather 1arge proportion of the filtered urei diffuses back into the
blood In min cretinine s secreted parthy by the tubules but
tubular secretion has nct been dem nstrated for wny other substance
normally present in the plasma mn ammals with glomerular hidnevs

The Glomerular Filtrate —It 1s now believed that glomerular
filtration 15 most accuratelv mensured by the excretion of nulin
Inuln 1s o carbohydrate of Ingh molecular weight Richards has
shown that 1t 1s present in glomerular urine 1n the same concentra
tion as n the plasma It 1s not excreted at a1l by aglomerular
Lidnevs and 1ts excretion 13 not affected by phlondzin which n
hibits tubular secretion  The mulm clearance 15 mdependent of 1ts
plasmt concentration and of the dwresis under all ordinary rtes of
urme flow and there 1s therefore no evidence that it 1s exther secreted
or reabsorbed by the tubules or that it diffuses back into the blood
ihe mubin clewrance 15 widels accepted as the best measure of
glomerular filtration

Based upon the mulin clearance 1t has been caleulated that the
average rate of glomerular filtration m man 13 about 120 ec per
minute or 170 hters per twents four hour permod The tmount
of glomerulr filtrate per munute 15 enlculated by multiplving the
number of cubie centimeters of urine per minute by the muln L P
ratio The L/I ratio of o substance 13 1ts concentration m the urine
divided by ats concentrition m the plasma At low unne flows
induced by deprivation of water glomerultr filtration 1s probably
decreased and at high urine flows in fuced by drmhing large quinty
ties of water 1t 13 presum bly increased

Tomer Smith found the average renal blood flow 1n man as
measured by the diodrast clearince to le 1300 ¢ per minute
about one-fifth of the cardiac output per nunute  Of this 1300 cc
of tlod p -
anl 770 cc
1~ filtered
P N L R R “ .

arteniole 1 defimtcly less than that of the afferent vessel indicating
that leas blood lewes the glomerulus than enters 1t
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TRE GLOVERULAR FILTRATE 29

not bring about ereased glomerular filtration probabl because
mereased tonus of the afferent glomerular arterioles prevents undue
elevation of the capiliary pressure

{5} Colloid Osmotic Pressure ~On theotetical grounds one would
expect that a decrease of collowd osmotic pressure nould result in
increased glomerulnr filtration but actually there 13 ohiguria n the
most important d\sensc m which th\s uccurs > hpod nephrosis
Tn hipord neph the llular uissues
thmu;:hnut (hc body and 15 withheld {mm the hadneys  The effect
13 sumlar to loss of nater by vomting The kidney s do not eimmnate
water when the result would be a decrease of blood volume 1f
there be mereased glomerular filtration m hpowd nephrosis there
must be mcreased reabsc rption of nater

Hy perprotememi occurs in multiple myeloma but there 15 no
effect on dwresis  [he proteins are chiefly globulins which because
of their large molecular size do not incrense the colloid osmotic pres-
sure to any great extent

() Renal Blood Flow —In kidnevs which are histologically normal
glomerular filtration remuns fmrh constant un ler marked vana
tions of renal blood flow  This 15 beliesexd to be due to the action of
the efferent glomerular arteroles which regulate the pressure in the
glomerular capilaries with reduced blood flow they contract Tre-
quenth one finds & normal wmulin clearance (glomerular filtration)
with reduced diodrast clearmee (renal blood flow) However an
extrerae reduction of renal blood flow 1510 shock decreases glomer
ular filtration Meller and Jacobson demonstrated @ marked de-
crease of renal plasma flow 1ncrdiac falure A deereased glomerular
filtratson seems an adeguate explanation of the ohguri an 1 azotermy
occasionally found in persons with eardhace deecmpensation

In hadney s with reduced patenchyma there 15 reduced glomerular
fltration and reduced blood flow hut the reduction of the Siter
mg surface 1 the pnman disturbanee

(d) Denervation of the Kidney —The kidneys are supplied by
sympathetic fibers from the splanchme and renai nerves winch are
duistnibuted alinost entirels to the musculiture of the blood vessels
‘There 13 good evidence that these nerve il ers correspond 1o vaso-
motor fibers elsenhere  In 1509 Clwde Bernand demonstrated
that polyunn results from section of the greater splanchnic nerve
Complete denervation regires stripping of the nerves off the repal
vessels  Brudford (1889) observed a decreased volume of the kid
nev fallowing stumulation of the auterior roots of the apinal nerves
In 1908 Burton-Omtz and Tucas ueng o stromuhr found that

. b P
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THE FUNCTION OF THI TUBULES 31

After ingestion of Jarge quantities of water the normal hidnev
reacts with a polvuria and the excessive flud 1s excreted mn about
B ,. RS - p "

tubular resorption since 1t 1s hnown that tubular resorption of water
18 regulated by the hypophy sis (see page 33)
In normal mdniduals restriction of flud intake or ewesune
resufts n a d i dwresis with a urme of gh
specific gravity  Since there 13 no rise of hlood urea we may believe
that the mechamsm 18 normal glomerulir filtration and mereased
tubular reabsorption of fld
When the flud mtike 15 severly restricted or shen 4 lirge quan
. Vo

result i a dangerous decre 1se of bloo  volume  The specific grunats
of the unne 13 usu iy much less than one finds from 4 simple redue-
tion of flud mtake The Jower specific gravits i thus form of
dehydration has not been explamed There s esidentls some
tubulir damage smce the blood urer may continue to incretse after
the hods hisbecn well hvdrated

() Effect of Decrease of the Glomerular Capillary Bed  This 1s the
most tmportint ciwse of decreased glomerulir filtritlon  Fxper:
mental remos 11 of three-fourths or more of the renal parenchymn s
followed by azotermy and uretin At least onesthurd of the glo-
merulr filter must be mtact to produce an adequite amount of
glomerulr filtrite  In the ady inced stages of chromie glomerulone
phritis over M per cent of the glomerufr aireulition may be de-
stroved “lhe glomerular filtrate may be reduced from the normal
of 120 cc per tinute to as low as 10 cc per minute

In summary glomerulir filtration 15 detertnmed by the blood
pressure in the glomerutar cipiliaries and due to the action of the
efferent glomerular arterioles 1t rem uns furh constint at all levels
of hloodd pressure except the low level of shueh which ciuses a
decrerse A marhed decre 1se of renal blood flow wincwrdne fulure
may s deereased glomerudiar filtrition  Denervation cses o
temporins polvura whieh may be due to inercisd filtrition Reflex
anuria s posstbly due to v as mpasm of the renal vesels Dauresis s
groath influenced by the nmount <f find mt ke and the loss of flind
by extraremid rontes Glomerular filteation is reduced 1n <ome forn s
of extracnil uremsy  The most important ¢ e of decreased glo-
merul e filtrition i dise s 1s reduction of the number of function-
g glomeralt

The Function of the Tubules —Glomerulic urine 12 a protein-
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free filtrate of the blood plasma contaming all the substances of
the plasma 1n the same proportions except the proteins and some of
the lipords It 15 over 100 times the s olume of bladder urme and
contatns many substances besides water such s glucose and chlonde
which must be restored to the eirculation It 1> the chuef functton of
the tubules to restore to the blood most of the w ater and the solutes
hd hich must be retamned such as glucose amno-acids and salts
.

I
pletely  Resorption of water apparently tahes place all along the
tubule The fact that urnic aeid precipitates out m the collecting
tubules m the so-called une acid infarets of mfants suggests that
Tesorption m1y continue even into the collecting tubules  Similar
evidence that concentration contmues mto the collecting tubules 13
afforded by the precipitation of sulfonamide erystals mn the collect
' PR

g tubules  The formation of casts i the prouimal convoluted
tubules shons that there 1s considernble concentrition 1n that seg
ment Djyes ntroduced nto the first segment of the frog s tutule
become concentrated there Perhaps the greatest resorption of
water oceurs in the prowmal tubule since a great deal of pressure
would be required to force the entire glomerulir urine through the
loop of Henle and the distal convoluted tubule

Glomerular filtration 15 earned on by the work of the heart
but the tubules perform work smce tl ev transfer water from s more
concentrated to a less concentrted flmd agunst osmotic pressure
They everaise a selecti e resorption of the solutes taking more of
some than of others Tor the most part the solutes resorbed are
those that are needed 1 the body glucose ammo-acids and salts
but a large fraction of the filtered urev13 al o resorbed T e resorp-
tion of glucose 15 complete unless there 1s hypergly cerma m winch

case there 1s more glucose 1 the glomerular filtrate  The falure to
.t - ot tlat b Jescan

of the
\ tron of

<ome of the other so-called threshold todies 1s similarly due to a
himited rate of tubular resorption the solute bemg present m excess
m the tubular urne

\uch more work 1s required «f th e hi Inevs when the protem in
tike 1s hagh than wlen it i Jow since the hidnes s mu t exerete more
urc 1 and work agun t 1 hugher o motie pressure on a Ilugh proten
dict Olner his shown that the groat merct e i weight «f the rat
htIney on a ugh protemn diet 15 duc to a marked I pertrephy of the
proximal ecnvcluted tubules  The fact that a Jow pretemn diet re-



EXCRETION OF NORMAL BLOOD CONSTITUENTS 33

duces the work of the kidneys has led to the view that nephritis
should be treated by reducing the mtake of protem (see page 203)

There has been much discussion of the role of the tubules m
excretion  Marshall and others have shown that the aglomerular
tubules of certam teleost fishes excrete a small amount of water
and all substances m the plasma except protemn and sugar It has
been argued therefore that mammalian tubules also hay e these func
tions It has been clearly established (Marshall) that phenol red
15 excreted largely by the tubules and Olver has shown that neutral
Ted 15 simularly excreted but there 13 no convincing evidence that
substances normally found m the plasma other than creatimne are
excreted by the tubules to any notable degree To deny an 1m
portant secretory réle to the tubules 1s not to underestimate therr
mmportance for as Peters* has said so nell A process of reabsorp-
tion which s so regulated that from an undifferentiated ultra filtrate
of serum water and solutes are removed with such discrimmation
that the end result 1s the maintenance of a constant internal environ
ment 1s quite as inexplicable 1n terms of physics and chemnstry as a
secretory process that attains the same ends  In faet reabsorption
13 nothing more than a process of secretion directed from the tubules
toward the blood stream

Réle of Hormones —The only hormone known to influence the
output of yrime 15 pitressin an extract of the posterior hypophy
seal lobe Injections of pitressin tend to decrcase dwresis In
some cases of drabetes insiptdus i which there 1s an excessive output
of urine of low specaific gravity the polyuria may be controlled by
admmstration of pitressin  This fact supports the belef that
Pitressin acts upon the tubules to promote resorption of water and
m 1ts absence less glomerular filtrate 15 resorbed However hvpo
phy sectomy reduces both diodrast and mulin clearances to about
one-half therr normal values indicating thit both renal blood
flow tnd glomerular filtration are reduced (White and Hembecker)

The tubules plas an important role in protecting the | ody agawnst
acidosis  T'rom urex they form ammonra which combnes with acids
that are to be excreted and thus prevents excessn e loss of base from
the‘blood The tubules also sy nthesize hippurie acid from benzoie

atrophy (see page 353)

Effects of Tubular Injury —In view of the fact that one of the major
functions of the tubules 1s reabsorption of water from the glomerular
filtrate one would expect tubular mjury to produce polyuri1 with
urme approaching the composition of the glomerular filtrate but

* From Peters Body Water The Cxchangeof kIt ds n\Man Courtesy of Charles
C Thomas Publisher Sprngheld T1nos
3
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there are fen clinic1l or experimental conditions i which this occurs

In dinbetes msipsdus the cxpacity of the tubules to abeorb water 1
mpred and there 15 polsuria with « urne of low specific gravity

In the stage of recovers from sublimate nephnitrs the regenerated
tubular cells hase not yet attuned full functional eprcity and arc
unable to concentrate the glomerulir filtrite the result being 2 urtme
of low specific gravits with a normal dresss Phlondzin pooning
impars the capreity of the tubules to cxerete creatmme and to
reabsorb sugars  In the phlondzmized animal or mn the clearances
of creatinine and sugars 1pproach that of muhn

In nearly all chinteal conditions with severc tubulie injury the
effect 15 ohgunt or anurn Apparently all the glomerultr filtrate
diffuses bach through the damaged tubule el ‘Ihis topic 1s
discussed more fufly under tubular diseases (see prge 270)

Excretion of Normal Blood Constituents —Water —It 15 well
established that « iter 13 elimintted almost entiredy through the
glomerulr although m aglomerular hidneys 2 small amount of
water 1s exereted  About 99 per cent of the water in the glomerular
filtrate 1s normally resorbed by the tubules

Polyunia refers to an excessne amount of urine  Cushm ev-
pluned that polvurir mav be brought about ather by mereasing
glomerular filtration (glomerultr diurcsis) or by decreasing tubule
resorption (tubulir diurests)  [he elnef conditions in w luch poliurra
occurs are  after denervation of the hidnevs dibetes mellitus
diabetes nsipidus  chronte renal insufliciency , and after mgestton of
large quantittes of water

Polvurin does not wnph merersed glomerular $ltrition In
advanced chrome remal diseise of scieril tvpes there mm be
polvurin wath a great decrease of glomerular filtration (low muhn
clearance)

It was pointed out above (see page 30) that denersation of the
hidnevs m dogs ciuses a transitory poliuna with urme of ks
spectfic gravity It 15 probably the result of mereased glomerular
filtration but the mecham m1sn di pute

In dinbetes mellitus the blood phismand therefcre the glomerular
filtrate contans an exces e amonnt of gluco ¢ The tuf ules can
resarh glicose onh at a inated rate at therefore accumulates m the
tubules rasing the osmotic pressurc of the tubmlar urine and delav-
mg the resorption of water Ilic result 15 an exeessive amonnt of
urine of ligh speaific gravaty due to the Ingh content of sugar The
pofvuris 1> due to decrersed resorption of water

In dialictes maprdus there 15 polvurn with urme of low <peaifie
gravity (1001 to 1000) It 1s commonls behicved that the mcreased
durrests 15 due to [ich of the hirmone prtressn which promotes
tubular recorption of water

In chironte renal mstifficrenes. there mu t be decrd s glomerulie
filtration bectuse of the marked reductien 1 the number of fune
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not mterfere with therr functions  YWidespread obstructron of the
tubules by easts mas cause anurin asn uremia following transfusion
of lll\ccfl:l;lpat]b]e blood and 1n multiple my eloma

tration

as
cor
treated by admmistration of flind by any avalable ronte  In reflex
anura one need only wut until the vascular spasm 1s relaixed  The
anurma of acute glomerulonephritss or of corrosive sublimate potson
g s not amenable to direct treatment  The anatemieal mechamsm
for ehmmation of water 1n the hidney s 1s temporarily or permanently
destroyed  The foreing of fluids to such patients cometimes results
1n death from edema of the lungs  One can only try to ehmmate
flwid by other channels in the hope that the hidnevs may gradually
recover some of their function

Irequently 1t 1s desirable to promote diuresis m order to remove
edem2 fluids  In cirdinc edema treatment should be directed toward
restoring cardiac compensation before diuretics are used since
1ncreased enous pressure 1s the chief cause of the edema  In hipoid
nephrosts the edemn 1s due to the low Jevel of the plasma protemns
and the consequent decrease of their collotd osmotic pressure  Re-
gardless of the cuse of the edem? certain drugs muv be helpful in
Temoving 1t

Duuretics are given to increase the output of water 1n order to re-
move accumulations of edema fluid or to promote the ehmination of
waste products such as urea  In theory mcrersed diuresis mav he
due to increa ed glomerul i filteation or to decreased tubular resorp-
tion but the ways m which vanous drugs promote diurests have nat
been determined Diuretics are useful chieflv 1n the removal of
edemn flinds from patients who have no sertous impairment of remal
function such a5 cardinc edema and the edema of ipaid nep hrosis
They have bttle of no salue 1n promaeting the ehounttion of waste
produets from the ! lood m renal insufficieney

{mmonium ehlonde produces acidons  In the hiver ammoniy

1s comverted into uren letving the excess free chloride tons m the
plsma to be neutrahized by bicarbonate or other buffers or to be
excreted n the urine combined with ammonia of renal ongin - The
dwiresis may be due to meresed amounts «f ammomum chlonide or
fixed I e m the tul ulw urme  Urea 13 on effectne dretic It s
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8 NORVAL AND PATHOLOGICAL PH1 SIOLOGY

conditions ntestinal obstruction of any tvpe attended with vomt-
g after severe diarrhea after severe hemorrhage after prolonged
low tlnd mtake  The above conditions are alt examples of debydra
tion n some form and thev wre attended with oliguna or anun
The blood does not gve up flnd to the hidnivs when the result
would be 2 decrease of blood volume hut urea continyes to be formed

Other disexses winch frequentiy show v fugh blood urea are these
m which there 1s extensive destruction of tisue protemns such as the
early stages of starvation pneumont and other severe infections

A comv Incmg elevation of blood uren 13 n‘nt found until n\er‘50

Voo e

of climeal uremia  The uret clearince test 13 however of great
value i the early stages of nephntis (see page 52)

A high blood urex may usually be reduced maternally by a low
protein diet but this improvement m the bleod may not be asso-
cated with favorable changes 1n the elimical symptoms

Une Acd —Normalls the blood contmins 2 to 4 mg per cent
of uric aaid  Lne acud 15 denved from the purins of the food and

fo o Tt 15 sometimes
Ttis<osan
ctical value m
the diagnoss of renal di ease

Creatinine — N\ormnllv the blood contans 1 to 2 mg per cent
of creatimne  Ihe blood level 13 not much wnfluenced by diet
In renal insufficiency creatimne wmereases m the blood pirillel with
uren A creatinine lesel of 5 me per cent tndicates severe reasl

<ufficiency
[P N

clearance 1s 4 measure of glomerular filtration  His creatinine
clearance test 1s based on these assumptions It has been shown
that i the dog the rablat the frog and the sheep the creatimne
and mulin clearances are wlentical wdicating that m these anmals
crentimmne 1s excreted only through the glomerult  But 1t iins been
established that in man the creatinine dearance 13 30 to 43 per cent
ngher than the wuim clearance the average rito bemg 139
(Shannon)  As the phsma concentration of creatimine 18 progres-
sinelv rased above 10 mg per cent there 19 8 reduction 1 the
creatinine clearance indiciting that the tubules cannot exerete
creatimne bevond a certmn rate  In phlondzimzed man the eres
atimne and inulin clerrnee become iWlontieal indicating that mjurs
of the tubules prevent -t
strated that some of

man with respeet to ¢
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specific gravity contaming onby small quantities of solutes The
chief reason why no glucose appears m the urme 1s that relatinelr
Iittle passes through the glomeruh

Phloridzin mjures the tubules m such o way that they are tem
poranily unable either to absorb glucose or to excrete creatinme
The ability to reabsorb water 1s not distutbed

In true renal dinbetes there 1s no hyperglycerma the tubules
apparently bemg unable to resorb sugar although no anitomcal
damnage 15 demonstrable  Because of the elimuration of sugar 2
tubular diurests oceurs as i diabetes mellitus

Tt " Lo _ T . a4
ls
18

i .
vz that the tubules ean resorb sugar only at a certan rate and
thercfore when the tubular unne contamns excessive mounts of
sugar much of 1t 1s excreted m the urine  Perhaps this explanation
applies to the excretion of other threshold bodtes

Nerther glvcosuria nor hyperglycemia has any relation to renal

disease
h ~The phosph are tly excreted through

the glomeruh  In renal msufficiency “their merease mn the blood
parallels that of urex  However the phosphate level 1n the blood 15
10t 1s accurate 2 measure of renn] function as the urea level sineeit1s
more influenced by diet

The merese of phosphorus m the blood m renal disease often
causes a decrease of the plasma ealeium  In severe renal msuffi
ctency of long duration (such s pols ¢y stic renal disease) the bones
mny show extensive rarcfaction and parathyroxd hvperplisia may
develop The tetany sometunes ohserved mn uremin s due to low
blood calcium

Chlorides — Chlondes are present m the glomerular filtrate 1 the
<ame concentration as i the plsma and they are partly reabsorbed
Iy the tubules  Chlorides do not increase wn the blood i renal -
suffienes  they diffuse so readily that any excess such as occurs
after adm ration of large of sodim chlonde passes
aver into the tissue fluids  Apparenths the tubular reaborption of
sodwmn chloride 1s influenced by adrenal cortical "!wrmnne wnee

' a - T on

ABNORMAL URINARY CONSTITUENTS

Proteinuna —Tlic amount of protetn in ncrmal urine 14 ton small
to be detected by routine laborators tests  I'roteinuna usualhy
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should wstruct the patient to empty the bladder before retming and
then to colleet sepirately the spectmen passed mmediatels after
rising from bed and several specimens passed throughout the day
Frequenth albumin first appears i an afternoon speamen I
there 15 no albumin i the first mormng specimen the patient does
not have nephnitis even though there be heavs albummuria i the
afternoon

Occasionally one finds individuals who have albumn in both das
and night samples of urine without any other s\mptoms or signs of
any diseise  Vost of these cases are forms of bemen albuminuria
but the patient should be studied carefully and followed a vear or
more before latent chronic glomerulonephritis 1s excluded

libununuria from Injury of the Brain —Puncture of the brun
just c1udal to the sugar center 1s known to cause transitory albu
mmunt  After spontaneous subarachnoul lemorrhage there 14
1"

= vatam Il mn omn oag nool 1 onc #a Mannla anl

present In tairly 1AT4e qUANGUES  1he Mhaing o1 SIUNIILY Ly
comatose patient may lead to the erroncous dingnoss of nephritis
In one patient at the Unnversity Hospital 2 subarachnoid hemorrhage
was followed not only by alburmmuna but by a nise of the hlood urea
nitrogen to 150 mg per cent  Although a dingnosis of nephritis was
considered complete recovers took plice within a few weehs S
arly 2 patient admutted 1n coma to the emergency ward was
thought at first to be suffering from diabetes becau ¢ of sugar m the
urine but 1t was later learned that he had earbon monoxule poison
g It s not unusuil to find transitory albutmnuny mumedintdh
after an apoplectie strche or a fracture of the shull Mo <at fictor
explanation hns been suggested for albumnuri resulting from injurs
to the brun

lbuminuria tn Renal Discase —In the begn albuminunas the
mpury to the glomerular capillaries 1s so sl‘lzlut that 1t can s Ido'm be

renal msufficiencs  In fact the greatest quantities of protem are
evereted m hipowd nephrosis in which there m iy be no other mesur
able impurment of renal function while m contracted ki Inevs with
marhed mitrogen retention onls a trace of protein mav be found m
the unme  The eseape of protem into the urne 1s due to myury and
mcreased permeabilits of the glomerular capllanies  consequenth
more protem pa~ es through shen the capillares are patent (ipeud
nephrosis) thap when thes are obstructed and closed (chronie glo-
merulonephritis)  When the nephirons are greath reluced m num
ber asn contracted hidnevs the (ppe rtumes for the excape of pro-
temn 1s correspondingly dinum hed It 13 elear that protemn can
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ongin t'hc erythroestes escipmg from ruptured glomcrular caml
laries  The conditions that fayor rupture are overdistention and
myury of the capillry walls Iy severe chrome passive congestion
the capiltanies are weahened by overdistention and decreased oxy
genation of the blood with the result that mans of them rupture and
allow ery thracs tes to escape mto the urine  In teute glomertlones
phritis and in acute exacerbitions of the chronie form there 1s some-
times sa much glomerular bleeding that the urine has s reddish eolor
and micro copie ex umnation of the unne m these forms of nephntis
shows  defimite increase of 3y throcy tes m nearh all instances Jer
this rewon some wniters call glomerulonephritis  hemorrhagie
nephritts but as will be expluned Iter hematuritis by no mens
pathognomonic of glomerulonephrits

In glomerulonephntis bleeding takes place from open caprilapes
those closed by endothelial proliferation do not bleed  Therefore
the blecding 1n 1tself 1s not serious sinee 1t occurs in capillaries that
are not permanently damaged In fact the form of glomerular dis-
ease with most intense bleeding (bemign hemorrhagic nephnitis
page 10:3) has the best prognosis In the terrmnal stages of chrome
glomerulonephntis when nearly all of the capillaries ere closed there
are few er throes tes m the urine

In embolie glomernlonephritys the thrombosed eapiliaries rupture
and aflow ervthiroey tes to escape  Large numbers of red cells my be
found m the urine 1 this disease  \cute forms of primary hvperten
ston often show hematuna Leenuse of thrombows of arterioles or
foeal glomerulttts  Glomerular bleeding mav 1l o occur 1n scvere
bacteniermas wnd purpuras

I rom the above account st 1> clear that red cells n the urine com
g from the renal parenchyma are not sufficient to establi b a
dingnosis of glomerulonephritis

When the glomerular capillaries bleed the red edlls pass through
the tubules where they are visible m large numbers " Rarely they
become impacted and block the tubule  Sometunes the ite of tup-
ture of a eipillary may be seen

Hemoglobinuna ~When the arculiting erythroevtes are 1 emo-
Ivzed n irge numbers hemoglobinemin develops and when 1t 15
sufficiently wtense hemoglobnn escapes mto the unne T e thresh
ol 1 for hemoglobin 1~ apparentls furly high considerl le quinti
ties must be ingeeted mtrnenou Iy befure heme glol iy develops
After ijections Fibbert found fiemoglobin i the (apeutar spaces
and concluded 1t was excreted through the glomerult  Dunng
hemoglobincra the tubules become filled with granules of 1lood
pigment which are interpreted as evudence of tubular resorption
Whupple and s co-norhers found the threshold for hemoglit
Ingher on the first than on sub equent wyections which thes at
tributed to stuffing of the tubule cells wath 1Hood prgment Thev
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urine as soor ? With an ieterus
index of 15 ma In jaundiee
granules of il are usualh

terpreted as evidence of resorption  In obstruetrve jrundice asso-
crated with renal msufficiency there 1s very httle bilrubm i the
urme  Bilirubm 1s apparently excreted through the glomerul and
the quantity i the urme decreases 1s glomerular filtration 1s reduced

Excretion of Dyes — Phenolsulphonephthalern —It1s clearhy estab-
Iished that this dve 1s excreted m part through the glomerul: since
Richards has demonstrited its presence in the glomerular urime
of the frog  Breter and Hirschfelder noted that after injection of
phenol red the glomerul of the transilluminated frog hidney have
hght pmk color  But 1t 15 also clearly estblihed that this dye s
readily excreted by the aglomerular hidneys of the toadfishes
(Edwards and Condorelll Marshall) Edwards by studs of the
transilummated frog hidnev found that phenol red 1s best seen m
tubules associated with mactive glomeruli an actnve glomerulus
washes the dve out of the tubule raprdly  Marshall mamntuns that
80 per cent of phenol red 1s excreted by the tubules e states that
only 25 per cent of the dye 1s filterable the rest bemng bound to pro-
tein  Sehemmzhy found that phenol red 1s concentrated 125 times
Smith states that 94 per cent of phenolsulphonephthalein 15 excreted
by the tubules and estimates the clearance of this substance at 400—
over three tumes that of inuhin

The excretion of phenolsulphonephthalein 1s md dent of the
dwresis but m the presence of oligunn the test 1s of no value since
great deal of the dye 1s retained 1n the pelves and ureters

‘The orgamic 10dine compottnd deadrast 15 excreted almost entirely
by the tubules Diodrast 1s almost completels removed from the
blood during one prssage through the hidney so that the diodrast
clearance 15 2 measure of renal blood flon  Indigo carmmne 1s prob-
ably excreted n the same w1y as phenobulphonephthalem  Olnver
and Lund found that neutral red 1s excreted chiefly by the tubules 2
rearrangement of the mitochondria takes place dunng sccretion
Richards agrees that nentral red 1s exereted 1 part by the tul nles

Excretion of Bactera —\\yswhowiteh 1n 185C found that
bacteria were not excreted by the hidneys immedintels alter mjee-
tien into the blood streun  Staphylococer did not appear n the
urine until several hours had elapsed and less virulent organisms
were ahsent up to twents four hours after mjection  Since that
tine numtrous cxperimenters have found bactena n the unne
within o few mmnutes after injection  Helmholz i a series of papers
n 192 and 1926 clanified the discussion  He pomted out that the
techmque of obtuning the urne was «f great importance Lrme
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structed i vars ing degree 1nd can function at only afraction of therr
normal capeity
(a) Inabality to Form a Concentrated Urine —This 15 one of the
best evidences of renal msufficiency The normal person usundly
excretes a urine which varies 10 pornts or more i specific gravity m
- ' P T

1

POLYULIY  AUOUL L€ SUILE ULOULL UL WL € 15 WALILWL U 1t 4 Ly
t-o- - 1 == d-ble-lesawahe and the specific
it often ranging between
- of any sample of urme 13
1020 or more after correction for the amount of protetn present 1t
1s not necessary to do a concentration test but if the spectfic gravity
of individual samples 1s low 1t does not follow that the hidney cannot
concentrate  The concentration test consists 1n putting the patient
on a diet with 2 mmmum amount of fld for a twenty four hour
period and taking the specific gravity of samples of urine a few hours
apart If the mramum speaific gravity which 1s commonly found
m the samples at the end of the period 13 below 1020 a defimte
mmparment of renal function 1s established  One must of course
be certain that the patient does not tahe fluid surreptitionsly
It has been mamtined that this 1s a test of tubular function since

concentration 1s effected by the tubules but the same phenomenon
<L 1 eamma) YWY an ) aamamt

parenchima was greatly reduced In amount Ut €as fstul g i
normal et the patient excreted 2 very dilute urme Vhen the
hidnevs are unable to form a concentrated unine we may nfer that
there 13 an madequate amount of tubular tissue but we are not
justified m dizgnosing tubular disense  Iishberg pomts out that as
ren1l msufficiency becomes more severe the maimum attamable
speaific gravity of the urine decreases but never goes below 1010~
the spectfic gravits of blood plasma  The most severeh damaged
Kidneyvs that can excrete any urine ean concentrate fo I 07

Why 13 & disetsed hidney unable to form a concentrated urine?
The basic anatomical disturbance 1s usually a greatls deercased
number of normal nephrons or a partial abstruction of the glomer
wlar filter m most of the nephrons with or without a decre1se of their
total number rarely a tubular lesion 1s responsible  The number of
functioning nephtons may be reduced not only by glomerular lesions
and arteriosclerosis but al o by the pressure of cvsts (palierstic
hidnevs) the destructive effects of mterstitial exudates (prelone-
phritis) and hndronephrouis  The glomerular crrculation masy
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The Weight of the Smgle Kidney —The single hidnev 1s usually
larger than one of a parr of normal hadneys  In 11 adults Motzfeldt
found an averige weight of 20b gm  In 44 of our adult cases the
weight of the kidney 1s recorded as follows 120 gm 1 150 to 199

The Ureter of the Absent Kidney —In many reports no mentton of
the ureter 15 mide wd 1t 15 therefore difficult to determimne how
frequenth 1t 15 ahsent 1 ortunc 1n a revien of 422 cases found the
ureter noted as absent in 54 per cent and present in 10 per cent
A\l noted absence of the ureter in 17 of 20 (1ses and ( ampbell
m8of 9 cises  In our group of 96 cases the condition of the ureter
was noted 1n 74—it was completely absent in v9 and & remnnt or
the entire ureter was present m 1o In the 15 instinces in which
some ureter was present two shoned only the meitus i the trigone
and no urcter external to the blwdder n three ¢ 1ves 1t was 1 fibrous
cord terminting 1n a small ¢vst in the renal fossa 1n four it was 4
short segment adyicunt to the biadder n two it was parth patent
and partly occluded 1n one 1t was pitent throughout and thre
urcters were merchy notcd as present

\ccording to published reports the ureter varies from a mere
dimple in the trigone to a full length structure termmatmg in the
renal pelus It 15 usually impermeable m the greater pirt of its
course and 1t 1s often merely a fibrous cord  Some writers do not
aceept eses i which any part of the ureter 1s present as examples of
pure renal agenes)s  But this interpretation seems extreme  since
the ureter 1s not the hidnes and 1t 1s probable that the urcteral bu i
does not reach the wetanephric blastema mn the vast majenty of
these cases In mstances m which a hidnev remnant 1s present
contaning glomerul we are obvtoush not dealing with complete
agenests but even these cises probibly represent defeetrve develop-
ment and not atrophy of 1 previoushs formed hudner

Structure of the Kidney Remnant —A few authors have deseribedd
the nucroscopic structure of the rudiment occasionalh found m the
renal fossa to which a ureter 1s connected  Lortune and Machenaie
toth mention tubules and glomerull i these structures  Tubules
rught be derived from the ureteral bud but the prosence of glo-

3
1



G DEVELOPAINTAL ANOVY LLIES

developed onhh to v slight extent Thev are to be mterpreted as
extreme I poplisia but nat 1 camplete rend agenests

Associated Anomakes ~Other congenital anomahes are found
m many cases of umiliteral renal genests the great majorits of
wlich o adults are defeets m the gontal orgms  Acoordmg ta
Fortune about two-thirds of the fcmales shaw malformations of the
gemtal trict usully the uterus  These anotmadies are dud to imeom
pletc fusion or defeetis e dovdopment of the mllersin duets (bseorn
ate nterus wmeornate uterus double uterus atrestr of yage et )
In males there 15 often tmid steral absence of the ductus defurens
eprculatory duct semwil vesicle and <ometimes 4 part of the
epudidy mis— these structures are dernatives of the caud il portion of
the mesanephros

In our esperience associited momthes arc uncommon except
wonfwts  In 31 of 53 Croes over eight vaars of age there wis o
other 1bnormalits } bl wterus wmeorns 3 had svmpetn of
the legs 1 showed ibmence of the left testrs ind eprdidsms as well as
the left hidner i 1 shoved h ence of the rght adrenal uterus
and viemr  However an 1o of the 20 infants there w1s some other
gra s anomalt such w spmr bthdy memngoede anecphalocde,

it of the
he reader
on each
ade grons caud iy and estiblishes an opaung nto the doaca
The wreteral bud fram the wolffian duct gues rise to the ureter,
the renal pelus ind the collecting tubules the other seginents of
the renal tubule aod the glomeruh arese from the et mephric

biastemn
Bovden has offered a satifwtenn exphmation of n_y_nl IRENCSI,

rc\clm:l the cloen and no urcter hid developed on the jeftsute dhe

feft renn! Blastema had appeared but Inid not dos doped into tubules
The arrestedd des elopment of the mesont phros ss therefc re the lictar
underly ing renal tgenesis  Bovdan points out that ureters) and

renal asenests man be produced expermmentalfy m chiek wuhr\\r‘:; 1
P -

to Jach of the metwnepheie blatany e o urenes vz s

about 80 per cent of cases € renal 1weneds Wiy be mfoened that n
these e1ses no weeterd bud devedoped from the wolffian duct When
only a part of the urcter i~ prevntat iy probable that the ureter fals
to reach the renid blastemy The froquent ab enex of the durtin
defrens and scmmal vesele suggests o Duduee of dovedopment or a
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retrogression of the cadal portion of the mesonephros from which
these struetures are derned  The assoaated malformations such
as meningocele mdicate more widespre wd disturbance 1n the embrs -
onte hody
Disease of the Solitary Kidney  There 13 4 widesprewd apmyson m
the iterature that a solitirs hidney 1s more prone to diseasc thm a
norml hidney  Collins found that disese of the single hidney w1s
recorded m 189 per cent of cases from the hiterature but this
madence 13 probably too high since many obsery ery dirgnose snnple
artenosclerntic ehinges 1 nephntin: Ameng the mfmts i our
sentes there were 2 mstances of hvdronephross 2 cases of sl
polvevstic hidney and 1 hspoplistic pedvic hidney sath only two
prramds  Among the adults there were two canes of congemtal
hvdronephross a male iged 34 vaars and 1 fomake aged twant -nine
vews  lhere were two other Cises of hydroncphrosts of undeter-
minedongn A mulcaged 71 vears hida peluic hdne with hdro-
nephrosis due to a clenls  Lhere were 4 ¢ vses of chronee glomer
ulonephntis in persons aged ight thirteen nmeteen and thirts-
four vears respectinely  The pitent aged nmeteen e had a
pelvic hidnes  Thore were 4 exvimples of urcterd duphcition ind
there nere 3 pediie hidnoys mentonsd thove Onhy the 3 prtunts
D e Watler reported 2
chensic reeogmized
Wi Appirntls
there 15 oee aomallv some anotmiy of the ureter which leads to
Iy dronephrosis and mfection but the single hidnes 15 pot a groat
hazard to hife
Umlteral hedney mus be reeogmized y the urologist from exsto-
seopic exumin ttion or by the pyclogram When a double uterus 1
found there 13 a possthiity of a wingle hidney - Reusch and Unseld
e1ch reported two dimeal absery ations of double utcrus and smgle
dney — Tscherne found 2 wolffian duct vt an the broad higament
and b und the uterus i a wom m with a doubly uters and s angle
hedner  ITvmin removed o ealeulus from the urcter of a smgle
hedney and mecrted an artificnl urcter . The patient had a bicornate
titerus
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B RENAL HYPOFPLASIA
1 Uniatersd = L] BB RIPRTE - SR 08
term dwarfed
reference to etio
of defectise development of 1t3 anlage (true hypoplasn) or its
smalness may be due ta secondrry atrophy from urmary obstruce
tion arteriosclerosts or interstitial nephritis  There 1s o undant
evidence that complete urnary obstruction may Jead to marhed
atrophy of a hudney after the lap<e of many vears but we have not
claded among the dxarfed kidneys ans case which was obsioush
v N

thirds to three-fourths of the renal tissue 1s removed  Wwe i e

adopted 60 gm as the mmumum amouat of renal tisstie cipatle
of sustuming life 1n wn adult although there 15 no direct cmea
evidence that this 15 an accurate estamation  Ihe grett majorits
of dwarfed hidnevs have no functroning pirenct vma <o that even
thewr small size evaggerates ther phywologict) importaney Onh
the cases m Group 1 had normal parenchyvina

On the basis of thesr structure 1nd ather evidence the dnfed
kidnes s m oyr collection have been subwdni led sto seseml groups

Grotr 1 True Hypoplssis Without Secandary Atropby or €ysts
(Tuble 1) —TIn the 18 1 €3 of this group the parenchvim «f tle
st hidnes was con wdered normal by the patl edogr t on mre-
scopre examnation but the dingne 1s of Tapoplhin wis U1 ol
stpon the reduced mistadber of mrraeds Nos 1 3 and 5wer pre-
cerved and have boen reexanuned 1y me . T e ropal pannctvmran
all theee caves <howed 2 nortial microwe pie structure

The small hudnevs of this group differ therefore quantitativeds
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but not qualitatively from the normal They show a reduced num
ber of remcult, 3 to 5 instead of the normal number of 12 to 14
Gruber has collected several such cases from the hiterature Pelvie

be

hric

eof

the normal hidnes indicates that the anomaly has been present for
many years
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Chnieally this form of hypephisiy s readily recogmzable by
- oo .« -

resulted from urcme from & few davs to mine vears after retmoval
of the harger hidner  In 2 of these the ureter of the lrger kidney
was blockhed By o calcutus and the small hidney was unable to sus
tamn life after the nephrestomy

Grote 2 True Hypoplasia With Cysts (Table 2) —Sit «f the
16 patients were mfints and i 4 of the infants the small hdney
\:m represented by a small cvstic mass sathout macroscapic evi-

SO~ R P A e e
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Lidney becime Urophe before middle )yfo It s hnowy that the
remon gf of one Kidney namddle jyfo or later 0CS D0t regylp m hyper.
trophy of the Femaimng Kidney but ¢ S Dot ngyy W wheg age
h\pertmpm Cerses to oceur Ve py 1ve one ord of accidentq) In
ture of the right uregep M3 nomqp thenty four Yers old ang
at Postmorten, thirgy ‘errs fatep the Jofy 1dney W eighed ) &mn
Therefope t crmnot b Tssumed gy , dnarfoq hedney, A0ci1ted
Nithq mte Weighing 200 gm OF More g COngentqp fnomafy

It tighy Mticipated thet BUB s apferd hidneyy are due ¢
Unilatery) Interstityq) Dephrityg (m clonephrms nearly I but 5
definyte K mphocy te nhltratyon "as found only 2 ,,
Nos g4 and 7 Ne Cinnot howeyop e oyt pwlanephrms

ause of the bsence of 0 Interstyy)qp eYudate Sice 5t 49 Probable
that Kmphoe tes wonld disappeqr alter mapy Vears

Anotahle ferture of these gy arfed Atdnevs g the complete absence
of normay Prenchymg 4, the yngp myonts Iy 5 of the G ¢y
there 1, ‘e smajy reas of fun(-lmmn/: Darenchymq but 1 g

tices

Digure 10 1€re are closely Packed tubuyles I,
epithelmm and filleq with easty The
Sue 1s gq strthing that 3 4y Usually refy
Strictyre Common}, 10 glomery), are bresen, ut there
MU hyahne Rlomery} and occastonqlfy Flomery), are found hich
Sl retagy A norma) structure Smaly “CRments of tubules Peraist
after a1 trces of the Rlomeryj, are pone

It cler frop the lmrolnmml Sty of they It
that U of ther, hue undergone secondqpy atophy, byg gy hasnoy
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been dq trmne hether they yre Orginaily by Poplastic o of nop
Ml gy to the Pithogeneqy of the thyrod Structure o
IR of the DTocesy mqy pe Sen i the atrophie ype of artery,.
stlerotie Lidnevs Tolloy ing the o o g of the arter, the tubules
first shrml, o thit the differeny Segments become m(lmmmush thle

" Nos 44 ang 73 there 15 some e 1den oy that Dyelonphpyg, wag
the capee of the atrophy pye of ths Jesion a3 a factor the other
06l trqcas of 1t haye (Il:nppe'xmi There 1 however strong
Sudenee that nrurmsclemm N responaihle for mam. ¢ yyey of
atrophy 1y 9 43 45 ang € deagh 5 due
NN artersq) and artcpyopan lesions “ere found iy, both the frge
and the H Kidney s but mor, Dronotnge) ., the $iteep In
Svenl of ghe ey wyghy b\p(rt(nslun thick apg, 1O and arteryyfey
Rere found 4 the Lirge Aidneyy C Cvidency g net conclysiye
but fay gy the vy o, tEy of g, W oerfed hidney of this gre up
CCmne 1y el dy g

It wily e noted thay by per PSI0N (s sl 1% mm e or
higher) | S present i ap of the 57 (ses i y, Iuch the blood Presar
WS 1 orded d the wgyop of the NN

I ¥
Goldhy gy CXpernmeny lnpmm~mn Drocueed TP naaf
Nehengy gy, PPEIRS after g ! Cheane Kidney 1 unde rgog, com
DPlete rophy S ther gy, Iunmrum nnul;umnlnm: defe 10

N Y]

™o FOPICHS Qi gy Mo fully op )y,
Rot g a, PRy osclerosis (41, 4)
In thy Rroup of 3, (es then troug ey id, e thae gpe Flo-

derree g, e gy The Atrophy y a4 DOt wo o L]
N3 proong

anl g, At g Mages of nmmmhmnr Atrophy gy readify
N

v
Munhy ape Froseleroty Atrophy 1y I Shipgited that ¢ #trop by
m oy (L3St ] el gy hte 1 I angy ther 4 not muy )y
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Trom the dhmcd <t andpomt umbaerd daarfed hudney fias the
~ame agmficomes as complite abnence of o by vaee 1
smafl kadnes alonv e monble of wa ¢
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2 Bilateral Renal Hypopladia  Tlhor are nunurous rparts i
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dipne which are w dfect the same ax il el ageneses and resulted
wr death shorth after burth but T have forund onh 1 e s huck
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cient renal parenchvma to maumntam hie wdefimtds  There 13 no
esdence of eystie diseise ar ant destruetive lesion, on the contrasy
there 33 hypertrophy of the glomerul and tubules 1t 15 notes
worthy that hypertension does not develop w thus form of renal
disease It corresponds to the yepal ansufficency produced n
anuaals by reaosmg a arge part of the reml tissye (<ee page 49)
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78 DEY ELOPMENTAL {NOVALIES

venons urogeuns are wsualh satssfactor but ope may underestimate
the degree of hvdronephrosis  Fish and Hazzand have publi hed o
{mmbvr of good uragrms - Tetopre hdres 1 exals distmpurshod

ureter  This mav result from hinking of the wrcter ot from com
pression of 1t by a fibreus hand or an accessors renal artan to the
lower pole when the hidney 15 1 the displiced posttion Somes
times there 15 4 constricted ureterapeluie junction or a high m
sertion of the ureter i the pelvis

s elonephntis follows  hydronephr frequenth.  since the
obstructed kidnev 1s more susceptible to mmfectson  Onlmanh the
Ridney may be aved 'h\ approprite trestment, but occrsionath 1t

the asy mptomatic group have put nephropexy utta di repute  Lhe
mtlder cases which constitute 3 mayonty, may wutlh be reheved
by medieal treatment such 4« 1 belt and pad to hald the hiduer up
m position and exercises to steengthen the abdomual muscles
Drunage of the mfected hudney 1 sometimes necesary In 2403
eases Tash and Hazzard cured 172 by non surgeend troxtment and
»7 by nephropent Nephropext 13 best reserved for eves that do
not respond to medies} trextment  Rudd does not do a nephropet
anless he cin demonstrate fixation or huthang of the ureter m the
urogtam  Surgery 1 wuilly wedieated 1w etses comphieatad
calenlss timor or tuberenfoss

REFFRENCES

Bimoaarr, J € 5 Lrol 35 13 1930
g G W oand Hazzars ¢ T JF Urol 41 33,1939

kioo F S Urol 25(?".'7 Mﬂdo‘)t © 0 12

Marnt ¢ P Surp Gyoee an 2y

Moxms, H I Suemns W Lo and Batwyos J F m J Sarg 17 39
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1932
S Trzen RT3 Lacd 58 301 19007 (et tem ol e g sl asd ool
Avmpron)
Woonnerr o It antsoneror, Rt G 8 Lnl 3513 1900
D ANOMALIES DUE TO FUSION

1 Horseshoe Kidoeys —In this anomals ther 1< fusim of the
adjrcent poles of the hidness nearh alears the lower poles neriss
the median hme  Both Auldnevs an mort median g position than
noctaalls aad theie pelues froe more antericth The fuedd argang
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fusion of the renaj 1} stenqg This nught oocur from, the eighth
to the tenth fegq) Beek whey, the Iow gy Poles ar , clove Proximy,

1 FERFY crs

Beygy Cited from Gutierry,

Borr, G gy urol meg etchy g 192 1919

thzzETrl P ang Pantegr ¥ \m'lmnArrh I pany, An.ﬂ,?oq 372 1011

Gt‘rn:nntz o, Chnieq) \hmgvmen! of HDRWJIO(- Ridney New Yorp
Payl iy Hoet e 1933

Tnom-m\ AR Guy ¢ Hosp Rep 79 207, 1929

e on the say,, Side of gle rtehrq] ), hies Sed i v apigys
Nng 1r Cquent OF fusion g th elunmtni Kiduey
' which the top, M1 fused | s uppep pole to 1), lower
bole of 4, normajy, 1, 1 L lig OMinonly there 44
0 Caniag 1 ment by, OCCI0nq ], i) elongated Krdney
extends ypy,, the pely s other yap, ety 1 g Ped Kdges
M nhich o Pic orgap |, 1 poplast;e and at 1ched p¢ night
angle to he Dolc of the o, Imtnpl 1 ! parep forms
e g umpeg Audney ' Which foy, S e fused ngo ar

e 1!
rregulagy S8 pne U fusion of the tno Audney s the Sigmoid §; fney
wd 4 Ypem which ¢he €ctopic org B8 plreed abos ¢ the orthotope
Ardnes

Inqy INstaneeg XCeDt the Tre crses 1 “hich the el mass Jipq
M2 contrqy Posttion o the Vertehpq) bodies one uretep Crosses the
imd Jipe The Peles g Seprate apg the ureters opey mto the
bladdep m they normaf Posttions o that the anomah cappoy be

he ey €S nearly alwmyg face nteriorly Ther, are i yajhy
YA arpepyeg which rie from ge TOME or tliae rtertes eorpp.
Ponding y yp, the Posttion of 4,0 Kidney Ihe eTs ar
tmey ortuoys op COnstricted becase Of tnusy f DPosttiong Stem,
1914, poy TR ed 36 gy and I\rntschmvr 1925, broughy the number
1972

{086 \fpy, 1y Snaved qgn €18 apd Preran 2 13
Cl¢e gl 1932 od 47 chiniea} 35 of which
BRI recogipe, " I dogr g 3 erher, 1037 o) ected
30 tmer 1938 made thnmu/:h SUTVes of ghe hterytyre
and collec e [ n 9y ollecteg UL Psies o foung
2 aboue 1 Ton CTC IS apparengty 10 predomingpey of
Gther o ¢ The Ridney s on LI TR} on the
eft 1 oy T Eret magoryg, of ersey OOz 1200] clieatly and
fifty Yes of age

{J
At postinopy M occurre 4, Persons up oy
Sympt e and Diggne, ~hrteh T CSUMAL] 1hyq s thap
oneshif of the crees Iad o mptome Becwune of T teral al o,
bes there Frequenty hulrnncphrmn i one or by, barts of the
Ridney and thys Prediposes ¢ Pyeloneplirg,g There 1s o ncreaced
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80 DEVELOPMENT AL ANOVALIES

fusion of the renal blastemas  This might oceur from the eighth
to the tenth fetal week when the lower poles are m close proximity

RLETRENCES

Beyer  Cited fram Gutierrez

Botez G J durol med etetr 1 192 1912

Grizzerr: P and Pariser 1 Varchows Arch [ path Anat, 204 372 1911

Grriesrez R The Chimeal Management of Horseshoe hadney  New Y rk
Paul B Hodl er 1934

Twosrson 4 R Guy ¢ Hosp Rep, 79 207, 1920

2 Unilateral Fused Kidney —In this rare anomaly both hidnesvs
lie on the ~une «ide of the vertebral bodies and are fused in varons
wns  ‘The most frequent type of fusion 1s the ‘ elongated  kidnes
m which the ectopic organ 1s fused by 1ts upper pole to the lower
pole of the normalls pliced hadnes (Jig 12)  Commonb there 15
no ctudal displacement but oceasionally the clongated hidney
extends mto the pelvis  Another vanety 13 the ¢ Leshaped  kudnes
m wluch the ectopic organ 1> hypoplastic and attached at a nght
angle to the lower pole of the orthotopte hidney  Still rarer forms
are the clumped kidnev i wlich both organs are fused inte an
wrregular mass medn] fusion of the two hrdnevs the syzmord Ridner
and 1 type m which the ectopic organ 13 pliced aboye the orthotopie
kidnes

In all mstmees txeept the rire cases m which the renal mass lies
I 2 central position on the vertebral bodies one ureter crosses the
mid line  The pelves are sepirate and the urcters open mte the
bladder in thar normal positions so that the anomaly cannot be
recogmzed by sumple ¢vstoscopic examunation

The pedves neuh alwaws fice anteriorls  There are usually
severl arteries which arse from the aorta or alie arteries corres
spondmg with the position of the hidnev  [he urcters are some-
times tortuous or constricted heeause of unusual positions Sten
1916 reviewed 38 cases and Rretschmer, 1023 brought the number
to 8 Mintz 1931 surveved 100 erses, and Pierson 1932 103
c1ves Boeminghs 1932 collected 47 elmical eases 35 of which
ware recogmized Ih prelograms  Beer and Ferler, 1037, collected
150 cases Wilmer 1938 made  thorough sunes of the hterature
and collectesd 25b o, In 91535 collected autopues be found
12 crses about 1 7600 There as appirent!s no predommance of
either scx The hdnes was on the nght side i 140 cases on the
left 1o O The great majonts «f cases recognized clhmenlly and
at postmartemn occurred i persons under fifts vears of age

Symptyme and Dragnane ~ hritschmer estimated that less thn
ane-hialt of the e1ses had sumptems Beese of yretern] aboormahe
ties there 1 frequently hydroneplirosss i one or both parts of the
Ladney and this predisposes to prelonephritis There 1s no increases
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82 DEVELOPMENTAL ANOMALIFS

1s readily made, howener, from retrograde pelogruns with oprque
catheters 1n the ureters n which the ureter mav e scen crossing
over to the ectopie kidnes  Often only one of the two fused hid-
nevs exhibits hydronephrosts or infection and the disersed kidnev
has been successfully removed in 2 number of mstances (Rumpel)

In our 59 004 postmortems there werc 11 ¢ 1nes of umbteral fu ed
hidnes 110 3370 These will be desertbed bricihy

28-828 —A <tillborn male mfant  Ectopre umlateral fused hidney
the night «ide of the pelvic cavity  The displaced left hidnes was ahout
one-fourth the size of the nght and fused to its lower pole  The ureteral
openings m the bladder were normal

35-699 — A <tillborn male infant  Fused hidney on the pght aide the
uphpcr pole of the ectopte left hidney being fused to the lower pole of the
night
38-2069  \ale aged fifty-eight yewrs  Death from prm}qn_lnpﬂr

LI TR R U

at uretero-pelviec junction  Normal ureteral openings m the thdier
Chronte glomerulonephirtic

1nto the blidder
44 1423 Ananfant aged one week  There wis a fu ed hiiney on the

right <1 le in th e normal poaition of the kidnev from wheel two ureters aroe
and opened into the tidder normally There wern no gondv or gemtal
organs
,fl(‘rl&iﬁ —A mile 4> veurs of age  Death from etrrhosis of the hyer
The d pliced right kidney was attached by st« upper pole to 11 Dwer [l
of the normally placed kidnes  The elongated Aidnes weighed 8T gm and
hibited no diserse
“-1‘:‘»-‘2“‘.‘ 4 female T2 vewr<of age  Death from | bar Ynoumnnm Tle
diplaced left kidney was attached at a nght angle ta the wer peloof the
nght Three renal arteries were present T e hidney maszwer, tod 2 0 gm
d showed no disea~e
nnl.'s-TTT — A atillborn female  The dispLiced left kulnes wasntticl edata
nght angle to the wer pole of the night Nodisesse w v p re~ent

LEFFRINCES

Aresnot<e B S Am J Sur T3 683 107 (Crond ect 1 2 with
fir1on Good Resww) .
., aed Furare WO LOE J Trol 38 511, 1997
::;:m\}cn-\:ﬂ H kin l(') r, 170 73 1632
1012

Hammis v J
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heerseruen, H L Surg Gynee and Oh t 40 300 192,
Mavers M M J Trol 36 111 1936

Mrez E R, and Srewant J D Nea Erglni S Ved 205 1242 193
Opzraanp L Acta Rahol 27 513 1346 (Crwa Licnalcet 1ia)

Pizrson L E J Urof 28 217 1837

Rowrse O Zentralb)  Chr 53 1200 1932

Soal § B J Tvol 32 226 1931

BrEiv A Am S Obut 73 449 1016

Wrszz H A J Urol 40 St 1939 (Referexce )

E DUPLICATION OF PELVIS AND URETER

In a studs of over 60 huarn embryos Pchlm i found coplete
double ureters m 2 embryos under the third month 1o explun
the double ureter embriologists usuilly assume thit the ureterat
bud s erther completels split or it grows out to two separete buds
Pohtman expluns mcomplete double ureter 1y 7 result of promature
branching of the ureteral bud  YWhen the bud » meompleteh fis
sured the tno ureters jom at some point and contmue to the bl wdder
as & single trunk

The duplication of the urcter my he hulateril or untlatersl ind
complete or incomplete  Analv sts of « ur 302 ¢ 1scs show« 47 bl ateral
and oS umlaters]  The unslaterd formis over 3 times as frequent
the brfateral  Braasch and Scholl feund onhv ¢ pur tent of 144
clmical e »ses ta be Wulateeal but Mertz found 27 per cent of s c1ses
bilateral  Our 47 lulater] ces are subdissde I s follovs  com
plete bilateral duphicttion {4 complete uretersy 12 c1ses complete
duphication vn ont side and icomplete on the other 4 erces 1
complete duphication on both wides 27 (1ves nd nndeternmmed
degree of splitting an b th stdes 1 cases

Qur 263 umlateral 1 ises are subedinided into complete umlateral
duplicition (3 urcters) 31 ot es incomplete ~phttmg 182 cises
und undetermtned degree of <phtting 22 ¢ e Inentplete sphttmg
18 over three trmes 1 frequent as complete sphttmg  Brasch and
Scholt in 144 chimel cases fouad 30 per cent ccmplete nd 70 per
<ent ncamplete

In Wiliteral complete sphtting there are four openings into the
bhdder 1 complete undateral there arc three and m 1m fora of
meomplete splitting there are onh twe  In both complete and
meomplete duplieition there 1+ a double pelvis  In the meomplete
tipe the two ureters jom at ant pomt betaern the pelvis and the
bladder and proces the rest of the 893 av 1 ingde wreter In abont
half of the cases the reters yom mn the loner durd qust above or
ttthun the wall of the blwddir i thic other 1 per cent unim tahes
Pirce in the upper or muddle third  Bugbee wnd Lonee desertbed
instances of dupliention ms ol ing the lower enid of the ureter onh
but others hivve doubted ths obsersation

As i umihteral agene 1 the dedt sude s inohed soment st more
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S 13
SCOpIC (agq ndicate ™ et fence of some e of double ureter i,
about 4 Per cent op the Population hut this M e g0 high Sinee
the comphmmu: nfections bring o hrger Dercentqp, of thy &roy,
to the Urolog;sy Ir(‘quenth nion of tha Ureters ¢af og Phice
“all of the bladder Postmortey, Cmimnation 1t s p, sary
CYunine 4y bhdder to dcrcrmmc Whether the duplu':mon I
Complpte

“lopre [ reterg) 01)mmy In eqgey of omplete ureterq) duplicq
ton on of the yr, ters som times Opens outside the Bladder Verty
foung an ectope opening 1y 9 Per eong o 0 caseq of complete
Uretera) duphc-mon and Brassey, nd Scholy founq 4 m 44 syep,
€Ises  Th, Yerconly gy, ectopre ur(‘t(-nlopcnm/:\x OUr (7 cyapy
n

ey
of compl, ¢ duplic gy,
femaj,

n the e th OPIC ureter usualhy gpe g m the vestibufe
Rear the y, hral m . s but oftey, ™ the yregp, CTC 1S Usyaly
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Dormal, bye there m1y beng change D1ts shape o Size Qp externaf
nspection there maq © N0 mdicatygy, of g Sepration betneen the
two Segmients  pyy often there 5 g depression or 1 deep &rooe

rts g etim,
Indefimte hine of sep ration is seqy, bety eenthe t“oludne\s (Ig 13)
The Upper SeEment j5 ¢he smaller 7}, Bumber of Prramnd, the
double hidney (5 often Somess by ¢ Rreater thay, 4 ® Werige Norma}
Mertz found Pithologic Complication, 80 of 300 cases
54 of 14

h)dronephmsls due to 4 Pebac tumey h\dronephm\ls due ¢,
Drostatie h\pertropln 1 caleuly Withoyt h\dronephrosu Or mfee.
ton 1 o, ilatorq) p)elonrphntls With caley), i a egse with
incomplete Unilatery) duphcmon 1

tTe remy 23 CISCS 1 whiep the Jeso, s directly attribhyg.
ableto g Presence of the Momaly masdence of tbout § per ce,
f th

1€TC were 7 Wstance,, of h\drunz-phmsns OF the uppey Segment of
uble Lidne,

the g 3 B0 of these y ere complege dupllmtmn with
nhatru:tmn n the bladder from p enlarge Prostate 1 | nd from
atresyy 3p ot e other > Ximples of Heomplete
sphttiny With atres, At the poing of URION of the e ers

Te Were 0Ces of by fonephros of the loner Segment
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28 reports of heminephrectomy  Usuilly 1t 15 necessary to remove
the enttre hulnes  Braasch and Scholl did 15 nephrectomtes and
4 heminephrectomies

The dtagnosis of urctertl duphieation may be made from cysto-
scopie exanination m ¢ ises of complete duplication from the pres
ence of more than two ureteral orthees A pyelogran 1s necessarv
to demonstrate incomplete duplication  One branch of the forked
ureter somettmes does not fill when the medium 15 intro luced from
below but the shape of the jected pelsts usually leads to the
correct d1agnesis 1 these cases  Intrivenous pvelography 1s usu
ally satisfactors  VWhen one segment does not excrete the size and
shape of the pelvis suggests the correet dignosis

RFFFRENCFS

voN AptEk Racz A Ztschr f urol (L 33 393 1931 (Fxtra-ves cular
ureteral openn,
Buciamaen J Ztselr f urol (1 e 23 16 1927 (Hemuncphre tomy)

Brasscr W F and Scuoir, A J Surg Gyrec and Of ¢ 35 401 1992
(Statist e_pat! ologrcal rompl cats ns)

Breeee I G andLosee J R Surg Gyrec and Otst 28 97 1919 (Duph
cat on of term nal ureter)

Casrssce M F Surg Gyner ani Obst €4 22 1937 (E topic ureterat

openmgs}
Couver  Cited from Hellstrom
FRIsERG S Actachir Scandn 69 393 1932 (Hemnephrectomy)
Cersinaz Ct dfr m Hellstr m
Gesror W Zteehr [ urol Clar 23 57 1927 (Tlemtnept recton 3)
Gruser G B Handl d path Anat u Histal B VI 1 78719% U 1is
Sprnger Ber) n)
Hawtrcn F Wen kin Wehnxchr 45 269 1932
Ietistron J  Ztsctr f urol CFr 23 31 19°7
Heesces T\ Ann Surg 98 110 1933 (I top e uretersl opemng)
Merrz L O Lrol 11 29 1924
Misper J Zt o1 f urol Chr 26 212 1929 (Dises ¢ of dotle k dney)
MorzreLat k Betr 2 path Anat 1 allg Patt 59 539 1914 (Statit )
Mounorzane & W J Ur 1 41 220 1939 (Ectop ¢ ureteral opemng)
Ponais A G Ball Jof ns Hoph ns Hoep 16 51 190> (Fmbryology)
Trow B Ztslr f Urol 22 417 1978 (I xtraves c1lwr ureteral open ngs)

F CYSTIC DISEASE OF THE KIDNEYS

Inamy nty of adult ki lncys one ¢ ¢ more microscoptc ¢y sts are
found shich mav rewh 4 diumeter of «veral centimeters  One
al o sees enlarged ks Incvs filled with <vsts but still cont uming suffi
crent prrenchyma te muntun n mmal functton 1 have used the
term subdimical  to destanate this latter greup The elmieal
zroup 13 charicterized v great enlirgement of the hidnevs ind
large numbers of hwelv prebed cvsts with onlv small scattered
vhinls of porssting pirenchvme Solitiry evsts may produce
svmptoms when sufbiaenths 1irge or when infected
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(Table 8), but the destruction of the pirenchyvmna 1s Just as complete
Inall" 8 B f \ B
mite

the 7

troph;.

Bilateral Polycystic Kxdneys

Age —In all studres of polycystic kidney s the recorded age repre-
sents either the age at death or the age when symptoms first ap-
peared, and on thts bagis it has long been recognized that the cases
are observed at tno pertods, 7z, early infancy and adult fe, and

before the third decade A search of the literature, however,
shows that o number of cases in the first and second decades have
been recorded In Kusters table there are 6 cases between the
ages of one and five years, 1 between five and ten years and 4
betoeen ten and twenty years Albarran and Imbert, 1903, col-
o : N fe N * twenty years,
In Willan's

age of a few

Months, symptoms appeared at the age of seventeen jears, and
death from uremia occurred at the age of thirty-one years Ros-
sen's patient developed symptoms at the age of nine years and died
POt P ~ PN B A

Tamie 7 —Ack Disfamt 110% oF Pourcystzc RENe Drsise
Autl or a cuses

Clm Subchm  Umlat Cases from

Ag- group cal eral  Total hitersturs
Stillvorn 10 0 4 1 =™
o 1mo 15 0 1 1% ©
1~ 6mo i 0 ] 3 1
6mo-1yr 2 ¢ 1 3 5
1 Syr 0 o ] o ™
5 10yr 0 ] 0 o 4
10 20yr 0 o 0 0 12
20 30 yr 2 2 [ 4 2
040 yr i 2 o 13 2
40-60 yr 16 0 2 18 7
5060 yr 1 3 0 2 51
60 70yt 15 It 2 22 15
70-50 yr 3 t 2 ° <
K0 903 ¢ 2 5 1 8 2
Adule 2 o 1 3 o
1w 17 oo 2
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Cerebral Hemorrhage —Sieber 1n his survey of the hterature
1901 found that 10 of 212 patients died of cerebral hemorrhage
Dungcr reported the death of 4 woman aged fifty four years from
2 ruptured aneurvsm m the corpus callosum Her daughter died
at the age of twenty six vears from a pontine hemorrhage Blatt
noted death from cerebral hemorrhage 1n a woman forty-six vears
old Mchimlay deseribed an intracranial hemorrhage 1n a male
thirty years of age  One of our patients a male aged forty years
suffered a hemiplegia at the age of thirty seven years but died of

rupture of arteriosclerotte blood vessels n the bram  There were
two deaths 1 our gr up from subrachnoid hemorrhage

Duration of Symptoms —Braasch and Schacht found that 45 per
cent of 193 patients lived less than four years after the onset of
symptoms Twenty five Inved more than ten jears and 9 more
than twenty years 7 : "
authors  Blatt (eigt

years)
nts had
disease
depends to some extent upon the effort made to establish the
diagnosis i the early stages since 1t 1s congemtal but some patients
do not have symptoms that attract their attention until a few
months before death
The onset of symptoms may be dated from («) the discovery ofa
palpable hidney (3) an mfection develop ng 1n a ¢yst and causing
symptoms of p hritis (¢) b (d) all an
(e) any of the various sy mptoms of renal insufficiency
Retinal Changes —The retinal changes in polscy stic renal disease
are not well hnown since 1t 1s not alnays clear what the authors
mean by retmitis  Apparently the fundi are normal in about
50 per cent and m a gret majorits of the remasnder the only
change 18 narrowing of th e rettnal arteries Retimtis 1n the sense
of hemorrhiges and exudates occurs infrequently  As in other
forms of renal disease the retinal changes result from the hugh blood
pressure
The Pyelogram Iy elographs 1s a most valuatle aid 1n diagnosts
especially nlen only ene ki iney 1s enfarged and when neither hd
ney 13 greathy nerewsed in size When renal function 1s poor
ntruwenous prelogriphy 1s unsati factory since the hidnevs do not
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albuminypy, Visua} dls!urbzmces and seyvere dyspneg during the
seventh mong, of pregmane,y t Postmorten, abscesses y ere found
m the large Sstic hidneys
owever sy mptoms do peg dev elop durmg Pregnancy unlesg the
disease 15 well advanced €Uz reporte Romy ) had 7 reg-
Mancies ang W a8DEr one v}y 12 Pregnaneies Without complien.
tions Ip Podgurly 8 case the DRtient v opy through 13 Pregnanejes
and first (foy eloped Tena sy mptoms 4¢ the age of Sevents-three
Jears  Inyop OUr cases (\g 5 Tible 9) the DPUtent bore 14 chil
dren and firsy dey eloped SYmptomg g4 the age of SIXtyone dears
Deagpy Festilted fro, a COmplicatin, Dy clonephnm 3t the 1ge of
SIS SN Yearg uremr hag nat dc\elopul fhe hidney s ¢ post
mortem wepo Ot vers fippe d there g Ut amognt of normat
parenchy g There Are Muimergys Teporty 1y the hter wure of omeyy
Imnng borne one or more culdren befare ¢ € onset of S\mptoms
Dushes reported 4 Soman forty fiye Years of qpe who hag had 19
full terr, Pregnancrog and 4 Tsearpageg De gy was due to uremy
Strubimg ¢ Pitient fify, one yers of age had 5 children and 7 ahop
tians Sixyears after the birth of the last ehild Mptomns Wperred
Heredigy " 1 h1s ey, hnown for U S cap ghag herediey plns
2 major ry), m polyevsge rena) diseqse Famils with 4 high
ineidence of the dicase have been feported nger Pays
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andn j e her g T oinnay Hlustr ygeg larg funiy m
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simthr to those mentioned have been publnhed  Marer 1024
quoted 24 wniters who had found examples of hereditars polesstie
Kidnevs and Bunting 4l @ gnve 2 number of references It s
clearhy estabhished that heredity 15 the most smportant factor 1n
the etiologn  The tendency to the anomaly may be transmurted
by erther sex and apparentdy 1t 15 carrred by a dommant gene It
15 niot hnown whether persons without svmptoms who transmt the
disease to therr offspring huve normal hidnevs or g sul chinieal

form of ¢vstie hidnevs
- Wt ot [T [

ewrh stages  Bransch and behacht m 193 patents found bidateral
. . 1] o1

intestines or other structures but for the moat { irt the ssmptoms
are referable to renal insufficiency an i do not differ essentialls from
thase ascactated with chronie glomerulonephritis but hvpertension
wd retuutis are absent more frequently than i glomerulonephnt:
A moderate edemn of the lower ¢xtremities 13 occasionally seen
but marked edema 1s very unusurl  Cardine decompensation seems
ta be uncommon  Attachs of hematuris are suggestive of poh ¢y stie
hidnevs

The cases m which only one htdnev 1s entarged present dingnostic
difficulties  When a ealeulus is demonstrated as happens ccca
stanally the mature of the underhmyg di erse may e overloohed

1t 1s not unusual to find a marked driference m the size of the two
* Voo« % they mny al o exhulat

dr ease 13 demonstrat fe
vs that 1t 15 undsteral

In a case reported by Blum the right hidney first SI";““] a demon
L ey e

- mann ¥

out the chiameterstic shape of the pelvis as reveaferd by the Jse =
gram the nccurey of the chnret! drgnoses s wpeoi o markedly
The most convncing pietures are obtaned on Jirge hilnevs e
tvpreal appetrance |emg ehngsticn of the peliis and eahiees The
cltees mas be widened espectslly at thar tps or cne or more of
themn v be fiattencd or obliterated (Fig 34)  The lengthomog
of the pelvis and crhices 15 due to the mercased <uze of the ki lney
and their distortion 15 dite to encroichment of evsts upen them
In small hednes s the disgno s may be uncertan

Pathology —Polves tic hilners retun the shape «f a normal
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ladnmy  the various diensions bemmg increased proportionally
Thete may be some dispiicement caudally because of the meressed
weight  When very hege the hudnevs Sl the lateral retroperitoneal
areas displacing the mtestmes antenorh and mednily

‘The external surfaces are closely set with rounded elesated areas
correspondmng to the underhimg spheneal ¢ysts On section a
heney comb appearwee 13 noted  In dranced cvces the eysts are
ceparated only by narrow bands of tissue and hittle or no norma}
parenchyma 1s to be seen {11g 15)  Occasionally m adsanced cases

-

£ St ‘«’,»f!’s‘)f

€0 1 Larsapofyrystie kidnes in sag talner tion Mot large areas of prrating
tuveachyma at the ee ter and a fw small sre1s ehenhere  Photogsaph

P

sl slands of puochoma ¥ om or more wm demeter are found
and m enses t which death was not due to repal nsuffioenm there
w1s fe hirge amannts of prenchvins between the evsts (Lig 16}
When the paranchun ¢ i redaced to a mmimm the persistent por
tions are wswidh m the subepeeler zone Usudh both cortex
and medutte are fitlod with c1sts and no separttion between thece
portions can be seen but m rare mstances there are no eysts 1
the wedulhy  Selinefer deseribed 2 hadnes wath a row of oty at
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the form of a continuous layer or more often as dlands separated
by cpsts. Sometimes small clusters of tubules and glomerul
are found deeply placed between cysts, sometimes onlv scattered
nephrons are found There is nearly always a great merease of
Joose or dense fibrous tsue between the tubules and ¢ sts especially
1 the medullary portions, but the superfieinl part of the cortex
under the capsule 13 often free from thi> connective thiue increase

TN
%ﬁmxi‘ﬁ:

2
‘? RS W
P
S

Fia 15 —Tolyeysic kidney from an infant  Note small eystic tubulee. There o a
greas deerease 1n the bumber of ae hrony  Photumicrograph

acle are found in the

Oceasionally areas of carttl ige ar smooth mu
[ ficance of the exess

interstitial trsstten (Busse, Berner)  The sipm

+ j4 the marked reduction
* great mamy atithors b
the numbir ma be reduced

noted this It has been extimatedt tht o
to 10 per cent of the pormal but ro actu il counts have bex n\_m!" \
In the medulla there are onhy a fin evflecting tubules D (]n:man
convoluted tubules and glomeruh are commonly found enly s



$ g
fo 285 o orma Moy h 4 ! iy v 1 2ud;
n g

b sty are Imwl 2l Iy affy
Cubyeqr ey,

LY Stngy of qmtlze/:u
ug ey l‘ot’llmlnr op Ihtmvﬁf The e,
s usw/IJ e Dy Aome!.'mm kr»,nuhr Intramue mpni]z
Broy the e o mfrequenc bup the Cletg € pey Blleq tigp by
Iomataus Broy ths g N the Olapy
In Somg Lu[nmx nnmuous sty s}mn a “Fltfiag
it the lu{mv; the /g/ofnew.’u& bgmg
eﬁm\n! nm-rmlav ang Fray ng o normal 5 )y
&g er/omcmb cap be foun(l " the Bajly of the sty I’oclman
22

e, ' Engy, ©1sp RN onty e
xvlumemlus A a glnmemlus 2t e Talp IS mrelprcm] as
ey teet camuhr Prce Otl)er sty

fr

Do, th,

2 /m\esmyamhx Seery to Lre, h e th 2 Itplhsent
m’md:hm "B ey of gy Ulpy Ntery gy " Pic Ther,
2N tmel}tl'm?ﬂl!'l tery Tuep, “amy, ate D ¢y g

the menal
Bafly ta Dpey,. th, her Ragf Mo oy, norm:zl o
ng, nhlm-tée $as oy )

Be F&Qcho 7 o LI " sy, d 1y /zm!lm
tlnn.'n‘ > Th iy it ey O frop ey Ny >fwu-rmm

v ltncg mlmn By 2 qef, by By Dooteeg thy Uy KLY thy
I:mlww,m-m B fy ), nulmlbrmu b iy
\Y

t sy Renke ol  Uripe
DPep 1 mml«ulp?. ey, thag, m Pligng
n tng Imurs By g bep Oy anef )lual Ung nmmvm EIw g
(ulnm 5y Uiy 214 0 2o 3
the

e
1, O 1y " peg L)

In in "luep, Matrig Mg 4 Iumm KN Clegp thee oy,
lll‘m}(‘y Bty (\’)l‘nmlllllﬁib LIDN tha R Pek ll’eaal gy



st by g, 1€ greg, "Ction iy the nber Bephrop,
thag N ity i ot TUCE clogyg, th
Structyre of g 1 nfyy, S Whieh, 1S )

Sungy e 100 a1y hfe d they, di { tirepy, O Infang Audne,
138 begy, bed Wi, Pen at g, TPretat,, 1t 15
lear thay how % iy V¢ gy € myc), Normay DPiren.
hymq thy, foung m ¢} nfang €VS that Iha\est d,

Assocmed An, Other nnll'orm-mon ent g
nfapy, Seven of the 25, 1 OUP St ryog b, aAnomqy,
such gy Ingoce fo thegy, haly, encey haloc 'y clup, d
b iterqf g, Troceje 2 nfingg had SYStE dropnq f the Iner

Unuztetal FStic I, 28ts .G, Unilateryy
Chstye Kidne 1 Infan, Were foy, n vurautopsws (Tapy, 8) ur
OCurreg n g infangg Th Crstye .hdue,‘ w 8 than 4
Normay mat tin N, I mag male nfant g1 Monthg

e Tha Cistre 1dn, Weigheq B . Ieft Buighed

5 shoy 0 eyspg ¢ ey stie l.ulnz) Rag not unfike
the bilag, Cases 1 g9, ure ey, hat g¢ 'ormal

Fstie K:dneys m Cblldboad~“e have o Samples of ths
&roup 4y, our Serieg In the Cases T ported i the lm-mfun- the
clinyeq) fmtur(s re g oy 10 those Dc(-urnng M adupeg There

¢ no g 1) feapy,, U Ses, byt Ocmsmmlh dunrﬁvm
Tesuleg from ) chrope Tenaf 50l e e Amy natomycay tpe
Of ren ISease 4 early cluldhOOd thay brmgs aboyg Severg chronse
fenqp meuﬂicmnc\ "l eayg, dn hsm the most frequeny form beng
hrop, lom, Tulon, Phritg ! case Of renay Asarfim and ref,

&i
duc ¢, POl g0 renqf disence m 4 tn ey "as re,

2
by, 7764y an ersized gy fourteen tey

nlts ~Thew may ity

Polyeyene VS ~The 7 £ of g Rroup an
listeq R YRS he clin, !y Mptome hue been Aicussey n
Pres gy, Piges 2% be pel, ful to e a fy chinseq) historses
10 anegy itey tons iy, the Coitrse of the LN
! o “omay g T zpy oy, deare pag Imm‘rzlll
AT feft uge 1, Lut ;¢ hatpy been pang) y
by, 4 ¢ Pregnag,, and uring eqcp, there as a marked edemy ¢
e angf, Palpai o ft L, Yook hof deatl 5, '.’é",‘;"
Sarmine frim Cther gy LTS Munyte, g ure 7953
“ My g d dpqqy, from f, tennal eng, wdis g, £00lion each L':dne‘\
May filleg ) IS by th farre a; of nor, lrnrcnt.‘l’tf:
I tys e, © sty oy Mustry gy the Structure of gf L ney «
some n Utheyona, hae gjoy 1 pedd Lut |, ex Yrem, "
27 {Ta} ), ) & 7 had np attar]
Wit k)



CYSTIC DISEASE OF TUF RIDVEYS 7

BogU Bl ARG PILU LI TERPOLLINED)  LUL €TURIICY CYSUL IV EL Wogneu
5370 gm  Thisas the most frequent chascal type of the disease The abeence
of eardhac hvpertrophy 13 noteworthy th view of the long history of hyper
tension

Pathology —1he hulnevs are nearly all ver large the combined
werght of the smallest pur bemng ¢0> gm The combmed weight
was Jess than 1000 gm0 onh 7 of the 70 cases 1nd the maumum
was (030 gm  The ~nallest hidney werghed 200 gm and <howed
a fur amount of nermad parenchyvinn Gecaonally there ss vmarhad
difference m the wize of the tao hidpevs (Nos 533 uand 39 11ble 9)

\lteroscopieally the hidnevs with few exceptions show only sm )
stnds of parenchvma between the casts The arers of parenclnmn
«how a zone of atrophy adjrcent to the evsts indicating that the
pregrossn e expansion of the evsty gradually reduces the functioning
penchyma  There are usualhy mam by thoe glomeruls to be ween
which with fon exceptions seem to be due to atrophy of the asso-
srated Fubndes ond not to vasendar diwase Dhe arteres shos omds
the changes coree porsfing € the ape «f the peron The arte noles
showed a naderite arteroloscleroas o 4 of the 70 crses

Nev 7172 md 73 (Tuble 9) desorve speond conaderition The
cortiees are fitled with smalt oy st but the hidnavs are small b
erosenpically thire 19 axtrome arten - and arterolosclouus sath
by hazation of nearls all the glomeruli - The evsts plw a minor
ol m producng the ol msuficencs These evves my te
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110 DEVELOPVENTAL ANOMALIES

ment of the cysts (d) the hereditars mture of the di c1se and
(e} the associated anomalies

In the normal organogenesis of the hidnesy the primutre ureter
an outgrowth of the wolffian duct grows erantally and estabh hes
contact with o formed mass of mesodermal trsue called the meta
nephric blistema  No tubules are formed i the metanephric
blastema unlesy the ureteral bud makes contact with it Lhe
prumitine ureter expands 1t 1ts distal end to form the rcnal pelves
from which the calices develop as outpouchings From the calices
2 number of tubular buds are formed which grow mto the mety
nephric blastema  These tubules divide and subdii le repeatedls
to form the collecting tubules Tach division of the collecting
tubules 1s referred to as 1 generition ¢ g first generation second
Zeneration and so on  Fach newls formed collectmg tubule from
the first generation onward comes mto contact with the blistem:
wlich then forms a curved solid cnp over 1ts end  The sold cap
then forms a lumen and become~ the primitive convoluted tubule
Lhe tatens of the ¢wo tabules then form a commuucition and
commonly the opposite enl of the convoluted tubule develops a
glomerulus  Thus the original nephron 15 formed the collecting
tubule ansing from the ureteral bud the contoluted tubule from the

metanephnic blwstema
.

having no outlet In the exrly embryonal period there are there-
fore normally numerous cysts m the hidnevs formed from the first
few generations of tubules Vchennt and Rampmerer hive mi le
numerous rece nstructions of these (1sts Normlh the e futal evsts
atrophy but they might persist to form cvsts

Ribbert 1900 offered the hypothesis that there 13 a fulure ¢f
union between the newly formed collecting and convoluted tul ules
and that the former then develop into cysts But 1 fund 1mental
objection to the failure of unton  theor) 15 that the met lncp)lrl'C
blastema does not de * ! e
a collecting tubule
any dlﬂ'erentmuonl o

B

+= ta +  Inanlatera] agenests there
mett
hance

.
1> mdicated by the assocrated anomalies that are frequentns § r?t‘ll!
m the newborn group One may find anencephaly  spua hifida
encephalocele mvelocdde  cramorachs chisis umlmu’ngul '!Mwl
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Hensus F Ztschr § Geburtseh u Gynak 73 420 1913 (Relation to
Ppregnancy )

Hesscer H and Werss K Zteelr £ urol Chir u Gymak 44 221 1938

Herxuenrr G fonth Ané qok B0 e D

hawruerer O F

hreEustss T N

htster E Deutse .

TENRs Bull dela -

Irrzzer § Med 1 -

Lrzzarro A N Degencrazione ¢ <tica del rem Veneza 1900 {Cited from.
Gruber)

Mazzzo A Pedatna 38 213 1930 (Rickets)

Mcheswe C M and Raspserer O F Trans An \wn Gento-lon
Surgeons 26 377 1933 (Patl ogenes 5}

Mehrsuay C A J Lrol 4 180 1920 (Hyperplasin}

Meaper ¥ M Bull Johns Hophins Hosp 18 351 1907 (Itecon. truct on<)

Naomany H Inaug D hael 1897 (Cited by Gruber)

Niecke G F Batr 2 kln Chir 149 210 1930

Oppenmener G D Ann Surg 200 1136 1938 (Study of 60 cases~] tera
t

ure)
Paps \ Deuts h Ztselr £ Chir 130 €73 1914
PrersoL, G M Ann Int Med 1 812 1928 (Fdems)
Popconsr H  Ztschr [ d ges etper Med, 70 332 1930 (Relation to

pregrancy )
Piarn W S Med Clin N\orth Amenea 15 1169 1032
Reasoy C H Canadian Med Assn J 29 612 1933 (Hered ty)
Rieeerr H Vertandi d lestsct path Gesell el 2 187 1900 (Pat! ogenes 3)
Rrrcme J A Noyal C llege f Ihysierans F1nt gt 1803 4 (Cited from
Oppenhetmer)
Rirrer S A and Barur ¢ J
Rnom J  Ztselr { urol Char
Rosevnere M Deitsct ned
TosFyos G Virelows Aret
Kt lnevs)
Rowex J A Arch Pedat 41 611 1021 (Cirl 14 yearsoll)
Rtsaer F Virclovs Arct f pat! Anat 292 1ol 1934
Rewrtr O Arch f kin Chir 116 314 1971 (Survival after nephrectoms )
Semarrre b Fraskl Ztchr f path 26 128 1921 22 (Hypoplastie b dorss)
Serrz Cited from Zem tzsch
Siarmmo 13 J Lrol 21 308 m'”.v_sl’ l\&x‘m;oadc(‘m;\)‘ et dvta)
SigsER F Detsch Ztschr § Clir 79 4 > (“tats t eaf data,
SnoER H A and Brows J Surg Gynee aniObt 38 703 1020 (\ew
born)
Strtmne P .
on A Am
YR, W H Ky
Vo Mrraon
Wacrer P
Wik C P
Wittas R J e
WaLTers W ,
26 33 1933 (Surgeny
W ae J Urol 24 192 1930
x:fm::tﬁ\ ;F N g Gynee anlObst 27 423 1918 (Hered )
WewLrr P Ztechr £ urol €t r 10 147 1922 (L lateral) )
Zemrtecrt W Zentraltl £ inn Med 60 272 1939 (Bloued | reewure’
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114 DEVELOPUMENTAL INOMALIES

cvsts  The serous custs are filled with & clear or cloudy flmd
which has about the same urea content as the blood plasma and may
contain traces of protein The hining 1s smooth and often an mner
layer of cubical epithelium may be demonstrated The relatisely
thin wall 1s composed of fibrous trssue i which remnants of tubules
may be seen  The adjacent renal parenchima 13 compressed by
expanston of the cyst

Hemorrhagic evsts contun a reddish or chacolate colored fluid
which awes its color to admixture with blood  The rough mner
wall 1s often covered with clotted blood, and there 1s no epithelnl
Iimng  The fibrous wAlls are much thicker than tho ¢ of the serous
cysts  VMany of the hemorrhagic cvsts contan tumor tissue—10 of
the 37 surveved by Hepler The authors usually consler the
tumor 4 secondary formation mn the cvst but these are m reality
cystadenomas or cot ' *
In one such case
were lined by th
masses of these cells i certam arens  Stirling excluded those with
tumors m his survey of hemorrhagic cysts

With respect to the relation of the cvst to the renal parenchyvma

. v

Lidney 1s displaced to one corner of the sac Iihe a testis i a hydro-
-~ TP aal e o

ant farm

" \lost often the evst contains 500 to 1000 cc of thud but enornous
cvsts have been deseribed winch cxtended from the deaphrigm to
the pelvis  Some contun as much as 10 hters of flud (hrogms)
In 1 of our cases an enormous ¢vst was adherent to the entire under-
surface of the Iner aud extended to the pelste eavity below
oot of the eases come to clmical attention between the ages of
thirts and sixts vears but a few occur in chuldren  The following
vt tann momarted  Braun four months old, and
wies therd wore 38 examples of
Chsts of smaller dimensy ns
were very frequent hut were not enumertted M o f thes osts
were asvmptomtic the onlv one with clmieal sizns bemng the
enormons cvst mentioned thove
hout two-thirds of the cases occur m females  Therc 1 appar-
enth 4 somewhat greater frequency on the right side The cvet
rimnedinte

muw form at the upper pole the loncr pole or the inte A
portion  In 95 c1ves Harpster found 39 1n the upper pole 20 tn the
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wall to adjwcent organs are present the techmeal difficulties (f
remor al are increased

Nothmng certunis known of the origin of solitars evsts  They are
presumably congemtal  Their mfrequency i <huldren mav mewm
merely that enltrgement begins in adult hfe  1here 1s no support
g evidence for the view that thev develop 1n adult Wfe from evstic
dilation of tubules The hemorrhagic evsts are belteved by mam
to originate s necrotic areis in the parenchvma (Hepler) Lut the
evidence for this view 1s not convineing
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weehs of obstruction the pressure 1s about 20 to 25 ;m Hg and
after a month 1t 15 less than 15 mm Hg  There wre mtermittent
tariations 1n the level of the pressure In the obstructed ureter
Morison noted penistaltic waves every 30 or 3o seconds
McDonald VMann and Priestls found a mtymum presstre of
61 mm Hg m anesthetized dogs but i 12 unanesthetized dogs the
masumum pressure ranged from 78 to 96 mm Hg  These high
pressures must be produced largels by the contraction of the uretero-
pelvic walls since they are higher than the glomerulir cpilliry
blood pressure  The glomerular capillars blood pressure has been
estunated at about 45 mm Hg It 1s higher than i other capl
laries because of the closer relation to the artertes  Landss found
the blood pressure 32 mm g at the artenl end and 12 mm Hg
at the venous end of capillaries n the shim
Wilmer measured the mtripels 1c pressure in experiment il b dro-
nephrosis in the rabbit with a null point menoneter and obtned
much lower readings as follows  third du, 75 sixth dn, 275
eleventh dvv 225 sisteenth das 235 ewenti-eghth dus 7S
thirtv-seventh dvy 20 and sicts-thurd day, 16 mm Hg  These
readings presumably represent the static pressute mdepcndent of
mereases produced by contraction of the pelsic musculrture and
they are consistent with the filtrition pressure m the glomerulr
capilliries
Since the effectnve filtrition pressure i the glomerular capillaries
13 the capillary blood pressure (45 mmn Hg) less the collord o~motic
an kY ' - fe-s enmm g
Apprr
aephirotic

hidney  When experimental hyvdronephrosis 15 produced m the
rabhit by ligature of one ureter njections of mercurie chlonde or
urantum nitrite do not injure the tubules of the hydronephrotic
kidnev It 13 beheved that these porons are filtered through the
glomerul and produce therr mjunious effects by bemng concentrated
i the proumal consoluted tubules The tubules of the hydro-
nephrotic hidnev escape injury because glomerulae filtration 13
lirgels suppressed  Wilmer has shown that alkaline phosphatase
disappears almost completely from the tubules after two or three
dus of complete ureteral obstruction  This olservation suggests
disuse from Iack of glomerular filtrate

In obstruction of the ureter the first notable change 1s dihitation
of n segment immediately above the obstruction  The diltation
then progresses upward ta mvolve the pehis  In mild or ey
elimcl cases only the ureters may be dilated  Wath sudlen com
plete obutruction dilatwtion 1> more promment thin hvpertroph
but 1 chrome meomplete obstruction a marked hypertrophs mav

take plice
In the catls stages of hydronephross the pelvic fluid 15 not exsen-
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tilly different from norm urine but 1t becomes progressively more
dilute and finally contuins only trices of urea and other substances
Apparently the cry stallmds diffuse out of the urie in the obstructed
pelvis  When an experimental hydronephrosis of about one weeh s
duration 1s released and the kidney allowed to secrete it puts out at
first a small amount of urme of low speafic gravity but the renal
function steadily 1mproves I vidently complete uninary obstrue-
tion almost completels suppresses both glomerular and tubular
functions A complete obstruction of over two weeks duration 1n
the rabbit usurlly produces irreparible damage to the tubules
Pyclorenous Reflux —In 1924 Hinman and Lee-Brown demon-
strated m retrograde pyelograms that the mjected medium often
passes from the pelvis mto the hidnev  Lnder pressures as "lo“

venous form seems to be much more frequent and more mmportant
than the other forms  Pvelotubulir backflow m1y be seen m the
collecting tubules of the pyramuds but the reflux probably does not
extend beyond the medullh  Tuchs believes that the medium first
p1sses into the connective tissue about the calices {py elomterstitinl}
and then breaks mto the vemns A reflux mto the lymphatics has
also been deseribed

When a dye such s phenobulphonephthalemn 1s injected into
the pelvis of a uniliteral hydronephrosis 1t <oon appears in the urtme
from the norm u kudney

Since the py elovenous reflux necurs at low pressures 1t 15 theoreti-
elly possible that m hy dronephrosis with completc ureteral obstruc-
twn the htdnev miv continuc to excrete some urme mto the pcvis
for 2 time the pelvic urine passing back mto the renal vemns In
an infected hs dronephresis haeternn mm be dissemmted through
the kudnev n thrs way

Pathological Anatomy —The degree of atrophy in the kidaev 1s
«f course much greater in umdateral thin m rdaterat hy drenephrosss
since 1n the fateral form the patient des of urem: 1« before extensn e
atrophy can develop  Tn persons dead of urerm from bilateral
s dronephrasss there 1 commonhy onh moderate distention of the
pdves and urcters but such hudnevs have onlv a nunimal functienal
capacits  In a um'ateral hvdronephross of the same degree the
kidnes secretes onby a small amount of urine of Jow specific graivts

Nhcroscopie secticns from the hidness i biltert hyvdronephress
with uremia show no strhing changes 1 the parenchyma There
s onlt a maderate 1mount of tu! ulir atrophy

Ll iteral Hylronephroms The late effects of hydsonephross
o e studicd onb amoungateent cnes The dntended urcter
eret e~ in bongth and buecmes ver tortuous The cortex becomes
progressively thinner because of anemn from the inereised pelvie
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pressure and because of disuse atrophy of the tubules The pelvis
mereases In size 15 a result of the mereased pressure wnd the atrophy
of the parenchyma  As the pel1s dilatcs the calices become wider
shorter and more rounded until they «re finally obliterated and the
peliis becomes 1 0votd s1e with onlt shallow recesses corresponding
to the sites of the calices (T'g 20)  After  few months the pelvis
has usually attained 1ts mawmal size, and after this period its
volume remams stationary or may even decrease  In long standing
umlateral by dronephrosis the distended peluis 1s covered by a laver

Fio 20 —Severo un lateral hydronephro + “ote the marked d tent n of the
pelvis and @ e extreme thinn g of the ccrtex

o We have anumber of
nephrows i which the
i 30t 30 g and ex-
the umbiterat dy arfed
I yture of one ureterin thed g
s the peaas
hoas b ee

Rdnevs may onguiite ip this v
otmetites restlts m atrophy of the ki inev Inother e
remains permanenthy very Dirgcand mos contunas i

f flurd
? Microscopie Structure tn Uniltteral Hydrone hrotis —The first
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to disuse, since glomerular Bltration iy suppressed, but the inereased
ntrapelvic pressure may he a contributors cavse in that it com-
presses the renal vems There 1» o marked reduetion of renal blood
flow 1n hy dronephrosis but this may be an effect rather than » cause
of the atrophy.

Hydronephrosis evidently produces a serious disturbance 1 the
metabolism of the tubular epitheluum since the alkaline phosphatase
disappears almost completely after a few days of comple te ureteril
obstroction {(Wilmer)
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the most common form of renat
st of hy dro-

Frequeney — Hy dronephrosis 1 o
dease  [nour 59 064 potmortc s there nere 1625 ¢ o
nephrows an madence of ahout 31 per cent This group doe

2 is dreusad m
i sdronephross from renal caleuls, winch i dien
e ! f Iy drone phrosis iy due te

another chapter  The high frequency ol s ‘
sts canel relatombip to so mams forms of pelac i u'\ (-inr ‘yr'
carcinoma of the prostate, bladdcr, uterus, ovars and rectumm, vy
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1geand Sex  There were 1230 mles 1nd 618 fomales with hydro-
nephrosis n our utc paies 1w mctdence of 3 3 percent inmales ind
29 m faniles (Table 13) In Digure 23 1t 15 shown that there s
no great difference n the sexes until the age of twents vewrs In
the age groups between twents and sists vears honever hidro-
nephrosts 1s much more frequent m femles chuefls becwse of the
oceurrence of pregnancy and utenne carcinoma durmg this period

TaBLe 1° —Distrisutioy or HypsONEPnRosIs 1v FEMALES ACCORDING TO
Ace anp Emoroay

3 H
kd k] x § 5 -
T - - R
: I B BB B CON - 1
I : iz [ - H
) PR+ S R+ B B A R
it < - ~ o - [ - = = [
St liborn 0 0 o 0 o 0 2 [ 0 &
0-10 0 0 o R4 1 ke 17 16 £ 19
10- 0 0 3 o 3 o 4 2 0 1 13
°0-30 9 33 o 1 0 7 2 " o L
3040 43 "1 o 1 3 10 8§ 3 0 e
40-50 0 5 [ o o 34 5 4 n s
500 5 o 8 [ 1 13 8 7 1 1t
G0-70 41 [ 9 7 1 35 9 1 1 10
0-50 16 0 13 4 0 - 9 3 o (4]
80+ 3 0 2 1 1 7 5 0 D] 19
Total 19 kg 38 o - 153 6 41 9 613
oF Cises wita JI 9 AC To
AuE AFD SEX
JMates. Females
ons- To al Hdrone
"ydmu Fercen age Bu Opé #¥ p)h s Pereentage
& 03 ~017 & 04
7 15 3 30 17
in b 3k4 833 13 1 e
13 07 1644 54 33
4 11 1918 - 41
86 s puthiy "Hs 40
176 7 54 13¢8 44
301 15 el 106 36
1% e R0 o4 25
804 181 1 78 0.9 n l'_ﬁ
Total kak ard 123a 33 21087 618 il

but there 1+ 1 groat prepondernee in males after the sisth decale

el beenre of prostatie discase A study of Tagure 2310 con

nection with Tables 11 and 12 will show that the age mh"ml“ 1

dependent entirely upon that f the di eves » Tuch produce kvdro-
-

m}:‘:‘h:\gnmp under 10 vears of age the prnapad (nrn;‘ are th e

due to stricture of the ureters (1 urcthra and the parelvtic tpes
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later] by dronephrosts with distension of the blidder The olde.t
child hd mfection of the urman tract

There were 3 males ages two hours, nime duvs nd two verrs i
which there w1s 2 marked stenosts of the membranous utethra  The
oldest chuld had an imperforate anws which had becn operated upan
successfully

A male sixteen mouths of age suffered from thirst polunr and
durrhea for tlurteen months At wntopsy there was sexere nlaterd
hydronephrosis with distension of the bladder due to gencrahzed
narroning of the urethrs

Two males had atresia of the urethry in the ghins pams ind one
female had complete atresta of the wrethra Al three mfints died
within tnenty four hours

In addition to the 13 proven cises there were two ather mle
infints 10 which obstruction of the urethr1 w1s highly probable but
not conclusiiely established

(&) In Adults —In our records there are 3% cases of urethrel
stricture i males which esed hyvdronephrosis - One stricture %33
due to traum+ to the perineum another resulted from an operation
and 31 were due to previous gonorrhea  In 1 mstance the <l
sigms of stricture first appeared at the age of seventy three vears
fifts four vears nfter the attach of acute gonorrheq

1here w 15 one interesting ¢t e of congemital stenosts of the bulbo-

Case Report \-7-15H A mile thirts-
v

ant The
The bl
mnalhy the

blood urer nitrogen was 130 mg per cent At qutapsy there wis
tnarhed distension of the bladder ureters and ronal pedves  The
cortices were thin The right Rtdney waighed 90 gm  the Ieft (Sgm
Alicroscopicrdly there was marhed tubulir atrophe and chrome

m elanephnitts
The other { cxes of urethryl obstritetion m males nere due to

membrnous urethr:

neophisms .
The 6 r1ven of urcthril ebstruction 1 adult fom sles were due to

carctnom of the vulva (3) sareomn of the vulia (1) ciranonn of

the wecthrs (1) and surgees! proecdure (1)
1 he urcthrl strictures m males produced 1 «cvore kudronephro 13
nless the <tricture had been wall dilated  The hidnevswer wsundls
wfected  In even case desth was due directh or mdirecth o the
striet;
"’210 I’;gmgement of the Prostate — () Dentn Hypertropky ~In
anr antonsies there are 470 matances of hyvdronephross ‘.I"f‘ (‘n

f






128 OBNTRUCTION OF THE URIN ARY TRACT

It 15 the degree of renal insuffictency and the amount of fectron
that determine the outcome and not the rate 1t which the blddcr
15 emptied By establishing drunage of the bladder and treting
the infection 1t 15 often possible to brmg the blood urea bick to
normil before operition 15 undertthen but sometimes the hidnevs
are so severels daumaged that the blood urex continues to rse m
spite of trextment

3 Obstructive Lesions of the Bladder —(a) (arcinoma of the
Bladder —1In our group of 174 cases there were 136 mles and 35
females  This tumer nearhy alwws eauses hvdronephirosis and it s
more than twice as frequent 1n males as n females It will be noted
mn tible 12 that the avernge age 1s defimtely less than that of the
group with prostatic enlirgement  Iorts two of the 174 ¢ 1ees were
umhteril Infection of the hidnevs w1g present in 84 per cent as
determuined by gross examunation  There w 1s no difference i the
frequency of infection in umlateral and bihiter il hvdronephro 1<

(b Other Ol structue Lestons «f the Bladder —In our records there
e 30 craes of biliterat and 23 of umlter1l hydronephrosts due to
obstructive lesions of the bldder other than ctreinomy 7 here anc
6 ppillomas 1 medmoms 1 myxomy 1sarcoma I neurofibroma 5
cases of tuberculosts 7 of vesteulir ealeult 31 of ~evere evstitis 2 of
diverticulitis 2 of trunmtic hemorrhage 2 of 1 cesses under the
trigone 1 of uterine prolipse wind 1 of circmom  of the vagna

Lhere w1s one cuse with obstruction of the neck of the blddcr
No 48-07 lhe patient a minle aged 27 veurs had unman svmp-
toms since birth At the age of 12 vers he had marked distension
of the enttre urinary trict with 2 blood urea of 30 mg percent anda
blood pressure of 140 90 mm Hg  Tissue was removed from the
neeh of the bladder through 4 supripubie evstotoms

He w 15 much improved for scvert vears. Dunng the It weekof
Tife hes blood pressure was 156 100 mm Ilg and the bleod vrea
mtrogen » v 300 mg pereent At autopsy there w s severe bilateral
Indronephrows wnd bvdrourcter with severe anfection through ut
the unmny tract There was no demonstrible obstruction  The
hert weighed 510 gt

4 Carcinoma of the Uterus —There were 219 cuses of Iadro-
nephrosis due to caremoma of the uterus 206 of which orginated m
the cervix and 13 n the corpus uterr  The tumor grows out nto
the brond hzunents where 1t compresses the urcters Lhe agcdee
trihution 1~ <hown m Iable 12 Sty two of the 219 cises were
unthterdl Whether the hudronepbross 15 umliteral or Iilitern]
depends of course upon the manner of extension of the tumor int

the broad higaments

Onlv 38 per cunt of the 219 cises shomed gros infecticn of the
Kincrs  Cortier] ibseesses were found an 21 of the %1 cases with
mfectim The hidnevs are nfected much Jess frequentls frem
urcterlob truction than from ¢hatruction of the bladder crprostate
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The percentage of caces with an artery to the lower pole cannct be
determined from our records since the renal arteries are usually not
described carefully but 50 cases have been foun 1 nith ths BOCPYSETY
artery but without hydronephrosis It 1~ evident that some add)
tional contributory factor must be present before the arters can
praduce hydronephrosis
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My urologt ts report that accessory vessels are r(wxlxt u:
Jarge proporty » of uretero-pelsic obstructions  Jewett four 1aco A
sor sessels to the loncr pele in 30 of 70 caves e artcr Hln;"lf)
als 138 antertor to the vreter fut sometmes 1t bel wd at ( l'!-t<\

There 15 a w1 lesprerd opimi n among urclogr 1 that the :m\\*nrn
ves el 15 the solt ¢ ¢ of the pelvie dilatate n sit ce the ¢ lr!nx( l|x“
ma often be relteved by ecti nof theartery Honever '.( n;: M
and I rontz fc u d a urctero-pels i stricture in a | lltlol‘l to the ars {m
Tewett saw 11 ¢1 ¢s tn which he regarded the accessry \t:‘r]‘ -
the scle e « (£ the ] teuctt 1 atd & crees i which a utero-pe
stricture was pre ent as nell as the accessrs nrtery
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Jenett 58 cases with stricture aseraged thirteen 3 ears of age while
those without stricture averaged twenty four years of age The
sumptormns m thowe without strtcture were present nearly four ttmes
s long aa m those nith stricture

It has been suggested that there 1s o primary atony of the pels
and that the artery has only an aceidental relatronship  The ob
servation thet the hydronephrosts 1s usually extrarenal has lent
some support to the view that 1t 1> different from the usual obstrue
tine type but Jewett msists that extrirenal hydronephrosis also
occurs 1n low ureteral obstruction and that it 15 dependent upon
the original posttion of the peliis outside the renal smus 1nd not
upon the level of the obstructron  Nevertheless an undue propor
tion of hydronephroses assoclated with the accessory artery are of
the extrirennl type

e view that a motable kidney with an accessory artery tends
to develop hy dronephross has some support in the hiterature (Etsen
drath) It 15 thought that the hidney sags downward producing a
Lok in the ureter  In summrry 1t may be sard that i a majonity
of hydronephroses himited to the pelvis there is 1 defimte uretero
pehic stricture and that a stricture 1s present mn some cases
m aldition to an accessory artery to the lover pole but i manv
mnstances no stricture 1s present  Increased mobilits of the hidnes
15 2 possible fictor m those without stricture

Uretero-restcal Stricture —Campbell found that about two thirds
of the ureteral strictures m children occur at the lower end of the
unreter  In 44 of onr 159 cases the stricture was situtted mn the » all
of the bladder or at the ureteral onfice and 25 of the 44 cases were
children under ten vears of age  brxteen of the 44 cises were b
lateral

The ureter may end blindly 1 the wall of the bladder or its lumen
may be greitly narroned as it passes through the bladder wall
(kig 25) Often the obstruction is caused by a membrane over the
ureteral orifice  Congenital atresia of the urmnary onifice occurs 1n
children and usually results i a ureterocele—1 bulging of the
dilated end of the ureter nto the lumen of the bladder The
ureterocele from one ureter mmy obstruct the other ureteral orifice
and cause uremta (2 of our cases)

Zimmermann 1921 collected from the ltterature 70 cases of
partial or complete closure of the distal end of the ureter 1n the
blidder Twenty three cases showed tncomplete closure  Of the
47 cases with complete closure 5 showed obliteration of a segment of
ureter um 37 the ureter ended blindl\ 1n the wall of the bladder and
105 1t ended blindh 1 some posttion about the bladder

There were 18 adults m our series with uretero-iesical stricture
ind m ad fitton there was 1 instince of stricture of both ureteral
orifices resulting from fulguration of 2 papilloma 1 from rrradiition
of & papilloma and 3 following prostatectomy  The frequency of
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these strictures w children fonds support to the view that many «f
them wn aduits 1 of congemtal ongin

Srctures of the Body of the Ureter —Stricture may occur af ans
pomnt tong the cour ¢ of the urcter  In our group there nere 15
strictures more thin 1 em distant from the extremities of the unter
They were more frequent i the upper and lower thueds thw m
the tud pertun

There were o istances m wnf its of ks dronephrosis due to 1 <olid
ureter and 2 due to mulaple strietures  In § wstances the site of
the stricture was not recorded

{t_\‘ s 1

Blsterai by froneyErons na el 1 d e o engea 2 greter R
sthrtares

Fia %

Twa cses of alatera iudrcnephes s m adults were due to ac-
o1 fental hg ture of the urctos dyping Bvsterectomy { thee nere
5 umlaterl oeelu s due to praars ewrernome < the m\-ir’r ol

1n 3 cases o Fextrophn 1 Fiho Bl ul fer the unters sar (ru; pf‘:nd
s the agmod ecton These patients desed ped Talate il anfe

hvdee ne phroses
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Symptoms and Dhagnosia — In umlite ral unmfected by dronephrosis
m children with complete ureteral ohstruction there 1s a large cvstic
retropuntoneal tumor of tong duratton  In most mstances of
complete ohstruction there arc ~vmptonis of persistent unnpary
mwlection the so-calledt chrome pyehitts of childhood  There man
be mereh punn the lomn or there may be pertudic attachs of severe
pun sith or without pyvunia  Gastromtestinil symptoms and fever
are frequent Camplell Helmholz and others stress the mmpor
tance of making urologic studies m cases of  chronie pyelitts
that do not respond to medical therapy  Intravenous urogriphy
will usually lerd to the correct disgnoss

In adults there are often interimttent attachs of pain lsting from
severa) hours to a few davs with symptoms hike those of renal colic
There mn be burming pun on urmation with hematuna or pyuria
Verhoogen and de Graeune reported 3 cases of long duration m
adults A mn aged forty eight vears symptoms for eighteen
vears a boy aged sixteen vears syvmptoms for fourteen yeirs
and 12 man aged thirty mne years symptoms for four vears All
3 patients had long intervals in wluch they were frec of symptoms
The affected hidney s were found to be extensively destroved

Tn ndults the site of the strieture may be detertned by ureteral
catheterization and urograms

Treatment —The 1mportmt consideration 1 treatment 1s the
establishment of drunage Camphbell states that strictures of the
lower ureter can be successfully dilated but not those of the upper
ureter  Since the stricture tends to recur some urologists do an
mternal ureterotory as a meins of establishing better drunage
After the obstruction has been relies ed the infection usually responds
to urinary antiseptics but it 1s difficult to get a sterile urine wathout
good dramnage  Strictures of the upper ureter produce more dam
age to the hidnev than those m the lower segment I requently
the hidnev 1550 cxtensively destroned that nephrectomy 1s necessary

In the ease of hydronephrosts associated with an accessors arters
to the loner pole the artery mav be sectioned when not too lirge
or 2 pyeloureteroplasty may be performed

6 Hydronephrosis in Pregnancy —Iv the use of intravenous
prelography 1t has been found that nearls 100 per cent of women
show more or less ureteral dilatation during the third trimester of
pregnaney  The dilatation 1s 1 most instances limited to the
ureters but the pedies are frequently imvolved  The dilatation
prctically never involves the part of the ureter below the pehie
brim  The night ureter 1s nearly alw ws dilated m advanced preg
vangy, bt e left ureter 15 Wlected w lews than trosthinds of e
cwses  The dilatation my begin as eurhy as the eighth week and
reaches 1ts maximum m the sixth to eighth months It usually
decreases somewhnt during the Ist month  Lewss and Baker m
49 pregnant women found dilatation on both sides 1 26 cases and

e,
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on the nehit only in 20 cnses  There was none with dilatation
humited to the left

The hvdronephrosts of pregnwner 1s Iargely explunible on a
mechameal basi> 1 ¢ pressure of the enfarged uterus npon the
ureter at the pelvic brim  The more frequent and more severe
molvement on the nght side 15 attributed 1o the fict that the
uterus 1s directed somes hat to the nght and rests its weight more
on the nght ssde The ssgmord colon intervenes to pratect the left
ureter to some extent The decrevse of dilatation dunng the Int
month 5 attributed to the fact that the uterns assumes a more
abdominal position at thys period and does not exert <a mitch pres
sure on the pehvie bum

Our 62 eases were selected bectuse they had s dronephirous amt
therefore do not g e the frequency of hydronephirasis i pregaane
There were O e1ses 1n whch death occurred during the firet trimester
16 m the second and 37 i the thied  The degree of by deotephiene
was usually greater in the more adsanced stages of pregnanes
It was balatera] 1 31 cases fumted to the neht sile i 27 and
Jmited to the left side m 4 The hsdronephirosts was shght when
restricted to the left side Only 21 per cont showed infection m
the hidness  The pyelitin of premnanes 13 discussed under Prelo-

' - nex

tre was
forts
nnees

0 1L Forms of baternal Ure
teral Compression  There are 246 cases 1 our recards of hsdro-
nephrosis due to miseeffaneous forms of external ureteral compres-
<ton the great megority of shich are neoplisms  The sarous
lenions ¢ uising uretera] compression were ¢ wreinom i of the rectun
or agmad 3t caremoma of ather prrts of the colon 2 tumors and
sbrcesses of the ovane~ 33 tumors of the uterus (mscme) 19
uterme profipse 2 metastatic tumers 3 retropenitont \llumu:
22 pelsic tufectians (abwces o) 10 and muedhinens lesonz a1
CINes "

One hundred tuenty four «f the 240 cases were umbterd and 122
were bilster)  The degret of pelvic di tention s ned greath and
ws often mote pronounced on ane side One or both hudness wen

fected in 40 per cent

B HYDRONEPHROSES DUE TO NEUROMUSCULAR
DISTURBANCES

In s form of bydroncphross the werere of hack pn-;’mfl ::
net due to mechamenl obntruction but to paralosts of the “l:rh
or ta function) disturbances i the ureter Tl group 13 o

7 Hyd h From b
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referred to a5 paralytic or non-obstructine hndronephrovis Ve
shall first consider the typ= in which there 15 1 disense of the spinal
cord sufficient to cause paraly sis of the biadder

1 Paralytic Hydronephrosis Due to Disease of the Spinal Cord
— 1he bladder recenes parasympathetie fibers through the second
third and fourth sacral nerves and syvmpithetic fibers through the
presacral nerve  The nerses contun both motor and sensor fibers
which are relayed through the by pogistrie plexus  btimulation of
the sacral nerves causes contraction of the detrusor muscle with
relaxtion of the sphincter—the mechamusm by which the bladder
15 emptied  VMotor stimuly through the presacral merve seem to
counteract the sacral motor fibers

Lestons of the spinal cord above the sacral level which disconnect
the reflex center from the cerebrum ciuse & loss of voluntary con-
trol over unnation  lhe detrusor muscle 15 not stunulated to
contraction hence the bladder becomes distended and finnlly trans
mits 1ts increased pressure to the ureters and renil pelves  Lrina-
tion mayv be of the dnbbling or overflow tipe or an automatic
control mm be established  One of the most constant features of
spimal cord disease 15 hydronephrosis resultmg from paralisis of
the bldder

During the prenatal period the emptying of the bladder 1s appar
ently controlled by the same reflex mechamsm In anencephaly
and spina bifidn the infant 15 often born with hy dronephrosis

In our autapsy records there are % cases of severc by dronephrosis
m stillborn anencephalic femnle infints and 110 a male infant that
Ined 16 hours  Two stillborn females with rachischisis also had
severe hy dronephrosis

Spina bifida expieally with memngocele or myelocele usually
results in hydronephrosis  In our series there are 6 stillborn infants
5 females and 1 male with severe spina lifida and hyvdronephrosis
Another mfant with a similar discase hived ten minutes  There were
14 other children with spon bfi 1a that died of uremia from hydro-
neplirosis at the following ages  three neeks two months three
months (3 c1ses) four and a half months seven months eight
months mine months fourteen manths five yewrs six vears eight
years and fifteen verrs  In «x of the older children the presence of 1
chronic renal mfection was recogmzed chnieally  The child aged
fourteen months and the bov aged fifteen vears had spina bifida
ocenlty

In spina bifida there appears to be a partial paralvsis of the
bladder which enuses it to he more o less continuously distended
The ureters are dilated and tortuous but thev do not show the
enormous hypertrophy chareteristic of ureterovesieal functional
disturbances

Injuries of the Spanal Cord —There are 16 cases of hydronephrosrs
due to inyury of the spinal cord  The myury nas a bullet wound
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m 3 cases wnd fracture of « vertebra in 13 eases  The durtion of
Iife after the injury w1s as follows  four duvs <ev endus tendavs
eleven duys sixteen days mmnetecn dns three neeks four weehs
five neeks hie weeks erght weehs ten weehs four months nme
months nme years and nine vears respectnels A mild degree of
hydronephrosis witheut infection w s present m the penson wha
hised only fourdavs  Thirteen of the other 15 c1ses show o infection
m the hidneys A furly severe degree of hydronephross may develop
nithin one week after severe mury of the spmal cord  The pitient
who lised mae months nd the tno who Ined nine vears fter the
myury showed <evere hyvdronephross with mfiction wd 1 cach
deith nas due to uremty - The maxamum blood pressures in the two
patients who survived nine verrs were 13 94 and 130 S8 mm g
Syphilis of the Spinal Cord  There were 27 enes of tihes and
taboparesis nd 15 cises of other forms of nenroviplihs i which
moderite or severc hvdronephrosis developed  In tibles the the
turbance 1s due to destruction of sensorv fibers  Thurty four of the
42 cases of sy philis had mfection of the upper unn s tract and abont
one half of them died of urcmny
There were 13 cases of comlaned degeneration 8 of multiple
sclerosis 13 of myebiis 7 of spinal cord tumors 1 of sms otrophie
lateral sclerosts 1 of <1erl ab~eess 1 of tuberenlovs of the s ertebre
and 1 of poliomyvehtis i which hudroncphross wis 2 promment
ferture at wtopwy
Infection of the upper urinary tract was present in 39 of the 43
cases of this group ind mny of the pattents devdoped uremin The
hadronephrosis w14 aln s hiliteril and scemed to be due to par
ysis of the bladder
2 Congenital Hydronephrosis —In a smnll group of heeo-
nephroses no obstruction ¢1n be dumonstrated, there 15 no divise
of the spmal cord and m mo t mstances 1t seems to hne been
present simee birth  Ihe etiology has not been establiched  The
bladder mav be normal or 1t my partiepite m the prihas
Catheters are e1saly prs.ed through the wurethr and tie ureters
A characternstie feature of this group 1 the ¢normous hypertrephy
and dilatation of the ureters  Lhe ureters are sometimes <o lirge
that they arc confu od with the intestines at postmortem  The
~ mencant @ ries to set trate the group from
are <csertl tvpes of

{8} Stwivorn fmyams  aliv ve e 5 stillborn infants
all males with severe hidronephrosis 3 of which were untlaterl
and 2 biliteral  The urcters nere Jurge and tortuous and were
more involved than the pelves  One nfant had pohvdactslism and
another had partial evstic di e1se of one hidnes The ureters were

tent
P’i(’(;)ﬂ Infants That 1ieed Less Than Forfy-right Hours —There ar
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7 eases m this group the voungest e htcen minutes the oldest
thirts-six hours  One c1se was umlrterdd the others bilateral  In 2
c1ses the hvdronephrosis was honted to the uretess  There were 2
C1ses of severe hilater1l hy dronephre sis wath marked cortienl atrophiy
one of which had an imperforatc s

(¢) Infants That Lieed From Ten Duys to One Year —There are
10 cases 1n this group 1he ages it death were as follows  Ten days
five neehs eleven wechs fourteen weehs four months four and o
half months five months eight months ten months ind eleven
months  One mfint fourteen neehs ¢ld died of congemtal heart
dise1se and showed a moderate bl tter ) by dronephrosts limited to
the ureters The infint eleven month< old had v unilateral hydro
nephrosis hmited munly to the urcter

Frre infints had severe hiliteral hvdronephro 1s with megalo
ureters and apparently died of urcmm The three infints who died
at ages five eight ind ten months hid cintctl evidence of infection
of the hidnexs  The hvdroncphroses w s biliter1l ind of roderate
degree and the ureters were not vers lirge  The hednevs meach cise
showed sex ere infection

(@) U elldefined Cases tn Persons Oeer One Vear of ige  These
cases were studted chiniedly and are worthy of mdnidul sttention

Case 1—23-308 A baby boy aged one year developed an upper
respiratory infection on Apni 3¢ followed Iy vouuting hgh feser con
vulsions pyuria and a gradual duminiton of the urmary_output Ths

urre
1dro-

found 1 the cort ces and the urine was purulent

Case 2 A baby Ley iged 1 neteen morths  “evere polydp a and
1
.

1

and polyey stie d sease

ASE 3 36-2282 A male mfant aged two years born normally at
full term  Control of the bladder wa« never estall shed there had been
cEmmuous dribbl ng of unne since lmhI L‘n e mother not ced that the

Tutrogen was 99 mgg per cent  An intravenous pyelogram showed practt
¢ally no visuahzation of the left pelvis and marked dilatation of the nght
cystogram showed a distended trabeeulated bladder with reflux anto a
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the hospital o Qctober 32 Tie stated thathe had been ™ elluntd Qetober 1
had 8 ‘sudden onset of a\)dummn\ cramps naused and yoruting

Smee October 1 he had notieed polyuna and thirst Hewasw ol develo

and well noursshed There #8% & acenme odor 10 {he breath and the blood

T

evesled DO edems. but & serofibrinous penc:ﬂdms There w25
8 ety marked hydmnep\\mqs with ‘megalo-ureters but there ©88 no
® fection m the uTnsty ot There ©85T0 otruction 1 the weters or
the urethra

Cast 10 193 A rosle, aged seventetn years had been troubled with
Anbbling of uone gince mnfaney e bad sloms peen weak and pale and

18 prowth wes stunted DS heght bens only 124 e There nas B0 par
Sioutar change 1 1S condition until November 19 018  hien he berat to

ttacks i Since December 19

o cey eral attacks o marhed dyspned Mhere was pyune and constant
dnbbling of unne The bladder %% distended Pesth Januaty 8 1019

At autopsy. there W83 RO edema There Wa% severe }3lateral by dro-
pephroas more o hed om the 1eft Aihe renal cortices T e
A0 there was an ‘whecess m the Tt lover pole oo ureters vere $&TY
Tacge and the U N4 purulent There & ‘a5 no ohstruction 1 the ureters
or the urethra The bladder B8% dwtended and tmbccu\ated

Case 13 432265 A male aged 21 vears Qeverad attacks of wremia.
durmg the st fes YIS T sutopny there ws <overe bitaterd Y droneph
reas with masse enl wement of the hdoess and ureters he
was distended There $a3 1O ¢ hetructnin the unnan tract, Afaeroseops
Jenlty there w3 €% ere cortyeat otrOl Shy without latecton  There was o
Fecord of the blood pressure but the‘he st weghed 422 20

512 —A male ped 31 vear ymptoms for only ¢ weehs Head

sche | Nweea Yot sefobin 4 pev ent Tirod ) resere 195 100 mm He
3ehe | wrea, mutrogen 110 & por cent The it Jadney and wreter sere
Pt There wasserers s dronepl 0% arig o droureter of the nght with
puruient unne There wad B obatruction

Caoe. 13 —3+ 990 A male aged trty -scven Yeard B as admutted to
(he hospital Mey 19 \034 complamng ' i dysprea aud Selne of the
ankles  The edema dvmppcmed at mgbt The onset of s illness as

at wind 5 £0)

and albuma P g The blood \urea, mitroren «gs 56 ™% PeF cent on
Stay 17 and 73 @8 00 the day of death May 2
‘Nt autapsy_the heart showed feft \entneular ypertrophy and weighed
530 grams e nght kigney weghed 60 and the ie s Both
Lidneys chowed extrem® hydronephrosss with marked ‘cortical atrophy of
the patehy coarse 3PS There %28 3 Jouble ureter o the teft Doth
ureters Beve Qilated but thert walls were than There w25 no ohstruction
m the ureters ‘The pladder was dlﬁlendcd and 1S walls nere thin There
“was no urethral obstruction Gross eagruination of the smost cord shoved
no disense

voncopieatiy theladneys o pevere By adonephritis ith Iymphocytie
\nfitr itions 10 the e ary and deel, cortical 1 0rtIonY which have pro
aced arexs of strophy 4 reeponding to the e cortical depres 1073 There
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apee 14 —STETORE proon PRESSURES 1 i yprowEpRROS™ ArravgED WO
Respect 70 THE AcEs OF THE TADIVIDLAL®

 taterat by froneeh 228 L tate st By oneitres?
Below 390 150 om % B low 150 100 mm He
e HE orbe ¢ mm Hg "or b ghev
P Phannges Pl dantl
ver Ter ver Ter.
e et N cent m ey on cent
g myests O e her 88" ber  BE° er  BE°
Boowsd 9 3 w o B 18 209
e 50 323 50 4 g 490 9y 20 93 510

shortly before deth after the onset of v womotor collapse were not.

tabutyted In [able 14 the systolic pressures are T wged with

respect 1o AR and m the ilateril and um\\tcra\ forms 1t % il be

noted tht a8¢ 15 @ NeTY important nfluence hypertension heng
il il

s o demonstrable Influence of 1 eonephrosts on Y od pressure
11y pertension appears 10 he related @ the e of the mdniduil
Friher than to the bt Qronephrosis
No correlition could be estab\h\\e«\ hetween {he degree of ndre
nephrosis ind the el of tle bleod pressure it renal weuf
ey does not Pl o \mportnt T0le 1> Tadiated e the dose
carrespondence of the um and Pilateral form®

However W will be show® pre>€n(\\ certun formos of v droneph
rosis do caut T pertensont

A detailed tucy of Iy perten=on m h\dmnep\\msh n the vanots
decrdes was made

Ist Pecade Therc 13 only one €ase !t thus det e abo aged nne
\eats with congemt A dronephro™ and & blood pressure of 150
120 mm Ty S ( e & pare

2nd Decade There sre 3 (asesin this decade

(@ Afemile aged ten years asth conpenstal oy dronephrosts and
ablood pressure of 182 130 M He e { 1s€ T pue

(b) 40 1005 ale aged eleven \ews with
trophy of the Phadder Bulaterid urtese qgmmdmmm\ duning first
e of bife Repe sted febnle Attacks flypertent O first noted at
age uf aight YT Permimiih 4he blood pressure
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o t
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€min,f Ssutre g gy 166 19 m; 2 and the Blood |,
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M drong Phrogs 1th chrome Meloneph,

e aged o ) s wyp Congen;t 1 By nephrg .
nd chrome glomemlunephnm Bloog Pressip 202 149 mm I,
See ( 138

€8 page
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early cluIdhnorl Anem;q Blood Presayr 188 19 mm ]
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e cq S Yery w
the bladde, 1€ right Krdne, Bag lnpnphmo Weighing () £m
lic €] rithy
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220, U aged fuentyone YOI Cong, a1t by g,
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{c) 10 152 e,
Idge Ciremom With seye,
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and oy, p\(lnn(phrms Stnce thy 1€TE 15040
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) 40-150) A femaqy ARed g0 S ve g Fughe e nths
Pregnane I"OO(]{II’(‘:SHI‘( 182 100 mp, 173 Mode pag, night In dp.
nephroy, ) lunpyy,
(e) 41 4 \ funage AR tenpy oy T Caranomy g the
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Symptoms for 18 months efore denth dyspnen fatigus edem of
ankles Blood preswure 150 120 O Hy Blond urea nitrogen
175 mg per cent leart a0 em A sngle hadoey at the peluic
brym showing severe i dronephrost @ obstruction \licroscopic
sections sho chronic glomerul mephrtis

ith Decade _There e pine cases ath fu pertension 1 {lus decade

(@) Amale uged trts o vears with muluple “lerosts  Blood
pressure 170 b0 mm g Bilaterl by dronephrosis \0 CTOSCOPE
study

(&) Umliteral i dronephros 1w o mle Qurty tho Leus old
from caronomt of the tests Blood pressure 154 118 mm g no
renal arteniolosclerosts

() \m e aped tharts four \ eaTs  ongemt il iy dronephrose of

g <

a angle hudnet Blood pressure 198 {K mm See (nse 12
page 1%

(LI e 180 100 M
He ¢ osts
Heart per
tension

(&) Serere lateral by dronephrosys tremm ¢ OB e erviv
n 4 woman thirty eipht reu old Rlood pressure 17+ 100 mm

Hg o mIcroscopic study

(f q Ry Three (1% of ecampma ® sth moderate i dronephross
ORS ongemtdd by dronephross i & male aged {harty ~even L €ars
Blnod pressure 240 o mm Hg Gee  ase 13 pgE

5tk Decade = There are 12 €€ n this gVl aith 1 systohic
blood pressure of 180 mm g or ngher and dastohie abovE 90
e Hy 1 which tissue was 1 ailable for mieroscopie studs \me
of the ludnevs shuwed artertolosclerosts 10 on showed chroni®
glnmtrulnmphrm:.

Persoms (et 20 Jears O In the group with =% Ltohie pressure
of 180 mm Hg of ngher there $ere 118 cases (0 Ineh the kdners
yere 1 attable for ICTOSCOPIe study \rtenoloscleross> was present
L S e Grude 1 3ewve Gt wdes 2 an!

‘ +—n ncidence
n

1
and 160 now 1 No et o but
rindom amphing ndictes thit arteriolt sclerasts 3L 4
o trone 1 hre s - Canee o teute Hypertemston 1o the hitera
v narts of moderite iy prtension from
en oma of

. pressure
170 80 male pped thirty 1 Lateralln
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CHAPTER V1
GLOMECRULONEPHRITIS

Iv a broad sense glomerulonephritis meludes All renal diseases 1n
which there s a primary mpury ~ #* * ' -
sense 1t refers to obstructine 1
which are severe enough to 3 R

rena] function
o R
! Taoem of pumary

B Lvudatn e glomerulonephritis—glomerul ir 1bscesses
C Hemorrhagic glomerulonephritis without capllary obstruc-

tion
D Tocal glomerulonephnitis
{a) Thrombotic
(&) Proliferatre
L Membranous glomerulonephritis—lipotd nephrosis
The chimean may prefer to think of acute nephritis as a disease
of sharp onset with svmptoms referable to repal dysfunction but

such a concept has little value to the patholomst simece thes «xn
! J1t Ve =1 e e VT n aom lar and mter

Il therefore

- s by far the

most frequent form of chinienl glomerular disease and its svmptoms
are referible to obstruction of the glomerular eapillary exreulation
‘The obstruction of the capillaries 15 usuall cau ed by increase m
the number and sizc of the caplliry «ndothehnl cells but sometimes
the glomeruius 15 compressed v 1 hrge epithefial crescent The
acute type must be distmgurshed from subacute and chrome fc rms
smee only the acute stage may termtnate in complete recovers
In the I the vanous | types of acute nephritis
are seldom clearlt distinguished and for this reacon 1t 15 difficult to
compare the ob ervations of previous insestigators with our own
- . 1 e Lamardd no anent pitzs ts neghigtble
‘ute pro-
feath

a hgh percentage
e (l;mth ratios of the different fortns of glomern) )m-phrnm are

5 course
arranged with respect to age and <exmn Tatle15 Thisss ¢
not the clinical neidence of the disease since about one-half of the

{146}



GLOMERUIONEPHRITIS 7

acute cases recorer completely but 1 may be seen that about
1 per cent of deaths m persons over one year of age are due ta
glomerulonephritis and that there 15 no sigmificant diffesence 1n
the sex merdence

Tamte 18 —Dpare Ravion of vup Dirrearsr FouMs oF GLOMERLLONERIRITIY
1% saE Varsors Drcings

Nfses No of Cosen Fewolen Na of Cases
Sub “ubacute

ota and | Lapo § Totas an Lpod
Yewts  Actopres Acite  Chrone Nephroms  Autopaes Ac te  Chron e Nephuons
7 8 7 2

0-10 Etes] & 5 2 7
10-20 13 1 835 & Ly 7
20-30 w2 52 4 i 4 26 4
3040 a7 35 L) s 4 23 +
40-50 4725 2 15 7 ns 2 i 1

B4R b 24 5 242 b 13 1
€070 o671 3 18 3 Wy S 2 2
0-80 48 3 ¢ 2 3094 4 t
2-105 18 0 1 o 08 0 1 0
Totals 31982 & 200 4= 350 5 307 27

610% 0 57% O 18% 013% 0557 O 149

It will be noted in Table 13 that the deaths from acute plomerulo-
nephntis are distributed rather wregularly through the different
decades with no preponderance m voune persans as ane might
expect  The ages vaned from one to seventt tno yers (Table 16)

In the <ase of <hronie glomerulonephnitis the myamum merdence
and highest death ratios are n the second third and fourth deendes
There 13 evidence that the average durition of lfe after the acute
attach 1 the chrome form 15 about ten vears It mav therefore,
be inferred that acute glomerulonephritis accurs most {requently
in the first and wecond decades

Seexal Seegal and L ttle analyzed the chinieal records of 381 cases
of acute glomerulonephntis from several bospitals, the dagnoses
being made from the bospital records nithout separation of the
zhﬁerenﬁ ty wes l'he‘\ (mmd‘that ahot AQ per cent of the cases
B v . a a s

and Rastetter found the maamum madence i the second decade
Our datr do not of course gne the chnieal frequeney of acute
glomeruionephntis
Sex —Seegal Seegal and Isttle found acute glomerulonephntis
ebout twice gs frequent m wiles a3 1 females  Murpby and
Rastctter reparted 162 tznkw and 48 females  Our data show no
L R <

o B

eses of this type have heen dinded mto tho groups  Group 1,



CHAPTER VI
GLOMERULONFPHRITIS

In a broad sense glomerulonephritis mcludes i repal disenses 1n
which there 1s 2 primary mjurs to the glomerult mn a more restricted
sense 1t refers to obstructive lestons of the glomerular captllaries
which are severe enough to produce mmportant disturbances of
renal function

Histologically we may distinguish the following types of priman
glomerular disease

A ™ i}

- 0t

T v

B Ivudatie glomerulonephritis—glomerular ab cesses
C Hemorrhagic glomerulonephritis without capilfary obstrue
tion
D Tueal glomerulonephritis
(2) Thrombotic
(b) Proliferatne
E Membranous glomerulonepheitts—lipotd nephrosts
The chmer may prefer to think of acute nephsitis a5 a di ewse
of sharp onset with symptoms referable to renal dysfunction but
such a concept has little value to the pithologist since this s\n
drome mny be produced by glamerular tubnlar vascular and inter
stitr] lestons as well us by extrarenal factors  We shall thercfore
'

- e the
toms

are referable to obstruction of the glomerular capillary exrculation
The obstruction of the capillarses 1s usuallh caused by increase in
the numl er and size of the capillary endotheln] eells but sometimes
the glomerulus 15 compressed bt a hirge epithehial erescent The
acute type must be distmgushed from subacute and chronie forms
smnce only the acute stage may terminate 1 complete recovers

In the hiterature the various anatomical tvpes of acute nephrstis
are <eldom clearls distingmished and for this reason 1t 13 difficult to
compare the obsersvations of prestous insestigaters with our 0N
‘The mortalitv from acute bengn hemorrhagic nephritis s neghaitle
vot very few investigators distingunsh this tvpe from the acute pro-
Iiferative form which termmates m chrome nephritis or detth m
a high percenta

Tﬁe :}Pecnth nfx‘r‘m: of the duffcrent forms of gl: merulonephnitss are
arranged with respeet to age an {sexin Table 15 Thiess n{mul?‘
not the clmeal mewdence of the divease since about ene-half of the

(uar)
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acute coses recover completely but st may be seen that about
1 per cent of deaths in persons over one year of age are due to
glomerulonephritts and that there 15 no significant difference n
the sex icidence

TabLe 15 Dsata Rarios of 1HE DirFereNT Fonvs of GLOMBRULONEFHRITIS
1§ TRE ¥ 4Bt0Us Dzcives

Al s No of Ca s Fomsles No_ of Cos &

T o Shwe
ota an o

FE Amomes hote Chionc Nephrass  Auiopes A ute  Chron e Nepbroms
010 4733 7 s 16 377 5 - 7
10-70 96 3 19 1 71 5 18 7
030 1% 2 53 A o4 4 g 1
a0 me2 7 36 9 1915 4 23 h
W  ows v 35 7 238 2 ) i
50-60 6476 6 1 I o8z 0 13 1
6070 674 5 18 3 2073 5 2 2
"0-80 4048 3 6 a 20 0 1 1
s0-105 1816 0 1 [ 1050 0 1 )
Totals 3403 35 o0 48 190 5 107 27

010% 057% 015% 013 055% 014%

1t will he noted 1n Table 15 that the deaths from acute glomerulo
nephritis are distributed rather irregularly through the different
decades with no preponderance 1n joung persons as one mught
expect The ages varred from one to seventv-tno years (Table 16)

In the case of chronic glomerulonephritis the maximum neidence
and highest death ratios are i the second third and fourth decades
There 15 evidence that the average duration of hfe after the acute
attack 1 the chronic form 1s about ten years It ma) therefore
be inferred that acute glomerulonephritis oceurs most frequently
tn the first and second decades

Seegal Seegal and Lyttle analy zed the clinical records of 381 cases
of acute glomerulonephritis from several hospitals the diagnoses
being made from the hospital records without separation of the
different types  They found that about 50 per cent of the cases
oceurred in the first decade hout 20 per cent 1n the second 15 per
cent m the third and small percentages m subsequent decades
Hayman and Martan 1n 77 chmieal cases found 6 in the first decade
22 m the second 23 m the third and 20 after the thied  Vurphy
and Rastetter found the maximum madence m the second decade

Our datt do not of course give the clinieal frequency of acute
glomerulonephritis

Sex —Seepil Seegal and Lattle found acute glomerulonephritis
about twice as frequent in males as m females Murphy and
Rastetter reported 102 males and 48 females  Our data shon no
sigmficint difference 1n the death rttios for males and females but
we are dealing with a relatrs ely small group

Grotr 1 —Acute Diffuse Proliferative Glomerulonephriis —The
cases of this type hive been divrded mto tno groups  Group I,
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TABLE 16 —AcUTE PROLIFERATIVE GroweRtLONEPREITIS OF PRIMARY TyeE
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TABLE 16 —AcoTE PROLIFERATIVE GLOMERULONZPARRITIS 0F Pruuary Trre
(Continued)
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lable 16 mcludes the cases m which nephritis was the major sllness
and the direct cause of death Group IT Table 17 mcludes the
cases in which the nephritss %15 a termnal comphieation of another
disease  Group I 15 more satisfactors for ehnteal study smce the
symptoms are not orershadowed by those of the major illness
Duration of Symjtoms —The duration of the disease 1s presum
ably somewhat longer than the duration of t_he symptoms The

to four weeks 11 one to two months 17 1o to three months §
unknown duration ¢ (Table 16) The shortest duration was three
days By definition cases of more than three months duration were
classified as subacute or chrome

In those that Lived less than one week death was usually due
largely to edema of the lungs or larynx  In those that hved over
one week uremtaz was the usual cause of death but occasionally
pneumonia perrtonitis or hacteriemia were important contributorv
factors  The cases m which death was not due to urem gne
opportunity for the study of the earlier stages of the disease

The Urine —There 15 usually a moderate decrease 1n the amount
of urme and m severe cises a marhed ohgurz or even anuria may
develop The specific gravity of the urme 1s commonly normal in
mild cases and m the enrly stages of severe forms but with the onset
of urema a more dilute urine 1s excreted  The spectfic gravity m
our fatal erses ranged from 1011 o 1032 the muyority bemg
above 1 020 However even i the presence of uremia the speetfic
grauty 1s seldom as low a» 1n chronic glomerulonephritis with
sufficency

Albuminurie — Albuminunia 1s a constant finding 1 acute glom
erulonephritis  The absence of albummuriz, excludes this diagnosis
The outstanding feature of the divease 1s myury of the glomerular
cipillines which mvariably results in leshage of protemn through

proliferation  Completely obstructed glomeruli do not transmit anv
protem and the maxunum leakage of protem occurs n lipod
nepbrosis with no capillary obstruction  The amount of protem
m samples of urme \aries with the dwresis wnd wsually a fanly
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although alb 13 d as healing ds  In general a
marked albuminuria mdrcates nephritis of some form but VMurphy
and Rustetter found no relation betw een the degree of albummuna
and the subsequent course of acute glomerulonephnitis  Albumin
urta obviously 1s related to glomerular and not to tubular njury

Hematuria —Gross hematuria refers to the condition m which
there 1s suffictent blood in the urine to give 1t 1 reddish tinge
Murphy 1nd Rastetter found gross hematuna m 32 per cent of
150 clinical cases but only 2 of our €0 cases of the acute proliferative
tvpe shoned gross hematuria  Howeser, the urine 15 always bloody
tn benign hemorrhagie nephnitis

In centnfuged sumples of umne erythrocytes are practically
always found but the number of red cells 13 often not impressise
In only 22 of our 47 cases m which the sediment was exammed
was there anv considerable number of erythroevtes (Table 16)
Examination of the sediment 1s howesver not an rccurate method
for determmming the number of erythrocytes one should do an

Addis count  In normal urine one may find a few ervthroestes
PRI Y
~ ~enal

1sion
1t to

eSTADISI LULILUUSIS OL dLit i u
The erythrocytes escape from open glomerultr capiliaries not
from those closed by endotheln! eells  In microscopie <ections one
sees that the ervthrocs tes have escaped from capillanes thet appear
normal  The fact that red cells escape from a capillary 1s evl
dence that 1t 1s not perminently damaged Hemnturia in itself
not 1 grate feature m glomerular disease  In climeal expenence
glomerular lesions with gross hematunia but without edema hvper
tension or renal msufficieney  offer 2 good prognosis (pige 164)
Edema The degree of edema (subcutancous edema pscites
hvdrothorax) 1s roughly indicated 1n Table 16 by numerals  “unce
the degree vares from time to time the average conditon 15 e

cated It nill be noted that edemn was absent at all times s wne-
o 491 enore only 19 c1ses i which

v and Rastetter ofrersed
Was ey er a severe com

liction m their experience  Howeser in 5 of our c1ses edem of
{’he lungs was therr:lcnmﬂlntc case of death  Severe edem of
the lungs may develop when there 1 Iittle or no subcutaneous
edema (Nos 9 10 11) The presence of edemt 13 not pecessars t';
establish the diignosts of any tvpe «f acute nephritis exeept Tipot

hrosis
ne'xl"he factors that determme the devel pment and the mtenaty ol
edema 1n acute glomerulonephritis are not sl understood '::‘
depletion of the pliwsmae proteins 13 probabls the mest unpom;0
factor 1 some mstances but some observers have found the p
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teins only slightly reduced at the height of the edemsa  Fhe proteins
were determmed 1n only 2 of our cases  In No 36 the total protein
wag 362 gm with a Grade 1 edema, and mn No 26 with no edema
the total protein was 6 3 gm

Several writers have noted acute dilatation of the heart with
decompensation in acute glomerulonephritis (Franke, Levy Murphy
et al, Masters et al) This has been noted espectally 1n patients
with marked hy pertension and 1s demonstrable in roentgenograms
In 3 of 27 fatal cases Murphy and his associates attributed death to
heart failure, and 1n 15 of their 24 cases mj ocardial msufficiency of
varying degrees was noted  An mcrease of Venous pressure 13 fre-
quently observed and passiie congestion of the ltver 1s occasionally
seen at postmortem  LaDue, 1n a study of 12 cases of acute glom-
erulonephritis with edema, found ncreased venous pressure and
cardiac dilatation 1 every instance

In No 4, with Grade 2 edema, there w1s chromc passive con-
gestton of the Iner and i No 12 with Grade 2 edema the venous
pressure was 18 am of water  In No 60, with Gride 1 edema, the
venous pressure n1s 145 cm of water but there was no passive
congestion of the Iner It 1s therefore probable that mcreased
venous pressure from cardiie decompensation is often a contmbutory
or a major cause of the edema

A few authors attmbute edema to widespread capillary injury
with mncreased permeability (Page, Rennie) This view seems to
be based upon the conception that the edema flutd m nephritis has
a relatively high protem content hke an inflammatory exudate,
and that 1t 1s not a transudate  But I'ahr and Kerhhof found the
protemn content of edemn flud in acute nephritis very low asit 191
cwdiac edema, when thev were very careful m obtaming edema
ﬂ‘un'l frg‘e fm‘m C?nt\m:n |$mn with blood  There 1s no longer any

actenzed by hemorrhages, not by edema

Sunce there 15 usually ohiguria m severe acute glomerulonephritis,
1t 15 possible that this 1s a contributory cause of edema especially
when the fluid intake is mcreased 1 an effort to merease the output
of urme  In 1 of our cases 1 fatal pulmonary edema was caused
by this tretment  However, one my see anuna without edema,
No 50

Tt appears probable that edemy 15 relrtad to lowered collod
osmotie pressure, mereased venous pressure and retentton of fud,

but more detuled i estigitions must Le made before the relitue
- e - Ea o p Py

G0
1t
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Palaw 140t nm Mo ntfn e b & aafela N ¢ 10 113,

erulonephntis there being only 13 cases with 4 pressure of 180 mm
Hg or lngher  The low blood presure of Nos 34 and 37 probably
represent 2 terminal \asomotor collapse  The patient may develop
uremia with a normal blood pressure but this does not occur fre-
quently  Murphy and co-worhers found hypertension m 74 of
94 patients It 15 generalh agrecd that hypertension mav le
absent at all times 1n acute glomernlonephntss and that m mi
cases 1t 1s often found only during the first few davs A ver high
pressure 1s an unfavorable prognostie sign and no case ean be
regrded as healed 1f hvpertension is still pre ent  Dersistent b per
tenston bey ond the acute stage indicates the dex elopment of chronie
nephritis Howerer an occasional prtient with severe In pertension
recovers completely

Cerebral Symptom ™ oo - pecally 1n
chuldren there mav the bran
of v110n

riz  severe headach
transient pabsies and coma These svmptoms are most apt to
oceur when the blood pressure 1s lugh  Thev are usually due to
uremia but sometimes thev occur 1n the absence of rennl insufh
ciency and in this type of ease the ssmptoms are probably eaused
by increvsed mtracramal pres ure from an exeess of subirchnond
flusd since the spmal fluid 15 under mereased pressure and remosal
of flurd often brings relief  Papilledema (chohed disk) occurs occt
stonally and 1s abo referable to mereased itracramal pressure

Renal Insufficiency —In muld cases that terminate 1n recoters
there 1s wouall little or no elevation of blood urea but ca es oceur
1n which there 1s a sharp rise of blood urea after scyveral dus
probably because of olyrurit which 13 followed by a raped declme
after diurests hecomes normal A very high blood urea 14 an
unfavorable feature but recovers mav still tahe plice  \ progres
sive mercase of blood urea 15 a very unfavorable prognostie sign

In the early stages of cases that terminate fatalls there > u adl
onlv 1 moderite mtrogen retention nd death may reult from
edemn of the lungs bacteriemn or pentomtss before the on ot of
uremia (Table 1b)  The vl of blood urer mtrogen <hwn m
Table I€ 15 closels related to the time before death when the deter
mination was made the ligh readings were unlh «btarned
<hortly before denth

The phenol ulphonephtintun excretion measures the trmmeddiate
functional capreaty of the hidnevs an! has no great progae-tic
value since the renal function may improse of detenorite rapudly
The measurement of blowd nrea 15 more mformatise ane 1t repres
<ents o cumulatn e effect of renal msufficeney
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1he functional disturbance 1s due to obstruction of the glomerular
capillaries with decrease of glomerular filtration

Eticlogy —Our observations agree with those of nearly all others
that there 15 usually a history of some infection preceding acute
glomerulonephritis By far the most common antecedent infec-
tions are those of the upper respiratory tract such as tonsillitrs
hronchitis and common colds A large varety of other infectious
processes occastonally precede the nephnitis such as smallpox
chichenpox infected wound pneumoma and impetigo contagosa
In most nstances the antecedent infection produces a lesion of a
mucous membrane which allows the entrance of bacterta mto the
tisstes

Volhard and Fabr 1914 obtamed a hustory of upper respiratorv
mfection n 125 of 179 cases  The follow ing summary 15 quoted from
Havman and Martin who collected 976 cases from the literature

Anteced nt infect o Per cont
Sore throat tonwllitg
Upper respiratory fect ons 2
Obrt ¢ and 3 nus s
Scarlet fever
Sl nfections
Poeumonia
Rheuraatie fever
Miscellaneaus
No Lnown mfect on

EEernonild
90N D e g

In our 60 cases there were 3 m which no chnreal history was
obtamed and there were 11 cases without chnreal evidence of a
preceding nfection  In the remaming 40 cases there was a history
of scarlet fever m + sore throut and other upper respirators nfec
tions n 18 otitis media m 2 a cold i 4 mfected wound 1n 2
puerperal sepsis in 3 pneumoma In 5 lmpetigo contagiosa n 2
cellulitiy 1n 2 pentomtis 1o 1 smullpoxin 1 bacterieia in 1 and
pericarditis in 1 case

Judged by the antecedent infections proliferative glomerulo-
nephntis 1s usually caused by streptococer - Hemnolytic streptococer
are probthly more often the causative :‘lgent than non hemolytic
PR R y - — A Ty

5
i

tram @lablond  Thoasana nalac an & n €11 v
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capilliry walls  When bactera lodge m the glomerular captlliries
they produce focal lesions and not diffuse endothelial prolferation

Sever1l mvestigators have suggested that the glomerult must
first be sensitized to a particular bacterial protem before the cor
responding orgmsm can produce the lesion and there are several
arguments i favor of this hvpothests (@) The intersal betneen
the attack of scarlet fever and the onset of glomerulonephrits 1s
usually two or three weehs (b) A person with chrome glomenulo-
nephritis 1s lghly <usceptible to streptococcic infections and com
monly develops an exacerbation with each attack of pharyngitis
(¢} The fact that glomerulonephritis 1s a rare comphication of strepto-
coccic 1nfections 1s evidence that a sumple mvasion of the blood
stream by streptococer rarely produces the glomerulir lestons
(d) Fahr and Masugi have produced glomerulonephritis 1n the rah-
bit by the mjpection of ant: rabbit hidnes duck serum  An emulsion
of raibbit hidney 1s mnjected into a duck and serum from the duch
1~ then injected into a riblnt  The nephritrs obtuned 13 character
1zed by large numbers of epithelial crescents with httle or no endo-
thelral proliferation  The best results are obtrned when the duch
serum ts mjected directly 1nto the renal arters of the ribbat  The
reaction thus bles the Arthus ph Masum Felieves
that the antibody for rabbtt hidnes n the duch scrum reacts with
the rabbit Lidnes to produce the Iesion but Rav has shown that
the process 1s more complicited and 15 related to the form itton of
antibodtes for duck serum in the myected ral bit

There 15 honever no comvmemng evidence that bacteritl allergy
1s concerned m the ongin of glomerulonephntis  No mvestigator
has succeeded m producing glomerulonephritis 1n ammaly ty pre-
vious sensitization with bacterii] protens  There 1s usuiliv an
interval between an mfection and the onset of nephntis but thes
mav be less than one weeh which 1s hardlv sufficient time for the
duselopment of sensttizition  Streptococeic nfections are <o com
mon that one nould expeet 1 much Ingher ina lence of glommll?-

but We hnow Wl e ure v
and non hemeoly tie tvpes N
Grotr IT  Acate P C

. - - sk aara U evamples
death

rmmal

much

wl the

ityms

Because of the major tllness the durition nfl the l)lI] t lIIIu - ‘pmm:
nnot be determmed accurateh  The glomerulsr lestons do o>
a o from tho e of Grup T Often the

differ m any mmportant respect
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mayor illness was of infectious nature and may be regarded as the
direct cause of the nephritis  Ihis 1s particularly true in bacterial
endocarditts of which there are 9 examples In 2 majority of e1es
of bacterial endocirditis there 15 4 subchnical glomerulonephritis
(Bell 1936) and these 9 cases merely represent more extreme
degrees of this process  There are 9 other ¢1ses m which the mjor
Aliness was an mfechous process

However, there were 16 mstances m which the major 1llness w s

accurately because the symptoms were overshadowed by these of
the major illness

The Cluieal Diwagnonis —The classical chnreal features of cute
glomerulonephritis are  1bnormal urme (albummuria with casts
hematuria) ofiguna edema hypertension and mpawred renal
functwn  There 13 no difficulty in the diagnosis when all of these
signs are present but tn the ahsence of some of them there may be
uncertamty It 18 generally agreed that albuminura must be
present and that hypertenston may he absent It 1s alvo agreed
that edema may be wbsent An increased number of erythrocytes
1n the urine 15 demanded by the majortty of dimcians vet it seems
unnecessarv to msist upon thes finding if all the other features are
present

NMMurphy and Rastetter make the diagnosis on the basts of albu
minurt: hematuria and easts  There 15 httle doubt that some mild
pnsac of am to olanor Tn enl st bava anly the o finlnee b ¢ +

- ‘

. ' 1 !
nephritis indicates that the acute attach may be so mild that 1t
escapes attention

It 13 important to remember that hematuria in the absence of
edemn hypertension and renal insufficiency especsally m a child
usualls m licates benign hemorrhagie nephritis—a much milder
tlisease than the proliferative form

Pathological Anatomy ~There are £1) cases of uncomplicated 1cute
proliferatty e gl umerulonephritis and 34 cases i which the nephritis
was 2 termmal comphention of another disease  However the two
groups rlnw be discus o together since the structural changes are
identyc

The ‘\xr‘lne)s are usually enliged the combined woght m 79

and cloudy  On the basts of the macroscopic appearances alone
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a diagnoss of acute nephritis cannot be made with certamty, since
many hidneys with simple cloudy swellng show similar features

Microscopically under low magnification the glomeruli appear
very cellular and few or no ery thracytes are to be seen (Fig 26).

Fio 26 -Acute probferatite glomerulonephntu, Noto lrge cellulsr glomeruls and
normal tubules  Photomicrograph low magnification
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There 15 obviously a great mcrease m the number of nucler  The
diameter of the glomeruli 15 usually greatly mcreased but sometimes
there 13 only a moderate mcrense i size

Under moderate magmfication 1t 15 seen that the glomerular
capillanses are filled with nucleated cells (Fig 27) The process 1s
diffuse and m severe cases practically all the capillaries m all the
glomerult are occluded  However in less advanced c1ses m which
death was not due to urema the obstruction 13 lesls l:n:form and a

. . - 17 v,
1 ' '
'

these cells 15 mdicated by their attachment to the mner surface
of the basement membrane I have been unable to find mitoses m
them but Hartz and assoctates have published good Hlustrations
of mutotic figures and 1t therefore seems established that the process
15 a proliferatrve mfammation myolving the glomerular capillary
endothelium A varymg proportion of polymorphonuclear leuko
cytes 15 found m over two thirds of the cases The polvmorpho-
nuclears are sometimes quite promment but the obstruction 15 due
largely to the mononuclear cells

Special Histologieal Features —In addition to endothelial pro
Iiferation which 15 invariably present there mav be other changes
(@) Lpithelal crescents A few epithehal crescents may be found
m a majonty of the cases but occastonallv they are s0 numerous
that they overshados the endothehal probferatrn (Nos 2 3 24
26 GO "T1ble 16) and this type may ppropriately be called extra
capillery glomerulonephritis  When the glomerulus 15 compressed
by a crescent there 15 much less endothelial proltferation but the
capillaries are obstructed by external pressure  (5) Thromboses
Thromboses of afferent arterioles or of glomerular captilaries were
found m 2 few crses (Nos 24 20 40 and o3 Table 16 “Nos 12 22
and2 [ible17) (¢) The wireloop lesions said to be character
istic of acute lupus erythematosus were found m 2 cases (No 20
Table 16 and No 25 Table 17) (d) Casts Someties casts play
an uoportant contributory role m the production of renal msuf
ficieney Hut they are seldom of major importance

An unusual 1natomical prcture was found in a recent case not
listed in the tables A mn fifty years of age died of uremia after
an llness «f three weeks which was typical of acute glomerulo-
nephritis ™ ' ~ -
ure nitrog
575 gm
glemerular
obstructed
glomerulonephritis

Pathogenesis —In vanous mfectious processes notal 1y bacterial
endocar {itss and puerperal endometritts there 1» often a rather
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marked endothelni probfieation which difers from ehmenl acute
glommerulonephntis chiefh 1 the degree of eapilary obstruction
(Dgs 28 and 20) 1 have called thes stage subchuical glomerulo~
rephnitts (Bell 1936)  Apparenth glomernlitis of this degree 18
faiely common i cortaun mfections and 1t 15 onh when the el

Iy obstruction attains 2 furdy severe degree that the dynieal agns
of nephritis appenr It will T e noted 1 Yagures 25 and 99 that the
capiliany bascment membrines are dintinet and i this respect the
subelimeal differs from the imed stage

Pt
r«‘/»@.
>

=

5\

4 '

i e

e e
doesrd

2y Subel o ralneute g merulonept 1 tis frorn & case of bcter alen
T hel ety e ot mercassd n et an T e ot thes ot aimir ¢
o capillar o8 completels i e basen ent membranes are unsffected  Dtot m cto-

graph

n el stage of ehimead gl merulonephnites 18 shown m Phte T
Lp;:e: \mugt)m patient el from edema of the lungs before
the onset of nrema the eapllar () truetin 13 not much more
pronounced thin o the subchinien stage The cpiianes n’n\ pc;r
fialiy §ifled with endothelind ectis and it 14 to be noted that ¢ x;- r-;-, s
lie on the wmner surfiee of the basement mem? rne [t 13 fur bl
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Lrern —Carly etage od nowte gomeintoncphirs Dt fuon edem s of the b s btor
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probable that this stage 13 reveruble, and we wuv Ealems 2iz
imical cases which terminate m complete revor er~ bave 2 wollar
glomerular lesion

A later stage 13 shown in Plate I Lorer Inmth s r ez G
was due to uremia and the capillanes are caplbesds £d v,
endathelial cells  When this degree af obstructyn bae doergrd
1t 1s probable that the glomerulus cannot openy up zexis 2od 2one
1t will subsequentls hecome hyatine if the patient « snrex

Fia 29 ~The sume as T gure 23 under h gher magnifcaton  Photom eragragh,,

Along with the endotheli il proliferation there 15 an 1n3ury to thy

. * - wement membrane of hy
Lut the mner Javer ap,
e hy a):‘ne fibers (Llay,

the hyalme mses develop betneen the capallries but whey
successiy e stages of the process are stu lied 1t 13 readih seen that
the central Inaline mass i formed from fusion <phitting <nd swelli,
of the capitlary walls where thes ar incontact  Thes s the m:mneli
m which s »called mtercapllary lesions devel p

1
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Other Forms of Acute Glomernlonephntis —B  Frudafire Type
(g 30) —Ths form of nephnty 15 associted with a <evere
staphy lococere mfection which usually overshadows the renal sy mp-
toms  There are 3 cases of this tipe 1n our collectton  In 1 cace
renal insufficiencs % as demonstrated and in another there was sey ere
oligurin - The glomerufar captifaries as well ns many of the tubules
were filled with polsmorphonuclear leukocvtes  There are transt
tions between this lesion on the ane hand with renl abspesses and
on the other with the proliferative leston  In two of our prohferite

Fia 30 — Acute evuditne glomerutonephr tis  The glomerular cap lhines are flted
wath pols morphanuclear letkacs tes  Photomaiergral

<es (\ov 51 and 58 Tible 10) polvmorphonucletr lenkoertes

::': rl(mm promnent thn cmlﬂrl:l( hat (lvlh lI’r;\zmnMx & chromne
) deyelop from the exudatine lesion

g “;;:;!(D‘:‘?’l:;:f Typrp-—Tlm form of nephnitis 18 chi'mc;enml
chmcally by a marhed hematurin  We may dnstmmnn‘n herign
form and a severe form (1) Bemgn hemorthage nep! |nnst was
first de<cribed by Baehr The patient usually a ehild m;m x:n;
4 voung adult develops hematuria <hortls after a «on}u:u:nm
ather respiratory tnfectton  There are no svmptoms of nepl
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severe bemorrhagie tspe the chineal picture 15 bacteriemia with

severe hematuria and uremta  There are 13 examples of this form

wm our records  In G of 7 cases in which blood urea mitrogen was
eo1 am TOAT . e

o~ cant ane

T1a 31 —Bevere acute heporrhagio glomerulonephr t s from 8 caso of hacter em 1
The capsular apaces and tubulea are Slled with erythrors tes Photomcrograph

but there 1s no capillary obstruetion  The tubules are njured but
their cells are not necrotic  There 1s extensive filling of the tubules
with erythrocy tes and this obstructive lesion 13 probibh the mam
euse of the renal msufficienes

D Foeal (Thrombotic) Glomerulonephrtis —Since I« blem s pul-
Iications m 1906 and 1910 1t has been hnown that focal glomerular
testons m 1y Le found in as ociation with bacterial endocarditn  In
Iis first paper Lohlem interpreted the lesions as capullars thrombo es
but in his second publication be expluned them as small mfarcts
resyltng from the lodpment of minute miected embolt detached
from the salves of the hewrt Both Baehr and Fohr agreed with
the latter interpretation

Baebr has mide important contributions to this subject m a
series of papers published from 1912 to 1923 He believes that onh
subacute strep: docarditis 15 d with embolie
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lesions I 75 cases of rheumatic endocirdits Baehr and Sacks
found no embolic lesions but they mentioned 2 c1ees with thromboses
of capitlary loops

Miller and Branch described ty pical unbolie lesons 1n 1 case of
endocarditis of fiftx duvs durition ¢ wsed by 1 heme phalic b allus
resembling 11 Influenze In our experience embolie lesions nre
usually caused by Streptococeus siridans but may also be produced
by Streptococtus hemols ticus

2
-t
\_7’

e

£
BSOS
p R |
v By
116 3" —Fresh Fyalne embole lewon

1
lares are en Iy vis ble and some of t! e r basen ent memt ranes may ::« 1t find
The tl rombot ¢ mater al sta ns red ® t! az0rarm ne  Photon  rograpd

Tleo i o of the thrombosd eap )-

Fmbohe lestons mav al 0 occur an the ol wence «f enl x{mhm
(Bachr 2 cases Tahr, 1 case)  In cur nutopstes thore e ; m;tt
with numerous Large Jestons of eml olic type n the alwenee ¢ f("\x\(,l,.
carditin  In these mdiniduals the cimenl ecure was that o

dlonephritey
aﬂ)’)‘f Szzglz‘;‘mmbf’m the glemerul v capill ires are Im;m;ml\ ,T:,’:
when there 15 no endocarditis  In one mtance «f ;t“m{ -
peritomtss tn a male sixty-one vears of age Lhrge Iln'lj n;‘x' ‘:m’ :
glomerular capillanies were oceluded by hvatme thrdin
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sumilar lesion was found in a child, five weeks of age, dead of con-
genital syphilis  These hyaline thromb: correspond 1 structure
with the fresh so-called embolte lestons found with endocarditis
There 1~ no associnted necross of the capillary ‘\\x‘!lx ‘hut many of
W 3 Wi te eelaboalan

ol

1v 1 number of thromboed gl far capillartes

Fi; 33 Hyslne embole Jesion that has undergone necrows snd 1a disntegrat

g Tle cap llvry walls are no Ionger vimble Mallory Heideoha n stan Photo-
miccograph

In a previous publication (Bell 1932) the mcidence of so-called
embolie glomerular lesions 1n the various forms of endocarditis was
reported as follows  rheumttie, 29, acute pnimars bactertal (less
than six weehs durition), 71 subacute bactersal 528 and secon-
dwyv acute bacterial, 58 per cent Al hvaline capillary thrombt
were considered fresh embolie lesions  The rheumatic Jostons were
all eapillary thrombi without necrosis of the capillary wall

Two distinet types of lezions are found n assocrrtion with baee
terial endocarditss, the fresh hyaline and the fibraus  With the
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azocarine stam the former are colored bright red, the latter o
deep blue

1 The fresh hyalne lesions In its simplest form this lesion 1s 2
hyalne mtracapillary thrombus A homogeneous mass 15 found
which distends 2 long segment of the capillary but does not eanse
necrosis of its walls  In larger lestons, however, there 1s necrosis of
the capilary walls but one may often trace the outlnes of the
thrombosed capillaries (Tig 32) Tn old lesions all capillary outhnes
m1y be Jost  The leston 15 usually restricted to one glomerular
lobule, but not mfrequenth there are multiple capallary thromin

~ ALY ,,L-“.‘ ;«v,n,c:;g{\};
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AT el ¢ 2 s

At ea s Jor b By 5
¥ e i
) »

Fio 31 ~Fibrous embolic lesion The fibrous area stains blue with azocarmine
T hotormerograp

and rarely the entire glomerulus 1s thrombosed  The tvpical hrge
lestons are clearly of the stme nature as the small intracapiliny
mby

(hr‘;) studs of the pathogenests indicates that the process 1s capillir
thrombosis and not embolsm  The glomerultr lobules are Iio!
mfarcted in the sense that the blood 15 cut off from dustal areas by
of & I branch It 15 doubtful whether ifarction
of a glomerulus can be produced in amy way other than n xl)cclulsu;m
of sts afferent arterolc  The lestons are presumably pm; ;m\“ n
the fodgment of minute infected embaoli or smali clusters o mclhﬁ
i the capillanies  Towic substances formed by the b:;cl;;rn’mo

cause thrombosis and necrosts  The foeal character of the n
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mdicates that the bacterta themsels es lodge m the expllanes and
1n Tare instances bacterta may be found In the case of embolie
lesions without endocarditis one may beheve that bacteria tahen
up by poly morphonuclear leuhocytes destrov the lenkocyte and then
produce a Jocal lesion

The fresh hyaline lesions become necrotic, dismtegrate wnd dis-
appear (Fig 33) They do not hecome comserted mto the fibrous
lesions

2 The fibrous lestons are less frequent than the fresh hyaline
and require a somewhat longer time to develop smce thev are
seldom seen 1n acute endocarditis  The lesions vary from small
fibrotic areas to diffuse fibrosis of the entire glomerulus (Fig 34)
Their fibrous structure is best shown by the azocturmine stun  The
fibers are dertved from prolferation of capliary basement mem
branes there 1s no orgamzation of a preexistent lesion  The fibrous
lesions are not related to the fresh hyaline lesions but are compar-
able to some of the glomerular lesions of subacute glomerulonephritis

When a patient with bacterial endecarditis develops uremna 1t
1s usually due to diffuse glomerulonephritis but we have several
cases ded of uremin 1 which the lesions were largely of the embolic
pattern

In hidney s with extensn e embolic lesions there are usually numer
ous epithelial crescents usually fresh but sometimes old (fibrous)

B - v

streptococet  In cases of staphilococeic endocarditis one finds
cluefly small glomerular 1bsceswes and only an occastonal fresh

may occur m bactersemtas without endocwrditis  The bicteria
most frequentls produce capillars thrombosis (the fresh hyalme
lesion) but focal fibrous Jestons may develop (the fibrous embolic
leston)  The embolic lestons are rarely extensie enough to produce
renal insufficiency

2 Subacute Glomerulonephntis (Table 19) —This group blends
on the one side with the acute and ou the other with the chronie
form and its hmitations are arbagrary Chinacally cases that begin
acutels and terminate in uremi1 from three to twelve months after
onet are usually called sabaeute  Pathologically the hidnevs are
not contracted thes may be of normal size but are usualls enlarged
Microscomieilly there 13 1 most mstances 1 severe nvolvement
of all the glomerub with o well marhed diffuse tubular atrophy
(Tig 33)
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hxfgf,mﬂf o subacute glomerulonephritis (Case $ Table 101 1 ninal
ber 16 1¢

attachs o

the year

ha fnct w

—~——n

Nearly all the glomerulir capaltariea nre

I 35 Subscute glomerulonephntis
Photomierograg b

completely closed and there 14 severe diffuse tubular atrog 13

Tt wll be noted m Table 19 that there 19 10 <pedial ege distnibu-
tion There was nearh alw nvs a furly severe albumiuna and
some degree of edema was present n all but 4 eases In eases with
severe edema and low plwmi protans the distinction from hpod
nephro~is ts difficnlt until the tertninal rise of bloodd pressure or of
blood urea oceurs (Nos 1, 2,3, 5and 13)  In Case 15 death was due
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to edema of the lungs  The plism . protesns were l]e(‘rt‘l‘;G(l m()d(l"'

enous pressire

Blood cholestero] ¥ 1o nathedly elevatid 1 4 of the b cases i
which 1t was determmed  High cholesterol appers to be related to
low plasma protemns

L1 30 ~Suhacnte glomerulonephntis Cxtenanve focal fit rous leston resemt t ng
thowo of en locurdits  Matlory ey len! aun stam  Photomictograph

Ihe blood pressue w18 eles ated in 22 of the 27 crses i which it
wis recorded nd vers Togh presaures are frequent  Some of the
fow prossures may be due to teemiml wuents

Often there 15 a scvere ohguriy an the termina] stages with 1 ryd
rise of Blood urer Urcrna was the chief cause of death exeept 1n
No 10 with an absceszof the lung ind \o 13 with sovere pulmonary
eduny There isusmllh 1 farry severe anemy Oneet following an
infection was noted im only 4 cases
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In 18 of the 34 cases the combined weight of the kidnevs was
above 350 gm  which 1s about the upper lumt of normal, and n
7 cases the weight was 500 gm or above The external surfaces
were smooth there was no pitting or contraction

The mucroscopic structure vres widels By definition there s a
fairly uniform msolvement of 1l the glomeralt with moderate dif-
fuse tubultr atrophy  Usually there re no hyline glomerul, but
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TATPAT CHRONIC GLOVIERULONEF HRITIS 173

sts eaves of long duriion some glomeruh have reached the hyahine
«tage The distimction from chreme nephntis cannot be made
miernscopse ity when mam huabine plomeruh are present but the
chinieal istors man ewtabinh the dur wion of the disese  Fptthelal
crescents ate wsudhy conspicuous and i § exees they were almost
entirels responsible for the glomeraltr obstruction  In tno cases
{(N\as 2 and 8) ureama was due chethh to the presence of enormous
nurphers of casts

m‘a\ f\\vmm lesons were found m B eases and n 2 mstances

membranes
15 N\os 23 and 20 there were numerous hy tine capiiiars thromb
wentical with fresh embolie fesions of bacterial endocarditis  In

Tt \n .) shmvs n)l the tipiey) imturcs of embobic elomerulo-
ot

\

branes resemble those found 1 fupus ey thematosus

Profifer tion of the mteacipiiliry endnthelm was aln 2 s present
to some (xtent but often 1t was subardinate i smportance to the
epithdbial ereseents In Nos 27 2030 and 33 there were many
b aline gloms ruly and the appearances were not different from those
of chirome jfomerulonephniis  In fict these cases are put in the
sith sonte group turgels on the basis of the ehineal history

Lhe tubmdes shus siropine ehnges whnch voes darecthy wath the
degree of vintruction of the asocnted glomeruh  When the glom
erulus 13 completely obstructed its assoented tubule s markedls
nlm]:[\u Mg '&52 with onty moderte abstruction of the glomerular

Rt .

silered tor @ tune beruse of the masne edema the low plama
protems uml the ngh bloost dholesterat but later the nse of the
Blood uren and the mere e of bload pres ure suggested glomerulo-
nepbntis Retirts 13 wsunlly obicerved i those with very high
blood pressure

3 Latent Chronic Glomernlonephnty ('luhle “’0) ~Thc [
coses Dated Lol 20 ane Wi of chrome g
1n which death wus Crused by another disease before marked renal
maufficiencs had developed  These cises are of pacticular interest

of the h fnevs in the pre-uremnie stage of chronse glomerulonephritis
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CHIONIC AZOTE NIC GLOMLRULONFEHRITES 17

13 one by Dorothy Russell m 1934 She described a hidney remos ed
under an erroneous diagnosis stxteen vears hefore death  The
rem uumz kilney at 1ump5\ showed a typical wdvanced chrome
hritis  The of the hidney removed sixteen

years before death 1s shown onlv under low mamufication but re-
sembles those which I am reporting

A chinieal diag of chrome gl \! britis w2 made
definitely in Case 35 and the disease was suspected 1n Nos 3 and
37 n the others it was made from a histological studv of the hid
nevs since the renal symptoms were oversha loned by those of the
macr disease  In Case 3 the elinieal picture was that «f uleeratne
colitis but there was a severe Albuminurta  The mild edema may
have heen due to emaciztion  Case 33 was regarded ehmaalh s
crrdiae hvpertrophy and heart failure resultng from primars by per
ten ton  In Case 3) there was an tschiorectal abscess of four years
duration as well as sesere emrciation  There was onlv 2 trace of
albumin m the unine and the e lema developed termmnally

There was some evidence of renal myury tn all of the patients
but thire was no serious impairment of renal function

The clinteal lnstory m Case 3o will be gnven 1n detail since this case
15 & good wllustration of the group under discuswion I am indebted
to Dr George I ahr for the excellent elimical record which follon s

™ - ' 1

' 1

! 3
n> edoma  The dsgnous was acute gloneruonerhrts  The patent

this t n
At pns(nmr(om tle kudners were, founl to Fo enlarged with smnoth

avin



176 GLOMERULONEPHRITIS

but the eapiliaries are not matkedly constrieted  The penpheral capillary
basement membrangs are not thichened  Glomerular filtration 19 evidently
fatrly rood since there 13 no atrophy of the tubules assoniated with these
glomerulr

The structural changes n the Lidnevs of the other 5 cases cor-
respond to the abos e description »ith minor varistions The hidness
are not contricted but are usually somewhat enlarged  In Chse 36
there were some old epitheltal crescents, the capillary ohstruetion
was more pronounced than is shown in Plate I, Lower, and Fig-
ure 37, and had resulted in shght tubular atrophy.

Ie
IS

micrograph

The glomerult of the pre-uremic stage sre simular iy structure 10
i i stage.
the functioning glomeruh of the active chronic s
4 Ghronc Azotemic Glomerulonephritis.—For purpases of at\nl_\~
the chrone cases have been subdivided into Froups In n«;onlnnu
with certam clmical and pathologreal fe atures There are ’l‘lm‘T{
with a definite nstory of an acute attach. 1n 97 of these (Table 2
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180 GLOMERULONEPHRITIS

the acute stage pissed direetly into the vetive form and contmued
s such until deatl and in the 27 others (Table 22) the acute t i
passed mto 2 Intent or quiescent period of varible durition which
was then followed by the active chronic form

In 216 chronic cases no history of an acute attack could Ie
obtaimed and this group his been subdinided m accordanee with
the stze of the hidnevs

Grour A Chrome {~otemre Glomerulonephritis Wath History of
an Acute Aftack  Subgroup I Chrope A-ofemic Glonernlonephntis
wn W hich the Acute Stage Passed Directly tnto the etree Chrome
Form (Table 22 —There are 27 cases 1 this group and 1t wall e
noted that the duration virted from one to thirts four vears
Tourteen patients Ined less than five vears and 11 lned over eight
vears  [he imtial mfections were simtlar to those found m glom
erulonephritis which termmated m the acute stage (Tible 16)
1wo thirds of the hidncvs were contracted weighing less than
201 gm  Since there were no other special clinteal or pathalogtenl
features the other data will be discussed with the group as n whole

Subgroup 2 Chrome Azotemuc Glomendonephritis 1 1th a Latent
Period Betiween the feute and the letiee Chrome Stages (Table 22) —
Ihere are 27 cases n this group and the tune between the acute
attack and death varied from two to forts four vears the merape
being fifteen years  In 16 ci1ses the duration was over ten vewrs
and 1n 8 cases over twenty vears  Lhe duration of the ltent period
which m1y be obtned by subtracting the active chronie from the
totdd duration varied from about two to over thirty vears In
several instances the active chronie stage Tsted only = few weehs
or 1 few months m others it 1> mesured i years

Ihe duration of the actine chrome stage w1s necessartls bsed
upon the statement of the pitient with respect to the onsct of his
symptoms  1he patients were following their usul occupations
and stated that they had been well np until the tune mdicated 1
the table In some mstances this seems incredible and one mu t
believe that the prescnee of the di case could have been rea lr_h
established long before the tune ndicated by the patient InNo 79
the patient dated the onset of his 1llness one month before death
vet hie had raarked cwndize vpertropin and severds contreted
hidnevs  None of the patients was studied during the Itent period
<0 the status of renal function durmg this time s unfnesn  ftxs
highly probable therefore that the indicated Intent perod was 1ot
one of perfect health but merchy a period « thout strihing “m{:’
toms  In Group B i which there 15 no hustory of an acute attac:
mam patients Ihenise date the onset of the illnes onh o short
time before death g ot

Inn cases ith an unu walls fong itent stage ¢ g Nov &
and 92 the question may arse a> to nhether the turmmal chire e

Continued on page 187
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CHRONIC 1ZOTFMIC GLOMERULOVEPHRITIS 18%

nephntis wis realls the outcame of the orgmal acute attach  Thd
thes. patients recover completely from the acute attack and develop
chronic nephntis at some subsequent time? This question cannot
}e answered satisfactorily in the absence of any mforination about
the renal status during the Intent pertod but the hirge size of the
heart and the contracted hidnevs mdieate 2 chronte nephrites of
long duration  Apparentls no cae has been published m which a
patient recovercd completely from acute nephritts and subsequenth
developed the chrome form Ve are necustomed to regard acute
attacks as exacerbations of preexistent lesions when we hnow that
the patient once had acute nephritis

The other data on this group will be discussed sub equentls

Grotr B Chrome lzfenne Glanerulonephritis W ath No Hustory
of an Aeute Attark — Chis group 1s four times as Iurge as Group A
1n our autopsy records there tre 54 cases wath lustory of an acute
attach and 213 in which the tune and manuer of onset could not
be determined 1t 1s prohable that some eavs are n this group
because of an tnadequ tte chmeal histors but it 18 helieved that thss
1s not 1 Jarge source of error

There 13 s me discu ston in the Iterature 15 to whether this form
of nephritis 18 bisically different from the type in wiuch there s a
histors of an acute attach Tt has1 cen suggested thit the forn with
mdefinite onsct never prsses through an acute stage but these caves
<how old epithelinl crescants and remnant« of polvinorphonuclear
leuhocstes in the aapiil iries which are evrdences of a former reute
pliwse  There are no histelogicrl differences between those with
and tho e without a history of scute nephrites and we may belienc
that the acutc ttack which leads to chromie nephritis is frequenth
of such mld chireter that it 1s overloohed or forgotten by the
pitint  Inasmuch 15 edema s the chief eltmel sign by which wute
nephritis 14 recopmized we m belics e that in the ¢ wes with msidious
onstt the acute ittach wis not wccompamed by edamt and was
thereford not recognized as such

Tor purposes «f studh Group B w s divded into Subgroup 3 m
which the combined waght of the hiInevs was 300 gm or more
and “ubgroup 4 m which the weight was less than 300 gm  (Fables
23and 24)

The entire group «f chronic azotemic glomerulenephnitss (\Nos 1
to 3057 wall now be discussed as a whole

fge  Lhe ages at daath are shown m Table 15 Tt will be noted

that alut 10 pur eont of the patients died before the age of thrts
seary ardd TS pereont before the ag of fifty vas The evact age of
cu ¢t s hnownan ol 34 of the chrome ca es CLaibles 21 22) It
wppr s theet the e of ¢t tocos the Bist deet fosn 15 ¢he seecod
20 the thirl m @ the fourth i 3 and the filth m 3 cwes This
ecrrespr nds farrly wodl wath the time of onset of acute and subacute
2l merulonephintic and lends upport to the view that m the chron
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cases without histors of an acutc attack the actual onset of the die

known only 1 the 54 cases histed m Tables 21 wd 22 In this group
the total duration from the acute attack untdl death v is ond to twa
vewrs 5 two to five verrs 12 five to ten vears 13 ten to fifteen
velrs 6 fifteen to twents vers G, twents to thirts vears 5 thirts
to forty vears 5 forts four vews 1 wnd mdetermmite I The
range 1s one to forty four vears

In subgroups 3 and 4 the duration mdicated 1n the tables s usually
only the active chrome period in which the symptoms were suf
ficiently severe to attract the patient s attention but in a few cases
the disese was recogmzed 1t routine exammation by the finding of
albuminuria or hvpertension before the appearance of clinical ssmp-
toms The duration of chinmeal ssmptoms was as follows one to
three months 17 three to six months 17 sivmonths to one vear 23
one totwoyvears 24 two tofive vears 39, five to ten vears 3o ten
to fifteen vears 11 fifteen to tnenty vears 8 twents to twenty five
vears 4 thirts sevensears 1 andindeterminate 34 ¢1ses,

Frehse 1n a studs of 248 cases of nephnitis found that 68 hsted
over five yeirs 23 over ten vears 19 over filteen vears G over
twenty vears wnd Jorer forty yeus

The leute Attack —In the 54 cases n which there 14 2 history
of an acute attrch 1t was m most mstances tvpical and farrh
severe confining the patient to bed for 4 number of weehs but m
some cases 1t was mild and charicterized only by headache with
albumtnun and edema  In the absence of edema mild acute c1ses
may not be recogmzed The mtial infectious preceding the acute
attach are the same as those found m acute glomernlonephnitis
that termmates fatally 1n the acute stage (Table 1)

Clirucal Feafures The svmptoms 1n chronte glomerulonephritis

for Iife insurinee or for emplovment  In suchmtleisestre pat t
bas o sulyectine svmptoms  Amcng the ¢l evmptoms are
polvuna ind nocturt which are due to the mabidits of the M Incvs
to form 1 concentrated unne  When difimte renal msufhorency has
developed the pitient may complamn of hedache fatigalalits Bk
ness epistaxis anoreua o
svmptoms are due to rer !lf
part to the anemis resu) T f
turbances of vision ire due esther to edema of the retinyer oy retimd

hemorrhages
FEracerbations 1 Chronse O merulmephntrs —In modt mstances
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active chronie glomerul hritts runs a slowly -prog
sne course for months or vears without sharp aceentuation of
svmptoms  but <ometimes the cltmeal course 15 characterized by
acute exacerbations and remmstons  Mann in 1802 gave an excel
lent deseription of 1 cee of twenty <ight yerrs duration with many
exacerbations related to upper re piratory fections There was a
progressive dechne of remal functton  Aufrechts patient Ined
twenty ycars and exhibited many esacerbations following throat
mfections

Seegnl nd associates n GS patents with chrome glomerulo-
nephritis found 13 with ene or mere exacerbations  Six patients had
onls one exacerbrtion and 7 developed from twao to five  In all
nstances the exacerbations were caused by hemols tie streptococue
infections  The usual effect on the Jadnes was a transient decrease
of rend function  The chimical evidence of an exacerbation 1s an
mgcrease of hematura alburmnuris or edema

There 15 a chintea) record of one or more acute exicerbatrons m
17 of our 28 chronte cases Fus Jow incidence may be due m part
to incomplete clineal study stace there was nucroscopic evidence
of 4 terininal 1cute exacerb utton i 20 cases with po correspoading
chineal exacerbation  In 5 of the cases with chimeal exacerbations
there were no corresponding changes pically  probably
because the exteerbations oceurred too long before death—acute
lesions <oon piss over wto the chromie form A termnal acute
exacerbation 13 indiented microscapicalls by fresh epithelil erescents
by numerous thrombosad arterioles ar by diffuse 1cute glomerulitis
m the persisting gomerult It appe s probable th it chronte glomer-
ulmephritis progres e tow and uremia beeause of repeated wente
exreerbations many of which tre not recogmized chiniealls

The glomerult do not contract hike the sear twsue of a heart
valve hut tend to retun the same degree of permeabthity that they
have at the end of the acute process  Only fresh endotheltil pro-
hferation or erescent {yrmation will produce more mtronmg Fhe
hastological esidence supports the vtew that recurrent streptocorcic
mfections are the ctuse of the progressive decrease of renal function
Since there 15 a sumhir widespreud obstruction of the glorerular
cireulation 1n the terminal stages of all cases one may explun the
Azniable duration of different cases on the degree of the il
snjurs and the frequenes and sevents of reinfections but itss admt
tedhv difficult to secure chimeal evidence of remfection i the
majority

{l uminuria —Albuminurin 1s alns present m the active

chronte stage but 1t 13 nsunlly not severe except during exacerba
tons and there 13 sometimes onhy a trice “ince albtitum e pass
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sediment but the number 15 not impressive exeept during exacerbny
:lons A definite hematuna 1> satisfactory evidence of an extcerbie
lon

Edema —1t 1s obviously impossible to give a true picture of the
degree and duration of edema by means of a summanizing table
The numerals in the tables give only a rough estrmate of the degree
of edemn during the period of observation  Fdema 13 usualls much
more marked during acute exacerbations 1nd it « artes greath at
short intervals from time to time durmg the actise chronte stage
At times 1t my be ven pronotnced but 1t was continuously <evere
wmonh 3cases (Nos 42 57 104) InNo 13 there were intermittent
attachs of severe edemn  Hydrothorax and aseites may occasionlly
be ver\ severe even when subcutaneous edemt 15 nat promment In
No 55 death nas attnbuted to hiliteral hvdrothorax and in No
300 to massive edemt of the lungs  In 1 majonty of the cases hown-
ever edema was not severe enough to demand speenl therapy

T'demn sas absent at all times during the period of observation in
105 of the 208 chromc eases (netrly 40 per cent), and 1t was known
to hwe disappeared from time to time 1n 38 athers It 15 often pres-
ent exrh mn the dise e and abent Iater but the reverse also obtams

The development of edema in chrome glomeruloncphntts v 4
complex phenomenon  One of the import int f1ctors 1s the level of
the plasm protems  Reportsn the Iitersture indreate th it 2 moder

ate reduction of decre we
15 much less tha uns were
gree was

determned 1 o1
present m all of the 9 cases with 1 total plism protem belon 5 gm
per cent 1 8 of 13 with protem from 5 to 6 g 12 of 17 with
protem from 6 to 7 gm and 1n 4 of 10 with protemn tbov( 7 gm per
There 15 thercfore not 1 close corrchition between plma

cent
protems and edema
Manm wrters stress eardite fulure as 1 cuse of edema Thr‘lx)\t
the
In
13 no
nth

sesere congestion (2 wnd 3) m 19 ¢1ves Grades 2 and $ur sach as
one finds in tvpic ] cardi i deaths from v alvulie dise ve and priman
hypertenston Vo ,

abence of definite passise congestion of the lver (U IS s Lroy - s

12 clear therefore that cardine Fulure 1 not responstble for the edema
1n these instances  In 31 cases eduma and prsave congestion ware
aocrated and carine failure may have bean 2 contrtbutcry or 2
mayw e of the edemn Ina fus ersesn relitionslup betnen

gé
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cudrac fatlure and edema 15 strunghy suggested In the presence of
severe pisstve congestion of the liver

Tifteen of -+ cases with mild and four of 19 with scvere prsive
congestion of the Iner <howed no edema I dema 1s oecastonally
found when the plisma proteins are normal and the Iner shows no
prsne congestion Fdemi s not completelt explaned by low
plasmn protemns and eavdine fulure  Cardiie fulure 15 sellom a
fictor of myor importance in the formition of edems m chronie
glomerulunephritss

{nema —Anemia of scvere degree 13 present m the terminal
stages 10 the great myorets of cases Itaslargels responsible for the
wethness fatigabiity and dysprea on exertion  The degree of
anemmi 18 dosely related to the degree and duration of renal
sufficeney  Itepe atcd determinations of hemoglobulm over a pertend
of months or vers show 4 slow decrcise or 1 statiopary level until
the blood urct nitrogen reaches 40 to 50 mg per cent after which
time there 15 usuallv 2 rapud decrease  During <evere renal 1
suffiezency there 15 1 shrp reductton in the formation of bath hemn-
globin and ervthrocvtes Lhe anemit 15 wsually of normochromuc
normoc vtic typu

Blon1 Prewsure ~In the tibles the miamum blood pressure w s
recordurd unless at n1s mconsistent wath ther redmgs Laless
stated otherne e the pressure recorded w s tahen during the Tist tno
weehs of lite but before the onset of arculatory collipse The time
prior to death when the determimation was made s frequenth re-
eorderd <o that the roader may udge itsvalue In 239 Cses i wluch
the blaod pressure w ts recor led the maxunum <ystolie pressures are
asfoll s below 120mm Hg 3 1206129 6 1 0to 139 11 140
to 149 20 150to 1€9 32 17010 199 90 20015 219 12 220t0 239
3 240t 230 9 and 200t 275 Hc1ses  In 3cwses the blood pres-
surc wasnote Las high  indin 20 cases there 1 no recond

here are 3 ctses with pressures below 120mm Hg In No 201

the obscrvation w ts made 12 hours before de tth and 1n hoth Nos
261 and 20 the werghts of the hearts suggpest thrt the prossure had
been Ingher

S1% patients hd pressures from 120 te 120mm Hg No177nas
dwarf and i No 241 the pressur w s tahen one veor before death
InNos 97 235 and 307 the cardine weights suggest 1 ingher level of
Presun

Among the 11 persons with pressures from 140 to 139 mm Hg
ther are 7 1 whech the heart weighed 00 gm - or more and four of
them hnd g distelic pressures The o persons mu t hive had
huportunann provionsts Tn No ¢ a prosun of 132 G mabos 13
Nearsof age represents hoperten won

Thereare 20 enses with mstolie pressure~ i the bender zone 14010
Homm Hg  Seventeen of these min be regrr feed asdohumte haper-

13
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exclude hvpertension

The number with systolic pressures of 200 mm Hg ot higher 1
surprising—31 per cent of 243 cises  This 15 conclusive exidence
that  ssstohe pressure of 200 mm Hg or Ingher 1+ not evidence
agunst chronie glomerulonephritis and 1n favor of primary by per

tension 4s 1 sometrmes stated
’ ) o 1

phenomenon 1s i striking contr st to prunary hvpertenston 1 which
vers lugh lesels of blood pressure are usually attuned earh 1 the
disease

The I erglt of the Ilcart  The weight « f the heart w18 recorded in
200 of the €8 cases (Tble 20) The 7 cases with veardite weiht of
less thin 200 gm were ehildren It will be noted i Table 20 that
80 per cent of the mle hearts neighed 400 gm or more and 48 pur
cent 500 gm ormore  In the femnles 37 per cent weighed 400 gm or
more and 8 per cent 500 gn «r more  In normal 4 Jult mules the
heart weight ringes between 300 and 400 gm  1n normal ad it fe-
males the ringe 1s between )0 and 300 gm  Lhe normal heart
averages about 50 gm heavier i males than in femiles but n
chronic glomerulonephritis the difference 1z more prenaunced
averaging 1bout 100 gm

In males with chrome glemerulonephntis the percent1ge with
hearts weighing (00 gm or more s much greiter i tha e cver 1
vears of age (11ble ) This may be due to « inger duratren o f the
disease m the older m Iniduals but it cannot be jroved from the

Taipte 5—WE AT or TF HFarT 1v C1R v ¢ CLo FRULONFPI RITIS

o Females
Number of Caes 169 i~
Below 200 gm  per ceat 3 »3
200 to 200 gn  per eent 2 103
30010 30 gm  ner re t 1 150
400 to 497 gm  fer cent a TR
500 to 500 gn  per cent ;l; ;i :)

600 to S47 gm  per ce t
Retart v of ACE To yne WeI ut oF THE TEaxy (v Mates woe
Curon © CLOMERLLONTP RITIS

Noof  4Mgm -+ sngm 4 Gden 4

Cases % % L3

TanLe ™

Axe ym
10-70 16 o0 1”5 0
~0-30 46 &0 43 4
040 3 t o k]
4050 ked &1 4 1o

» ~7

50-80 4 88



CHRONIC \70TFMIC GLOMFPULONFPHRITIS 193

required of the left ventride must depend upon the constancy 4> well
a3 the degree of hypertension and the length of tune mvolved Tt
often Tppens that the blood prossure 1 only moderstely elevated for
a number of ycars and becomes vers lugh onhy i the tertminal stages
Tasuz 27 Reramos or Tar Wricy v Tue KIovers w0 yur W EunT oF

Tir IFakT 15 MALES wrti CHRONIC GieMERTLONEPIRITIG
Megttof lleac xm

Noof  AMgm 4+ 0w
Caren % <

+  emgm o+

Werttof k dneyx gm

el sw 100 gm 1 50 2o s
100 to 199 gm a #3 3¢ 16
200 to 299 gm 11 o1 50 20
3000 39 g1y ot »s 51 1
400 to 342 gm 1 ¥ 5 "

One might expeet to find annverse rehitton between the waght of
the hudnevs and the waght of the licart but when the hulnevs are
arr inged with respect to size (Tuble 27) exduding persons leos than
fourteen vewrs of age 1t 13 found that the noghts of the hicarts are
about the same m Cich group  Theee i therfore no relation be-
tween the waght of the heart ind the weight of the kidneas

In stnhig contrist with primars hypertanann there were onh
two ensesof rpoplexs and there wert no nstances of coronary dise s

Renat Functin — Blood urer mtrogen  In the tibles the time

pror tadeath twdve observntions Tinged from 17 to 77 ing per cent
with 10 above 27 mg porcent

There are sixteen determm itons from 2 months to 1 veir Infore
dewth The rmgeoas from 18 to 151 with 11 above 3b g per cont
Trom 2 weths to 2 months before death there are 24 ooy ttions
ringing from 30 to 248 with 19above 40 mg percent

Dunng the termin ] stages nsaalls duning the st weel theran
175 bvervatine The rangd was from 3 to 335, with bout 75 per
cantabove WO mg porent Tnonly & mst inets w s the ure mitro-
@ ks than 30 mg per cent andd some of thest patients hut (ther
dtsensean adilitton to divonte nephatss Y very stohmg inerese of-
ten occurs durmg the Lt fon dans of Ife  After the blomd uret
mitrogen his reached 2 lovd of 100mg percent the pationt seldom
suriives more thin a few wechs unless the desvation w s due toan
acte exicerbition After an exnieert tton s subsaded the urea
mu rturn to s previous laed Wikdield and heth reported
a paticnt witha blood ur + of 200 mg per cent and a phnel ulpho-
nephthalom cutput of ¢ whe recovered and s worlang in comfort
one sear hiter
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It 15 not necessary to determme both urey nitrogen and non
protem mtrogen  According to Tileston and Comfort urea nitrogen
constitutes 32 to 85 per cent of the total non protein nitrogen m
disease bemg usualls about 70 per cent

The phenolsulphonephth e test gives about the <ame informa
tion s the determmation of blood uren mtrogen The two-hour
:;(cretmn of the dy¢ 1|= usualh O durmg the st fen weeks of Jife

results  According to Van Sk ke and Ins assocntes the uret clear
ance test 1s more delicate than any of those enumerited sbove
but this test was seldom used i our cases
Retimtis ~Retimtis n the sense of pipilledant retind hemor-
rhges or retin1l exudates was present i 70 of the 89 patients n
whom the ey cgrounds were exammed N others with verv poor
terminal vision 1re also clasaified ns retinitis The results ire shown
mrroe ~esent  those with
thit retimtis 1> &
urs m chronte glo-
merulonephritis a5 well as in primary hy pertension when the blowd
pressure s vers high

Taere %8 THE RELaTs N BFrwery RETIVTIS AND TnE Lrver or mir
Sysrcitc Bue b I RE%SLRE

Rlond pressure Noof  Retn s Renow

awtol  mm Mg Catnen + [3
190 to 149 9 3 6
150 to 179 3 4 4
170 to 199 8 33 5
200+ 43 i 1

The Relation Betucen the Size of the Ridneys and the Clnical
Features —1 or purposes of comparson the cises without hitory
of acute onset have been arrnged 1 two groups #iz  those with
hidnevs waghing 3(0 mg or more (Tible 23) and thoe with
Lidnevs showing v wvang degrees of contraction and weighing frem
50 to 300 mg (Table 24)  Ihe weights of the hidneys in the group
with acute onset (Tibles 21 and 22) arc al o mcluded It appers
from these tables that 1t 1> not possible to prediet the sizc of the
hadnevs n chronte wotamie glomernlonephntrs from & sty
of the chimeal mstorn One might 1xpeet that the eves of longer
duration would show a greater degree of contraction of the hidnevs
but thes reltionship does not ilwavs obtam s m1y Feseen fran a
study of the tables  Lhere 15 Ithewi ¢ no evident rlition lr(l\\('(lll
the degrees of contraction of the kidnevs and the Jeved of the blood
pressure It was pownted out aboyc that there 15 no rchation Ietneent
the weight of the heart md the waght of the hiincvs .

In the azotenme group n which urenma was alwass presen
terrmnally 1t mav seen remarkable that uremi should deselop in
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some mstances when the hidnevs are <tilt of norml size and i
others not until therr werght 1s less than 100 gm hut these dif-
ferences are explainable on the basts of the histological structure
of the kidnevs .

percent 100to 199gm 43 Gporeent 20 to 20%gm 24 4 percent
0 to 309 gm G percent over #0gm 1 2perant  The hidnevs
1 mdes e defimtedy Darger than thos in females

Via 3% Clron e wsatem « glon erulsreplt tia (4 ntracted kidnevs  Photogragh

The eapsile 1s alnavs adherent to the underfsing cortex but ot
13 much morc fiemly adherent in the small hdncss than m the hege
ones

Capsular adhesicns are apparcntls (arsed by the contraction of
scar tissue wdach accompantes cortical atrophy since thes ene
repond with the atraphie depressed arcs on the surfar Jhe
exteenl <urf ices of contr teted b Inevs bave a geanubr apperranc
{Tiz 3%) due to mnumeeable small s ordepres rons The dovated
Arcas or granules represent posistent cartresl e the deprese
“tms ecrrespond with the atrophie are

On mibagatal section the most steiking feature 18 the thinnmg
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of the cortex  The cortico-medullary boundaries are indistinet and
usually the cortex has a faint jellowish color When a definite
ellowish color 15 seen 1t 15 reasonably sure that we are dealing with
chronic glomerulonephritis and not with primary hy pertension.

The Histological Changes m the Kidneys —The variations 1 the
=ize of the kidney s 1n the terminal stages are related to the struetural
changes that have tahen place  With respect to the <ize of the lad-
nevs three groups may be roughly separated

(a) Sererely Contracted Kidneys —When the combined weight of
the Lidney » 13 Tess than 200 gm they show a high degree of atroph
and present a farly umform mcroscopic appearance A hige
majonty of the glomeruh are hy aline and the tubules associited with

o r“’n{:.,c»""r
Sy
5 {:;l,..\x %A

:
LY
h
¥
5
f

¢
Fie 70 —Chronee azoterme glomerulonephritis  Contracted hudneys "rhe! ‘x:l-'
majonty of the Rlomeruls are hyaline Al the tubules show extreme atropty’
those associated with the glomezulus that 13 not eompletcly obstru ted

a very few are normal with normalsized or hy pertrophic (l‘l::::((:l
but the great majonty are partially oh\truct'ul Xfml ﬂlel'r x;wm:h"
tubules <how varying degrees of atrophy (Fig 39)  Under i
magmfication (Pigs 10 and 43) the glomerular ](lhl;‘ Itln;l Ix i
distinct and there 1~ a great meraee of endothednl nuce
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198 GLOMERULONEPHRITIS

of the cortex  The cortico-medullary boundaries are inditinet and
usually the cortex has a faint yellowish color When a definite
ellowish color 1s seen it 1s reasonably sure that we are dealing with
chronic glomerulonephnts and not with primary hy perttnsion
The }lixstologxcal Changes 1n the Kidneys ~The variations 1n the
PR Jaoa il

D R PO U DO

et
Fiu 39 —Chrome azotemic glomerulonephritis  Contracted b Ineys ’rn e"xrvm
majority of the glomerul are hyaline  All the tubules show extreme ‘Mmp Yy
those assotiated with the glomerulus that i1s not comy letely obntructed

1~ §]
hvahne elomerult are ather marhedly atrophic or they, "“"‘l‘l‘. 8;

a very fen are normal with normal-wized or 1y puttupune & .
but the grcat majonty are partilly obstructed and lh;ir }\w:,l;;"“r
tubules “how varying degrees of atrophy (Lig 39) U o hen
mgmfication (Figs 40 and 43) the glomerular lnbulmn? i S
distinet and there 1s 2 great increase of endothclal nucla
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capillanes in the lobules are narroned by endothelial cells and ¢en-
' ' e a1 a [

tr1l hy ihine masses and the peripherst erculation are well shown
Chronie glomerulonephritrs 13 readiby distinguished mrcroscopicaliy
from prunary hypertension with uremia by the structure of the
peraptent glomerult
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Bl 40 Chronc gloner | nmn« Tle c3f lar o are aln xt empletely pe
ted  Ttoton or gragl

Freshepithdnd ereseents (byg $1) are found ina fos «raes Thes
arCasidonet of o recent acute exaccrbation Withmoa fow monthsa
fresh erescent hecomes cons erted into dense collagenois tisud (Fig
12) The exthagenous hbers are of eprthedid ongin  the creseent 15
netmsaded by hbrcblsts Old fibrous ercseents are found s var
wg nunbers i norh oneshall of the chronse cies They an en
dence aather of the ermal acutc attack or of an acute Ciecthation

.
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during the chronic stage  When present in fair numbery they are
helpful m establishing the d is of chronie gl lonephnite

(b) Moderately Contracted hudneys —Kidneys with a combmed
weight between 200 and 300 gm resemble the group just described
1 all respects except that they have a hirger number of persistent
damaged glomerul

(¢) Non-contracted Kidneys.—In 10 to 15 per cent of the cases the
hidney s are of normal size or even tnlarged  On IICTOSCOPIC €vTm-
nation 1t 15 found that hy alne forms constitute les, than one-half of
the glomerul:  Frequently only 10 to 15 per cent of the glomerult
are hyaline, and occastonally no hval ne glomerul are ta be setn
The most frequent type of nephron in these hidneys is a partialy

k3% :—-ur;:@“ 5
b e
A FEM’ ‘:’%f oy

{:
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% S nd

I1c 41 —Fresh epitheliat eresrent  Photomicrograph

obstructed glomerulus with moderate or severe atrophy of its (ulmlles
(Mg 43)  Loose collagenous tissue occupes the spice hl('!\\n-n.t e
shrunken tubules but the kidnev is not contructed  There I~ 8
resemblance to subacute glomerulonephritie. There are ne chmeal
featurcs by which these Lirge lidneys may be drtinqushed from
contracted hidneys .

Speeial Hustological Features —In 3 eases there were a large nut
ber of fresh thomboses 1n the affcrent arterioles lowhing to the I‘t':-
sistent glomeruh  These are to be interpreted as o form of acute
eacerb 1tion and they no doubt cavsed acute uremnt .

_Arteriolosclerosts —Hy ahne arterioloslerosi> w13 found in ¥ r';r*"ft
Hyaline changes 1n the arterioles are usually interpreted as an e ::1
of the hvpertenston induced by glomerulonephritss, but it seunsm
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probable that these 7 cases represent an accdental assoeration of
chronte glomerulone phritis and prim s by pertension  If the hvpers
tension of chrome glomeruloncphntes really crned arteroloscliross
one wonhi expect to find 1t monc frequently than 7 times 1n 265 cases
Some investyritors lum a much higher inedence of arterolo-
«lerosis 10 this disease but they <eem not to hue distingurhed
atrophy of arterioles from artenoloscleross  Disuse ateopls of
arterioles 15 seen frequently but these veswels show o mtimal dise
e

Fic 4. OM fibrous epath el ab croscent. Thot micrograrh

The Coureeof Pregrancy tn € hronie Glomer lonephritte When the
nephritrs s and thore may b no agns of toxemnta other than album-
nurn Pwo women had $each und another bid 3 norm al pregnancies
during the courss of the diser Toents thred somen 10 this senes
had onc or mar progn incies after the onsetof the dierse Of a tot sl
Of 67 pregnancees an these 23 weomen tenty -five proceeded normally
but i the 42 others there was an cxacerhation of the nephertic
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svmptoms producing the chinieal picture of eclunp 11 or preeclunp-
s11 nd often leading to spont ineous or induced 1bortion premature
Iibor or stilllarth  Fhere were 17 spontaneous and 6 tnduced abor
tions during the first trimester  Lhere were 2 premature Ihbors
(seventh and eighth menths) one spont ineous and one, nduced

Ry N
= 28
Ay AL
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R o e
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Large k Ineys w(l severr

Fia 43 Clro ¢ awotem e gomerolonepl e tis L we ks e

glomerular obstrurt on and tubular atrophy but wit
m crograpt

Usaalls after ¢ ne abortion <1

th
onh it the first third and scven U T

toxemic pregnancy Allsubsequent pregranciesarcal

times a v 11ble mfant s born

durnmny
o o1 mer Lanet hritts 1 sometmes first recopmized du ng
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Pathological Phystology — [he hisic distutbanee 1o chronie glo-
. o e T e

they
themt
part te
of the

.

filtrite must be correspondnghy hagh 1o clectrolvtes  Verdosts s due
to retention of aad 1ns aned to deerersed formation of unmoni by
the tubules

1 func tron 1l tests me wsare the amount of functioning renal tsae
thit remuns  Surgcsl reduction of the renal parenchyma produces
the <ame preture of ren d insufficrency as o rend disease although
the former the ramn int of renal tissie > norml

Seme Preneyples i the Treatment of Glamersdonephrtis (@) tente
Glomerulon phrites - The outeome of this s e depends i hirge
mesure on the sevanty of the mtnd leston and i~ oot greath
fluenced by theripy  Lhe physiam mu hosever b helpful whon
eddnvor Qreuse falure are promanent svmptams 4w other forms
renal edem s treated by afon-salt Jow flud diect [t s never ad
visable to foree flads to correct an oligerry sinec this may lod to
edomof the hingsor lirvnx

Addis strongly rceommentds o low-protem diet on the theors that
1t rests the hidney« Tt s true that the work done by the hidnevs s
performed by the tabules m oxereting the products of protoan metab-
olism but glomrulonephrtis 15 a dist 15 of the glomeruli and not of
the tubdex  Addis troated all of Ins prtients wath a Tow pratem diet
Nix controls were rats wath oxpenmental aond ansuficknas not
persons with gl morulonephntie Pedeitrict ins seum to obt un good
restilts with a hght balmeed diet Fen of them misast on g fow-pro-
tem mtthe unloss the blood urc s vers hagh

€ hromie Clamernloney britie Therapy s sery it inflaenee i
thns dise 1 cxapt w the control of edumy i cardiee fulure The
disease gradudly progresses towant read msufficenes. beense of
rpeatal upper respretony nfections T ch afection produces
addition 1] ehmage to the glemeralir filter Tt s unltheds that ans
Rnown therypy exerts an amport mt wfluenca on the progressof the
divases The patient nsually comes to his phsicran after the onset
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of renal msufficiency when very httle can be accomplished thera-
peutically

Spontaneous Glomerulonephritts i Antmals —Kirschbwum, Bell
and Gordon de-cribed & spontaneous duease of female N H mice
which corresponds closelv histologically and chmeally with human
chrome glomerulonephntis  The disease 15 charactenzed by al-
buminuna edema, nitrogen retention hvpoproteinemia, anemie and
hy percholesterolemia  The glomeruli are partially obstructed by
endothehal proliferation, but tubulr atrophy does net occur

REFTRENCES
ProLirERATIVE GLOMERTLONEPRRITIS

AvrreEcrT Deutsch Arch f kim Vled, 42, 517, 1888 (Exacerbations in a rase
of tnenty years duration)

Banaics, E. G Areh Int Med, 39, 741, 1927 (Chronte glomerulonephritss
without hy pertension)

B, E. T Am J Path, 12 801, 1936 (Early stages of glomerulonephntis)

————— Am J Path, 13, 497, 1937 (Acute glomerulonephriti)

Am J Path, 14, 691, 1935 (Subacute and chrome glomerulo-

nephntis)

Brackran, h D Bull Johns Hophins Hosp, 39 69, 1926 {Acute nephntis
1n children)

Brree F G, and Roos § J Pediat, 30 157, 1947 (Outcome of acute
glomerulonephnitis)

Cravser, S W Am J Dis Chud, 29, 581, 1925 (Parenchy matous nephntis)

Duvv, J S J Path ard Bact, 51, 169, 1940 {Fundamental lestons 1n acute
glomerulonephritis)

Crxpera 1911 (cited from Hill)

Faur, G, and hergor, A Am J Physol, 116 46, 1036 (Edema)

Fank, T Verhandl d deutsch psth Geell ch, 28 179, 1937 (I spenmental

glomerulonephntis)
Foukers I M J lowa Med Soc, 25, 552 1930 (Acute glomerulonephritis)
Frane M Deutsch Arch. f khn. Med , 122, 423 1917 (Carduac compliea
tions)
FretoE, K Deutseh med Wehneehr, 48, 1543 1922 (Duration of chrome
nephnitis)
FresgwnSuirs F,etal J Clin Tavest, 8 7, 1030 (Mechanm of sater

duurests;
Gray, J )Asmd) of \ephnitis and Allied Le<ions, Med Res Coun , Landon

Munchen med Wehn chr, 76, 655, 1929 {Prognowts of acute nephn

Gro, A
Gm‘xi, H G Bull Johos Hophins Howp, 48 193, 1931 (Prognos of acute
: U - WA AmJ Puth, 17,

b .- Med S0, 200, 505 1910



CHRONIC AZOTEWIC GLOVMFRULONEIHRITIS 200

I¢Dve J S Ann Int Med 20 40 1044 (Cause of edema nacuteg! m
erulo ephrt )

Levy 1J Am HeartJ § 277 1930 (Card ac fa | re)

Tovacorr W T \ew Intenat Cln 1§ 1938 (O teeme)

Tyrree J DD andRoFyeer 1 An J D ChMd 38 10 2 19°0 (Freg,
nx9 of aeute glor erul nephrtis)

Moy J D h. cet 2 G70 180 (Lxacertst gin a case of twenty-cght
3 ars durat n)

Mastet A M Jasre H I aniDick 5 Art Iut Med €0 1016 1937
~

N 1 f path Anat 293 £15 1934

tralia 2 14 193% (Progmost<)
mJ Lath 100 130D ap

A M A 111 €68 1038
Arch Int Med. 58 433 1934
1912 (1 t ology nd prognon s of

nephnt )
Tage T H Med CIn Nortf Amef ca 18 867 1931 (Ldema)
Raswere R Acta Mol Sennd av 127 39¢ 1917 (Proghos of & ut nephe

re}
Rews J B Q ant J Med 2 0”1 1933 () dema)
Ricarer A B Apn Int VMed 8 10 7 1935 (Progt o « 0 acute glomerulo-

nephr t 1)

Rosgaworeer IE Art § Ra lerl B4 13 1973 (Prognos of ac te glsmer
lonephritm}

Russert D8 7 Path & 1Bat 38 179 1934 (An earlv stage of chronc
neptnt s)

Seeaar, D cfal S Cln Invest 19 30 1940 (Fxacerbatons noclronc
neptr tw)

Srees D Seroww B C anllvmar 4 D J A M A 105 17 103 (Pre-
ced ng 1nfect on n glo nen fonepi Tt )

Taterwy 1 11 Lancet 2 60 190 (Pom »anfa tegl menl neplris)

TiLe rox W and Cowrorr ( \\ Jr Art Ing Ved 14 €90 1914 (\on-
protent troge an b ures n trogen)

VANSLr DD stol Medent 8 27 1830 (Cln ealan1b barat s stud es
of neplet

Votrarp Foand Emx T Do B gtcle A erenkmnkieten Berln
J Fynoger 1014

WarrsEtn b G oandTem N M Arch @ € Md 49 16 1932 (Recov
ory after bt tord «res)

Faunout € 0 FRULONET mTI

Bar % Am 3 Aled S 140 37 917 J iap Med 15 330 1912
trch Inl \b-d 27 207 191

Bar g C oantiasoe I 0 A AL A 75 ™0 100

Baris € anlS xa B Proe New Y sk Path Soe 23 64 1023

Heee 1T Am J Putt 8 630 1937

Coamuan BRI Apct Bnluanllal Mel 11011 19% (Expenmentaly

Fa w,Tu Hanil !epex P! pak Anat M tol (Tlenke anl L+

Lours M Al a Tpath fInt leprz v 11 No 4 1006 Med Rin
0.

1
Mitrn C 1 the sy v And Tt Mal 32 00 1973 (Pnd oand tae
Ixehnh'molt ter phichs I %)



206 GLOVIERULOMEPIIRITIS

E Lipod Nephrons (Hydropie or Vembranous Glomerulone ph
rit1g) —Whether a glomerulonephntss ss of the or Indropic
tvpe depends upon the character of the glomerulyr lesion  If the
h B D P .

less permetble to blood and a large amount of plisma protem

escapes into the urme the hydropie form results
Capillary obstruction 13 usuilhy due to endothelial proliferation
or ta external pressure from epithelial crescents but 1t may be
caused by extreme thichenmg of the capillary basement membranes
Increased capillary permeabilits to protemn may not be assouiated
s A

merexsed susceptibility to infectron and often a decreased basal
metabolic rate One may distinguish a2 pure form of the nephrotic
syndrome 1n which there 1s hittle or no hy pertension or renal msuf
fictency and a mixed form with modernte degrees of hypertension
and renal msufficiency

The nephnitic svndrome 15 characterized by hvpertension an{
progressiy e renal insufficiency  and edem 1 1s usually not 2 prominent
feature
A great majority of imestigators appirentls behieve that the
nephrotic 1nd nephritic syndromes represent distinct disenses When
a c1se of nephrosis assumes the features of nephnitis they assume
that 2 new disease nep Teo.
and when the patient

dromes thev assume ti
endevor to show that this conception 15 confusing and unnecessary

The nephrotic syndrome depends entirely upon a masse lows
of protein 1 the urtne which cnnot tahe place unless the capil
)

ST

about by nirrow g
trenal insufficienes 15

cased by widesprend obstruction of the glomerular capliries
When 1 patient with the pure nephrotic ss ndrome develcps hqﬁ(r{
tension and uremia the usual cause 15 a progressne thichemng o
4 — Ve }aehbrnes about nirrowing

' seen mtroduced

nephectic s

drome (albuminuria edema) but 1n a Jesser aegree than n typica
nepheosis 1 nephrosss
Inaccordance wit
chimeallv as a renal

h prevathng usage we mn define lipowd
‘dicease m which the outstanding feature 1
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edema There 1s heary albuminuria, a decrease of plasma protems
and an merease of blood cholesterol  There is no gross hematuria,
but some erythroes tes m1y be found in the urmary sediment  The
great majority of the cases in children and a few of those in adults
show no persistent elesation of blood pressure or progressive renal
smsufficiency (pure type) A majority of the cases in adults and a
fess i chidren show maderate hypertension and moderate renal
smsufficiency (mixed form) Death usually results from pentonitis
ot bactertemiv, but cases of the mixed type may ternunate Inuremia
Lipoid nephrosis 1s not a sharplv defined entity, it blentl>'wi‘t‘h
e . VO e . Th ae f eha

ening of the basement membranes, but some plomerular Jobules or
even entrre glomeruli will show proliferative lesions  There are :\l:n
cases of nephritts with thick glomerular bisement membrines in
which edema 1~ not conspicuens

Subgroup A (Table 20} —In this group there are 6 ctes that
correspond chmeally to Iipoid nephrosis of mixed type but belong
anatomically with prohferative glomerulonepbnti~ .\ representa-
trve case of ths group i reported fulls

o1 e canee nas
att
Y
dv
of
previous two years SV . —wa of tha face

On admissit
and the extret
90 mm Hg )

normal - Rer

e e
to 2 r cont The total plasma protems were 4 4 £
(?\vnlm ’lzozr«!-c), 627 gm (May, 1936), and 176 gm (Febraars 4 ‘ﬂv}g]) "
The blood presstre vaned from l‘ﬁ%c om t?d;‘r:‘;:nt?nxl:-n(:hmc o
el

Bovembe, 10 _The sdems Jamel 0 Y rotent et
“h accurred on March 3, 1917, The

’ The pentopesf easity

) * AnAaret e
I the raght pleural cavity 50 ce , the
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Teft pleural easity 800 cc, and the perieardial cavity 300 cc  There was
aho marked edems of the Jungs  Death was apparenths due chiefly to

FU 41 Chreme gbmerul nephitis with the ol nieal syn frome of § e 11 negt roass
of miedd type %iqial Sa H1  Photomicrograph

myalved  Lobuhition 19 distinet  The | hules show central masses of

et e S I S T RN T

. s - . .
4 0o ditfawes thiheting of the expillary 1 gsement mem? ranes which char-
acterizes mast eves of hpand nephro=is

1



GIOMEFRULONFPHRITIS

210

Fonw s

P Sonnwacs i bovoy wmo g o o
O SR S8 o pad 9 d0n o
EEE
ot w uny
R POt pandnl  id s Sswondat, § G
Yope Pyowis fussovy o nadeuo] o o
B R S
20 0y Kaoyes
e SR Qi RO W9 uvg Joda Sesainasy o g
e

S0 B Py’
POV YU RT3 ) nopued ooeeanasg 4 o

WO U Y MG 3} A Bemomnany p )

RS sy o g
BIOO Y 49 pOpaaiy €3 copund swownang o o
rovurg yereg 1o
wnngowa | g )

£ vop s, @ g

2 ey

£3

m £

& m. E

INBWZATOAN] FHL LVHL RZaVOIGN] [

2oy
Vi wiouy 3
0 0 g oar2 - LR - " o wiff £ 94 ‘oup
5o ur P
LI (C LRI - - x“ wud b b Lt
&
503 5
wer i o
O b ooz g 20 1% 45, - - A LI o gt
L ) - e e ~ Yoy g
150}
(IR Ed o1
00 0o ﬁzwu- B - % o sl b ¥ oag
W o
wry w ol
00 B8 W W »vnulu " - " - Bt ¥ 0 ¥ g
i .
0 ¢ 95 Ok " te® £ bt ind Oy POy ey om
oug
1o
ug say
e e w - i o - SIE e &g 4 gy
6 I oLy T
} ¢ 0 o nvn - oSt By D oug
'
0 8 o9 osut y u—«:t - cf - L uuy
i3
o0 08z 3 —“ » iy 9o oL
£7
0 v i " Te (mw - : 1y b e
6 s " we * - Kl T o b Ak
S @ 2 = 2 = e g g m..mn 4
Erid £ § ¢ 03 E FEF O
e I 5 £ 08 3e 3 : §
PREE 2 %1 D E TN F iy g
- :E % R ° - H z
"33z * 2 F
21E 0 SR B H
s £ F z £ z i

SHTHLO RUL NS 8% 321181(] OA GNY TYO0Z 81
$HIQULY HVIIA LL Q¥¢ ENVEANZY ININGITE wxdn()

ER
wov
B
iy
No»
Woee
4
1t
FIY
Wz
woe
w
B
Woet
£

DT s

LR

wrst g
(R T

LR

ettt
[RIATE

W90t we
(TR
et 2 ate
Wit e

LR
LUty

{

w Gatoey

QIBQUBLIIN, Gi0dvI— P ZUEV]



LIroID NEPHROSIS

WA G LD oW e o R L R
o
L S N T 85 aia )0 AoEow oo
LA
ol )
¥ e g g, e by
T A S SN 0 B [T "o LU w11 wau g oW ovua
av o b
e on R X W D N T
v »
A S by wamead g g roar @ SV £ T Mz g w6 te m
iy L ) v oo nE o o o vy o EERCTR TR
S
L S N N N R a MoEST mwl o Fo ws 5 B lKie ex
R N P T R T RPN o DRI b wg 4 0 6 A mr
-y wi
7t ]
ay iy
sy > wnsaembBA UL Toa 5w m L A 2 B AT A
o
My 2T 4t v
s oommlmenbes £ C 8 RS @i o L R N S I S SV EE Ry
@
@n oy ey
St T G w we are
Kt bl 8 by : o ov e wr i 5 I T At
3R
e L L B L D R N ]
roy »
a3 =
Whinnt ho W e seusdsdoamy | 9 B 0 8 19 sl o W £y en K¢ Lhoow
i
A R R ] w P Yot s 4 oe Smwotv
Ut g g MEMALO 0 0 0 0L el o 6w ST o i Ko me ax
vy te
5 pog o3 g i b0 e st eive W Pale v wr ks muw ar
e B B A T B I O 2 B 1 STIh P mr ROf u e
133 ot Lot *
T D A g munudanendiay 0 gt N f 0 e § ERR I N WY P 01wk K ¢ LS ar




GLOVLRULONFI HRITIS

210

YIS Sy eLneay

& anauntoos g asugy

waeriquove

P 03 vommanon G iy muoweg o o
BoE R Sy wr a0 ad oy o o
e re
o mon

53 0y
a5 3L 5 a00indong
* tomnaudoy wagy

v opene pajsaday

oo
eo

¥ uoyads woydany g g
w0 09w Aioges

s dudn 4) @ 3%RQ & gm0y s ssevommang o g

2ax3) LT Qo pas

PV SRp UML) 8 nop 1236 orcoombang Y o

A SI00T) 243600 6 uop 299 a0

00
PLOS Uommeod 3 M josugy muoag g ¢
HIo2# 3 Popas] ¢ ooy o3 dsvomnang g
w0 35quR0Rrg. LELTES ST
2 0UH £

5 o5y o Sop o), o o py
© P a0 Tatk 1) # staay 2> Hovondan, o 0
g : £F
B H e B
B = 8
£ 2 = &
H B
= bl 1
z .

LNGRIATOAN] HHL £VEL SELYOIAN] f

00w
o
00 s
s 6~
0 0 06
0 0 8
0 o g
00 K
o0
0 0
8
ccsnc_
9 0 ¥
o @
2E&¥
e g
mmm
5T ¥
< %2
23
. £
swmp
AHEOHLY

134
. wioa
Y& o~ biu oy - 1 [
5
5 o 81°% 2y - nw
0o
524 &
st qote g - ki3
O R -z
80
013 30
LT LT - 8E
w01
Y
03 w SOE® 24r - \ -
LS &
oF o 1z g - - 3
o
49
ot Gy
LT ] Rl 21 131 - M“N
oL 0w - - 41
LA L3 - £
0T - o -
Loy w - 5
e - -
z = 2 = ¢ @
2 & PO L I
I iz oo g
T 7 - = : TS
z - E : s
Ioe o oo
% . ;

FUL NI SY 39034 @ LON QNY 1004 B

MU oc ol wn
ant
Wy ¥ ¥ ow 1%
0
s Sy oy mn
- Yoy it
0Ls0l t o ¥ g
won
SO0 ¥ 0¥ oul §
wIN y 0¥ oat¥
0G0y Q¥ oy
L 301
BHL P TV ong
- tao% ol
el oy 0¥ 3ol
LU 4 Bt
¥l T 0w Lol
2 prFrx @
i mmm £
3 :
LA
: H
£

EYIIELL Q¥ ANVIENT], INIRISVE wEAN))

a
"

Wommom B ow -

8w o
LI TS

T
voed ve

sk s

St omes ot
T oM L

$ omEn o
T 6%H 8T a8
T gatl b BE
T oot ge 218

ou
oEk it mE
togmEg v €

e amy 2°

@ Sudory
on g

SISORHAEN @ 0dIT— O TIAVL



2

LIPOID NEPHROSIS
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214 GLOVMERULONEPHRITIS

Nos 312 313 and 314 lhe No 311 are examples of chronie
proliferative glomerulonephritis m which death occurred before
the onset of renal msufficiency It majy be said therefore that
occasionally chronic prohferatnne glomerulonephntis may com
pletels reproduce the chmeal syndrome which we are accustomed
to call lipoid nephrosis of the mixed type

In No 308 the chnical preture suggested pure lipoid nephrosis
ran o olanad na nr by of the

There
erminal

#1410 damm mal ctama whan

acute exacerbation

InNo 300 the disease persisted for 8 y ears with repeated exacerba
tions mnduced by upper respiratory infections and remissions during
which the edem would largely disappear TIor nearly eight years
the climacal festures corresponded entirely to pure ipoid nephrosts
except that the blood pressure was occasionally elevated, but termt
nally urema developed At autopsy the hidnes s shoned proliferative
glomernlonephribis with moderate tubular atrophy due to partial
occlusion of the glor . Tooone 1900 ave
unlike those of typ
small aﬂnd unev enﬁ\

44~ Lheanous Lt
e shall now survey

Frequency —It s difficult to determine the comparattve frequency
of the hydropic and azotemic types of chromic glomerulonephntls
from the literature In our autopsy material there are 75 cases o
the hydropic form and 307 of the subacute and chronic azoterntc
type Approximately 20 per cent of_ the cases of {l(-:l.))lu‘llls which

1d nephrosis

ung children

sture of thts
disease deal with children  Our autopsies 51 0V Uldl <o of 45 dle':t:ij
from nephnitis 1n children under ten years of nge were from hpo!
nephrosis (Table 15)

%uratum of Symptoms —The duration of simptoms 1 our l;)z
cases (Table 30) 15 as follows  less than two months 6 cases v n”
three months 5 three to sre months 14 six months to one ver
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one yCartatnos i 16 twotofiaryas 7 overfiveserrs 7,and
indctermmate 2 Lhe durition s estimsted from the on et of
edemy but it has heen obwried thit bummura precedes the
elemy (Renmie) o 1t s ighly probabile thit a Lirge amount of
protan 34 Jost m the urme before edemn deselops The actual
duration of the disease mnst therefore be Jonger thin the svimptoms
supgest

In gencrad the ea o3 of pure type By nshorter duratim than the
nirced form bt there ard exeeptions. M eases of Jong duritn o
are reconded i the htcratere Davison and Walbur s1¢ vears
Stemty aght vars Muph fifteen vess Inourcee No 03 the
svadrome f pure hpmd nephrows enntinued for five vears after
which fnpertensem and rentl moufhaones desed ped  the total
duration bentg seven scary

F racerbations aud  Respenone \ notable dimeal foature of
fipeud pephrows 8 the varnon i antensits of sumptoms from
tune to time  Davson aned Walbur noted ¢xaeerb ions and remme-
stons i 51 per eont of thar 20 ewses and 1 patient had 13 attacks
dneing, a period of fve vears Sehwoarz and hobm found portomtss
or butcremiy 1 come exvearbations from whiels the paticnts
recovered  In 7 of our cases exawerhitions ind romsaons were
promenent avdin No 325 there s on repeated atticks of puntonitis
Sometimes Leold crasore throat precedes the exeabition In the
wterval hetwenn attachs edemi man diape e entindy an | the
atbumm i the usim R be rediend to a syl ameunt but appar-
ently 1t nover deappors astineds Inomamy patients the diseore
rune its courst Withaut e xaeert tions or remyts wns

Imtial Infeetrm In acutc prohfontine glomernlonephritss there
1w nanlb a bt ton of precedmg mfection but i lipot | nephross
there 1w no such comunang relstiondup In B oof our cees
clable 30} the appearied of edomn w opreceded cr vee mpanied
o anfections process Put i the cthers the onset wa< madius
and wlema of wethiness was the int svmptotn Mamy cnefversy
hine e mmented upon the wsual ahsence of 1o aimtul ifection

The Urine (@)} Oligurta Obzins 1s nec iy alwavs noted during
the periods when edema toincreasing. Thisisdlewrh due to dinusion
of water from the kulney < to the connective tis ue and scrows eay e

< s homover tho o i ocntun onds small amonnts of otan
The protcan in the unne s chscdls allumm: amd this ocerspeonds waith
the plasar s shich showa s much krater deplett nf alhuman than e f
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globulin  The walls of the glomerular capiliaries are inyured i such
@ w1y thut they become permenble to the plasma protewns and the
amount of leahage of protein 1s apparentls unrelated to the tspe of
structural alteration m the capillanes  As much protern escipes from
capilianies without visible alterations as from those with thick base-
ment membranes but Albummuria decreases with marke 1 nirrowing
of the capillries 1nd onset of uremt1

The basic disturbance tn hipoid nephrosts 15 2 leakage of protem
through the glomerular capillaries “and all the features of the
nephrotic sy ndrome are referable to loss of plwsma protems Tho ¢
im estigators who believe that lipoid nephrosis 1s not « disease of
the hidney attribute the loss of protein to changes i the proteins
themselves and not to a leston of the glomerular filter This topie
will be discussed later

(¢} Hematuria —The uninary sedment usually contams only
few erythrocytes In 53 of our 59 cases m which the sediment was
examined there were only a few red cells In & cses there wasa
defimte microscopic hematuria and m 1 mstance (No 337) there
was gross hematuria  An oceasional writer insists that microscopic
hematuna excludes lipord nephrosts but this arbitrary hmitation 1s
now generally abandoned However = great mamy would not
aceept & ¢ EREEN Mantn n
Alurphy)
lipord neph
blood 1n on
hematurin but otherwise the complete syndrome of nephrosis w1s
present

Tt ma be smd therefore n the hight of clinien] experrence thit
with the svndrome of nephrosis there are usually onls a few erythro-
cvies m the urmary sediment but sometines a large number of
red cells 1 found and 1n rare mstances there 15 gross hematuri

Edema — Fdema 1 & necessary diagnostic feature of hpoid neph
rosts tlthough 1t vares i antensity from time to time and m?\\
disappear enttrel; durmg remnsions It 1s due to depletion of the
plasma protems  Often edema 1s the patients most d:stressm;é
symptom  The anasarca produces grext discomiort and the shin of
thelops na runture and llow the discharge of i ud .

\

the blood pressure was v ur
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the cour of the diserse  In the 23 prticnts under 20 vers of apc
19 had normal Blood pressure 3 hid 4 slight elesation, and 1 had
definste hvpertanaion I the 36 prttents over 20 years of age 7 hd
normal blood pressure and 24 had defimte s perteaon

In the 30 taws with definte hvpertension 26 show  diffuse
thickemng of the capillary hawment membrines, 3 <how focal
thuchemng only, and 1 shows glomerulitis with normal bawment
membranes  In the 26 ¢ass with normal blood pres<ure, 8 show
diffuse thachening of the bisanent manbrancs, 4 show only focal
thicherang 4 <how foc 1l endothelust prohferation with normal mem-
branes and 10 show normal glomirult  In the 3 cases wath shight
v ation of blood presre then were no glomerudr Jesions
T Fan . )

In 27 enses under taenty scars of age 21 show normal bisonent
manbranes 3 show foer) and 3 dow diffuse thichemng T 41 por-
woms over tnenty vears of age 30 sbow diffuse and 4 <how focad
thichonng of the membrines Ovly 1 had normal basenrent mem-
brues  The thichenmg of the hasument membetnes s therdfor
mare cdoschy rated to the agc of the patient thin to the blood prese
~ure

The Size of the Hears { ardie hapertrophy 1< not a prominent
fotire of hipod nephirosts thoit 1t 1 <ometimes present m those
with hapertension In 13 funades over eighteen vears of age the
weight of the hoart wasas follows  Iedow Ditgm & 33010 £3%) gm
$andovar 40 g 2 In 23 mafesaver aghteen verrs of age
10 heirts wosghed less thn 0 gm 7 waghed 400 20 00 gm - and 2
ovit ¥ gin Thert were no chmod signs of errdine falure inany
easc and the hvers showed no passtie congestion

Renal Function  In 13 of the enses histerd sn Table 30 death nas
due to uremit and an 12 of these the ointruction of the glomerulir
eapdlbings by the thichened baemuont wembrines affonds an ade-
qute anatommeal exphinaton of the nniisufiaa ey In No 371
uremiy was probably ewsed ity by easts In most of the eases
with moderte sitrogun retontion there 13 sufficrent dffuse thickenng
of the lasment membrine to mterfere wath renal function Shiche
o trinsient devations of blood urer are best expluned by olygurce
due to retention of water i the tssues

Blood Cholestersl  Blwul cholesterol i nearhy always inerensedd
and mn rach values above 1000 mg per aent Gottfned and ss-
wxntes made o tharough sty of 10 voung children with Tposd
rephroars Cholesterol was alwav inor cad and ranged from e to
WS ;e per aeont The totad Hhosd pids sere alws inereasal
eanging fron 1190 to 3 1 mg per et

Ty ehipens occurs gl o eves of chrome glamerulonephritis
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that exlubit ~cvere edemt and Inpoprotanenny  Lhe mereise of
blood hipids seemns to be Caused by the depletion of the plsma pro
temns  Ishberg ind Tishberg found an merex e of blood cholesterol
after reperted hemorrhiges  This oceurs even 1 the absence of
edem1 and the fatis withdr wwn from the f it depots of the body

The Plasma Protems —The plism1 protens are decreased m prac-
tically all cases of lipoid nephrosis and often the reduction 1s severe
Ths feature 1s 50 constant that one hesitates to make the diagnosi
when the plasma protems are normal  The protems tend to mereise
during remisstons  The decrease of protems 1s responsible for edema
hvpercholesterolemn:  and probably 1ho for the mereased suw-
ceptibility to infectrons smce gamma globulin has heen found to
be defimtels reduced  Plisma albumin decreses more than globulin
since 1ts molecule 1s smaller and pisses more rendils through the

' - s e ok
humin
lent m
are the
R to the
amount of albumnn than te the tot 1l proten

In N\o 342 the collod osmotie pressure of the plismuw s 9 em
of water andn No 3601t vared from 12 to 17 cm_of water

Calcrum —In non uremie hipotd nephrosis with hy poprotemennt
the blood ciletum 15 low usnilly around 7 mg per ccat (Gottfned
etal) The diffusible crlerum comprises 35 to 7 per cent of the total
The non-chiffusible calenm 15 probabls bound to protem ard this
fraction 1s decrensed m hypoprotememn  In utemta of i form
retentton of phosphorus ¢ tuses 4 decre e of elaum (Silvesen and
Linder)

Hemoglobm — A moderte degree of anemua 1 frequenthy found
1 lipod nephrosis  Gainsborough found anemia m ali of his cases
In 51 of our cses 1n which heme globtn w v determmed 1t was below
50 per cent m 13 ¢ees  InNos 361 and 3821t was onh 20 per cent
Such an extreme reduction of hemoglobin suggests an assoviated
primary 1nemia and some my estigators would prob tbls be unwilling
to 1ccept these 2 cases 1s examples of hpod nephrosis Thuem
cluded them because they had 1bummur and edemy and exlubited
the charactenistic thickeming of the basement membranes

The level of hemoglobim depends to sonte degree upn the stige
of the disease when the determmation 15 made smee 1t often de-
creases progressitely and 1s much lower 1n the terminal than m the
early stages The anemia 15 of normochroime tivpe It 15 more
marhed 1 assocration with renl insufficiency but 1s often severe in
the absence of nitrogen retention Grossmm obtmned a good
response to Iiver m one patient with severe anemil

The Kidneys ‘The hidneys are usually but not mvarnbly en
larged, occasionally attammng a combined weight of 450 to 500 gm
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In those that die of uremta they may be somewhat decrewsal 1o
sec (Nos 3131, 371 The estern il surfaces are siooth On section
the cortices yanlls <how a famt or defimte tellowrh color but
often no y ellowsh tinge ean be seen

Jeroscope Strurture —(a) The Tubules  1n thow cases (lahle
30) m which the glomerull show no vible alteritions the tubules
are all of nopmal wze or enlrged  Thes nover <how necrosis and
corese Inalme pranules are sddom consprenens Towever the

A& Sare
BEC FACN A ~§f
M J

-ty - - - - -

N/ AR i N
A VR B WA Y

43 RenalSu Xt Tarelposlaesl mus Atemit & per cent of 1 ¢ ghoamersh

ahow thunrtruct e theotherston g nwmal by ¢ Jogsvally The basement
wro very think an 1 e enp tary Dan ene are largeby o8 tersted Mtk ry
wam [H ot erogragh

memben o
Vie fentan

prosml o nveduted tabules waidh shos man fat droplets In
wme easn the accutiubitic n of £t i< guite marked n otha enly
afew dnpletsare to b fonnd  Dhts gecumud vtion « F {1t o1 the ool
evilonee of tubnlie dise e Bt many wniters ecnader thyy alter-
ten suflicent exilenes ta et bl Bpor] vephreas aaa tubelar
drare But it e oell hnown that man of these fattn krdnevs
cxerete urea ond £ honel ulp honepbthaler as well a8 yotmal organs
do Ttscabo well knawn that the nepmal bndnovs of the eat «ontn
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thit exlunt severe edemt wnd hypoprotanemit The mere e of
blood lipids seems to be caused by the depletion of the plastna pro
temns Lishberg wnd I ishberg found ninerese of blood cholesterol
atter repeated hemorrhages 7Tlhis occurs even in the absence of
edema and the fat 1s withdrawn from the {1t depots of the body

The Plasma Protems —The plasma proteins are decreased 1n prac-
tically all cases of ipoid nephrosis and often the reduction 15 severe
This feature 1s so constant that one hesitates to mahe the diagnosis
when the plasma proteins are normal  1he proteins tend to merease
during rermssions  The decrease of protems 1s responsible for edema
hypercholesterolemin  and probably also for the increased sus
ceptibility to infecttons since gamma globultn has been found to
be definitely reduced Plasma albumin decreases more than globuln
since 1ts molecule 1s smaller and pisses more readily through the
glomerular eapillan walls Tishberg and Iashberg found thut globu
Iin 1s more ripidly regenerated than albumin  Since the albumin
molecules are smiller 1 gm per cent of albumin 15 equinalent n
osmatic pressure to about 3 gm per cent of globulin  Lherefore the
colloid osmotre pressure of the blood 14 relted more directly to the
amount of albumin than to the total protemn

In No 342 the colloid osmotic pressure of the plismt was 9 em
of water and i1 No 366 1t varied from 12 to 17 cm of water

Caleium —In non uremuc hpoid nephrosis with hypoproteinemit
the blood elcum 1s low usually around 7 me per cent (Gottined
etal) The diffsible ealetum comprt es 55 to 70 per cent of the total
The non-diffusible calemm 1s probably bound to proten and this
fraction 1s decrewsed m hipoprotemema  In utemra of any form
retention of phosphorus euses 1 decreise of cilenum (Salvesen wnd
Linder)

Hemoglobin —A moderate degree of anemia 1s fren}:xertltly found

176 nngue

Such an extreme reduction of hemoglobm suggests an associted
primary wnema and some iy estigators would probably be unwilling
to accept these 2 cases as exumples of lipoid nephrosts T have i
dluded them because they hid albuminuria and (‘deTm nd exhibited
“ b nes
»on the stage
1t often de-
cre 1ses progressnvely and 1s much lower 1n the termmal than m the
early steges 'The anemia 1s of normochromic type It 15 more
marhed 1n association with renal nsufficiency but is often severe 11
the absence of mitrogen retention Grossman ohtuned 2 RO
response to liver m one patrent with severe anerma
The Kidneys 'The kidnevs are usually but not mvaruably en
lrged oceasionally attaming a combined weight of 450 to 500 gm
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In those that die of uremia they my be somewhat decreasad
wze (Nos 301 374)  The externl <urfaces nre smooth  On section
the cortices usyalls <how a f:unt or definite vellonish entor, but
often no vellowih tinge can be see

Microsoopee Struelire  {a) le Tubuler  In those cases (Tahle
10) 1 which the gl merudt shew no veable alterations the tubules
are all «f normal size c¢ enlarged ey never <how necross and
cowse hvahne grinues arc selkdom eon prewcue Homever the

f{ a !/ ,1?“-‘ Z\if’ .\\1,
t- SRLAY,

AT A $
L N SR A SO

Vsu 43 YenniNo 23 {uclinsdnninms Motogerventif e ghmendh
stowtl intruct re tectheratm ngtormal? t bun slly Thebaseme tmembes o
mrevery thik anfibecap lary | mens arela pely c M tersted Malkn Hewdont g
stan 1h tan mers

provmd cooviited tolul = g wadh sbow mamy fat dreglets In
e e the accumulitien of o2 s quate marked an ot ers only
afen drofletenre tobe frund THs rcumndaticn of fat 1< the enly
cvrboney of talalie disase but wom snters cenader ths altera
t o0 xafficrent euskena to estal I b lipod nephreas as a tut ylar
diese Bt st s sl R that mamy of these fatts kedneas
exerete urevand phoncd ulpdorept thalem av well asvomnl cpns
& Ttwal o well kiown that then rmnd hudi eveof the et e ntamn
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1 1uch fit m the tubules as 1s ever seen mn Ity oid nephros s and

1e ccaston 1N sees human kiduey s with a large amount of tubular
f2t Lut without amv functional disturbance There 15 therefore
sstisfrctory cvidence that droplets of fat do not nterfere seniously
vith tubular functions and 1t seems probable that the fit droplets
n the tubules do not represent tubular myury b|ut an absorpt on of
N ’ ’

1o e

which thev mterpret as
studtes however deal
1t 15 this group m which the glomerular lesions are least conspetott

)
s
Fedt Liod epl o ofmwdtype nanslyt Se alhe 38 faaret
) eswhowth k il anlng owl nen Tle leeeaod gomevarBl &9 2
lec eaed Vood supsly las o el defi te tubula atrophy Hems 0%

#an Plotomc og aph

nd

In 22 of tle 65 cases the biscment membranes e nmi\ng‘ :ﬂe

19 of these mdividunls were under ten years of age VI e
exception No 300 those with normal Fasement membrinc

nt
sented the chmeal preture of mure Iimord nephro i of showed @ e
3
)
€
lhree of these v cre tvpieal pure hpard nephrosts c‘ml(;h per
showed 2 mmcr vamation from this svndrome and {80 had b

tension
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There was a diffuse thickening of the capillany basement mem-
Lranes (Grades I to4) In W eres  Sicof these crces were examples
of pure lipoid nephresis and 2 others showed shght sarations from
the purc tspe  In the dat1 ware insufficient to <eparate the two
types ond 27 crves were defimtdds of the mived type

1ocal proliferative glomerulitis was found 1 9 metances and
subelmical diffuse proliferitive glomcrulitis v as obversed 1n 13 eases
Proliferative glomerulitis s probably the resalt of the same injurious
agent thit damages the bascment membranes and not the result
of an assecnted termmal infcetion as 15 often stated  smee 1t 15
found an the abcnee of a terminal mfection The frequent proms-
nence of the endotheInl rosetion m hicates that hporl nephros and
prohfcratne glomerud mephrits are not sharph <separble

B4 Lip dnntrasofmsed type Enom sane o xe Figurs 46 Afatlr
e folisy £ 32 Nalethaths b baement memtranes a5 narr w eap Uary b mes s
Th ¢ crograpt

Under Jow magnification o hpod nephrows of the nsed tape
dioms 1 chametornte peture (Fig 46)  Beewse of moderate
atrophy the tubnles arc wideh «epamted and the thek walls of
the phunerulie capllines are eaaly «con Wath the Mallon -
Uewlenbiarn stun the thick | iscment membrines ar e lored a deep
blue (Fig 47 and Phte TID - Loder vers high mamifiention
(Uig %) 1t v «wn that the thihkened mem) ranes are nct «lud but
huvea < mewhat perous structun

When the thuhowne of the baement premf Anes s e xtreme
(Grafes Band 1) then waanll a diffuse tabular atn gy of some
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degree (Thg 46) This 15 interpreted a5 disuse atrophy resultmg
from decreased glomerular filtration Tt is not a primary tubular
oA e veoae LR et

glomerul: are by alimzed and therr tubiles hase undergone extreme
atrophy as m glomerulonephrtis (g 49, No 363) At first glance
the appearance suggests chronic glomerulonephritis, but a careful
study of many glomerul shows that the hyaline condition 15 due to
a progressive thickemng of the hasement membranes with occlusion
of the capillaries

Transtrons Betucen Membranous and Chromic Proliferatie Glluml;
erulonephritis (1 able 31) —There are 4 cases in our }'Ecurd: m \\"L:SA

s

t
uently miid 0L dAUSEIIL a1 utau cudes !
ﬁpmd iEDhrDSls and proliferatn e glomerulonephntis are not sharply

separable entities
epThe Progrosis i Lupord Nephrows —All cases of the m{’(ue;!;.\ ;:
ultimately die exther from infection, uretma or nanttion,
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cases of the pure type recover It 15 difficult to determine the fre-
s A HN Jcrerine e

patient may be disimissed as cured during a remission and not seen
later If we accept the climcal diagnosis made by the several
reporters & number of patients recover Tancori 8 pure nephroses,
all recovered ofter months or years, Gansborough 3 nephroses
recovered, Lvans 1 complete recovery 1n five months, Stemitz 1
complete recovery after eight yeurs, non-protem mitrogen 121 mg

per cent at one trme, Munk

1 complete recovery after fifteen

sears, Cehstern 1 recovery after three years, Schrevogg 4 com-
pletely bealed after one to ten years 4 others m furly good condi-
tion but with albymunuria, Dorch

Kohn 17 nephroses, 6 dead and none completely recovered

4 recoseries, Schwarz and

Tasee 31 —TRuN&ITIONS BETWEEN MEMBRANOUR AND CHRONGC PROLIFERATIVE
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Ttenme studied 20 patients with
-~ 1A 1a. 1a

o Endothetsl prol ferat 5
s OM erescents

¥z
02

Couse of death

Ceem

Lrems.

t

Uremia

the ‘nephrotic syndrome *

dren  Isenty-si\ were aleve and 19 of these were well from one to
There were 15 deths and 10 autopstes
At aatops 4 showed na glomerular lesions 4 showed mmnar and 2

sixteen years after onset

set ere glomerulir lesions

Schwarz and asocsates (1943) gave 1 report of 40 cases of lipoid
nephrosis Twentv-tso of the 40 patients were dead at the time
of the report, and the nuthors had followed & of the survis ors from
seven fo twenty years Some chtldren which were regarded as cured
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later developed by pertension  The blood pressure was increased at
some time m all 8 patients who were followed a long time  One
patient, now seventeen vears old and observed for thirteen years
had a blood pressure of £90/120 mm Hg and another now ineteen
years old and under observation for seventeen years had 150/90
mm Hg
This excellent studs suggests erther that pure ipoid nephrosis
often progresses nto the mued form tf the patient survives many
vears, or that acute glonerulonephritis 15 sometines mcorreetly
disgnosed as liposd nephrosis
In reports such as Block s 1n which 19 of 41 pitients recovered
1t3s ughly probable that some c1ses of 1cute glomernlonephntis are
included It mas be impossible to distnguish acute glomeruloneph
nitts from hipaid nephrosis on the bisis of the clinical 5\ mptoms
lone  Glomerulonephnitis 1s a much more frequent ciuse of uremit
i children th s lipoid nephrosis
The Cause of Death —In 27 of our 68 cases death was due to
pentonitys of which 10 were streptococcie pentonttis 7 preumo-
coceie and 10 unspecified In the hteratute peritonitts 1s the usual
cuse of death especralls 1n the pure tvpe  Accordimg to published
reports streptacoceie perttonstss 1y 1bout 4s frequent as the preutno-
coccie form and I cannot agree with Blachm w that lipord nephrosis
15 & pneumococcie “lie(‘tll)ﬂ
In 10 cnses death was due to infections other than perttontis
(pneumomn 7 cases ervsipelts 1, bacternl endcewditis 1 and
purulent bronchitis 1) In two instances death was caused by edema
of the lungs and m two 1t was attributed to massne bilateral
hydrothorix  In No 368 death was apparently due to tamtton
In 3 cises severe anemia was appurently the chief ¢ wse of death
but 1t 15 not certun that the anemia was secondary to the renal
disease In 13 cases death was due to uremit and 2 of these hegan
s pure lipoid nephirosss wnd later assumed the fentures of the mrved
form
Relatwon of Pure Inpod Mephronis 1o the Mixed Type —1he
majority of ivestigators beleve that pure Iipoid nephrosts 15 1
distinct entity unrelated to the mived form  One may mdeed set
up arhitrary critena for the pure type and reject all cases which
do not correspond  But this 15 more of the nature of an arhitrary
defimtion than 2 recognition of fundamentl differences since it
does not dispose of the borderline cses sinhictorly  No 337
corresponds clhmcally to the pure form escept for a terpunal rise
£10° 1 man h t tlere 15 1 severe thichemng of the Cﬂpll']v“if
" 0
ed
of
b - only
fths
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observatton had not been made the case sould have heen entirely
acceptable chineally as pure hpoid nephrosis, 3 et there 1s a severe
thichening of the bisement membranes
The rare cases which begio as the pure type and afternards
develop the features of the mixed form present 2 Aifficulty to those
who would make a sharp distimction heh:een the two 1y pes In
A oea P -

of hry Ife he gradually developed severe hypertension and renal
2
»
W
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Fir 49 —Sersa] Ao @3  Lipowd nephros s From & patient who presented the
climwral Features of the pure type for the first five years and of the mized type for the
last tno y ears of g allness  Death from ureptia Small glomeruls targely hyalinized
Tubules strophue  HematovyLin-eosin  Photomicrograph

msufficieney, and died of uremia  Walbur and Brown and Wostha
reported cases of pure nephross which progressed to nephntts
To escape this dilemma 1t has been assumed that a new diease
“nephﬂﬁ?"L 15 superimy § on the hrons, but this -

merely become more severe, no new lesion has been introduced
It may be concluded that borderline cases between the pure and
mixed types of hipoid nephrosis oceur and that the pure form may
progress into the mixed type These transitions ¢ only be ex
15
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plamed on the theory that the two forms are fundamentally rel.

The Nature of Lipoid Nephrosis —Before considermg dxi weailtggs
theories of the nature of lipoid nephrosis 1t 15 portant to keep n
mund that the characteristic phenomena of nephnitis wz albumin
urin and edema are due to glomerular and not to tubular mjury
The features chracteristic of nephnitis mz hy pertension and renal
msufficiency  are due to narrowing of the glomerular capillaries
regardless of the nature of the lesion which produces the nAUTovIng

* -
i T - B SN

leakage of protem through the glomerular cipilaries Lubtiar

function 1s seriously affected
The Nephrotic Contracted hudney —In the prtients who die of
uremia the hidneys are sometimes definitels reduced 1n a1ze (Nos

351 363) “Microscopic study shows hvaltme glomeruli and diffuse
» 3 Mo 10V T+ hag hesn n untamed

glomerular obstruction  Lhe degree of atrophy ot & tuvue
always proportional to the degree of cipillary obstruction m its
associated glomerulus  When the tubules are destroyed tm pyelo-
nephritis or hy dronephrosis the glomerular capillaries remam patent
for months or years [he tubular atrophy 1n Iipoid nephrosis 1
due to disuse a1 d anem as 1t 13 1 chrome proliferitsve glomerulo-
nephritis
‘A number of cases have been reported m which lipoxd nephrous
terminated mn uremia (Debre Shapiro Wilbur and Brown Game
borough) There were 13 deaths from uremia our senes and 10 of
view 1s held by
imary renal disese

ed the expression
Andrens Thomns

« «  w
and Welker and others believe that there 15 2 change 1 the plasma
proteins which are then excreted because of their foreign character
Goettsch and Reeves helieve that the serum protems m nephrosis
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Iaries and decrease the blood flow through tl e glomerul: In children
structural changes n the cap llary walls are not often found and the
disease 15 usually of the pure type m adults structural changes are
usully present and there 1s commonly some degree of renal msuf
fictency and hy pertension (mixed type} The pure and the mixed
types are closely related and the former may pass into the latter
Irom the histolog cal pomt of view lipoid nephrosis 15 d flerent from
proliferative glomerulonephritis but 1t 15 possible that the his

disease of the hidney s as well as by proliferative glomerulonephritis
- w1 mq o dedh e aea #] oo af nl ema nrgtems

1
! ' moval
of edema fluids This may sometimes be accomplished by dwretics
alo flud mntake 2 low salt diet or by procedures wi ch raise the
:

the dise1se to the treatment -
There are sexeral reports 1n the Iiterature m w1 wch a prolonged

remussion of sy mptoms w1s brought about by an intercurrent attach
of measles (Mezlik ind Carpenter)
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I

major illness The ch 1c anemia and are due more
to the primary disease than to the amyloid Amyloid m the hser
or spleen leads to enlargement of these organs but 1s not  direct
cause of death  Amyleidoss of the adrenals 1s a rare form of Adds
son s disease and intestinal obstruction mAy result from amy lotdosis
of the small intestimes

However amylodosis of the hidnevs nearly alwass produces
symptoms durectly referable to the presence of 1my loid or to changes
associated wath 1t

TaBLE 33 —Auviom Disise

Group B Woderate Depos ts of Amylord an the Glomerul Vo Tubular Atrophy
No Renal Insuficiency

B 4
: A R
5, s I Bz p
£, i f¢ ;3 s, i
: sy k : T 3 il g
< 23 <5 @a ¥ B <78 S
20-37 25 M Empyems 3 0 — 170 355 2
21-52 26 F  Chron¢ocsteamye! tn 3 3 0m2 340 680 2 2 Normsl
21523 18 F  Tubercu otisof spne 2 0 Sms!  Lage 2 1
24-512 28 M Tuberculosis of lungs 0 - 200 560 2 1
251045 23 M Tuberculos aofsp ne 10 = Normsl Norms 2 2
26134 13 ¥ Tuberculosigofhp 2 0 — Sms Nrwl 2 0
962 78 M 10 topd %0 K 2 1
30-214 22 F ¥ 3 - 190 300 z 1
30-1203 66 M 2 0 liow 400 218 2 1
30 1205 42 F 2 0 10006 300 485 2 0
30-1305 2 F = 3 108 294 2 1 Norml
3-1752 &8 M 3 0 S0 218 260 2 3 298
32| 4T M 3 1 8560 310 370 2 4 118
1208 21 M 0 ¢ nhgre 300 360 2 0 1”7
311356 35 F  Tubereulvs s of lunge 4 0 568 330 3 z 1
32418 50 M Slcoms 3 0 106 300 a5 2 4 %5
341752 17 M Chromo asteamyelitty 1 1 - 153 30! 20
36-1755 26 M Tuberculoa s of lungs 32 - ns 305 2 1 Normsl
402143 0 M Suppuratvemyl s () - 5 5 2 1 54
3
4333 83 F  Ovanan sbacess. 2 0 - bie3 40 2 0
431636 75 F  Care of rectum 0 413 530 30 2 1
432413 58 M Pulm. tubereul 58 3 1 500 us o };g;{
46160 76 M None 3 4 oo 0 4 2 0 13
471167 %9 M Pulm tuberculas 0 2 10686 250 510 ? ¢ M [‘—! N
H

Alburununs —Albumnuna 1s present m oy er 90 per cent of eases
of renal amylordosts and 1s usually more severc n the late than 1n
the early stages It 1s the first evidence of renal iy olvement [he

duration of atbuminuria prior to death vanes from a few wmonths to
£ ummura

nal amy

wsed by

32 and 35
shows however thdl duuliuuba is su ¢ . ith slnl!gt
renal imyloidosis (Group A) and oceasionally there 15 only 2 shght
albummuria with sesere amyloid deposits
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Tabre 3t —Amriom Diszase

Group © Marked Accumulatron of Amylowd sn the Glomeruls
Often Some Renal Insufficiency

Dacase
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TaB1z 34 —AMitom Disease —Continued

Often Some Renal Insuficiency

i

Rheumato d arthrit

Osteomyel tia

Pulm_ tuberoulos o
Pulm. tubtrenios &
Pulm toberculn s
None

Rheamatond arthrins
Tulm tuereul w5
Pulm tuberculos s
Rheumato d szttt t 3

Nene

Rheumatnd arthr t 2
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TABLE 35 ~AxyLo> Dispase
Group D Exztreme Fulling of the Glomerular Capillarses Tuh Amylowd  Marked

Tubular dtrophy

Tuberouloas of b p
Neae

Bronchiectanis
Chramis osteamy elitis

Chron o osteomyelstis
Uloeration of legs
Tubsreulons of funga
Teruary syThiby
Tubercoloors of by (ak-
‘buzmuna 8 yra )
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Tasie 85 —AxyLo b Diseast —Continued

Group D Extreme Fulling of the Glomerular Cap Uartes Wuth Amylo 1 Marked
Tubular Atropky  Urem
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The protemn m the urime escapes from the blood through inyured
glomerular capillaries  Cvidently some protem escapes fram capl
laries which do not contarn amyloid It 15 not clear in what way
the amyloid deposit promotes the leakage of protem but it may
do so by obstructing therr lumens and mncreasmg ntracapillary
blood pressure or by destruction of the basement membranes

The Unnary Protemns —There are comparatrsely few studies avail
able on the composition of the urmary proteins in amvlord drsease
but the obserations indicate that the proportion of globuln 1s
greater m amjloid disease than m other albuminurias  Geill found
the albumun fraction from 35 to 60 per cent m amjylord disease
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whereas 1 glomerulonephntis and hpoid neph
about 90 per cent ; » it 13 usually
Hiller McIntosh and Van SlyLe found the albummn globuln
ratio of the urinary proteins usually above 10 m nephrosis between
5 and 10 n acute nephritis and usually below 5 m chrone nephritis
with retention of urea In 1 cuse of wmyloid disease the albumin

globulin ratio was 15

. Lemterre and hus associates studied the urtnary protens m 1 case
‘ Ihree examimations
n 135 albumm 663
M m per liter of urme

The Plasma Protemns —A few observations are available on the
plasma protetns in renal amsJoidosis  Linder Maxwell and Green
found the plasma protems 38 to 47 gm 1 a boy with marked
retention of urea  Apparently some of the observations were made
when the patient was free of edema Bannick and Barker m a
patient with moderate repal msufficiency but without edema found
the total protein 3 8 gm of which 27 per cent was albumin  Lemuerre
and his colleagues made three determinations of the plasma pro-
tems on a pattent with renal mnsufficency but without edema
albumm 326 globulin 322 albumm 327 globulin 3 19 albumm
245 globuln 229 gm per cent Shapiros patient had severe
albummuria and edema with serum albumn 038 and globuln
172 gm  Achard reported 4 case with severe albummuria and
edema of the ankles who had a total protemn of 63 gm (albumn
19 globulin 4 4)

e have observations on 17 cases (Tables 34 and 35) The pro-
temns were reduced 1n 15 of the 17 cases and the reduction of albu
mim 15 usually sufficeent to explun the edema

These observattons are sufficient to show that the plasma protemns
may be reduced moderately or severely m renal vmylodosis  The
reduction usually affects the albumm more than the globulm fre-
tion and 1s presumably due partly to the loss of protem m the
urme and partly to malnutrition

Blood Cholesterol —I have been able to find only a few obsera
tions on blood cholesterol  Lander and assoctates Tound cholestero!
330 to 920 mg per cent in o patient with edema and low plasma

protems Lemuerre found cholesterol 230 to 358 mg m a patient
with decreased plasma protems but without edemn Shapwos
natient had 400 mg cholesterol and Achard s had 201 mg_per cent
. The 1 alues
{mattedly 10
ereases with

the decrease of plasma proteins 1 1t does 1 jv 11 WOSIS

Edems —Edema 15 2 3 mable feature m amloid remil disease
Altnow found that one-fourth of the patients bave edema a:l solmi
time durmg the el and muddle stages of the disease and tha
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about two-thirds have termnal edema  Edema w1s present at some
time 1 69 of our 145 cases It is oceasionally more severe in the
late than tn the early stages, but there 1s no evidence 1n our records
A . PR

[ RO

without edema
Fabr has also noted that there 15 no connection between the
severity of the glomerular lestons and edema In a group with
o Tt o * %and absent
| . . ' '2 and absent

' o . | . * *1s present in
3 and absent n 2

In 30 of our cases of chronic suppuratiyve diseases, the majonity
of which had amylord in the liver and spleen but none of which
had amjylod m the hidneys, edema was absent m 12, shght i 12,
moderate ;n 3 and severe m 3 Edem4 15 obviously not due to the
presence of the amvloxd deposit It 1s probably caused by depletion
of the plasma proteins brought about by elbummuna and mal-
nutrition

Hematuna —A mild hematur1y 1s oceasionally found mn amylod
disease (Banmick and Barker) but it 15 seldom as consprcuous as
m acute glomerulonephritis  The erythrocytes escape from 1njured
capillaries that are not filled nith amyloxd

The Blood Pressure —A majonty of mvestigitors find no hyper-
tenston wrth amyloid disease of the hidneys Cases without renal
msufficiency or hypertension have been reported by Fahr (6 cases),
A)ICE]l'Uy‘ {1 case), and Shipiro (1 casc) Cases with renal msuf-

Below 120 mm Hg, 20 cases 120 to 150, 11 ‘cases, 150 to 180, ¢4
cases Altnow found hypertension m only 3 of 57 patients, and
2 of these the hypertension developed during the course of the
amylodosis

tension  Berblinger reported the cise of a woman aged forty-one
years who had suffered from an nfection for thirty years There
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was severe albummuria  During the last year of lfe the blood
pressure rose to 215/140 and retumtis dey eloped  The non protemn
nitrogen ranged from 73 to 91 mg per cent

The blood pressure 15 recorded m 84 of our 145 cases  Twents
one of the §‘4 patlePts ha](‘l 2 sistolie pressure of 150 mm Iig or
D TN m LN 1 e

.
showed arteriolosclerosis

In Group C 6 of 31 patient and 1n Group D with severe am
i’ 1 [ LI I T

[ N W ]

! L] ] 1 i

that severe amj loidosis m1y cause hypertension smee Group D
with severe amyloidosis and renal msufficrency 8 of 14 patients
under forty years of age had hypertension The absence of hyper
tenston m the majority of cases 15 unexplamed but mas be due n
part to the eacheva so often associated with advanced amylod
diserse

Renal Insufficiency in Amyloid Disease —It 1s well established
that amyloid disease may termmate i urema Cgses terr:l:natm’;‘;

blood urea and 1n one of these the tubules are extensively bl (st 1
by casts

Twenty three of the 31 cases 1 Graup C on which functional
studies were made <howed more or less mitrogen retenton  Wth
one exception the 31 cnses of Group D had mtrogen retention 1t
uremic lesels  In No 36 1874 the last determination was made
seven months before death Il of the cases in Group I showed con
vineing histological exidence of severe rentl msufficiencs which “;xs
due largels to ohstruction of the glomerular capiltanes but parth
I some mstances to obstruction of the tubnles by casts It mnv
therefore he sud that amsloid renal disease frequenth terminates

HTEANT
msum?nary of the Chnical Picture —In the vast mujority of ?atsles
of amylotd renal disease the dragnosis 1s easily made becmuzc "I he
associated chronte infections process Most often the underlying
disease 1s tuberculosis but often 1t 15 a non tuberculous process
such as chronic osteomyelitis empyvema bronchiectasis ttcrrt:‘agyf
syphilis or chrenic theumatoid arthritis The mrtial symp Dld‘lcl‘
renal mvolvement s albuminurea which wsually becomes 1
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. B r PR
'
) '
[P I R amatole o al Tu QL oo patient
' m 7 of our
. L ! 1 constdered
LAY 12 (Table 33)

a clnrcal diagnosts of lipoul nephrosis w 1s made and 1n this case
unyloid was found cnly m the kilnevs In the cour e of months or
vears symptoms nd signs of renal isufficiency develop and the
bloo! pressure may become elevated In such cases there 1s 4

rosis or chromic glomerulonephritis

The Congo Red Test —Ten to 15 cc¢ of a 15 per cent aqueous
solution of Congo red 13 1njected intravenously The amount m
the blood at the end of four minutes s compared with the amount
at the end of one hour  The test 1s const lered pasitrye 1if oy er 40 per
cent of the dye disappears from the blood durmg the first hour
The dye 15 absorbed by the amyloid  When wmylord 15 himited to
the kidneys only a hittle of the dye 1s absorbed and hence the test
18 negative

Size of the Kidneys —In amyloid disease the kidney s are usually
larger than normal (Tig 50) but they may be contracted In 41

[ - 3 -

after which there 1s 1 gradual decrease i wize s a result of tubular
atrophy  Uremiv may develop whle the hidnevs are still Jarge
AMarhedly contracted hidnevs such as are eommon m chronme glo
merulonephntis are unusml 1 amvlord disease—in only 10 cases
was the ¢ mbined weight less than 200 gm  but 1 mstance «f ex
treme contriction was foun I (No 30~14J0 Table 35)

Alterations 1 the Glomerul The glomerull are nearly alnats
mvolved even m the ewliest stages of renal 1mvloidosis nl the
disturbances of renal function are caused chrefly by leakage of
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lumens (T'igs 51 52) At no time 15 amyloid found external to a
demonstrable basement membrane  In the erly stages 1t 1s usually
possible to demonstrate the membrane distinetly from the am; loid
but sometimes the amylord blends with the membrane from the
first  When the capullary 15 well filled the distinetion betneen mem

brane and amjlod 15 usually lost but sometimes the membrane 15
clearly demonstrable

An merease of endothelinl nucler 1s frequently observed m cipit
[aries without amyloid as well as m those that contam amvled
but thss endothehal prohferation never reaches the degree char

]

Frc 50 —Amylo 4 d sease of the kadaey Photograph

18 superimposed on acute glomerulonephritis or any other roru v
renal disease
As the amyloid accumulates the eapillary may undergo a pro-

times 1ts normal
gressive enkrgement attumng two or thiee y“ es 1t Ho e
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Ultimately the glomerular capillartes are completely blocked by
amyloud, the glomerular circulation ceases, and disuse atrophy of
the associated tubule sets in The ultimate result of diffuse tubular
PRt U O N P eal
'
n . [
' . .

from those of chronic glomerunlonephritrs and primary hy pertension
m that the hvalm 15 derrved from amyloid and not from capillary
basentent membranes

Casts —Casts play an mportant rile m the amylod Jadney
They do not grie the amyiord reaction, but they are apparently of
firmer structure thin ordinary casts since thev hive a greit tendencs

Fir 51 —Amylowd disease of a glomerulus The amyloid is first deposited within
the capiliary Jumena  Later the entire capiliary 13 filed  Plotomierograph

to lodge in the tubules  Obstruction of the lumen causes dilatation
and somettmes atrophy of the tubule [hey are sometimes more
important than the glomerular lestons in cau-ing renal insuffictency
{Table 33, Nos 31-201 and 32-416)
™o [
. . ' a
! ' . ' :
acteristtc of primary hypertension  An early amviowd deposit 13
eastly distinguished from bypertension, but o massive amyloid

accumulation obscures the evidences of hypertension  The involies
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ment of the artertoles 1s often a promunent feature and arteriolar
Barrowmg 15 often 2 factor m the destruction of the Lidney

The Medila —One of the most frequent sites of the amylod
deposit 1> the medulls  The amylord accumulate chiefly 1n the
walls of the vasa recta and n the mterstitial tissues to a lesser

The amylod _ lad

Fic 5 —Ea Iy stage of amylo d depost n a glome ulus sl

down nternal to the basement membranes Mallory He denba n stan
m crograph

extent under the basement membranes of the medullary t‘ul;’ulles
Rarely there 13 sufficient amylord m small areas to destroy tubules
and produce focal cortical atrophy T
The Tubules —In occasional 1nstances comcctl t;lubent in o
nate leaving

often seen

u > \lteration 13
1 some of the proximal comvoluted tubules aiu

SZen much mm'ep frequently 1n moderatels adianced sltages :f:;zl::
urem ¢ amyloid hidneys Tahr believes thit tyalme g
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In conclusion 1t may be said that amy Jloidosis 15 a special ty pe of
renal discise  In <ome instances 1t exhibits the chimeal features of
lipoid nephrosis and n others 1t resembles chrome glomerulo-

Fio 51 Amylod contracted kidney with urem:a “ote byshne glomeruti and
severs tubular atrophy  Photomicrograph

nephntis, and occastonally the disease progresses from a picture of

nephross to one of nephritis, but 1t does not clanify our conceptions
to force the disease mto either of these groups
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D THE TOXEMIAS OF PREGNANCY

On a pathological basts the toxemias of pregnancy may be clas-
sified as follows
1

EY SR Y

2
3 Preeustent primary hy pertension
4 Eclampsia (iate pregnancy) 3
(a) Preeclampsia (non-conv ulsne. toxemia)
(b) Lclampsia (convulsiye tovemia}
R -

L R

tncrease 1 the seventy of all symptoms referable to the renal ais-
ease The anatomical form of the renal diseise 13 apparently not
maportant, but most of the cases are chromie glom'erulonephrm}
and a few are hijateral polycvstic renal disease  When the rena
insufficteney 1> shght pregnaney may be normnl throughont, but
when 1t 15 moderate or severe licattons always develop See

es, 98 201
pq%’Vheg the renal insufficiency Is severe pregnancy usually ter-
mimates n abortion during the first few months, but “hes it is
onh moderate the symptoms may first hecome pmnuuncidt ur;ng_.'
the latter part of pregnancy, and these cases are (};fﬁcutt. ;; (h l:s
tingmsh from preeclampsit and eclampsia unless the patient ha
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been studied prior to the pregnancy or durmg the first trimester

A nephnitic tovemua of late pregnancy may therefore be confused

w 4F prlamng a af noaall + at noctmartormn the Lyer choua oo
P B '

: CEE y ER '
that the best functional renal test 1s pregnancy  After the termina-
tion of pregnancy the renal symptoms usualls improve but do not
a . v

Tov + . Da D Pre oz
. o] ' 1
- - 1
hypertension from preeclampsia and many obstetriclans do not
attempt to do so  We, therefure, hase no rehable statstics as to
the frequency of this complication  Howexer, there is some evidence
that a fair proportion of preeclamptic tovenuas are on the basis of
primary hypertension  Weiss found that about one-thurd of his
cases of tovemua had hypertension before pregnancy It has heen
emphasized by several writers that toxemra 1n 4 subsequent preg-
nancy occurs pearly twice as often after non-convulsite toxemia
{preeclampsia) as after ecdampsii {Diechmann) This observation
lends strong support to the view thit miny cases of preeclampsia
represent pregnancs 1 a woman with primary hypertension Browne
states that 25 per cent of all cases of toxem:a are due to preexistent
b pertension
1t 15 well known that 2 woman with primary hy pertension often
experiences an mcreased sex ety of her sy mptoms durng pregnaney
The blood pressure attams a higher level and albummunia and
edema may develop Symptoms often appear during pregnancy
m a woman who previously had no complamnts 1 the sy stolie hlood
pressure was found below 130 mm Hg before the onset of pregnancs
or during the first tomester, 1t may be safely assumed that 2 hyper-
tension mn the third trimester represents preeclampsia, but pressures
between 130 and 140 mm Hg durng these earlier periods may
represent primary hypertension, and pressures above 140 mm Hg
mean defimte hypertension
An exaraple of pregnancy mn a woman with prmary hypertension
follows
Gravida TI, aged thirty exght years, was admitted January 18 1923
Expected date of confinement, March 22 Bard to have had a few con
vulsions during ber first pregnancy, fourteen years presously  Under
eatment faw hamartans nn tha mast f 2 vears’ Systolic blond preswure
- ortly after the onset of
*5/120 and during the
170/110  She entered
the hospital because of visual disturbances, edema and vomiting For 8o
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:nonthi before admission she had been _troubled with headaches ar d duzzt
«
£
(
There were no convul 10ns

The postmortem revealed passne congestion of the | ver but no necroses
The kidneys showed a generalized arterioloscleross without atrophy of
the parenchyma

It mav be concluded that many cases of preeclumpsia are due to

primary hyvpertension It 1s not safe to assume that hypertension
persistmg after labor 15 ctused by the precedimg tovemia of preg

nancy
4 Preecl and —P, 18 used by most

1
P
wrters to designate non-coniulsne totemuas of late pregrancy
* 1 -

marwacant

tion can be drawn betw een com ulsts e and non convulsiv e eclampsia

In general convulsi e eclampsia 1s a more severe stage of the disease

but many pattents die wathout having had comulsions and at

autopsy the characteristic changes are found in the hidreys and
Irver  Convulsions ave not a necessarv feature of eclampsia

Chnical Features ~The charactenstic sy mptoms and signs are

convulsions hypertension albuminuria edema headache visual

disturbances nausea and vomiting vertigo restlessness and espe-

cally 1n fatal cases coma These symptoms are by no means all

present n every stance and apparentlv no smgle symptom 1s

v anablv present

Frequency —Hauch estunated the frequency of eclampsia 1n

real L 017 percent) Seitz

The rate 1n Baden

Greenhill reported

Wemtraub 63 m

7 percent) Torpin

and Coppedge found the merdence m 100y white women about

nd m 11 300 negro women about 1 6 per cent Hoffstrom

1 per cent a R
gave the di of ecl and preecl: 4 as 1 %o per cent
m 19215 hirths  Schmechel at Dresden found 09 per cent m
e A +7 wch N80 1 13139 births
nt n
4 to 1. the different
reports A part of 1 ¢y 181n0 o the fact thaé
some writers are re= eclamy Immpsm] an
others only convulst Anoth 1zh merdence
m cert spitals Wi
h who

k3
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Felrmpsii 1s much more frequent an prinuparse than in malt-
pare  The usual hospital statistics show 70 to 80 per cent of eclamp-
sta m primpare  Strober 1 33 mstances of eclampsia found
71 1 per cent tn primipare ind 28 8 per cent in multipare Mudaliar
n 148 cases found 66 9 per cont m primipare  Hoffstrom i 19 215
births reported eclampsta in 042 per cent of the multipirse and
2 per cent of the pnmupare  Buttner 1n 179 cases of eclimpsia
found 60 2 per cent m primiparz ind 39 8 per cent 1n multipre
On the basts of the relative frequency of prumparous and mult
parous births Buttner calculated that eclampstt occurs tm 037 to
0 4o per cent of the former wnd 0 077 to 0 091 per cent of the Jatter
The statistical data therefore indicate that the hability tu eclampsia
15 four to five tumes as great in priumpre as m multipare  N\o
~atisfactory explanation for this difference has been offered A pos-
sible explanation may be that those women who have eclampsia
1t the first pregnaney try to avoid subsequent pregnincies and e
therefore excluded from the multiparous group

There 1> apparently an ncresed tendency to eclampsiy with
multiple births  Hoffstrom reported on 19 215 births of which
18 449 were smgle births 304 twimns ind > triplets  The meidence of
eclampsia was 1 44 per cent in the single and 8 13 per cent m the
multiple  In 1036 cises of eclimpsta Tillmin and Watson found
31 twin pregnancies

Puge believes that there 15 ¢ greater meidence of toxemia with
hydatiform moles than with mtrauterme pregnancy Among 30
moles he £rund 10 cases of preeclampsia  Vvigger reported a case
of eclampsia resulting from an hyvdatiform mole \nd gase references
to 8 other smlar c1ses

I clamp=1a may develop 15 2 compheition of tubal (I beler) or
ovarian pregnancy (Luniwshy

Pertod of Gestatwn —Tclampsiy rarely develops 1 efore the fifth
wonth of gestation and only a few cises occur belore the sixth
month Fehling n a survey of 516 cases found only 5 before the
fifth month A gond survey of the iterature of early eclampsia 1s
wiven by Fbeler who found reports of 5o cases before the fifth
month  Tuth doubts some of the eurly cases n a survey of 56
published reports he stated that there were onh 11 postmortems
and that the details of these were rather meyger In tovemias
dereloping before the fifth month there 15 a strong probabilits of
underly ing renal di ewse or primary by pertension  Goedeche gives
the following distribution «f 306 cases of eclampsia based on the
weight of the fetus  second to third month 1 fifth to sixth month
13 sexth or seventh month 38 seventh to eghth moath 5% eghch
to ninth month 85 umth to tenth month 38 full term 77 eascs
In our 59 fatal cases death occurred n the stage of pregnancy
mdicated as follows fifth to sixth month 1 sixth to seventh month
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5, seventh to eighth month & exghth to nnth month 10 nmth ¢
tenth month 15 at full term 23 cases

In an analysts of 384 cases Goedeche found that the first convul
ston oceurred postpartum m 70 (18 2 per cent} Pechham m
report of 77 A -
and 15 post}
partum 10 €
postpartum 11 8 per cent  Mejer Wirz reported 62 antepartum 3
mtrapartum and 23 postpartum  Strober 1n 336 cases found tha
237 per cent began mtepartum 562 per cent trapartum  anc
20 per cent postpartum It 1s not clear m anv of these statisties
how often preeclamptic sy mptoms were present 1 efore labor m the
group n which the first convulsion occurred postpartum

It 1s to be noted that eclampsia develops m the vast majonity of
mstances after the fetus tnd placentr have attamed considerable
size The death of the fetus 1n utero does not reltey e the sy mptoms
but 1n « majortty of eases emptymg of the uterus produces reltef
The postpartum convulsions might be explained on the agsumptton
that the hypothetical toxic substance Is not vet completels el
nated from the blood T'clampsia rarelv sets i later than twenty
four hours after labor

Onset  Setz states that in «bout 80 per cent of cases of eclampsia
preeclamptic symptoms are present before the onset of contvulsions
Vvolif and Zade 2lso find 2 gradual onset of symptoms m the usual
cwse  Three of our patients were found dead and 1n 3 others the
duration was unknonn  ['wo pitients were studied carefully and
exhibited no signs of toxem:y until after the ccmpletion of fabor
In the remainng 51 cuases there were preeclamptic symptoms 1ary
1ng 10 duration from five hours to si¢ months  In 23 pitients the
duration of toic svmptoms was one week or less and in 7 of these
the duration was twenty four heurs or le s Llhn'tecn patients hal

ly of 10000 cases of
ded that convulsie
equent pregnancies
Schmechel traced 83 women who had pregnancies subsequent to
eclampsia  Of these 15 (18 per cent) had a second attack of eclamp-
sta Young traced 42 women who hecume pregnant agun after an
attack of eclampsia  In the 60 gestations which occurre | there were
3 mstances of eclampsta . . !
Page and Cox m a study of 57 p to
found that 12 women (31 per cent) had a second attach These
wrtters collected from the literature 747 cases of eclampsia studied
10 later pregnanctes  Felampsia recurred m 10 5 per cent In l:m;:
59 cases 1 woman died m the second and 1 n the third attach of
convulsive eclampsia
The above data indicate t

hat convulsive eclampsia recurs i less
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than 10 per cent of subsequent pregnanctes But a high percentage
of the after ecl: are d by some abnor
malty Schmechel triced 83 women in subsequent pregnanctes
and found that 42 per cent had normal pregnancies 40 per cent
had precclampsia and 18 per cent had eclampsia  Young found
that of 60 gestitions m 42 women after eclampsir 15 were accom
pned by albummuna 6 by abortton hemorrhage or premature
lahor and 3 by eclampsia—40 per cent of the subsequent pregnancies
were abnormal

Preeclampsia 15 said to show a higher mecidence of toxemta m
=ubsequent pregnancies than eclimpua  Diechmann reported that
of 225 women with non convulsive toxemia 27 per cent had normal
subsequent pregnancies and 73 per cent had a repetition of the

are attended with some form of totemia and that about 50 per
cent of pregnancies after non convulsive toxemis are so complicated
Chesley and “omers 1n a follow~up study of 15> women who had
had eclampsia found that toxemia recurred m £7 per cent of sub
sequent pregnancies

It 19 widely beheved that permanent hy pertension 14 induced by
the hy pertensive toxemias of pregnancy but this 1s not 2 necessarv
conclusion from the available esidence The high frequency of
recurrence of non-convulsive tovemia may mean merely that such
women base a primary hupertension which 1s aggratated by preg
nancy (Diechkmann) Hypertension 1s found 1n about 50 per cent
of women past muldle Iife  Certamnly one should not attribute to
pregnancy everything that happens thereafter

An mteresting report was made by Breaky who traced 115 sur
wivers of eclimpsia and 218 women after normal pregnancies
Hypertension (150 mm Hg or higher) was found 1n 26 5 per cent of
the eclampties and 21 6 per cent of the normal controls ~ Albumm
uria was found 1n 6 38 per cent of the eclamptics and 2 per cent of
the controls

Conral

N h

are the feature of
eclampsta but not a necessary part of the picture since many fatal
cases Without convulsions show the characteristic Jesions in the
Inver and kidneys In 19 of our 59 fatal cases no convulstons
oceurred  The number of convuluve attachs 15 varable  Some
patients have tremors but not true consulsions The convulsiie
setzures commonly follow but may occasionally precede the pre-
eclamptic symptoms  The convulsions are commonly attnbuted to
unyares of the eentral Tem ow wystem coused by arterolar xpasm
and this view 15 supported by the frequent finding of small areas of
softenung and hemorrhage i the bramn

Edema —The edema associated with pregnancy 1s not nell under-
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stood but there are several influences which may play mportart
roles  The edema of the ankles which 1s found at times 1n nearly all
pregnant women durmg the last two months of pregnancy 1s prot
abhy due in part at least to mcreased  enons pressure m the Jower
extremities resulting from the pressure of the uterus on the fliac
vems  [he venous pressure m the legs reaches a level of 31 4 em
water m the last two months (Strauss) Many 1nvestigators also
find & moderate increrse of venous pressure m the arms m late
pregnancs

A generalized edema of varving degree 15 found m about two-
thurds of all norntal pregnant vomen  An unusu increase of weight
during pregrancy 1s often due to retention of water although no
chimieal edema may be noted Dieckmann beleves that a gam of
over GO0 grums per week 1s abnormal and mdicates retention of

water
T LN R Fomwen 1 ” noan

and Wegner found 1 range in different individuals trom b to 8Y
gm per cent and at the end of pregnancy the plasma protemns

were on the average 7 per cent below the level of the first trimester
L L e et of nloema

]';la;ma volume and the total plasma protemns but that the proteins
PR NG

the plasma 1> some-
the shight increase
of venous pressure might be sufficient to produce edema  However
the majonity of myestigators Felieve that these influences are wmsuf
ficrent to explam the edema of pregnancy and prefer to attribute
1t to some unknown disturbance n the electroly tes which leads to
retention of nater in the tissues
The percentage of fibrm 1n the blood shows an aterage imcrease
of about 10 per cent at term but this protem everts very little
osmotic pressure
In eclfmpsm the itensity of edema vares greatly Mudaltar
and associates 1n 148 cases found edema absent m 108 mild m
17 6 moderate 1n 43 2 and severe mn 28 4 per cent Thev behewfe
that the prognosis 1s worse in those without edema In our 52 fatal
cases edema was absent in 24 shght 1n 21 moderate n 7 1n(} ey etr:
m 7 Edema 15 therefore not a nieces<ry ?:u;tn ndt:‘:\:.‘t?g n‘d
of the
ed with

more serlous toxic symptoms
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The Unne — Albumin 1s found i the urine i practseally all cases
of eclampsia  Usually 1t 15 present in large amounts but oceasionally
theress only a trace It may appear n the unne or increase greatly
1n amount within a short time so that repeated examinations are
necessary to exclude its presence Usually albuminuna precedes
the other sy mptoms but rarely 1t 1s first found after the convulsions
One hesitates to make a diagnosis of eclampsia in the absence of
albuminuria but such cases have been published (Goedecke, Hiess
and Beckmann, Austin, Meyer-VVirz, and ]‘lreunmg) Albuminurta

PRI AT

opsta  There was
ntity of urtne was
. Tesumably due to
retention of water by the tissues and not to renal damage, except
1n the rare cases of cortical necrosis
In our experience there w1is no notable reduction of the specifie
gravty of mdisidual samples of urine  Chesley states, however,
that more than half of eclamptics cannot concentrate above 1 023~
a phenomenon which he correctly attributes not to renal disease
but to the ohguna which results i decreased excretion of urea,
since more urea 1s reabsorbed from the glomerular filtrate in a low
diuresis A low-salt diet also tends to lower the speaific gravity of
the urine
Erythrocy tes are often found 1n the unine in mncreased numbers
but they are seldom as numerous as in acute glomerulonephritis
Gross hematuria 1s not seen eacept m assoctation with cortical
necrosis
Renal Function —Heynemann found the non-protein mitrogen of
the blood nearly alwavs normal or only shightly elevated Hussy
never found 1t above 50 mg per cent Sertz found the non-protein
nitrogen above 40 mg in about one-half of his cases and above
60 g 1w 10 per cent In 5000 normal pregnancies Caldwell and
Lvle found the average non profem nitrogen 33 mg, urea nitrogen
18 mg, and unc aad 3 mg There was no mcrease durm;: the

1 - . T Y
changes m the hidnevs were not different from those without re-
tention of metabolites but in one c1se No 42-1602 there nas ¢
complictting pvelonephritis  Presumably oligurit and extrarenal
mfluences contribute to produce mitrogen retention 1n some c1ses

The phenolsulphonephthalein test h1s httle value becwuse of the
oliguria which causes retention of a large fraction of the dye 1o
the pelses and ureters

Cambrer and Snoeck found the excretion of ¢reitimne normal 1n
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eclampsia except during an eclamptic crists when 1t 1> notabl
reduced

We mas conclude that there 1s often 4 slight and rerely a severe
nitrogen retention in eclampsia but that apart from the cases of
cortical necrosis there 1s no serious damage to the hidness

Cheslev and associates (1940) and Welsh Wellen and Taxlor
(1942) measured the renal blood flow by the diodrast clearance in
women with normal pregnancy and mn women with eclampsia and
preeclampsia  They found a normal renal blood flow m both normal
and eclamptic pregnancy  In essential hy pertenston the filtration
frection 15 increased presumably hecause of constriction of the
efferent glomerular arterioles but in eclunpsta the filtration fraction
1s normal or dimmished  Che lev and associates suggest that mn
eclampsia the capillary lesion interferes wath the filtration of water
Since the renal blood flow 1s normal 1n eclampsia hy pertenston en
not be attrtbuted to renal 1scherma

In « woman with essentinl hy pertension pregnanes causes an
mcrease of blood pressure and an argravation of all the hypertensne
symptoms Dill and Erichson found that constriction of the renal
artertes 1 pregnant doos causes an eclampsia like svndrome but
Foa and assocnites found that when rats made hvpertensie by
constriction of one renal arters become pregnant the blood pressure
falls
Blood Presswre  Hs pertenston 15 an almost constant svmptom of
eclampsia and preeclampsit  behwartz stated that he had never
seen a case of eclumpsia or preeclumpsta without hypertenston
Sertz however found 13 per cent of his patrents with 2 sistolic
pressure below 130 mm Hg He found the svstolic pressure over
150 mm Hg1n €4 of 98 instances of eclampsia and 30 of 30 1nstances
of preeclampsia  Hiess and Bechmann reported 13 cases with no
elevation of blood pressure on repeated exammations  Greenhill
found the svstolic Flood pressure above 150 mm Hg m 70 of 78
cases
Heynemann called attention to the marked lability of the blood
pressure in eclampsia A temporary hvpertension 1s easily over
looked espectally when the patient 1s first seen late in the illness
Severe cases particularly patients in coma are apt to show a fall
of blood pressure In 8 of 56 cases nhich he studed carefully
Heynemann never found the systolic pressure above 130 mm 1lg
but he stated that the usual pressure was 150 to 180 mm Hg and
that he had not seen a patient with pronounced preeclamptic svmp-

i

impression 1s that the prognosis 1s worse with severe hypertension
In our cases which were evidentls severe the blood pressure was
recorded mn 57 of the 59 The svstolic pressure was 100 mm Hg or
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huigher at some time m 51 cases and m 23 1t was 200 mm Hg or
higher In2casesit was hutween 140 and 150 mm Hg InNo 30-
318 2 pressure of 138/80 was recorded one week before death  InNo
44 1794 the blood pressure was recorded before delivers and before
the onset of eclampain 1 thewtse 1n N\o 48-722 the blood pressure
was tahen when there were no symptoms of eclampsia  No 33-141
13 possibly not eclampsia since there were no lesions in the kidneys
and the liver shoned only focal necroses  There were no preeclamp-
tic ssmptoms  hut the pitient developed conyulsions during labor
and died before delivery

Pathological Anatomy of Eclampsia  The Brain A few observers
have reported petechial hemorrhages and microscopic areas of
neerosis n the brun - “ometimes 1 definite encephahitss 1s found with
pertvascular collections of Iy mphacytes and areas of detmy ehination
The comx and con ulsions may otten be expluned on the basis of the
lestons in the brun

The Lirer  The charactenstic gross lesions are irregular areas of
hemorrhage associated with necrost or atrophy of the Iner cords
(hemorrhagic necroses) and smalf areas of anemic necrosis  The
hemorrhages are often subcipsular but mav be found anywhere
within the organ  Macroscopic lesions (hemorrhagie necroses) are
absent m from one fi urth to one third of the cases They were
absent 1n 22 of our 18 cases i which the Iner was examined  Miero-
scopic study often reveals small necrotic foer in livers that show
no gross lesions but only the gross lesions are of diagnostic value
Thromboses of small heptic arteries or vems are usudly found in
relatwn with the necroses but 1t 1s not established thut the throm
boses are primary  thev may be a result of the necrosis The necrosis
of the iver 1s occastonally extensive enough to produce jaundice

The Rudneys —The hidnevs are affected m practically all cases
of eclampsin  The macroscoprc changes are constant and easily
recogmzed Apart from the cortical necroses which will be described
separately there 13 an appearance of extreme cloudy swelling  The

idnevs are usually enlirged  In 41 of our 8 eases the combined
weight was 300 gm or more and m 16 cases 400 gm or above
The cortices are always cloudy and opaque This appearance 1s
constant but not distinctive of eclimpsit since it occurs m a wide
variety of toxic and infectious processes

On microscopic exammation the tubules usualls show precipitated
protem and a few casts m therr lumens but retrogressive changes
n the tubular epithelum are weonspicuous  There 13 no serous
tubular myury

The Clomerular Iesioms DPls-Leusden 18% noted that the
glomerul: e enlirged and contun only 1 httle blood  He mter-
preted the lesion s glemerulonephritis  Lohlein 1918 gave the
first clear deseription of the charactemstic glomerular lesion n
echunpsia Tle noted thickenmg of the walls of the glomerular
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Ul
Ve mav conclude that there 1 often 1 sheht and rareh a <evere
nitrogen retention m eclimpsia but that apart from the cases of
cortical necrost there 1s no <ertous damage to the hidnesvs
Chedev and assocrates (1940) and VWelsh Wellen and Tavlor
(1942) mea ured the renal tlood flow by the diodrst clearance m
women with normal pregnanes and m women with eclampwa ani
preeclamp 11 Thet found 2 normal ren 2] blood flow 1 both normal
and eclamptic pregnancy  In eseential hipertension the fltration
fraiction 1> mereased presumably becan e of constriction of the
efferent glomerular arterioles but m eclympsia the filtration fraction
1> normil or dimimehed  Cheslev and as.ocates susgest that m
eclampuy the eapillan le 1on interferes with the filtration of water
“ince the remal blood flow 15 normnl i eelunpsiy hvpertension can
not be attributed to renal 1~chemia
In 4 womn with es.ential hiperten 10n pregnane causes an
merea e of blood pres ure and an aggray 1tion of all the hvpertensne
vmptoms Iill and Frick~on found that constricton of the renal
arteries m pregnant dogs cau es an eclamp 11 ke syndrome but
Fo1 and v ~ociites found that when rats made hvperten ne b
;*olxlx trietion of one ren1l artery become pregnaat tlhe blood presure
)

eclamp 11 except dunng an eclamptic cri 1 when 1t 15 notabh
ced

Blood Pressure  Hvpertension 1> an almo t constant svinptom of
eclampsia and preedimp 1a Schw rtz stated that he hal never
~een a ce of eclump 13 or preeclunp~ia without hypertension
“eitz however found 13 per cent of lus pitients with a svstol ¢
pres ure belon 130 mm Hg  He found the sv~tolic pressure over
100 mm Hgin 04 (§981n tinces of eclampst1 and 30 of 3o mst inee>
of preechimpsta Hies and Bechmann reported 13 cases with no
elevation of blood pres ure on repeated exammations ~Creen ol
found the «v tohe blood pressure above 100 mm Hg m 70 of ©
Cases
Hevnemann called attention to the marked labilits of the blood
pre sure m eclunpua 4 temporamy hvpertension 1 easth over
looked especialh when the patient 1s first seen Iate m tl e sllnes
Revere cases particularly patents i coma are apt to show ¢ fall
of blood pressure In § of of cases which he studied carefully
Hevnemann never found the systolic pressure above 130 mo Hg
but he stated that the usual pressure was 100 to 180 mm Hg an
that he had not seen 4 patrent with pronounced preeclamptic <P~

v
toeen
eneral

mpression 1> that the prognosis 1> worse with severe hvpertension
In our ¢1 es which nere evidentls severe the blood pre~ ur\>l “'::
recorded 1n o7 of the 29 ‘The s stolic pressure ®as 100 mm Hg
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eclimpsia except daring an eclamptic crisis when it 15 notably

luce

Ve may conclude that there 15 often 2 shght and rarely 1 severe
nitrogen retention m eclunpsii but that apart from the cases of
cortical neerosis there 13 o scrious dimage to the hidnets

Chesley and associates (1940) and Welsh Wellen nd Tavlor
(1942) measured the renil blood flow by the diodrast clearance m
women w1th normal pregnaney and m women with eclimp 1 an
preeclumpsia - They found a normal renal blood flow m hoth normal
and eclunptic pregnanes  In escential b pertenston the fltration
fraction 15 mereised presumabl becruse of constriction of the

efferent glomerulr arterioles but in eclimpsia the filtration fraction
Ve oy

not be attributed to renal 1schemia

In a woman with essentinl hypertension pregnancy cau es an
mcrease of bload pressure and an aggresatton of all the b pertensne
svmptoms  Dill and Crickson found that constriction of the renal
arterses 1n pregnant dogs causes an eclumpsia ke syndrome Bt
Fox and wsocnites found thit when rats nide hspertensite by
constriction of one renil irtery become pregnant the blood pressure
ally
Blood Pressure —Hypertension 1s an almost constant sy mptom of
eclimpsta and precelimpsta  Sehw itz stated that he had never
seen a case of eclunpsit or preeclunpsta without hnypertension
Seitz however found 13 per cent of his patients with 2 sistt l::‘

::’le:ntmn of blood pressure on repeated examnations (:lt'el{l "
found the svstolic blood pressure above 150 mm Hgm 70 of 7
cses

Hey nemann called attention to the marhed lablity of the blonrd
pressure m cclimpsiy A temporars hypertension 13 Pa}sxl)“mes
looked especinlly when the patient 1> first seen laten the 1 n::"
Severe cases particularls patients m coma Are apt to c‘sjhov- “{ul‘;.)
of blood pressure In 8 of 66 cases which hi stud}l&_) ;:::‘ i

never found the systolic pressure above

'Ilegzmm‘an‘nﬂ' 4t +1 @ manral pressure Was 150 to 150 me Mg a nd

1

Mudalar and assoctates did not find 4 cous eral
L 1 a hlaod pressure and the mortality bult i}:‘-ewff:mn
nas

gor
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some increxse of endothehal nuclel 1n many cases and sometimes
a rather striking Increase ts noted but 1t Is never pronounced
enough to warrant a dignosis of acute glomerulonephritis  The
endothelial cells lie nternal to the thickened basement membrane
and contribute to the obstruction of the capilliries  The glomerular
lestons are present m 57 of our 53 cases but they are more pro
nounced wnd more easly recogmzed m some than m others The
narrowmg of the capillaries 15 recogmzed more easily than the
thickhening of the basement membranes The glomerular lesions are

I'te 5  Glomerulus from » case of eclamps 8 Mallory He denhan stan  Note
barrow cap llary luming thick basement membrane and swollen glomerular epi
thelim  Thotomcregrapl

very promment (Grade 3) 1n 29 farrlv ¢onspicuons (Grade 2) m 19
and shght (Grade 1) in % cases  In two instances there were no
glomerubar chinges  Grades 3 nd 2 1re easily recogmized 1n hema-
toxyhin eosin prepiratic

tions <itined by the

Grade 1 lecion 1 suffi
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capillaries decrease of erythrocytes swellmg of the glomerular
e&nthe‘]‘mm and a shght increase of mntracapillary cells He stated
that tha loc an wa an W e T 1l ~

of some of the tufts No increase of glomerular nucler was found s
arule but there were some exceptions He considered the glomerular
lesion peculiar to eclampsia and called 1t glomerulonephrosis  He
mterpreted 1t s a d tve change best explained by the touic
theory of eclampsia

lsz es have
F1c 54 Glomerulus f om a ca e of eclampsa  The glomerular cap

very small lJumma Lobulations are dstnet and tlere s no notable nrrease of
nucle Hematoxyln eosn  Photom crograpt

2] . v RN ~ mad  ~dom lan maont

d under high reveal the nature of the lesion
The most strll\mggch'mge 1s extreme narrowmg of the czlpl]!ﬁl;{
lumens their oppostte walls often beng tn contret (I‘l},‘! i5) e
narrowmg 1s brought about by two processes 3 ]t nc] en rﬁlar
the capillary basement membranes and suelling of the Kl‘l’m:ﬂ ot
epitheltal cells which surround the capillaries Practic ’I“here o
the erythrocy tes have been forced out of the capillaries

\
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One patient (No 28-123) had prunary hypertension for fourteen
years preceding her death There were no convulsions and no
changes n the liver were found at postmortem, but the character
1stic glomerular lestons were present In two mstances the eclampsta
was associated with severe diabetes  One patrent (36-1315) had
recurrent acute rheumatic endocirditts another (44 1741) was
having severe symptoms from 1 patent ductus arteriosus and one
(48-722) was having symptoms from old mitral and acrtie vale
defects

The glomerular lestons are useful m establishing the dignosis
of eclampsta since they are frequently present m the absence of
hemorrhagic necrosis of the lner  In one mstance (No 39-551) the
patient was found dead and the diagnosis of eclampsta was based
entirely on the glomerular lesions

The character of the glomerular lesions suggests that they are
of a degenerative nature They have none of the features of known
inflammatory reactions It 1s highly improbable that such a change
could result from anemia occastoned by spism of the afferent
arterioles since the glomerult connected with sclerotie narroned
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remained stationary for some time but disappeared after recovery
The part of the vessel distal to the contracture 1s dilated  This 1s
convincmng direct evidence of the presence of functional arteriolar
spasm m eclampsia

Wagener confirmed and extended the observations of Mjlus
He found that the spism mas affect any or all of the branches of
the central arters and that the contraction varzes tn degree and
ituation from day to dav  Later as the contractions become more
fixed cotton wonl patches and hemorrhages may appear in the retima
and finalls a diffuse retmitts may develop  “Spastic lestons are
found m about 70 per cent of cases of tovemia and m about 60 per
cent they dusappear after labor Organic lesions of the retinal
arterioles persist fter libor and are usuilh ecompanted by per
swtent hy pertension

Rmubana dexcribed subretmal accumulatims of flud m two
retm which he studred nucrescopically

- ' ' 3

o
first twenty four hours after Ixbor  The «vmptoms are not reheved
by intrautertne death of the fetus The fact that eclampsia occurs
frequently with hyvdatiform moles 15 convincing evidence that the
causative agent 15 1n placental tissue

e second estabhished fiet 15 that there are spastic contractrons
of the arterioles m eclimpsia  The tetanic contractions are redily
seen m the retm and 1t mav be safelt mferred that they are gen-
eralized

substance which acts upon the arteriol ir musculature exther duectly
or through the intermediation of the svmpathetic nerves and (2}
that a tove substance 15 formed i the placenta possibly m the
necrotic tissue of infarcts and that this product injures the glom
eruli narrowing the glomerular capillartes and producing some
interference with the renal eirculation The placental poison need
not be a pressor substance if it acts by producing renal mjury

The After Effects of Eclampsia and Preeclampsta  There 1s a wide-
spread opimnton that a frequent sequel of totemia of pregnancy 1
some form of chronic nephritts or permanent hypertension  Most
of the writers who report chronic nephntis tollowing tovenna do
not specify the ts pe of nephrits and usually base the diagnosis on
the presence of hvpertension or albumipuria  Since there » no
evidence that chronic glomeralonephritrs 15 causally related to
toxemrt the problem becomes whether permanent hypertension 15
caused Ty the tovema of pregnancy
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artertoles become smaller not larger [he most plausible explana
tion of the glomerular lesions 1> that they are the effect of a tosic
substance eirculating m the blood

Symmetncal Necrosis of the Cortices of the Krdneys —The first
case of this kind was described by Bradford and Lawrence m 1808
and since that time a number of similar cases have been reported
(see references) The outstanding chaieal features are preeclamptic
symptoms wrth or without convulsions followed by severe oliguna
or apurta and ending 1n death within a fen davs It has been
observed m both multipare and primipare and seems unrelated to
age Defimte preeclamptie symptoms wre described in every case
but about half of the patients have no convulsions The stage of
gestation varies from three and a half months to full term  The
scanty urme contuns blood albumm and casts The blood metal o-
Iites 1ncrease to a uremic level before death but typical uremic
svmptoms are commonly absent

The kidneys m every case are sumlar  There 1s alinost complete
necrosts of the cortices of both hidneys but usually a thin zone of
mtact tubules may be found mmmediately adjrcent to the medullt
and a few tubules adjacent to the capsule are not necrotic The
large branches of the renal arteries are unaffected but there 1s throm
bosts of all the smail arteries and arterioles withm the cortex  The
necrosts of the cortex 1s clextls due to occlusion of all the small reni
arteries since there are intact tubules under the capsule and adjacent
to the medulla where there 1s some collateral esreulition  If the
mjury were due to some eirculating toxte substaneert would not spare
these tubules The occlusion of the arteries mat be due to 1 primary
thromhosis but 1t seems more probible that 1t 1s cuused by pro-
Jonged severeyyscspism  There 15 1 demonstrable s 1sospasm in the
retinal arterioles

Stmlar lesions are sometimes found m males and 8 such cases

males have come under my observation -
The Placenta A few small placental infurets are foun} m ol ut

FIRTRYY
bstnce that
terpreta

infarets are due to thrombosts of placental arterses
that necrotic placental tissue 15 the source of 1 toxic sul
causes eclimpstn  Ilumt an 1 1ssoctites agrec with this
tion

The Retma ~Vlus 1920 observed the retil nrteru? |ln
eclumpsia nd preeclampsta 1ud noted tetamic contrictions whwh
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nephritis but 4 of the 5 had nephritts before the eclamptic pregnancy

Nevermann, 1927, reexammed G0 patients, one to twenty-three
years after eclampsia  Thirty-seven were studied more than ten
years after the eclampsia Twenty-seven were entirely normal
but the others had vamous complamnts such as headache, poor
memory, visual disturbances and edema of the legs Eight women
had bypertension (140 to 170 mm Hg) Three had albumin and
casts (a) one year after eclampsia, trace of albumun, blood pressure
118 mm Hg, () eclampsta in 1903 and agam 1 1903, albummuria
on dismssal each trme, smee 1905 seven aborttons and premature
labors m 1925, blood pressure 170 mm Hg large amount of albumm,
(c) ecl: m 1921, mild preecl with abortien m 1925
(albumm), normal m 1926 There was only one patient with a
persistent renal lesion

Peckham, 1929 found 17 (23 per cent) of 77 women with chronic
nephritis on reexamination one veir after eclampsia  Nephntis
developed somew hat oftener in those who were albumin-free at the
end of three weehs than i those s ho had albumimunias at that time
TPeckham d1d not explam the criterta on which s diignosis of
nephritis was based

Schmechel 1929, 1 a large experience with eclampsis, knew of
only one patient who developed chronic renal disease  He thought
that this patient probably had renal disease before pregnancy

Kobes, 1930 found that 19 of 32 eclamptics had albummurza at
the end of the third week after the attack Reexammation of the
32 women from three to eighty-five months later show ed only 3 with
albummuria  Tourteen of 19 preeclamptics had abnormal urine
when reexamined but 13 of these had a ustory of renal dise1se prior
topregnancy Two women of this group hnd evidence of contracted

1dney s

Seitz, 1930, found 78 eclampties all entirely well at the end of
eight weeks The preeclamptics (17 n number) showed a hittle
slower healng A few were not normal after fourteen eeks

Breaky, 1932, traced 115 eclamptics and 218 women who had
had normal pregnancies  Usmg 150 mm g as the standard, 26 5
per cent of the eclimptics and 21 6 per cent of the controls had
hvpertension  Albummnuria was found m 638 per cent of the
echunptics and 2 per cent of the controls Two definite cases of
chronie nephritis developed m the eclamptics

Mehelvey and McVMahon, 1935, concluded that the toxemias of
'I‘“":* - " 1 o Irving,

[ [ v . e " und that
43 per cent of 3000 women after eclmpsia and precclampsia were
Teported to have a systohc pressure over 140 mm Hg Tourteen
per cent of 930 had persistent albummurti  They believe that
20 to 40 per cent of women are left with permanent hy pertension




260 GLOVERULONEPHRITIS

hoblanck 1894 reevamined 77 women who had had eclampsia
(tume of rechech not gnen) 597 per cent had no albumin i€ 9
per cent had only a trace of albumin 154 per cent had catarrh of
the urinary trict and 6 5 per cent had nephnitis

Meyer VWurz 1904 found that the great majonty of eclamptics
were free from albumin on dismissal from the hospital  Zange-
meister 1913 found 7 per cent of eclamptics with residual chrome
nephritis and attributed the majonity to the attack of eclampsia

Baisch 1913 traced 110 women who had had an attack of
eclampsia (60 cases) or severe preeclampsia (50 cases) Of these
110 patients 9 were dead and 11 were permanent mvalids  Only
40 per cent were entirely well No mformation was given as to the
cause of death or mvalidism and no evidence of renal disetse was
presented

Wolf and Zade found 2 out of 23 eclunptics whom they reex
amuned some yers Iter with evidence of chromic nephnitis (hyper
tension)  \erther patient had albummurta upon dismssal after the
attach of eclampsia

Sachs 1918 found 81 of 8” eclumptics entirely well on reexamma
tion some years later Tour were dead and 2 had signs of chromie

nephritss
Hussy 1921 did not see any mstance of chromic nephritis after

eclampsia

Breuning 1924 m a report of S5 cases of eclampsta stated that
88 per cent of those who survived were free from albumm on dis
mussal from the hospital

Heynemann 1924 traced 4o cases of eclampsia and 7 of severe
He found albuminursa or hypertension not mfre-

preeclampsia
quently on d 1 and on later 1ons He interpreted
the abnormal findmgs 1s delayed healmg or w5 tascular discase
resultmg from eclampsia

d 38 pattents who had

Zondek and Jacohowitz 19”1 reexamine
had eclampsia or precclampsta one to seven years later There w13
a o ease of chronie nephritis which they behete nas present before

renal function
Greenhull 1926 followed (0 cases of eclumpsta and fountli 5; \\,l;lcl
normal blood pressure and normat urne {1nve develaped chro)
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after a tovemty  Lhey attnbute the perm ment hy pertension to 1
persistence of the glomerular lesions of acute eclampsin Seven
women who were known to have had o previous toxemra and who
died of other causes later all showed thickening of the capillary
basement membranes

Diechmann 1939 does not beheve that toxemuas of pregnancy
cure permanent renal damage He believes that repetition of
toxemia m a subsequent pregnancy suggests primary vascular renal
disease

Werss 1940 stated that i bus group of toxemuas about one-thid
of the puents had hypertension before pregnancy but sustamed
hy pertension follows toxemea in tbout one-third of the patients who
R

« L gpertnsill WiHUL 1OHOWS ¢ farge proportion
of the toxemn1s of pregnancy 1 not the result of the toxemm but
that toverma oceurs for the most part in women whe have » ten
dency to hypertensive disease

In 4 previons paper 1932 I reported the histology of the hidneys
n a patient who died seven vears after an nttack of ecltmpsin A
great many glomeruh show foeil scirs which were interpreted as
the outcome of the acute eclamptic lesion  This observation how

T -

found no evidence of d image from the first attack

It 15 clear from the literature that the expertence of dufferent
observers has not been uniform 1t 15 also highly probable thit the
diagnosis of chronic nephritis  usually refers to hvpertensive vas
cular diserse  There seems no doubt that an undetermined per
centage of women who have had totenna of pregnancs develop
hypertension later on  Our problem therefore 13 to determine
whether this hy pertension 1s a result of the presious tozemr or 2
muanifestation of primary hy pertensis e disease unrefted to toxemi
The evidence appers definitely i fasor of the latter mterpretition
About 50 per cent of women past middle life have hvpertension
(Wetherby) It 1s to be noted also that Brethy found hy pertension
almost as frequently after normal pregnancy as after e(‘]lmp;lll
\Many of the nomen who subsequently deseloped n pertensmnqt}:
lowing toverm were normal on dismissal from the hospit] e
vascular and renal lesions n hypertension after toxemin are not
different from those found in cases of hypertenston mn males or In

s who have not had toxemin

fﬂ’?‘?l]: only type of case which presents amy difficultr to the :}xll:slv:
mterpretation 1s the mfrequent one n which the mhem:t 5 0
norma] blood pressure before pregnancy dev elops an hyper enson
toxema and maintains a persistent hypertension from that time
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CHAPTER VII
TUBULAR DISEASES

Pr01sRy disease of the renal tubules 1s of two anatomieal tvpes
degenerative and obstructine In the former the tubules are
mpured by a cireulating porsonous substance to such a degree that
therr functions are mterfered with m the latter therr lumens are
blocked by casts or by substances precipitated from the urine
Mild tubular injury 1s found m nearly all acute infections and toxte
processes but clmical tubular disease 1s rare m comparison with
other forms of clmical renal disease

Tubular diseases are usually called nephroses but this term no
longer has an extct meaning Lipoid nephrosis 1s v glomerular
disense  amyloid nephrosis is chrefly glomerular and chemical
nephrosis 1s tubular

The tubular diseases v 1ll be discussed as far as possible on n
etrological basts It wiil be pointed out to what extent each tipe s
degeneratn e or obstructnne

1 Chemical Porsons A number of chemrcal pursons exert a
selectrve action on the hidneys and all of them injure the tubules
much more than the glomeruli  Many substances have been used
experiment uly to produce nephritis  those most frequenthy em
ploved bemg uranmum nitrate mercurie chloride and potissum
bichromate ~ All experimental nephritides produced by chemzcals
are tubular diseases  In chnieal experence mercunc chlonde 15
responsible for uremia much more frequently than anv other
simple chemical poison but rarely other poisons are responsible

Vercurie Chlonide —There 15 usually a history that the ponon
has been tahen by mouth acadentally or with sucidal intent
but fatal poisoning has resulted from yagmal douches ani shin
lotions

The itial tovic symptoms are epiastric pun nausei and
vomiting The outcome depends largely upon the amount of POM?
ingested but patients may recover after tahing a lurge amount I
the poison 15 largelv removed by iomitmg or by prompt gastric
lavage If gastnic lavage 1s delased for more than one hour very
hittle of the drug can be remoyed "

op toxic symptoms die erther

About one-half of those who devel
of shock or uremin Those who die durng the first twenty four

ho die
hours show little evidence of renal damage but those ¥
after that time always show severely damaged hidnevs and death

15 due partly or entirels to uremia
In cases which termmate fatally oliguria usually develops dux;xg
the first twenty four hours and 1s soon followed by all)num e
scanty urine contams & trace to @ large amount of albumin
(266)
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blood urea rises rapidly to uremic levels (Lable 37)  After several
days of anuria diuresis may set mn even w amounts as large as
1000 cc dauly but the unne 1s of very low speetfic graity and the
blood urea continues to mncrease except in those patients who
recover

Tapre 37 ~Toertaw Draease Cavsrp sy Mgrcoric CHLORIDE
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Fdema 13 usuilly absent but there may te a small amount
especially about the face “evere edema rarely occurs unless the
Patient has been given large amounts of fluii  The blood pressure
usually remams at 4 normal level but 1t may become moderatels
elevated durmg the pertod of anuria

The hadnevs are usually only moderately enlarged lut some-
times the combined weight 15 over 500 gm  On sectron the ¢ rtices
are pale and cloudy  lhe mucroscopic structure varies with the
period of surinal  When deith occurs within 2 few hours the
histologrcal structure 55 normal  When the period of survisal is
only a few days the tubules are filled with coarse fragments of
neuotic epithelum (g 56)  On prebmmary study the tubular
epithelum appears to be entirely destroyed but careful observa
tion reveals that 4 thin basal portion of most of the cells 1s mtact
This persistent Lzyer of cytoplasm contams the nuclet
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After several days have elapsed the appearances are such as
shown 1 T'igure 57 The necrotic debris has been removed and the
perststent basal portions of the cells are clearly visible In many
places there 1s practtealls no s toplasm remaming

Mercuric chlorde as well as uranum nitrate injures only the
proxunal tubules The distal tubules and the glomeruls are unaf
fected  The selective action of these porsons on the provimal renal
tubules 15 due to their concentration 1 this segment  Sollmann

Death three days
Fi¢ 56 —Tubular d sease from mercur ¢ chlor de po son oy
atter ngestion of the poion The tubules are Blled w th débr s from necrotic ep!

thel al eells Photom crograph

found the concentration of mercury in the hidneys much greﬂfe‘l'
than i any other organ  When one ureter of an m!imal 8 lt]gd\ﬂtl‘:‘r;e
1mjection of mercurne chlorde or urimum mt'rate “Ee: ::oh daate
s formed
rate but

low it to diffuse back mto the blood stream
# "I)"hv;se ;ersol:ls who die after the first week of which there are

L
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TUBUL\R DISESES

AR ' .

Ier
The folloning four eases of carbon tetrachloride poisonmg came
under our obsery ation
(a) 44811 A female age
unknown amount of carbon
Vomiting Anuria Debirium
E‘ntty Inerw ntplcex:tml necrosi

Severe ohguria  Lived 10 day  Blond pressure 144 100 mm Hg “No
v w o AREme e
(@) 45—{UJ A Jel g apes uluy L oye P \
carbon tetrachloride for . .
vineing
REFFRENCFS
- Lo
13
[
gheol)
133 (Sucrose,
Hemymorz 1 F ] Pudit 3 144 % IEn‘l‘)canl)Clm Med 25 1180 1940

Hewsmorz H F and Bottaan J L

S,
HE!SM‘;C\:O;?) Surg €1\ Amer 16 515 1936 (Tut ylar] sons fremch m
PE::;op\OR(‘JmSC) and Bageerstoss A H Proe Staff Meet Mayo Cun 22
314 1047 (Cart_n tetract tonde) e 44 61 1020 (M reur s bt rde)

AN TransAsn Am Physicias
g}\‘{;‘;:;ﬁ" H  Arch Int Mud 63 760 1930 (Carbon t "lcfljhlr;];ﬁ)(‘\hrcurlc
Soruaany T and Scuperser N T Arch Int Mel 67 4

chlondc)
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Uranaum Natrate —This chemical has been used extensively to
produce renal lesions m ammals Tt eauses necrosis of the prouimal
tubules Like mercuric chloride 1t produces its effect by betng
concentrated n the tubules since ligature of the vreter protects the
hidney from myury

Racemie Tartaric Acsd —When an ammal 1s mjected with racemic
tartanc aaid a severe hy dropic degeneration of the provimal tubules
results Ligature of the ureter does not protect the kidney from
mjury  The hydropic leslon may heal but 1t often progresses to
necrosis and the animal dees of uremia

Sucrose —In 1933 Helmholz found that when rabbits are injected
with large doses of 20 per cent sucrose they develop severe hydropic
changes m the renal tubules The lesion reaches 1ts aximum m
twenty-four to forty-eight hours and then gradually recedes Hyper-
tonic solutions of sucrose are frequently used climically to produce
duresis and sumilar renal lesions have since been repeatedly ob-
served 1n human beings njected with sucrose shortly before death
In histological sections the leston appears to be very severe (Tig 9)
but there 15 only & temporary functional disturbance and urema
never results Apparently the severe hydropic change caused by
sucrose does not result in permanent renal damage  Hypertomic
solutions of dextrose do not produce any changes m the tubules
(Lindberg, et al) Wilmer found that sucrose unlike uramum
mtrate and mercuric chlonde, produces the same degree of myury
to the tubules of a hy dronephrotic kidney as to those of the normal
kidney

Sulfa Drugs —Our experience with fatal postoning from sulta
drugs 1s shown n Table 38

Taste 38 —Renst Inury FRoM beirs Drues

2 - T By, .pd il
4 . L 520853 53
¢ £ 0. L s gipziE it
| B £ 2 I e
o8y 3 R s g dl
A 77 M -pyndee 16da — 0 Obguns — — 0 1 102
~thuazole
42-%8 47 F  thwole Sdv 3 1 Ohguna $470 675 0 2 145
Arari
43-215¢ 50 I 8ds 1 1 Ohguna — 50 3 p 64
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44509 70 M 7da  1- 0 Ohguna —_— ;}2 é g i\
Anuna
45-57 6N - 2wk 0 3 Obguna 1672 340 1 0 63
45225 73 T . o s
2! I h 4da — O Olgura 06050 33 2
46-692 81 AL 4da 1 0 Olguna -— 323 0 g :;
42(25;! &0 AL — - 0 Amana 13070 130 0 a0 53
43-2516 60 9dn 3 — 1452 4900 3 0 85
18
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Vihen sulf drugs are given 1n such amounts as to produce a igh
concentrition m the blood thev are present in corresponding a
mounts in the glomerular filtrate and mn the normal process of con
centration m the tubules they may precipitate cat i crvstilline
form  [he eryvstals mu he washed nto the pelvis where they
traumitize the mucost and eause hematurin and they may aceumu
late m sufficrent qu entits to obstruct the ureters  Occasionally they
obstruct the collecting tubules (Iig €0)
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The follow ing case from our wutop + records illustrates this feston
. 1 lervent

Cuw A Table 33 A male aged seventy senen sears LT
enfarly liged esof

&15 after wael only

‘urred and s [fatl nzol

1 petting 2 st actors
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MU 8101 PUOUS HIALLHAL ONLdmDg SUHalil LZote efy stals was 1enoied
However the duress was never mote than 320 cc_daily, the blood urea
continued to rise and the patient died of uremta on Dee 29

The blood tre nitragen was 6 7 mg per cent on Nov 26,924 on Dec 11,
62 on Dec 27,and 1020n Dec 28

The blood sulfsthiazole was 16 mg per cent on Dec 23, 158 on Dec 26
398 on Dec 27 and 43 5on Dec 23

B PR v .
. 1 .

In 5 of our cases (Table 38) apuria and uremry were due entirely
to tubulir njury and there was no accumulation of erystals m the
tubules  The follow ing case 15 sliustrative of this lesion

Bt 6f —41-2184 Anina from sulfathiuole  Marked hydropic degeneration of
the progims! tubules 1 hotonuerograph
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43-2154 (Table 38) A woman af
hory 0t (Fudle M) n ged ﬁl"ty yeers was admitted lo the
she had been given a
preceding forty eight 1
cent  \o urme was ‘
‘

tubules wnd pelves 1s a low diuresis but the concentration m the
blood 1s also important  Vhen the blood les el 1s not excessiv ely high
and the fluid 1ntake 1s sufficient to give  daih diurests of 1500 cc or
more there 1~ little danger of precipitation

Climenko and assoerites found that monkevs tolerite 2 much
higher blood concentration of a sulfx drug without repal complica
tions when the urine 13 kept alkaltne by admmstration of lurge
amounts of sodum bicarbonate  [he sulfa drugs and their acets]
ated dern atives wre meny times more soluble 1n athaline than m wad

Ioxand 1ate d that bitcarbonate he gnen

to heep the pII of the urine about 75

A Iigh flud intake with sodim bicarbonate will prevent pre
cpitation of a sulfa drug i the urinary tract, but we d«x{mt hnow
how to prevent mjury of the tubules  Apparenthy sulfa drugs are

toxie to certain indin 1duals

REFERENCES

ANtoror, W ET sL  Arch Path 81 592 1941
CarroLL G Sma J and Pixe G JARMA 114 411 1910 (Anurea from

Sulfapyridine)

Criwenko D R Bamtos D W and Weemr A W Arch Patl 32 89)
1941 (Alkalmzation of the urine)

Tox C I Jensey O J Jr and Mooz G H JAMA 121 1147 1083
(Alhabmszation of the urine)

Hetiwie © A and Reeo H L JAMA 119 561 1942 (Anuna from

sulfadiaz ne)
howerzar § enikve B G J Lab and Cln Mrd 25 10°1 1040 .
Leperer M and Rosgnstarr P JAMA 119 8 1942 (Urema frem
sulfath azol )
Perrer D § and Horace H M A‘:—l‘g Med Ser 199 674 1940
SrRYRER W A JAMA 114 953 1
41
THowpeoN G J ETAL  Proc Staff Meet MayoCln ’IE 609 19
Wrickr D D_and hivseY R E 120 1351 1942 (Uremua from
sulfad az ne)
vt



TRAVSFUSION RIDNE}S 207

man hemolys1s of the donor s cells vecurs also when the donor and
the recipient belong to ncompattble blood groups  When a per-on
15 transfused with incompatible blood a severe reaction usually
develops during or shortly after the transfusion "There is commonly
a chill, fever, sweating and signs of circulatory collapse The ery th-
rocvtes from the donor are hemols zed causing hemoglobimemia and
hemoglobin escapes mto the urine when the amount m the blood
exceeds the renal threshold

A few patients die within 2 few days after the trunsfusion reaction
with signs of circulatory eollapse, and others develop oligursa within
twenty -four hours

The oliguna may persist a few days and then be folloned by a
good dwresis and recovery, but 1t may progress to anurta and wrenua

The fourteen cases which we have studied are summarized in
Table 39

TabLe 39 —TRuNsFLAION RinvFys

o 1
% 3, o5, f o3E H
£ 8 g2 £ 3 fF . &
H LI T RS - TP | £
3 &y & 5 gEd 3
34-1183 23 F —_ 20 145 456 0 4  emly tubular atrophy
oliguri:
33-1614 5 M —_ 10 — 460 3 3 olguma 3
40-871 53 M — 7 75 500 0 4 ohguns
40-1944 87 M Nane 12 115 485 O 4 prostatectomy urga
tion with water
42-119 64 M - 100 408 3 3
42-634 7 M —_ 2 6 510 0 3 _ jaundice
43-1161 50 M — 4 - 415 0 4 " anuna
45 621 31 I 700 ce 10 58 500 3 1 olguna fullowed by
good drures s
46-721 68 M None 12 109 450 0 3 prostatectomy
wrngat on with water
46 1752 74 N 750es 12 101 35 0 4
47-1172 51 M 1500 co 15 hgh 625 2 1 oliguna 3
471751 74 T 2500 er 5 90 200 3 &
438 76 M 1000 ce 7 168 490 1 3 hemolyeinduring
prostatectomy
48 1902 71 M 1000 cc 8 119 320 1 3

The Kidneys —The hidneys are tsually greutls enlarged and on
section the cortices are cloudy and increased m thickness  Mi-
croscopicalls there are always casts composed of some dernative of
hemoglobin 1n the collecting and distal consoluted tubules and m
the loops of Henle  The orsts usordlly, disterd the tubvles andd seerm
to produce partial or complete obstruction but often the obstruction
13 obviously mcomplete  Oceasiontlly there 1s & moderate dilitation
of some of the proumal tubules suggesting an obstruction m the
lower part of the mphron  Often some degeneritive changes are
seen 1n the tubular epithelium at the site of the cast, and frequently
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there 1s a cellular exudite surrounding the tubule contarning the
st In five of our cases the large number of casts (Grade 4, Table
39) (Ig 02) seems an adequate cause of the renal msufficiency,
and 1n six others (grade 3) they appe1r to be an important contribu-
tory factor However, in three cases (grade 1) the casts are too few
10 number to have pliy ed an important role

" ‘a Ny ?sz?fqu-;: (2 v»,—i AR

Fic 62 —Transfusion resction showing extensive obstruction of tubules by pre
cipitated hemoglobin  Photomicrograph

Ayer and Gauld do not believe that the casts cause renal msuf-
ficiency since they found an equal number of casts 1 cases of deep
Jaundice without renal fulure

Burw el and ascociates described the kidness of & person who sur-
vived urenna following a transfusion and died three months Iter of
serum hepatitis  Their illustration shows wedge-shaped areis of
tubular atrophy strongly suggestng permanent obstruction of
groups of nephrons

To my hnowledge no imestigator has called attention to the
marhed hydropic degeneration of the proxumil con\.oluted tubules
that was found in some of our cases  Definte hy dropic degeneration

\
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15 present 1n 7 c1ses and in 41t 15 severe (Lig (3)  The cells are
grextly enlarged and they are filted with irregular vacunles  Sherers
hitle doubt that this Jeson may e renal meuficency  In the 3
< 1ses m which casts tre meonspicuc us this lesion s p (Tabk
30) The distal tubules show only mild hvdropie changes  The
frequency md prommence of mure of the proxunt tubules shows
that the lesion m the transfusion hidney 15 by no me i restreted to
the lower part of the nephron as some 10y estigators have clatmed

1es

16 61 T nafu_on react on shomm severe hydrop c cl anges m the p ox mal
3 ol ted tybules the d tal segme t5 ard glomerul be ng noroal  Photom ero-

The primary disturbnce 1n uretnn following blond trinsfusion 1~
hemoglobmerm 1 due to hemolvus of the dinors cells  But the
source of the ers thracvtes iy not mportant since the same le 1on m1y
re ult from hemolvsis of the pattent s own ervthrocy tes as i black-
% tter fever and an trinsurcthrd prostatectomy In prost itectomn
the opcrative site 15 emigited with watcr under pre ure which enters
the vens and hemolyses the ervilrocytes During the prostatec-
tomy heme glubinetnin 52 often demonstrable and hemoglobur ma
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there 13 a ceflular exudate ding the tubule

cast In five of our cases the large number of casts (Grade 4, 'lable
39) (g 62) seems an adequate cause of the renal msufficency,
and 1n s1x others {grade 3) they appear to be an important contnbu-
tory factor Howentr, in three cases {grade 1) the casts are too few
10 number to have plasyed an unportant role

Fic 62 —Transfusion resction showing extensive obstruction of tubules by pre
eiptated hemoglobin - Photomierograph

Ayer and Gauld do not believe that the cists cause renad nsuf-

fictency since they found an equal number of casts m cases of deep
1aundice w1thout renal fulure
E Y

tubular atrophy strongly suggesting permanent obstruction of
groups of nephrons

To my hnowledge no mvestigator has called nttennoil N‘l) f]’(‘;‘
marhed by dropic degeneration of the proimal com oluted tul él‘m
that was found 1n some of our cases  Defimte hy dropic degeneraty
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g5 present 1 7 crses and m 4 1t gs savere (g (3) Lhe cells are
greath enlrged an L thes are filled with irregular vacuoles  There s
Iittle doubt that this lesion m1v ¢ se renal insufficsenes In the 3
« ves i which ¢ 1sts 1ve conspicus us this lesion 1 promiment {Table
39)  The dital tubules show only mild hidropic chinges The
frequency ard prommence of 1nqury of the proxuma] tubules shows
that the leston m the transfuson kidney 14 by no means restricted to
the lower puet of the nephron 15 some 13 estig tors have claimed

TR
bR cfuf,z'fém
| . - v, - s‘

-*'- .

%, %
~H QR

PR,
h 5
Sal j
_.«7 d
. )
r) el et/
T1a 63 —"Transf un react o1 show ng aevers hy Imp ¢ cf anges 11 11 & prox mal

contulated tatules (e d tal sugments and Rlon erul be ng normal Photom ero-
R7ep!

Lhe pnmary di turt anee w uremit following Blood trw fuson s
hene globingmit due to hemolvas of the donors cls  But the
somece of the e thracy tes i not soportant since the <ame lesson my

' Vo .

the vems ind hemolises the envthrocvtes  During the prostatee
tomy hemoglobmemit 1 often demon trable and hemoglobin man
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tecumulite in suffictent amounts to produce rent msufficiency and
death  (Creevy Landstemner and Imch)

Baker and Dodds belsesed that casts do not form m the tubules
unless the urne 1s acid but other mvestigators do not support this
view  De Navasquez was unable to confirm the work of Buker and
Dodds and he also reported a patrent who had an te1d urme through
out an attack of parovismal hemoglobmuria without ansy disturb
wce of renal function  Severe ohgurty mw also develop i the
presence of an alkaline urme (De Nwvasquez)  Ywle ind assocrites
obtuned cists m ribbits ondy when the tubules were previoush m
yured by temporary clamping of the artery or by sodwm tartrate
but they obtuned more c1sts when the urine was aad

Lalich found that deln dration fivors the accumulation « f casts in
the hidneys of ribbits  This 15 presumabh due to the greater con
centration of the glomerulr filtrate in the tubules

Several obsery ers has e noted a direct relation between the amount
of blood transfused and the degree of remil myurs (Fhak) In <o
fir as the renal insufficiency 15 due to casts one would expect this to

be true
> ver ~11 lém nf can ad aether
2l
he

mjury ;‘n the prosimal cons eluted tubules has not been expluned
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Bactenal Poisons  In persons suffenin,
B #lasn o nennanly some protein m

g from 7 severe mfection of
the urine but there 1
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s \ PUFEE N - D A 8

Burms —~Severe burns mas cawse ehguna or anura foom fows of
phisma o the burned arer The ureim whych man resnit weems to be
chuefts extrarenat i ongin Baker w a stady of 06 caces dead of
busns found vnh 4 with renal lesions astribut ible to the burs

Miscellaneous Forms of Uremia —In Tible 40 fifteen cases of
uremn are histed which are due to mpun or obstruction of the
tubules  Qften the cause of the tubular wyars 35 obseare  In Nos
33 2051 and A2 1{47 there w13 a sexre suppuratss e mflamm ition
In o 43 38 there w 15 sevore obstructive Jundice with extensive
ahstruetson by exsts and by dropic degeneratson
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In Ne 35-483 there nax & severe hvdrope degeneration of un
known etology (g 64)

In Nos 40 2047 42 239 42 106 and 45438 dehdeation prob-
abh phived an unportant rale In 42 739 the dehnderted mfint
~howed romplts ebstrur tian of all the prosmm o} tubules by ¢ staks
winch were not sduntifiert
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In No 41-84 uremin w15 due to complete replicenent of the
Mdnevs by tumor

Fic €14 Severe tubular disease of unknown etiology 35453 Table 40 Estreme
hydropic degeneration of provimal tubules D stal segments ( n center) and glomerull
normal Photom erograph

RFFFRENCE

Baxer R D Am J Path 21 717 1940 (Renall si ns from burns)

The Hepato renal Synd o ted
diffuse cortical necrosis of
of the liver  There was se
described the case of 2 bov 16 years of age who survived for elesen
dywss following severe crusling of the Iner  There w15 OIIKUN;
which progressed to anurit and uremir  The hidness 'z[u{)\\;l
marhed degenerative tubular lesions The wuthors 1ttubuted the
tubular lesions to touc sub tinees liberated from the neerctic hiver
tissue i nd
Schutz Helwig wnd huhn (1932) reported 4 eases of anuria v
uremna followning cholecyvstectomy  Thev regarded the;r c;\egﬂ"lj
extmples of renal disease secondans to hepatie necrosis  Prtel 1977,

LN
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reproducedd the hepito renal svndrome i ribiits by higature of the
hepaticarters or by traumatizing the lner

The hepato renal syndrome 15 extensivels discussed 1n the liter-
ature and many of 1its features are still obscure but there 1s little
doubt that necrosis of the liver sometimes brings about necrosis of
the renal tubules and uremit

RIFERENCES

Ftrrwaesceer A hrankl ot forschung 4 349 1927
Hewio F C anlOsr T G Arch Surg 24 136 1932
FyreL A Arch hin Chir 187 27 1936
Seavrz C B Hetwie F € andbhoay H P JAMA 99 633 1932
WieNsky A O Arch Surg 38 62> 1939 (Gencral Review)

Multrple Myeloma —Multiple mnelom oceurs chiefly n elderls
persons  1ifty s1x of onr 65 patients were over fifty veirs of age
A -

sufficiency  Albumunuri v 1s found sn the great majority especially in
advanced stages of the disense but it 1 ines greatly inntensity and
at times may be completels zhsent

The protein i the urine may consist entirels of the Bence-Jones
body entirely of serum protemn or of a mnture of the two protuns
The more careful mvestigations indicite that when the Bence-Jones
protewn 13 present 1t constatutes the greater part or all of the urmar
protein  Lhe literature indieites that the Bence-Junes protemn may
be found 1n the urine 1t <ome tume during the course of the disese in
wout two thirds of the cases

Tl e Bence-Jones protemn mav be evcreted by normal kidnevs and
1ts presence in the urme therefore does not indicate any renal lesion
\m;:m\ albuminuna 1 1ttnbutable to mnor glomerular lesions

werghing less than L gm- bd uremia
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In 17 of the 27 patients with renal f ilure the renal insufficiency is
clearly due to lrge numbers of casts which block the collecting
tubules The casts block the tubules completely and are permanent-
Iy lodged there Macrophages are often found imvading the tubule
and attaching the cast It 15 not known whether the casts are com-
posed of Bence-Jones protein or serum globulin. In our cases no
correlation could be estabhshed betneen the presence of casts and

!\':'(Q::L}}W\yl
3, ‘\};ﬁ’%ﬁé ﬁt‘
K 4

te myeloma with urepna  The
Fia 65 —Contracted kidneys from a case of multip!

tubules are extensively ohstracted by large firm easts aud the;egg;ntz pm,::\r:lp :f
the easts are markedly atrophic The glomerul: ar unaffecte otomies

the level of serum globulin or the presence of Bence-Jones pmtelhnicl;:
the unne  Numerous casts were found m occasmmiec’}ses mw hich
the plasma globulin w1s not mereased and no Bence-Jones prof

was found 1n the urme imal
Tha offact of 4 mact 18 ultimately atrophy of the nephron provimal
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zer, 1932 desertbed such a case and interpreted 1t esa nephrotic

disuse atrophy because the nephron eannot perform its functions
‘I he glomerul show no structural alterations but glomerular filtra
tton must be suppressed

In rare nstances reml mauﬂiclenc\ 15 due tn 1ccumulatmn ofa

RIFFRENCES
Baxviex L K and Grzexe C H  Arch Int Med 44 486 1929 (Renal

Bewr, F T Am J Path 9 393 1933 (R nal pathology rferences)
Buscune F hhn Wel nschr 11 408 1432 (Urem a)
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The Crush Syndrome —Biwaters Bell and others have reported
man 1nstances of anum ind uremn following crushing mnjuries of
the extremities  The pattents were all awr-raid vectuns whose ex
tremittes had heen «everely compressed for scveral hours before
thes were resened  After relese of the compreswon the hmb be-

the spectfic grivits of the urine decreases and uremn develops
Artenal pressure ind serum potassiatn are mcrersed  About two-
thirds of the patients die of urcronn

A sumlar eliniea] picture my develop when the artertd supph to
m extrenuty 1 occluded for sy eral hours

reaction atout the affected tubules The cists are composed of
mioglobin - The authors did not mention any lewion of the proxm il
tlll)\l]ﬁ

e
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urine 1t causes the formation of myoglobm casts which may be
numerous enough to produce urenna,

Corcoran and Page made the interesting observation that when
tourniquets are applied to the limbs of dogs that nearly
obliterate arterral flow the renal blood flow 15 reduced to 20 per cent
of normal  In this condition of v asoconstrictns e 1schenn my oglobm
which has httle effect on 1 normal hidney 15 precipitated m the
tubules The precipitation 1s fasored by the oliguria and the acd
urine
A5 oglobinuna resulting from necrosis of muscles oceurs in horses
when they are put back to work after « rest period of ses eral davs on
4 high carbohidrate diet

M oglobinurna oceurs 1n man in chronie degenerative lesions of the
voluntary muscles and 1t may lead to renal fadure  Gne such case
came under our observation The patient had repeated attachs of
muscle soreness following severe evercise assocrated with myo
globinuria  In his last severe attack he died of urema  There was
widespread patchs necrosts of the soluntary muscles There were
onlh a few moglobin casts m the distal and collectng tubules but
there was 2 mild hydropic degeneration of all the proximal tubules
There was much more injury to the upper than to the low er nephron

Trueta believes that the wnuria of the erush svndrome 1s due to
prolonged spasm of the renal arteries at the cortico-medullary June
tion which shunts the blood into the yeins and ctuses anemia of the
cortex

The evidence suggests that in the crush myur there 1> sesere
v asoconstriction of the renal arteries causing cortical sehemin The
ano\a 1> the chief cause of the renal injury ~ Ohguriy and an nad
urine develop and my oglobin casts obstruct many of the tubules
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of lower nephron nephrosts  seems to be any renal lesion with casts
or mjury 1n the distal and collecting tubules and the loops of Henle
Some of the authors believe that there 1s a primary mjurt of these
segments others think thev are merels obstructed by casts

1uche has extended the concept to mclude the crush syndrome

tubular diseise
There are serious ohjections to the concept of lower nephron
nephrosis
(u) Ina fucly hugh percentage of transfusion wnd sulfa drag had
neys there 1s 1 severe hydropic degeneration of the proumal tubules
(lig t0) and there mav he very fen cists  In other words a fair
proportion of these cases are chiefly lesions of the upper nephrons
The advoeates of lower nephron nephrosis  have ignored the
Tesions in the proximal tubules or have attempted to explun them 1s
result of obstruction of the distal segments  But obstructron of 4
tubule ¢ wses dilatation or atrophy 1n the proximal direction not
hyvdropre degeneration
(6} The 1den thit there 15 a primary mjury of the distal seg
ments 1s pot sound It 15 re wdhiby determmfd that the first cvent 1
[RRCRE : : v

etiohgy and when 2 cast 1« permanently lodged m = tubule 1t fre
quently provokes i nflunmators reaction ihout the tubule  Thes
> characterrstic of the easts of multiple myeloma

() The renal fulure in tubular di exses 1s « ften more complex
than the simple obstruction of tubulcs  The number of (ists 13
frequenthy not sufficient to explam renad falure There 15 usually
vasoconstriction and noxit of the cortex before the appearince of
st

‘The intraduct: m of the term  lower nephron nephrosis  has been
adiweryied to renal pathology 1 thit st has wdded confusion insterd
of dhinity

REEFRENCE
To ar B Mty Sogan 99 371 1947



CHAPTER VIII
TATRARENAL AZOTEMIA

EATRARENAL azotemir may be defined s azotemia not due t»
primars renal disease  There 15 tenal failure but it 15 caused by
extrarenal influences and not by structural changes within the kil
neys It 1s not a circumsenbed entits but v group of disturbinces
which produce 4 similar effect The essential features of the ssn
drome are oliguria azotemia and no renal lesion sufficient to explam
the renal tailure It 1s not sharply separable from defintte tubulir
disease and many of the Lidnevs from cases of extrarenal ureoua
show hvdropic changes in the cells of the proumal tubules which
seem sufficient to have cused disturbances in their functions

In hospitals where deterrumations of blood urex are mde rou
tinely a farr percentage of the patients will show a moderate or
severe azotemia dunng the last few davs of life Ve have had the
opportumts of studving the hidness of 142 subjects with a termnal
extrarenal uremia

An 1mportant and mitial symptom 1s ehiguna but the urme 15
never hughly concentrated the speaific gravity usually ruging from
1018 to 10°4 In n ohiguria oceurning 1n 2 person with normal hid
nexs the speafic gravity 1s much higher  The low specific gravity of
the urtae 15 due 1n part to 1ts vers low content of sodm chlori le

Zondek believes that extrarenal azotemn mas wsually be dis
tmguished from true renal uremra by the concentrations of sodmm
chloride and urea 1n the urme In true renal urem both sodium
chloride and urea are very low (sodium chloride 02 to 04 per cent
nrea 1310 09 per cent) In evtrarenal azotemta s dium chlc niders
ver low asnrenal uremz but urea 1s high (4 per cent) He attn
butes the increased urea to endogenous breakdown of pgotem .

In our group of 142 cases the termmal blood urey mtiogen. as
¢ Tome &0 to 50 me percent 10 €0to 79 37 SOto 99 27 100>

1
\ simihr con It
1ds because of
fuse flmds or
obstruetion n the esophagus or stomach those w1 a rel
those who are neglected ~ We do not know hether the olxgErm 15
due to decreased glomerulr filtetion or incre 1sed tubular reibsorp-

(°88)
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tion hut after it has persisted for a few dayvs it u~ually continues
despite 2 hugh flurd intake  Some permanent damage to the hidneys
hasbeen produced  In our 15 cases the renal tubules were normal in
12 but 3showed hydropic degeneration such 1s tn shownin I igure 63

{t) Dehydration from intestinal abstruction vomiting (19 casts)
T'his accurs most frequently from obstructson of the small intestire
and paradvticilens  So much flnd 1s lost by vomiting or by accumu
laticn 1n the mtestines that the patient becomes dehydrated wnd
oligun1 ensues  Chlondes are abo lost excessively 1n the vomitus
and the blood chloride falls well below the normallevel Tor this
reason the term hypochloremic uremia has been apphed It was
formerly behieved that the loss of chloride cnused retention of urea
to muntam the ounotic pressure of the blood but herpel Tronius
1n & scries of papers showerd cleatly that the 27otema 15 due to de-
hidratron and not to low blood chloride  Fxperimentall he pro-
ducud I pochle remia wathout wzotemia and showed that wzotemin
uay be corrected by admimistration of water without salt - Chlondes
correct the alkalosis but not the azotemy1  \ch and associates
found that m crrrhosis of the liver repeated drunage of the nsetic
fluid reduced the blood chlorudes ws low s 300 mg per cent without
produemng 0y elesation of hlond urct

In our 19 cises of azotenm: from intestml obstruction 2 show
hidropie degeneration of the provimal tubules

) Dehyvdration from sexere diirrthea (4 cees)  This has heen
obseryed most frequenthy 1n the dharrhe ts of children and in Astatic
cholers A severe dwrrhen produces 2 marhed dibndration In 1
of our 4 cises there was hydropie degenerition of the prosimal
tubules
“2 Azote;mn from mto the Tract —

' B LN

UL by antcrent myestig stors e as tollows

(@} Le+ Blood Pressure —In those per-ons who develop <hock
following the hemorrhage the blond pressure may fill <o low that
renal blood flow ind glomerular fltriwon are greatly reduced

@) Drereased Blood 1olume —A severe hemorrhige has a de-
hvdrating effect  Thud 13 withdrawn from the tissues to restore
the blood volume and the blond does not give up flud to form
unne  The condrtion 13 somewhat sumlar to that produced by
eseeease sambing from intevtanl shstraction ks must be an
mportant factor i eansing ohgunia and azotemn:  \levler pro-
duced azotemiv m gumen pigs by repeted hleedme the blood
uren psing as lugh as 200 to 300 mg per cent  \dmemstrition of
sufficzent amounts of water prevented the azotermin
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(c) Absorphion of Blood From the Iniestinal Tract —Borst attrib
uted azotemit to the rapid absorption of urei formed from the
blood 1n the mtestmal tract, and this mterpretation has been
adopted by others Ilowever Johnson gave 1200 to 1500 cc of
blood to four different patients by stomach tube durmng a period
of six to eight hours The blood uren rose only moderately and
trinsiently except m one pitient whose urea cletrance was only
50 per cent of normal 1 which instance 1t rose to 54 mg per cent
The nbsorption of bleod would help to explam the zotemia but
not the oliguriy

() Inereased Destruction of Body Profeins —Veyler conchided
that there 1s an inereased destruction of body protems

It seems highly probable that the chief cause of azotema after
gastromtestinal hemorrhage 15 the debydrating effect of the loss
of blood  Low blood pressure 15 an importint contributory mflu
ence 1n those who develop shock

Campbell and Stickney published the report of a patient who
recovered from a1 hemorrhage resulting from dundenal ulcer, after
the blood urea had risen to 652 and creatinine to 24 mg per cent

3 Azotemta from Low Blood Pressure (27 cases) —There we 27
cases 1n wlnch the azotemra was probably due 1n Jarge measure to 1
svery low blood pressure  All of the patients were in ses ere shock for
2 few duws prior to deith  The shoch was cwu ed by fractures in 6
cices and by setere abdominal tjuries 1n 3 Other causes of shock
were coronary thrombosis perforated ulcer wnd carcinoma of the

colon or stomch  The systolie pressures ranged from 60 to 90 mm
VAL Al

was moderite to severe hydropie degenerttion o uc p
tubules 1n the other 18 cases the tubules were normal

4 Postoperative Azotema (16 caces) —~71lis 1S not 2 well-defined
group from the pomt of v1ew of ¢ w~tion stnce more than one factor
tsusually concerned Frequently there 1s 1 pertod of low blond pre
sure and there may he vomiting It 1s sometumes difficult to heep
the patient well hydrated A termmal bronchopneymonit mas be
contributory factor In 7 of our 16 cases there was hydropie de-

- P

cases) —In 11 cuses the
e cad o~ rdtae
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CHAPTLR IN

F\UDALIVF INTFRSFITIAL NFPHRITIS
(PYELONE PHRITIS)*

IneLASDIATIONS of the mterstitial tesswes of the hidneys are
commonly called pyvelonephritis since i the majority of mstinces
hoth the pelis and the renal purenchyma re mvolsed  But pvelo-
nephrites 13 not always an accurate descriptise term suce cortical
abscesses occur not infrequently without mvolsement of the pelvis
and a mild pyeliis may evwsst without notable extension mto the
parenchyma these 1 way te designated cortical ab
and pyehitis respectively

One objection 1o the yse of the term ‘mterstitial nephntis 15
that this nume was formerly applied to the contracted kulneys of
chrome glomerulonephnitis and primary hypertension becruse of
the secondary condensation of connectrve tissue ahout the atrophic
tubules But the older termmology his been in disuse so long that
there will probably be no confusion from the use of this accurately
deseriptive term

The most important feature of this group of renal diseases 13
thet they are caused by the lodgment of bictersa i the hidneys
Glomerulonephnitis and some of the tubular diseases e caused I
tovic substances of bacterial onigin but m exudative mterstital
nephrtes the bactern] bodies Jodge m the ladneys and provoke
m mflammatory rewtion The cavsatne orgimems may be
recovered from the hudney by cultury methods

A CORTICAL ABSCESS

Cortical abscesses o t then be
appropriately called tyvpes of
cortieal suppuration le small

abscesses carl uncle and perimephric ahscess

(a) Multiple Small Abscesses — Lhese are (hiefls of anatormeal
interest since they are usually found mn autopsy materal m as<o-
ctation with staphslecocere bictertemtx and there may have been
no direct clinseal evidenee of their presence  In persons dead of
stapht lococetc bacteriemia it 1s not uncommon to find multiple
cortical ubscesses which have not vet extended to the pelvis  The
nhecesses vary from microscopic dimensions to a dizmeter of 1 em
or more, and are usually visible on the surface of the hidnev after
the capsule hins heen removed (Fig 67)  In sections of such had-

* Pages 243 to 319 are quoted with some alterat ons and add { ona from an article
published 1a Surgery  (Bell E T., Surgery 11 261 1942}

(293)
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neys 1t may often be determned that the abscesses begin 1 glom
erult and then extend iato the ad)acent tuf ular areas  The bacteriz
evidentls lodge in the glomerular capallarses, where they are attacked
by polymorphonucler leuhvestes  In the earls stages numerous
leuhocytes pass through the glomerular capillaries and are carned
through the tutules toward the pehrs  The tubules ssociated
with mfected glomeruli are filled with poly morphonuclear Jeuho

cytes  Bacterr are earnied m this way through the tubules to the
renal pelvis  This 1 the reason we so often see streahs of <uppura

Fro 67 Mult ple absceses of the L dney  Photograph

tion extending radually from the costes tc the ape of t)):e ’.“f“ﬂiﬂ.
When the tubule becomes pluvged with Jeuhoeytes the mfec
spreads beyond its lumen into the adjatent tivsue ,
A microsce pic section_ through @ small ab cess o s
mass of cocl surrounded 13 7 zene of neerosis bes O“’l }\]\ -
dense wide zone |nf ;l:olx mur;gho:;xgze‘ﬁ; }le;ﬁ:;cﬁ‘ ey setaL;h\ ral
necrosis 1s caused 11 the necrotiz iy
mute or chronic course the polvmorp.
i?;cc?earlc!‘:el?? frcxgisclfeofe}s)‘l‘:;:d partly or entirely by macropl ages or

lymphocytes

hows a centril
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As stated above multiple small abscesses are found most fre
quently 1 cases of frink staphilococeie bactentemia but they are
alo frequent in those dead of drtbetic coma and are seen acce
stonally m other di cases 1n which there w 1s no elintcal cvidence of
renal dise1se  Apparently these abecesses are cuuwsed by 1 coli
il staphylococer and the mfection evilently reaches the Lulney
through the blood stream

Although no direct esidence 1s avulable 1t 1s highly probible
that small abscesses may heal lewving as residues only stall sears
or Iy mphocy tic infiltrations

() Renal Carbuncle —Carbuncle refers to a large multilocular
honeycombed abscess  Good deseriptions have been given by
Brady O Conor and Patch  The lesion 1s much more often um
than bilrteral  The patient exhibats sy mptoms of a septic infection
with localizing signs m the region of the imolved hidney  tut there
15 commonly no pyurin

Usually an obwious source 1s demonstrable —a carbuncle furuncle
or cellulitts of the shan A few cases follow sare throat  Staphylo-
cocct are found 1n the earbunde  The mfection may hreak through
the renal ¢ psule to form 1 perinephric abscess

Brady who collected 95 cases from the hterature rccommends
drunage rather than nephrectomy

() Penmephne Abscess —Ths refers to suppurttion about the
kulnev outsde of 1ts cipsule It 15 widely believed thyt peri-
nephric abscesses alwats represent an extension of a cortical thseess
through the renal Cipsulc but Varmooten muntaimns that thes mas
dey elop outside the renal eapsule and are not extensions of a cortteal
suppuration  The etinlogy 15 the same as that of cortical abscess
surgical drunage 1s usually recommended espeainlly when the
Lilney 15 not extensively destroved

B PYELONEPHRITIS

Lhe myonty of mfected hidncys <how imvolvement of both the
pehus and the prrenchyma aind may be ippropriately de ynated as
prdonephntss DPyvdonephntis oceurs both with and without
cbstruction of the unmiry tract  If simple ronad abiscesses without
preditis be exeluded the obstructive tvpe 1s about teelve times as
frequent 13 the non-obstructive but attracts less attention since
the el sumptoms ane overshidowed by the maor sllness re-
sponsible for the olntruction

Incur > )0 fautopies there were 1638 02 of ndrone phirosts of
virvng degrees of inten iy About 60 per ant of these showerd
gross nfeetion of the kidnevs When the obstruction w s m the
urttersabove the blad fer <itch 18 ocetirs from urcterl stricture and
externad ccmpres 10 of the urttess the ina fenee of infeetion in the
kulners was 23 to 40 peraant - But when the obstruction sas bele w
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the bladder as in hy pertrophs or carcinom of the prostate and
urethral stricture the meidence of infection v 1s 70 to 80 per cent

The Route of Infection  fscemding Infections ~As noted abote
abstructite lesions of the urethra bladder nd prostate produce in
fection of the hidnes s about tnice as frequently 1s obstruction of the
ureters aboe the blidder Obstructtons swhich distend the biadder
are usutly 1ssoctted with evstitis the ureteral onfices tend to
become dilsted and there 15 opportunsty for reflus of wfected urine
mto the ureters These ficts suggest that ascending infection plus
an unportant role m the dexelopment of pyelonephnhs resultne
fromob truction of the lower urinary tract On the otherhand when
the block 1s 1 the ureter above the blxd ler 1t 13 difficult to under
stand how ascending nfection can occur

Fxperimentilly pyelonephntis m1y be produced m rabbits by
introducing infection mto the bladder and then obstructing the
urethra 1n dogs 1t may be produced without obstruction bt
fecting the blidder and cutting the ureteral orfices so that they
remin open {Gruber and Rabmoviteh)

In low urnary tract infections n mn the ureters and the blad
der form a common chamber as the result of dilrtation of the
ureteral onfices Tpon contraction of the bladder infected urine
1s foreed mto the ureters and the bictera my be transported to
the pelvis of the hidnes by mechanteal dissemnation through the
urime by to and fro movements or by the motility of the organ
1sms e g colon bacill

When the infection reaches the renal pelvis 1t produces pyelitss
wnd 1n the earher stages 2 direct extension of the inflammation
mto the medullary pyramids may be seen The infection mty
spread directh from the mucose mto the renal parenchyma or 1t
mn reach the pwenchvima through munute tears of the mucoss
which result from pelvic distention  In retrograde ps elograms 1t 1s
sometimes noted that the radiopaque substance escapes mto the
peripeliie tissues (pyelo-nterstittal or pyelovenous reflux) and 1t
1s beheved that this mechamism comes mto play m obstructive
hydronephrosis In ammals substances injected up the ureter
under pre sure pass directly mto the vems (pyelorenous reflux) and
the vens of the Lidney may be readity injected through the urete;:

Hematogenous Infections  Pyelonephritis developing 1t the al
sence of urtnary obstruction is generally believed to be of hem ltoé"i‘ﬂ
ous oriem  In the case of ureteral obstructions the mfemml]xli’ also
presumably hematogenous since none of the factors whicl f c';\:r
ascendmg infection are present It 1s possible that the mfe ltl’\‘
reaches the kidney through the blood stream i some Sises I‘t“re
Jow urmary obstruction It 15 hnown that ¢ posltnelblu cun:r
m™ frequentls be abtuned after operations on the lower l;rlﬂ" ':)l
tract and even after catheterization (Seatt Young) The urethral .

chill 1s sttributed to bacteriema
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Tt 19 well established that hvd ) predisposes the hadoey
to hematogenous mfection  If the ureter of one hidney of a rabbrt
be hgatured and staphilococer be mijected intravenously forty-
eight hours later, 1t will usunlly be found that multiple abscesses
develop in the ohstructed hadnev hut not m its normal mate It 1s
therefore easily possible that bactera from the mfected bladder
enter the blood stream and thus reach the cortex of the hydro-
nephrotic hidneys

In the absence of obstruction 1t 1s assumed that the infection 1s
of hematogenous origin, but i the presence of hydronephrosis
ascending and hematogenous nfections cannot be distmguished
with certamnty

Tymphogenous Infections —\ few wniters have supported the
view that snfection spreids from the bladder to the hidney through
the peniureteral Iymphaties (Esendrith Sweet) ‘lhe chief evt
dence 1n support of this hy pothesis 13 the presence of a vmphocy tie
exudate in the outer wall of the ureter This finding 1s howerver
more rendily explained s a chronie uretentrs sumlar to a chronic
prebtis

Bactertalogy —Nearly all writers agree that colon bacill are
responsible for the grc’:t majonty of infections of the urinary tract

ndlon PP I

know the proportions of colen and staphy lecoceie infections 1n the
two groups However, 1t 1s clear that i the non-obstructive group
which comprises about 8 per cent of the pielonephrnitules the
stapliylococar are chiefly responsible since the nfection usuaily
«ngmates n a known staphylocae leson such as a furunde or
carbundle (Nesbit)  Dhiscrete cortreal abiscesses are due to staph; lo-
coces but diffuse inflammations are more often caused by colon
baall:  Trequenth 1 colon bacillus mfection 1¢ superimposed on a
stuphs lococere mfammation

(a) The Obstructive Type —In puelonephmtis associated with
obistruction the climeal picture 1s usualls dominated by the diserse

ponsible for the Ind } such 18 hypertrophy of the
prostate ewrcinem of the blulder and caremoma of the uterus
hut evidences of infection (fever leukeevtosss pun or tenderness m
the region of the hudness ete ) mwy be superimposed on those of
the major illness

The age and sex distribution of the ot structn e ty pe of prcloneph
ritis correspond to that «f Indronephro v (Iig 23)  Dunng the
third fourth fifth and sixth decades 1t predominates 1n females
because of pregniney and caremotna of the uterus but after that
tune there 1s a grest prepondernnce 1 males chiefly because of
prostatic disease
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T:Iw pyelt:nephrllw of pregnancy exhibuts speaial fettures Iy dro-

von Illyes found 145 on the right 48 on the Jeft and 39 hilateral
Only a few patients gne 2 history of pyelitss i cluldhood The
chief svmptoms are chills fever leuhocytosis renal pun and
pyura By means of drunige and chemotherapy most of the
patients may e cured before the onset of Inbor but about 15 to 20
percent of the cases result m abortion or premature delisery [he
maternal mortahity 1s about 3 per cent

Py elonephritis during the puerperal period 1s somenhat less fre-
quent than during pregnines and generally develops during the
first weeh  Prelonephritis occasionallh recurs during a subsequent
pregnancy but there 1s no satisfactory evidence that 1t cuuses
toremii  Rurely the pyelonephnitis of preynincy contmues as 1
chrone pyelonephntis but we have no example of this i our
collection

In the paralytic 1nd congemtal types of hydronephrosis the

d pjelonephnitis 15 easily d chmcally  In all

forms of hydronephrosis infection destroys more or less of the
renal parenchyma nd hastens the onset of uremia

(5) The Non cbstructive Type —This form may be called
hematogenous or descending pyelonephritis ind 1t 1s what clinieians
usually have i mind when they speah of pyelonephntis As
pointed out above however the obstructive type is tnelve trmes
as frequent as the non obstructive mn auntopsy mateniil There 13
usually no difficulty mn distingushing the two types at autopsy
but i chrome non-obstructive ctses the shrinkage of the cortex
may produce some enlirgement of the pelvis and an associated
mflammation of the ureter may cause « partial mechameal or para
Iy tic obstruction

1 Acute Hematogenous Pyelonephritis — I'is lesion blends with
cortical abscesses to such an extent that no sharp sepiration 13

We have grouped under this headmg only the cases m
ross 1ol ement of

possible
which cortical abscesses were assocated with g
the renal p lvis and have elassified all cases of less than four montis
duration as acute There ate a large number of cases of cortical
abscesses m our autopsies but there are only £0 good examples of

acute p) elonephnitis
The chief sy mptoms are fever renal pair and t‘e‘ndernessddi’s‘l:]r\l:r
leuhocytosts and anem:a e1>s ANl
ol the Tacase relatns o 15 chldhood during

the disease relatively commen i ear
e . In children malformations m the

regnancy and m old age
ﬁnfary t)mct are a contributory cause and m older subjects dn
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betes 15 often 1 predisposing influence  The prognosts 1s usually
favorable

Referring to the €0 fatal cases foun 1 m our autopw records it 1s
noteworthy that there was m most imstances an assocnted disease
wsually of infectious mature which was largely responsible for
death and over hadowed to some extent the symptoms referable to
the hidneys  lor comenience vur 60 cases will be divided mto
four groups with respect to age

Chillren Under One Year of Age —lhere are 7 cases i this
group 3 males an 14 females the ages bemg one month two months
two months three months four months seven months and nine
months respectinely  Two patients had otitis medsa and menn
gitis 1 had mastoditss 1 had pharvngitss and 1 had an martial upper
resprratory mfection  In the 2 remaming cases there was no disease
other than the pyelonephritis  The duration varied from ten to
thirty days  The blood pressures were not recorded At autopsy in
each case toth hdneys showed cortical abscesses with extensions
1nto the pelses

C hildren from One t3 Ten Years Old —There were § cses 1n thrs

i A

Lles were 1 upper respiratory tnfection acute osteomelitis
mening wx ccie memngihis a1 d acute enterocobitis respectrels  In
the fifth cise there was a moderyte unilater:l hyvdronephrosis of
undetermined cause which my htve been the imtl aite «f the
wfects n The blod pressures were not recorded At autopsy the
ki Inevs showed bilateral 1f we ses and suppuritise pyelitrs

There 15 an ettensne hterature on aeute pyelonephritis in chil-
dren  Prior to 1909 it was generally regarded as a pyehitis on the
wamption that the renal parenchyma wis not mvoled In
19 thomson and MeDonald reported 20 cases 21 girls and 4
tovs with 21 recovenes  In two autopsies on boys aged four
months and scven months they found cortical suppuration as well
as prebitns  In 1910 Themich reported 7 autopstes m G of which
there was wfection i the renal parenchyma

Wicland 1n 1918 desentbed 45 cases with 4 deaths  There were
3o airlsand 10 bvs  Tonnranp nfante tha sevas  ava ol & o

orp i m leund  Iwedve of the 21 cases had mfection outaide the
krdnevs  The di crse was Ialateral m 12 instinces on the nght
1w ¢ and on the left n 2 cises

It 15 now generally agreed that the pachis of cluldren 15
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T:he pyelnrncphnixs of pregnancy exhibits speait features  Hydro-
B v

von Illyes found 145 on the right 48 on the left nd 99 hiateral
Only 2 few pitients gave a lustory of pyelitis 1 childhood  The
chiel symptoms are chills fever leuhocytosts renal pam and
pyurir By mewns of drunige and chemotherapy most of the
patients may be eured before the onsct of labor but about 15 to 20
percent of the c1s¢s result 1n abortion or premature delvery  1he
maternal mortality 15 about 3 per cent

Py elonephritis dunng the puerperal pertod 1s somes hat less frc
quent than during pregntney and generalls develops during the
first weeh  Pyelonephritts occistonally recurs durmg n subsequent
pregnaney  but there 1s no satisfactory evidence that 1t causes
toxemiy  Rarely the pyelonephnitis of pregnancy continues as 3
chronic pyelonephritis but we huie no evumple of the i our
collectron

In the paraytic md congenstal types of hydronephrosis the
assoctated pyelonephritis 15 eastly recogmized chimeally  In all
forms of hydronephrosts mfection destroys more or less of the

[APN

) nay be called
what clmicns
onephritis

pomnted out 1bove lowever the obstructive type 1 twelve times
as frequent s the non-obstructive m autopsy matern! There 13
usually no difficulty m distinguishing the two tvpes at autopsy
but m chronie non obstructive cases the shrmhage of the cortex
may produce some enlirgement of the pelvis and an assouated
nflammation of the urcter may ciuse 4 pirtial meelaneal or part
Iy tic obstruction

1 Acute Hematogenous Pyelonephritis —1his lesion blends with
cortien] abscesses to such an extent that no sharp separation 13

v od under this hending only the cases in
possible e e grouped un T4 erpys jnvolvement of

s than four menths
5t cases of eortienl

abscesses 1n our autop 1es but there e ong U good ex ronples of

acute nyelonenhritis ' 1w

ter
fo

pre
urinary tract are o conu UIVLy L w v s
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betes 15 often a predisposing mfluence  The prognosis 1s usually
friorable
Referring to the 10 fatal cases found m our autopss records it 1s
notevorthy that there was i most mstances an associated divease,
usually of infectious nature which was largels responsible for
death and overshadoned to some extent the symptoms referable to
the hidneys For comvenience our (X cases will be drided nto
four groups with respect to age
Chidren. Under One Year of .1ge —There are 7 cases m this
up, 3 males and 4 females the ages being one month, two months
two months, three months, four months, <even months and nime
months respectinely Twno patients had otitis medra and menm-
gitts, 1 had mastowditss, 1 had pharyngitss and 1 had an mitial upper
respiatory infection  In the 2 remammng cases there was no disease
other than the pyelonephritis The duration varied from ten to
thirty days  The blood pressures were not recorded At autopsy m
each case both hidneys showed cortical abscesses with extensions
1nto the pelves
Children from One to Ten Years Old —There were 5 cases m this
group 3 females and 2 males, the ages bemg 18 months two 3 ears,
three vears six vears and eight vears respectively  The duration
vanied from one to three weehs The complicating infections 1n 4
cases Were an upper respratorn wfection, acute osteomyelitis
and acute litts respecmeh In
the fifth case there nas 2 mod umlateral hid
undetermmed cause which mav huve been the imtial site of the
wfection  The blood pre~sures were not recorded At autopsy the
Kidnevs shoned bilateral abscessbs and suppurative prelitts
There 15 an extens on acute pj el hritis 1 chil-
dren  Prior to 1909 1t was generally regarded as a pyehitis on the
assumption that the remal parenchvma was not wiohed In
1909 Thomson and McDonald reported 23 cases 21 gurls and 4
boys with 21 recoveries In two antopsies on boys, aged four
months and seven months, they found cortical suppuration as well
as pyelitis  In 1910 Thiemich reported 7 rutopsies m 6 of »hich
there was mfection in the renal parenchy ma
Wieland n 1918 de-cribed 45 cases with 4 deaths There were
35 girls and 10 boys  In nursmg infants the seves were about equal
s T -

1L and on the lett n 2 cases
It 15 now generally agreed that the pvelitis of children 1
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pyelonephritis  In most mstances 1t 1s secondary either to some
obsious focus of mfection elvew here or to 1 respiratory or intestmal
mfection  The myority of the patients recorer but = few die and
a few develop chronic pyelonephrtis  Chromerty 13 favored by
wn anomaly which prevents dramage of the Lidneys  With modern
methods of treatment the percentage of recovertes should be
notabls mereased and the duration of the tllness shortened

Vharton Gray and Guild made 2 careful studs of 30 grels and
voung women from three to fourtecn vears after acute pyelitis
in childhood  One had seyere chronic pyelonephritis and 16 others
had shght but definite abnormalities m the urmary tract but no
symptoms  One had a recurrence of pvelitis durmg pregnancy wd
another went through pregnancy without difficulty

Persons from Ten to korty Years of 1ge —There are 12 cases in
this group 10 femnles 1nd 2 males the 1ges being seventeen mine
teen twenty-two tuenty three twents four tnentv-six twenty
seven twenty mine twenty mme thirty two thirts four wnd thirty
four v ears respectnnely  The dur ttion v arted from two weeks to two
months The predisposing ctuse 1n 4 patients was dithetes one of
whom was 2 bov aged seventeen vears In 1 pattent the renal 1n
fection followed 2 peritonsillar abscess and i another 1t w1s the
autcome of puerperil endometritis  In one stance the di eise fol
lowed an upper respiratory mfection  Monoevtic leuhemia ws the
cause of one death in this group  Apart from the 4 cises of diabetes
and the 1 of monoct tic leukernn death w 15 apparenthy due to uremn
and this was established by the lugh blood urea mitrogen m 2 in
stances (urea nitrogen 161 173 mg percent) In 2 cases one hidney
was remov ed shortly before death but the mfection continued m the
other kidnes and uremia developed The disease w1s balateral m
each of the 12 cases

n o 14 n@afHlalloneee Tncvn tients

In

mcro copic study  In another the pressure rwnged from 100 (4 to
150790 and no renal arteriolosclerosis was found

Persons Over Forty Years of ige —There are 36 cases i thi
group 17 males and 19 females Thirty were bilateral and G unt
lateral ‘The causes of death in the bilteral group were 1s follows
Uremit 14 cases diibetes G cases and one exch of the following
pyemia pneumonia Clreinomu of rectum caranoma of tongue
permicious anemia prostitic abscess suppuritne wthritis currhosss
of the Iiner primary hvpertension and chronie glomerulonephritis
The duration of renl symptoms vined from tno weehs to three e
one half months The molvement of the hudvevs wrs wsurlh
severe but m only 14 cases w 1s renal msufficiencs the myor cuse of

death B
The blood pressures were recorded mn 18 of the 3 cases In 7 of
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e meduile W lie Pebis  Usualiy (e purilent areds bave a
patchy distnbution and are separated by areas of normal pren-
chyma, but m cases of extreme sevenity very httle healthy paren-
chym1 can be found

T R R P |
. Iy
N il

Ty

Eto 63 —Acute hematogenous pyelonephriis There 1s a purulent interstitial exu
date vhnh has destaoyed moat of the tubules  Photomerograph

icroscopic sections through the affected areas show the tubules
largely replaced hy cellular exudate (g GS)  In the acute stage
the exudate 15 enmposed of polymorphonuclear and large mono-
nuelear leukoeytes  The tubules m the mfiltrated areas are largely
destroved, and when a patient with 1 leston of this type survives
for sever ! months the cortes atrophies, producing deep pits on the
surface of the hidney

Acute Interstitial Nephritis —Acute terstiial nephritis 1s de-
seribed as a <eparate entity but 1t 15 closely related to the inter-
stitial lesions just deseribed  The chif distinction from acute
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pyelonephritis  In most instances 1t 15 secondary either to some
obvious focus of infection elsewhere or to 1 respiratory or intestinal
fection  The majonty of the patients recoser but 2 few die and
a few develop chronse pyelonephritis Cliromarty 1s favored by
an anomaly which prevents drunage of the kidneys  With modern
methods of treitment the percentige of recoveries should he
notably increased and the duration of the illness shortened

Wharton Gray and Guild made 2 careful study of 30 girls and
voung women from three to fourteen years after acute pyelitis
m childhood  One had severe chronie pyelonephntis and 16 others
had slight but definite 1bnormalities m the urmary tract but no
symptoms  One had a recurrence of pyelitis during pregnancy and
another went through pregnancy without difficulty

Persons from Ten to Forty Years of 1ge —There re 12 cises 1n
this group 10 femades ind 2 males the ages being seventeen nine
teen twenty two twents three twents four twenty siv twenty
seven twenty nine twents mne thirty two thirty four ind thirty-
four verrs respectisels  The duration \ aried from two weehs to two
months  The predi posing ciuse 1n 4 patrents » 15 diabetes one of
whom was 1 boy aged seventeen vews 1In 1 patrent the renal m
fection followed a peritonsidlyr abscess nd i tnother it was the
outcome of puerperal endometritis  In one stance the di ease fol
lowed an upper respiritory nfection  Monocy tic leuhemia was the
cause of one death wn this group  Apart from the 4 c1ses of diabetes
and the 1 of monoct tic leuhemit death was apparently due to urama
and this was established by the high blood urea mitrogen mn 2 1
st tnees {ure v nitroger
wns remoyved shorth
other hidnes and ur
each of the 12 cases

Blood pressures were recorded m § of the 12 ¢1ses  Insix pitients
the systolic pressure was not above 130 mm Hg 2t amv tme  In
one the pressure w ts 148/96 but no hidney trssue was v ulible for
microscopte study  In another the pressure ringed from 100 t4 to
150/90 and no renal arteriolosclerasts w1 found

Persons Qier Forty Years of 1ge —There are 36 cises in this
group 17 mules and 19 femiles Thurty were bilsteral wnd € um-
lateral 'The causes of detth m the bilater! group were s follons
Uremia 14 cases dubetes 6 cwes nd one exch of the following
premia pneumomn carcinoma of rectum crrcinoma of tongue
pernicious inemia prostatic abscess suppuritine arthritis aurrhosis
of the Iiser promiry hy pertension and chrome Illﬂmf‘l'lllf’“eph”ml
The dur ition of renal ssmptoms varted from two w eehs to three ind
one half months The myolvement of the hidnevs was ucuall\f
severe but m only 14 cases was renl msufficiency the m1jor cse o

death =
The blood pressures were recorded in 18 of the 36 cases  In 7 of
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the 15 cannes the sastshe presare « s 130 mm- or kgher l\x(’}u\\hl
prosare b 130 100 mnd the hughet 220120 ol ‘z‘" e
R R T I R

patients with seute pufone phnstes

the mednity o the peivgs  Cauatd the purphnt ares fne 1
patehy dtebution and are sparited baoaros of notmnd panne
chym but m ewes of extrme ~soanny vy Btele healtin garen-
ol en b fornd

Tin 46 teute hemategaus prulorephats There 1y purshons intersutid exse
date whiet hacd st vod ost of B tubmlee P tomicrogmag b

Microscupic sections through the affected ar s ow the tubmle
Large b nophieed b wcdiubie exudar (Fiz 68 In the st shige
the exudite v composed of pabumarphonucdear and Lage monn-
mudorr lenbacntes The tabades m he mbltrated nrcss anc sy
destroved and when 1 patent nath 2 b of s e sume
oz e vernd months the enrtey atraphues producg deep pits o the
susfaee of the bidoay

Acute Interstital Nepbutis  Winte mtersotiid mophetis s ddee
setibed a4 A soparte antity but it = closch rebded to the inters
stitrdd fevtons Just desnbed he ehted distmction fraw seate
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chiffuse hematogenous py elonephnitss 1s the character of the cellular
exudate and the relationship to acute mfectious diseases notahly
to scarlet fever Typcal cases such as those first descrihed by
Councilman are quite rare and occur cluefly during scarlet fever
about one week after the develapment of the rask  Ia the fatal
cases there 1s severe ohguria or anura and uremta  Blood uren wnd
creatimne are greatly ncreised and the hlood pressure may be
elevated  The hidneys are swollen to about twice ther normal
size and on microscopie exammation there 15 found < massnve

@ o TSt
w4 - A @
af

,‘l

Acute nter t 1 al nepl r t s following scarlet fever The nters tal

e P! otom crography

exudate compo ed ch efly of mononuclenr ce ls

h plasma cells and
diffuse infiltration of the interstitial tissues wit
mononuclear leuhocytes (Frg 69) VWhen there 1s lonl) asmrzda‘enl::
patchy infiltration the patient recovers and such case M e
recogmized years later by the preser}ic]e c'ft cortieal depresstons

h are patches of 1y mphoes tie ifiltration
“}:i‘chel:ee"t}:e only (hr}ee l;mmplc; of wcute interstitial nephritis 1
our autopsy records  Lhe follo 1ing case 1s tvpiea
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A male, sged #iphteen years, was admidted to the hmpnsl nne daye

o g o

Fi 70 Chrowe hilatersl hematogenons pyelonepbnitis No 33 Table 41 et
of each kudnev 40 g Nate the finely granular surface  Photograph

Rarely there are cunlar but less extensis e phma celf mfiltrations
w the hidneys after diphthena puerperal sepsts and ether mfec~
twons  There are no sharp dastinetions from ardutary nterstinal
milammations, evn after seudet fever the evudate may consst
pastly vr bargedy of pubs morphonuclear lenhoeytes

2 Chronre  Hematogenous Pyelonephritie —Yofectums of more
than fonr wonths duration oy be dhsafied as chromie  In thig
disetisston only the non-chsteuctine tipe ts constdered  The symp-
toms vary wth the scventy of the diease  Frequenth there are
acute exacerbationy at sregular intersals dusing which the symp-



304 ENUDATIVE INTERSTITIAL NEPHRITIS

toms are more pronounced Duming exacerbations there 13 com
monly fever leuhocy tosis renal tenderness or Pam nausea pyurii
etc In the intervals between acute attachs and m chromie forms
of low imtensity there may be only a low grade fever a loss of
appetite or fatigabilits  Pyuria s found only duning exacerbations

The disease may persist for many years before death 1s brought
about by uremia or nfection

In the lterature chronic pyelonephntis 15 applied almost
exclusivelv to contracted hidneys but a marhed shrinkage of the
Lidneys 1s not a necessary feature When death results from an
acute evacerbation of 4 chronic mmfection the hidneys may be of
increased size (No 9 Table 41)

Both Staemmler and Pfeiffer found pyelonephritic contracted
kidnevs very common m autopsy material and estimated that from
one-fourth to one third of contricted kidneys were of this type
From one third to one-half of therr cases were umlateral But
these estimates must melude t1 pes of disexse nlich ne huve elasst
fied as hydronephrosis and umlateral dwarfed kidneys In our
59 064 autopstes there are only 22 cases of chrome bilateral pye-
lonephritis of the non obstructive type and only 13 of these were
typical bilateral contracted kidneys The disease 15 more common
m females than 1n males

The macroscoptc changes i the hidneys are charactenstic and
have been well described by Staemmler and Pfeiffer  The external
surfaces show cotrse sunken areas separated by 1slands of persistent
cortex The sunken areas are regions of marked cortical atrophy
and the elevate! areas are portions of mtact cortex Sometimes
the process 1s so diffuse that the external surfaces appetr finely
granular (Fig 70) The extent of the atrophy 1s of course greater
n umlateral than mn bilateral disease The thin cortices of the
kadneys may gre an mpression of hvdrc nephrosis although there
15 little or no enlargement of the pelves

Microscopically the shrunken cortical areas show a marked
atrophy of the tubules with an mfiltration of small Ivmphocytes
and an mere e of fibrous tissue v hen the ongmal infiltration 15
the medulla on ~ta te e tmphy fm';
destruction of infiltr ute
areas usually t of p(;r
enchym persisting 1 the chronic st ige naturally depend~ upon the
extent of the ongmmal mflimmatory exudate In some instances
there 15 2 heavy infiltration of Iymphocytes throughout the par

enchvma (Tig 71)

Tn bilateral forms of prelonephritis death oceurs before ntrophg
has reched the extreme degree that 1s found m umlutell'al (;ns;ees
The atrophic cortical arets are intersper<ed \\xth‘norma tubul s
and glomeruli 1he letely atrophied are com]
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almost entirely of byaline glomeruly, atrophie tubules and areas of
lymphocy tie infiltration

In umliternl drease the atrophy may hecome extreme, ‘and

The artel:les supplymg the atrophic segments of the hidneys

T 71 Chrone pyelonephrit s showing maswes of lymphocytes between the
ules Pl otomicrograph

show thichened walls and this appearance has been mustaken for
primary artenal disease  But this alterition m the arteries 13 a
disuse atrophy and 1t may wwually be distmguished from arterio-
sclerosis without difficulty The distinctive feature 1s that the
arteries i disuse atrophy show severe medial fibrosis but no mtimal
discase  In the larger arteries the shrmhage m size 15 mamfested
by extreme folding of the internal elastic lymma (Thg 73) In the
smaller artertes (I'g 74) there 15 no intinal disease but there 1s
extreme medinl fibrosts, practically all the smooth muscle having
been replaced by collagen lhe sclerotic arteries of atrophic

20
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pyelonephntis are therefore the effect of the disease and not its
cause as maintained by Weiss and Parher.

The Blood Pressure in Bulateral Chrome Pyelonephritis.—Several
writers have noted that bilateral pyelonephritis 1s occastonally
accompanied by hypertension  Hashnger, 1928, found no note-
worthy merease of blood pressure, but Staemmler as well as Pleiffer

The entire thickness of the
on  atrophto sed
Photo-

Fre 72 —Severe umlateral atrophic pyelonephritis
cortex 18 shown Note hyalne glomerul lymphocytie nbltrati
ments of tubules filled with casts and the thick walled atrophic arteries

micrograph

found the pressure elevated not mfrequently. Weiss and Parher
found hypertension m about 50 per cent of therr patrents, but these
Imvestrgators have confused their records by the inclusion of sev eral

obvious cases of malignant hy pertension
Longeope, »ho 15 often quoted on this topic, stated that the blood
stages of the disease,

pressure 15 seldom eley ated dunng the early 5
but that hy pertension was present 11 10 of 15 advanced cases  But
5 had renal arteriolosclerosis and 1

of hus 10 cases with hy pertension
had chrome glomerulonephntis
Crabtree was not impressed with the frequency of hy pertension
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3 dine 1€

chrame
Dilatersl preforepbntin (Table 41 Hipertention was present 1o
$ cases, hut 2 of these (Nos 3 and 6) had alo throme glomvamlov
nephnitis and another had severe renal artenvbnclerons (No 7)

\M »
gy, %
:W P 5 vylx

e e L

] {;.
a . {fn -
- iy o #,
Y ey i S L
¥16 75 Diusc atrophy of artenss tn o} e atroph ¢ Unstatersl ps et aephritss

Bote extreme fot ing of th & interoal elsstic Muana and the shaence of numal thck
ewny, Eiaahie tisgae sam Bhowmactorraph

In cxse Mo 14 there nas 2 tenmnal wute thrombo rteritis which
Wwas press <P s e N
bload pre
the heurt
vents ke o Se L L U PLESBE KU Ay
ocours 16 primats Wpertensinre the oady ietwies of moderate
cuediae by pertraphis serc those with w cenenited chrome glomern-
lonephntis (\on 3 and 6)

It max therefure be sud that hypertenaon seldor occurs 1
uncomplic steit chrome btateral puelonephntis, and that a severe
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prolonged hy pertension wath cardiac hy pertroph:
phy in this disease 1s
usually due to a compheating lesion such as
chronie -
nitis or renal artertolosclerosis 1o Romeruloneph
An illustrative example of chrome bilateral pyel
E oneph
contracted hidneys 1» as follows pyelonephntis with

“Zﬁ?

? u
;}%ﬁ “z} f{r
Py

i, ).

v:v-*

Fic 74 —Small arteries from atrophie pyelonephrits  Higher magmfication of
artenes shonn 1 Figure 72 Sovere mecial fibrosis bat no ntimal disease  Photo-
micrograph

No 13 Tahle 41 A e 4 ~men o Ténk embicnone mas frat
seen on March 26 1940
fourteen years previous)

faces and
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size  There was no obstruction m the urinary tract The cortices of both
Ladneys were marhedly atrophie and the external surfaces Were covered
with coarse depressions

Microcopically the kidneys show a heavy Iymphocytic ifiltration
especially 1n the medullary por - ‘
persistent normal glomerul an
tubules are very atrophic and
hyahne glomeryl show evidence vt a1 vld pron erauive plometu v ep 11y
but the greater part of the atrophy 15 attributable to the heavy lympho-
cytic mfiltration  The arteries and arterioles show no changes except a
moderate disuse atrophy

The interpretation 1~ a chronic pyelonephritis associated with
chronic glomerulonephntis

Unilateral Pyelonephritis —In our =utopsy records there are 145
cases of umlnteral dw irfed Ridney  but aside from 18 cases of true
hypoplasia and 16 exumples of umlateral polycystic disease it 15
usually mpossible to determme the cause of the atrophv with
certamty In a few cases there 1s 2 Iy mphocy tic exudate suggestimg
pyelonephntis but m the vast majonty there 1s no evidence of

- oo £k « ~f +1e by poplasi

thich nalled

much larger
In some instances 1t appears that hydronephrosis was responstble
for the atrophy and m other cases atherosclerosis of the large
arteries 1§ suggested

None of the 140 c1ses w1s & surgical  hidney in the sense that
1t was producmng locnl svmptoms In the great majonty the
atrophy was so extreme that little or no functioming parenchyma
remuned (Fig 10)

Recentlv the chief mnterest m umlateral pyelomephritis has
centered about 1ts supposed relation to hypertension Tam
cases hase b Pt Apesre
returned to
1t nas only

1 A N

o man  ralopr te believe that iy v v
nay produce ngh blood

\e view that all cases of

m Iy pertension with

datt s experiments on

1 of one renal artery
1he hvpertension produced
not persist permanentlv
stricted 1t 13 believed
) causes elevation of

usully causes moderate hypertension
1n this way 1s however not severe and does
as 1t does when both renal arteries are curjn ;
at the rschemic kidney secretes rentn Wil
‘i}]’oodt pressure A vcr)\ mportant fexture of this eq:em}letx;]te
frequently overloohed 1 the fact that if the cnnstnctm? oblood
artery 1s severe enough to produce atrophy of the hidney the
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pressure will return to normal after the atrophy s well advanced
In the experiment which Pedersen and I performed w2 obstruc-
tion of one renal vemn the blood pressure began to decrease after
two months and 1 was found that the obstructed hidney was
markedly atrophic In two dogs with bilateral constrictton of the
tenal arteries which T have studied the blood pressure was high
for over eighteen months but then fell to normal levels and re-
maned so for about one year before the ammals were killed At

B
<

- o
RN
»
ita ARG S,
F10 70 —Kidney of a dog abn1t th sty months alte 2ppl rat on of a Goldblatt

clamp to the renal artery Note d sppearance of tubules Dxplanaton n text
Photorn crograph

autopsy 1 each ca ¢ one kidney had developed a collateral eircula
tion and was normal while the other showed extreme atrophy
{Fig 70) Theouly k v atrophic
tubule contammg a cast  These atrophic ki Iney s m the dogs were
evidently weapable of producng rewn avd W may erefore be
argued that human atrophte kidneys with mmmum amounts of
parenchyma are likewise incepable of producmg remn  There 15
no feature of the Goldblatt experiment which justifies the remov al
of 2 completely atrophic human kidney
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The earher hterature concerning the effect of nephrectomy on
hy pertension 1s summarized m Tible 42 Sinty-one crses are re-
corded 1 the table m which a diseased hidnes was remoned m the
hope that 2 £l of blood pressure would result  Nos 2,13 16 wd 37
cannot be considered cured sinee the durition of the postoperatise
period of normal blaod pressure was not gnen  Symifarly, \os 5
G 14 and 31 must be onutted from consideration since the pertod
of observation was too short It 1s well hnown that non spectfic
operttions such as hysterectomy often cause hy pertension to sub
side for several months The former prictice of extricting teeth
ay treatment for hs pertension w s based upon the obsery ation that
2 temporwy fall of blood pressure frequently resulted VWhen the
blood pressure remams At normal levels for 1s long as six months a
pulative effect may be clamed but one should not speak of a
cure unless the patient his been followed for at least one vear
stnce the blood pressure muw return to its origmnl high level after
severil months (Nos 11 12) It must be determined that the
prtrent Jits 1 persistent hy pertension and not merely a labile blood
pressure In No 18 the evidence of hypertension 1 hardly satis-
factorv  wnd 1 Mo 19 the marked varivtion 1n the preoperative
blood pressure throw s doubt upon the result

Ve I 38

Taniz 47 —ErrEcT oF N oN
RENar Disgase
Preopers  Postopera
t veblood t veblood
Date Sex  pressacs  pressure  Imterval Lesion
12484  65me  Large nfarch

Na Author Age
1 Boydand Lews 1938 31 M ;53 }00
2 Leadbetter and 1938 pig 170 110 No mal A Tetop ¢ k dney
‘Burkland 138 e plvg
anery
3 NesbtandRatlff 1940 37 I 180/110  Normsl lyr Pyelonephr tia
i oNebimamiin oo s oA v e 198w shailgines
Neeb tand Ratl f 1940 5 i 201 15 wl
¢ NGDURaRaf 1510 &7 ¢ dei 12055 13dx Resloneshrie
Gmo  Pysloncpnt be
110 0/110 mo elones
7 Nesb tendRatlff 1940 28 F gg ) 22071 tA O bxcleroats
8 NesbtandRatlf 1940 40 F S00/1%0  200/125 ? Zs.xr'nw'lpeﬂm
9 NesbtandRathf 1940 24 M 170 100 130 64 5mo Hydronephrosis
ey an B Y I a0 2lme  Pyeloneshrts
1 Bmmsdty d8ROR N BN dost i Hydranephron s
P
76 3wk {onephr
12 Cabtree W MOF gl A 8 Dlomeonh
196 124  1lyr
13 Crabtres 1038 40 N 15010 =
14 Rauff 193¢ 51 F 180 100 1°0'80 (;Ah';d‘f ‘Tuberculos 3
«
1930 32 M 230/17¢ 155 110 A e osclerosis
}g LR).'YIl‘bH 1923 14 AL 250 170 138/90 7 }{y} onegl;l’: L]
17 Melntyre 1933 3% M 180104 J34778 1m0 }‘)flant)’hnl H
18 Bothe 1039 7 r 130 85 110 5 48yr  Fyelonep! '
16 Butler I PR Rk Wt 0w Tuskwe
let 1937 10 F 190 120 90170 3mo Pyeloneph ts
B B dWaltes Jodp 42 A 1010 15090  dyr  Dyelonephnts

lonephr tu

Pa kerand Walters 1940 46 A ﬁm,o Pyel .
§OBMTmIMREE 41 i we D pranh
panrerand dalen 205 150 1077 :i' anephr 1%

5
i R
25 puradWuen B0 0 F 013 fwes  smo P oelenephoe
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Tascr 42 —Erreer or NEPHRECTOMY ON HYPERTEWSION Wrrts UNILATERAL
RENL Dispase —(Cont n ed

Preopera Postopera
tyebood tve biood

Ro Author Dats Age Sex peware pressuc Interval Les on
2 Everet 1940 76 F  152(108  Same mo 1
28 Everets 1940 8 F 160l 12070 8mo 4
20 Everewt o 37 © 1000 soils 6mo *
(max mum)
30 Evesett 1910 4 F 010 13595 Tmo 1
31 Everett 1940 36 F 160000 12080 mo ?
§ VWhteetal 963 B M I70100 Normsl 8mo Hydronepbrass
Caleu
31 Chuteetal e 5 180100 1080 6mu ‘Tuberculoss
34 Chuteetal 1939 3 20130 15110 9mo  Ruptureofk dney
4% Chutectal 1939 37 1010 1w  4mo  Abnommalty of
ney
36 Mo ton 199 3 1807 1288 1r Hodoneph oes
37 R chards 1941 37 210150 11878 »  Tubex
35 Howsd 1960 v F 1380 1670  5mo  Aneurysmofrenal
00 140 artery oy
athectomy also
3 A 1941 62 M 200110 152108 3yr  Pyelonepbr th
40 Abeshouse 1941 50 M 50116 20140 4mo  Pyelonepbrt
41 Abedhouse 1941 3 F 6080 14090 berau os
43 sheshouse 1941 21 F 488 1080 45t berculos
43 Abeshou 1941 24 M 14492 1078 1y Tuberculsea
41 Abeshouse B 4 ¥ 2ionlo 154 13m0 Prclonsphnte
w th cale lus
& Abeshouse o149 M 1684 1380 3y Pyronephr o
' th calculua
o Abeshouse 1961 52 M 19 10 140108 13mo  Pyclonephrite
' th caleulus
47 Abeshouse 1941 38 F 160100 1461100  2mo  Pye onephr
' th calculus
45 Abeshoune 141 o1 I 20120 200128 4mo 2
19 Aheshouse 194 85 M LD 12085 oY Fod onephrows
50 Abeshoute Isa 28 M IR 1m0 4yr Pyonechios
51 Ahrshoune §1 M 1st1i0 23 Pyoneohrane
U oAtareara Bl ¥R NI AN TV ORI

53 Bchroed randFsh 1940 30 I 60150 2010 3wk “t(ht 12 gm
of Schroede andFih 1940 30 E 270150 12080 ?

1
55 Schroede sndFuh 1940 26 E 19 /130 180114 16mo lgh
o6 Schroede andFeh 1360 33 M 15 138 1010 [6mo Pye mhn.

ovemens
57 Schroed raniFsh 190 19 F 220160 172142 3mo ﬂfpopma ol n
o %0 e mprovement

58 Oppenhe mes 1933 M 200130 140100 16mo  Pyelonephntia
50 Kenned lek!r 1944 7 F 170 110 106 70 Syr Atroph relo
i al'en Bt ek
60 Semman w25 o S ser s adeh e
‘enb
Bl SweeneyandPacs 193 2 F 210120 Low 190 Fyeoneshrts

In the group which were followed from six months to one jear
there were 13 cases in which the blood pressure returned to normal
levels 2 cases m which there was no decrease and 3 cases in which
th e pressure was reduced but still aboxe normal

In the group followed for over one year there are 8 cases (Nos
10 21 42 45 49 51 59 and 60} in which the blood pressure re-
turned to normal but “Nos 42 45 and 49 are exumples of only
moderate hypertension In 5 cases followed for over one year
the blon1 pressure was at a loner level but the patient still had
hypertension and 1 4 pitients the blood pressure was unaffected

In Crabtree s cises (Nos 11 and 12) the blood pressure showed a
postoperative fall but subsequentls returned to « hugh level  Three
cises have come under my personal observation Two femiles
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aged fourteen and twenty sixyears and « malemnevearsold Fach
had severe by pertension of Jong duration and one low functioning
small hidney that was produemg no renal svmptoms In the 2
females the small hudnevs showed chrome pdelonephrns and
arteriolosclerosts m the male there was only arterio and artersolo~
sclerosts  The ladneys contamned only miimal amounts of fune-
tioning parenchyma  \ephrectomy had no farorable effect on the
hypertension 1 these 3 cases there was not even 2 temporary
decrese

Smee the c1ses shown m Table 42 were collected a number of other
reports have been published  An evtensive expenence with nephree-
tomy 1n hypertenste subjects was reported by Rathff and as
soctites 1847 Therr report deals with 49 nephrectomres i 2005
hypertensne mmdniduals  Seventeen of the 49 pitients who under
went nephrectomy ' -
were oht uned in 7
ritis m 4 of 11 with
ndm 2ol 13wl | uepatosts  are lotiow up period w1 over
one ver in all but 8 cases

Crosbie and Tischman obtamned spectaculr temporary umprove
ment by removing 2 small non functiomng kadnes  but the patient
died of uremi1 ten me nths later

Maitland reported 4 case of <evere hypertensiont with retimtis m
2 woman 20 vewrs of age A poorhy functioning hidner  showing
chrome py elonephritis was removed  The symptoms disappeared
mmediately 1nd the patient was well cne vear later

Oster reported « cise of umlateral hydronephrosts i 4 bov sesen
vears of age due to an aberrant renal artery  Tour months after
Irgature of the artery the blood pressure which previousls had been

; 2

(Tbles 1to5) Larts of the 81 (49 per cent) had hvpertension  Of
the G4 persons over fiftx v¢1rs of age 61 per cent had I per'ensl";'
This 1s sumewh1t higher than i Wetherby s dispen arv };'|tl§n{5
and 1t suggests a ciusal connectson betw een umlateral d“l“ N‘m‘:‘
nev and hvpertension But 15 1s Jughl  prcbible that !\lpe ]
ston with its assaciated vascular di ease 1s responsible for the dwarfed
haduey e that the dwarfed hidney 15 an effect and not 2 cil\uie(:
hypertension  Thefew cisesin wluo}{ m;teml from the Irge hidne
was 1 ailable sho ved by aline arteniolosclercsis

Interesting dita on the relation of unilaterdl renal dlj“"‘:ﬁe;"
hypertenston was furmshed by Pearman ThompS‘DTl llr;l e
These myestigators found the madence of hyper I’ens]m  hettss
cases of ewch of the following disetses as follows .)l‘fn r; i
9 per cent nephrolithiasts 7 per cent duodenal uk:rcemp@dlsm:e
adenomatous goiter without hyperthyraidism 10 pe o von ihe
of the galllladder 7 per cent In 2000 cases of hsper
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inedence of galibladder disease was 44 per cent adenomatous
goiter 25 per cent duodennl uleer 13 per cent and arthritts 63
percent These data suggest that pyelonephuitts like adenom1tons
gorter and arthritis 1s merely assoclated with hypertension and 13
not a causative factor

In Table 42 1t may he seen that almost every tvpe of unilateral
renal disease except neoplasm has been suggested as a cause of
hypertension The only feature common to these various lestons
15 atrophy of the parenchvma  Howard attributed hvpertension to
an aneurssm of the renal artery (No 38) but his patient had an
extensne sympithectomy as well as nephrectomny  If 1t be true
that any form of umlateral renal disease may cause hypertension
- study of a group of patients subjected to unil ph y
should be nformative

Crabtree and Chaset 1940 reported a study of 150 nephrecto
mized patients The preoperative blood pressure ayeraged some-
what lower than VWetherby s control duta Tourteen of the 150
had a blood pressure 1bove 150/100 mm Hg Twelve of these
were followed subsequently and it was found that 3 had a shghtly
lower blond pressure but the others showed no change or an m
crease Flevation of blood pressure was not the rule esen m chronie
buateral py elonephritis

Iredman and associates 1942 surveyed 193 patients who had
had nephrectomy for umlateral renal disense  There was no rela
tion between the type of rentd dicerse wnd the level of the blood
pressure  Seven per cent of thuse with hypertension showed a
sigmficant declime postoperatively but 22 per cent developed
bypertension n the postoperative period  In the others the blood
pressure was unchanged

Triedman and associates 1942 studied the renal function of 5
patients before ind after nephrectomy for unilateral renal dicease
Three patients showed a significant decrease of blood pressure but
none showed a complete return to normal despite the fact that there
was no icchemia of the remaiming hidney as measured by the dio
drast clearance

A significant studs was reported by Wers and Chasts m 1943
of a patient who had hypertension with unilateral atrophic pyelo-
nephnitis  The diseased hxlney weighed %3 gm  Nephrectomy
had no effect on the blood pressure  After nephrectomy 1t was
shown that the remuning hidnev had a normal function and was
not 1chemic et the hypertension persisted

Tangley aralvzed 103 cases subjccted to nephrectomy  Ie re
garded 47 of these s successful  He believes that nephrectomy 1>
mast apt to be suecessful 1n voung p tients with no fimily history of
bypertension and with 2 non functioning kidney «n one ide nla
normal hidres on the other  Retsmitrs is not a contramdieation
"Lhe durtton of the hvpertenston ts not a deading fictor

It appears that umlateral renal disease s seldom the cause of
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our 133 cases there were 35 with a faurly early leston usually re-
stricted to one hdnev  In G of these the tuberculous nodule 1 to
3 cm n dinmeter was restricted to the cortex and did not extend
: v

€

I
the cortex  Cortfical lesions that do not reach the pehiis would
probably not produce sy mptoms but they suggest that some medul
lary (chnical) lesions represent extenstons from the cortex In 24
cases the Jesions were restricted to the medulle> and adjacent pelsic
mucosa 1t appers therefore that elintcal tubereulosis mas begn
m the cortex and extend nto the pyramid but that a majority
begin m the pyramid  Wildbolz believes that all ehimcal tuber
culosts begins i the pyramids  No satisfactory explanation of this
phenomenon has been offered It has been suggested that tubercle
bacillt escape through minute lestons m the glomernlar capillaries
and are then carred with the glomerular filtrate to the collecting
tubules  They ma) of course reach the medully directly without
gomg through a glomerulus

Chnical Features —There may be attachs of renal colic from
pagsage of blood clots through the ureter Pun m the hidney may
be due to the infl 1on or to hyd from ureteral
obstruction  Frequency of unination 1s due chiefly to tubercl:]csr:s

ulcers and deformities of the pelsis can usually be seen except m
' + bereles may be seen in the

' he sediment 1s sufficient to

|
establish the diagnosis but the presence of an occastonal acid fast
bacillus without pyuria 15 msufficient evidence stnee the grga:usm
o

m; [VIEIeTR IS
- Hlts with

Harr
bone and jomt tuberculosis although there were usualty no svmp

toms referable to the kidneys VWhen tubercle bacillr are found

ureteral urine there are always tuberculous lesions m the hidneys

but the lesions may be mimmal and this finding alone does not
Justify nephrectomy (Thomas and Tansella)

Bilateral Lesions The usual evpertence of urologists 1s that

1L T catthe

f

t
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which had not extended into the medulla  There 1s o good reason
for regarding these cortical lesions as enlarged milary tubercles
and 1t seems justifiable to conclude thit some cses of chromic
tuberculosis begin m the cortex

After the papillary ulceration hts been established the disease
spreads over the entire peliic mucosa nd down mto the ureter
The ureter may become obstructed by tuberculous tissue causing
a bydro-ponephrosts  The distended pehs s filled with caseous
purulent matern! and its walls are formed by tuberculous tissue
The cortex undergoes atrophy beciuse of the obstruction and it
1s gradually destroyed by the progressn e tuberculous inflammation
This type 13 called tuberculous pronephrosis  After the hidney has
been destroved a pyonephrosis may remam stationary for a long
time and 1t may even shrnk to become = fibrous sac filled with
nspissated caseous matertal There are 13 examples of atrophic
pronephrosts m our autopsies  Active tuberculous tissue can
alnays be found there is never complete healmg but the process
becomes relatively latent Some ealeificatton 1s frequently observed

In another anatomical tvpe the ureter 1s not obstructed and the
tuberculous mflammation spreads through the cortex causing
enlargement of the hidnevs ~ There were 15 examples of this type
n our autopsies

Renal tuberculosis sometimes termnates m generahzed wmliary
tuberculosis  In our series there are 19 cases of generalized mihiary
tuberculosis which developed from the renal lesion  Braasch found
assoctated tuberculosis of the gemtal tract m 73 per cent of the
males
Healing  Medlar offered evidence that mimmal tuberculous
lesions may heal and be converted mto fibrous tissue  Baggenstoss
and Greene presented satisfactory anxtomrcal evidence that 10
lated mibary tubercles in the renal cortex may hexl completels
Patients with mimmal chmeal lestons may become svmptom free

and resume therr former occupations (Thomas and Rinsella
- N Tea e eroup

renal
o for

sereral yews (Wildbolz Red) Randall reported wn unuw:;ll
case m which a patient with bilaternl renal tuberculoss was s(};
hving and n far condition thirty seven years after the onset of tdt“
disense  Some of the cnses of umilateral tuberculosis m wh
climcal recovery occurs are mstances i which the affected kull’ney
1s completely destroved and willed off This process has e;n
called autonephrectomy  Anatoratealls 1t 15 an atrophie pyonepl

nitrs

No instance has been reported in which 1wdvanced chnreal tulhe:
culosis healed without destructton of the ldney and E}el? ‘h’: e
closed atrophic kidney s do not show complete Tnstologrenl healing
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nephritis I hive the impression that svphilitic  nephritis s
merely some form of nephritrs m 4 pattent who also has syphils
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s philis)

Note nec o s of cap llary
& —Acute d sem nated luy 3 erythemnato us
wal;llsa 711 ero 13 alw & moderate degree of endathel af prol feratun Pl otomero

graph
lized formn

h —~The
3 Di Lupus Ery 2
of lupus erythematosus 1s characterized by 2 unane(:;w e;u]::g;n
most conspicuous on the frce where 1t has a butterfls distribu

1 extremittes It 1 febrile disctse
and f:élt;ndmg to the t‘runk and e Lt e o he
mw

results fatallv  Shght
f“fli‘$9 ! but occasionally the
o moder
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urine 15 normal throughout the illness A few patients die of
uremia but the majority have no renal msufficiency

Bachr Llemperer and Schifrin 1935 found a coarse verrucous
endocarditis In 13 of 23 cases but i a later paper 1941, they
found endocarditis m only 6 of 20 cases Stichney and heith
found endocarditis in 3 of 15 cases In cur 27 cases there were
3 1nstances of bactenal endocarditts and one of the rheumatic
type There nere two mstances of old rheumatic mitral 1 alyulitis
Baehr Rlemperer and Schifrin 1935 described patchy thichenings

[ 1 i 1 Q ran

I '

patchy thickenngs i only 5 of 15 cases  These lesions were found
in 12 of our 27 cases but thev were pronounced 1n onlv 0 instances
(Table +) The lesion 1« e
with necrosis of the cipills -1
of some toxic substance
1n acute glomerulonephritis

Other tpes of glomerular lesons were alco found 1n our cases
(Table 44) In 7 mstances there was moderate diffuse endothehal
probiferation (grades 1 and 2) nd 1n 2 cases (\os 1 and 3) there was
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a chmeal acute glomerulonephritis with uremia  In No 11 there
was 2 diffuce thichening of all the capillary basement membrines
such as oceurs i hpotd nephrows, and the thich membranes were
colored blue with Mallory-Hexdenhatn  In No 2 there was a wide-
spread focl glomerulonephritis of the embolie ty pe in the tbsence of
endocarditis  In Nu "G there Was a severe acute gomerulitis 1n-

* ' I, with extensne thrombosts

types of glomerular lesions
may be found m 1 sertes of cases of lupus erythemitosus  The
most frequent form 15 a patchy thichening of the capillary walls
When this lesion 15 conspicuous 1t 13 strong evidence for lupus
ery thematosus, but 1ts absence does not exclude this disease
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LEUKEMIA OF THE KIDNEYS

Leuhemia 1s more related to neoplasms thn to mﬂamm‘ttlons|,

Utouutus

great reductlon of remal parench; ma



CHAPTER IX
DISEASFS O THE BLOOD VESSFLS

A PASSIVE CONGESTIGN
¢ r there 1s

:xtel,y severe attiits u

sponsible for the mild mpury of the glomeru n o, w
distendedd capiilaris sometimes rupture and alfow ervthrocy tes fo
escipe wto the urme  There 13 hittle or no wncrewe of blood urea
t  »= tenobulphonephthalem output mav falt as Juw as 30 per
¢ Vare
we

( wsam
Toen cwmses et o lon
= gy
m
bosts u and
enree uremma The following s « n of
Tia matent o mafe aged forty three  ars
n oo on Jul 23
weehs [ter
* The

dingnoss of throt v
October 12 and agun on November 0 mn o
<howed no excretion In esther hidnen  There was heavy albumin
wrr nd the peafic gravsty of the urine fedl to 1015 The bload
urea mitrogen reached 100 mg per cent earfs in December but was
obing srednys Yelore dexwth  Lhe blood pressures were as follows
fugust 9 12085 lugust 22 12590 Septernber 14 10290 bep
tember 28 {74 #12 October 17 174/112 November 12 120 90
and Decemnler to 120 70 mm Hp  Dewth December 21 At
sutopsy the hdnevs each werphed abeut 206 grams  There wus a
thr mbous of the mfertor vena c1ve whick edfended somenhnt
sVaoms  The nght renal vem nay

© clwed
through
o and the
temporary hyperterwon e 2 pavsne

congestion  This 29 comvmaing eswdence that venous obstruction
(329
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of the hidneys may produce by pertension and 1t 15 i agreement
with the experiment which Pedersen and I made m 1930 {page 381)

B INFARCTION

Infarction of the hidnevs 15 usually due to embolism the embolt
being detached thromb: from the heirt valves n bacteral endo-
carditis The clinieal exidences of infarction are pun m the region
of the hidney and hematuriy  The infarcts with bacterial endo-
carditis are never sufficiently extensive to produce uremra

ed by chron c ob truct on of tl e renal ve n

due
I @ Severe cort eal atrophy p odue See test pago3 9 Plotom crograph

Th s pat ent developed hypertens on

Aultiple small infarets occur n generalized thromt O’Irt;l;;ll?
and especially 1n perarterstis nodosa (pige 331) Numerous
mfarcts may produce urerma

In rare cases of eclampsit extensne bilatertd cortical nﬁ-crns:?
oceurs which m1y be due to extensive thrombosis of the small ren

arteries



PRIMARY (ESSCNTIALY HY PLRTENSION 331

¢ PERIARTERITIS NODOSA

widespread and varable distnbution of the vascular lesions the

climical picture 15 correspondingly complex and difficult to inter-

pret Among the more frequent mamfestations are fever leuko
o -1 N Al o onom

.
sist of pernvascular accumulations of leuhocy tes but some of them
are small wearvsms  There 1s nflammation 1n the adventitia and
media which often extends mto the intima to produce stenosis or
thrombosts or the inflanmation mas wethen the mtima nd pro
duce an aneurysm  Occasonally no gross nodulw thickenings are
present ind the dignosts must be made microscopsealls

Permarteritis nodosa 1s discussed under renal diseases since renal

uremia wnas due 1 4 instances to massive occlusion of the small

arteries and 1n ene to thromboss of the lirge renal arteries In 3

cases uremia w1s caused by 1 severe diffuse exudati e and prolifera-
v ' P -

sure nas recorded

D SENILE ARTERIOSCLEROTIC KIDNEYS

TIn old age the hidneys usually <how adherent capsules and a
few coarse pits on their external surfaces Sometimes the pits are
Inrge and numerous but the amount of atrophs 15 seldom sufficient

+ Tho = £ o1 b 3

tneq seaf nat ma nra

of primary hypertension It 1s mportant for the pathologist to
buow that Lauloeye wath adberent enpoules 2ndd connly prtted
surfaces rarely represent elmicat renat disease

E PRIMARY (ESSENTIAL) HYPERTENSION

In the discusston of liypertension 1t 1s wuportant to distinguish
the secondary from the primary tvpe  When the elexation of blood
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pressure 15 ctused by a known disease or experimental procedure
1t 15 called secondary  Prmars hypertension mncludes the tvpe
or types 1 which the ettology has not been established

Primary hupertension mtv be defined as an elevated blood
pressure wsually permancnt of unhnown etiology It s not a
sharphy crrcumseribed entity since the boundary between normal
and abnormal blood pressure 15 not well defined and there are
varying degrees of hypertenston In defiming hypertension some
allowance must also be made for the age of the individual

The Normal Blood Pressure —It 15 very difficult to decrde upon
the upper lumit of normal blood pressure and there are differences
of opmion among mvestigators on this pomt It ts generally
agreed however that a blood pressure of 150/90 mm Hg at any
age 1> abnormal Some observers helieve that pressures 1bove
140 90 mm Hg wre too high at any age It 1s abo generally be-
heved that pressures above 140/90 m persons under thirty jears
of 1ge are abnormal and that pressures above 130/80 m children
are too high  The above accepted opinions wre bised upon numer
ous observations that persons with pressures above the mdicated
levels hase a lugher morbidity and mortility from hypertensive
disease than those with loser pressures

The average blood pressure of a population cannot be accepted
s the normal since hyperten nve mdisiduals are meluded m such
studies Augustin approiched the problem in a somewhnt different
way m that he recorded the systolic blood pressures of 8800 indt
viduals over twentv-one years of age and arrenged the pressures
i quartiles m the different decides The upper quartile (25 per
cent of the group m e1ch decade) were the ones with the highest
pressures and these were considered abnormally high  The upper
quartile m males w1s s follons  twenty-one to forty years 130+
mm Hg forty one to fiftv vears 140+ fifty one to sixty years
1504 sixty-one to seventy years 160+ The upper quartile m
females mas as follow  twents one to thirts yews 1254 thuty
one to forty vears 135+ forts one to fifty years 150-+ fifts one
to sixty years 170+ sixty one to seventy years 180+ The
difficulty with this conception seems to be that m the older age
groups more than 20 per cent of the population Tiave hypertensive

di ease

Diehl and Hesdorfer followed 155 3 oung men for five to ten years
(average seven jews) The averige age at the first examnation
was nimeteen and four fifths years and it the second exammation
tnents six and four fifths yewrs o merease of werge bloodd
pressure was observed over this pertod—some were hugher an
others lower on the second eximunation

Hines and Lander determined the bloo
indusiduals ten years after the first exanunation ,
hvpertensn¢ disease was four or five times s frequent 1

{ pressure in a group of
nd found that
lose
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or huigher but only 41 9 per cent had a distolie pressure 2bove 90
mm Hg The systolic pressure increises with 1ge but the average
drastolic pressure shows little change after the sixth decade  They
believe that primary hy pertenston cannot be defined 1 terms of the
3 stolic pressure alone

In elderly persons the sy stolic pressure 1s related to the decreased

lesions even though the dinstalic pressure is ot above 90 mm Hg
The strun on the vascular svstem 15 an 13 erage of the s stolic ad
drastolic pressures

Avman found that patients with primary by pertension do not
have a fived dnstolic pressure  ‘Lhe systolie pressure fluctuates
within 1 rnge of 20 to 40 mm Hg and the percentage vanation
the diastohe pressure 1s as great 13 in the systolie

1t 15 clear therefore that hy pertcnsion in the sense of an elevated
blood pressure 15 much more frequent m older women than
older men and that nearly one-half of the population over fifty
years of age hrs hypertension 1n some degree But the great
mryority have @ moderate hy pertension without symptoms I rom
our autopsy records it appeirs that about 13 per cent of persons
over fifty years of age die of some form of hjpertensive disetse
but tbout three-fourths of mdividuals who have hypertension die

Critena for the Diwagr
study a svstolic pressure
sons of all ages and 140
years of age 1s regarded as primary hypertension after all known
causes of hypertension hive béen excluded A distolic pressure
of 95 mm Hg or higher 1s regarded s hvpertension even if the
systolic 1s not high  The rexson for the adoption of these figures
as the upper hmit of normal blood pressure 1s that pressure above
these levels 1 attended with a defimite merease of mortality from
hypertensive discase

Difficulty 1s encountered tn persons with Jabile blood pressure
In such indrvaduals + wations of 30 to 40 mm g in the systohe
pressure may be observed from time to time the higher readings
The lower

occursing especally durmng emotional disturbances
p onds mare closely to the usual level but

pressure probably corresp
there 15 some evidence that transitors hvpertension of this tvpe
may pass over into perm nent by pertension

I}n !zhmc'\l hypertension of cirdiac type o prev tously high bleod

iy

>
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pressure sometimes falls to normal during cardiac decompensation
or as a result of coronary thrombosts Ve have 2 number of records
m which this phenomenon oceurred It therefore follows that
when a patient 1s first seen in the final attach of hert fulure we

nt

ms
to use left ventricular by pertrophy more than any other feature
One must of course exclude all cases of pimary right ventricular
hypertrophy as well as all cases mn which there 1s an assignable
cause of left ventricular hy pertrophy such as valular defects and
chrome glomerulonephrrtis

There are however difficultres in using heart weight alone as

| ™ . '

o '

| '
diseases In the usual cise of carcmoma of the stomach with
marked emactation the neight of the hewt 1s often 100 gm less
than that of well nounished mdus iduals

One mught expect the weight of the heart to correspond to the
mtenwity and duration of the hypertension but this 15 often not
the case There 15 & varation in the response of the individual
heart sn rare mstances a systolic blood pressure of over 200 mm
Hg and of man; years duration 1s associated with a heart weighing
no more than 300 gm On the basis of the heirt weight alone

persons with

with chmeud
symptoms of hypertensive disease It mcludes all cases of hyper
tensive renal insufficiency chronie my ocardial fatlure without other
assignat le cause Temorrhage or softenmg of the bran on a vaseul e
basis coronary selerosis or thrombosts with hypertenston or eardiac
hypertrophy and 1 small group with bypertensie svmptoms 1n
which death was due to another drease ‘lhe veveral clncal
groups are subdivided with respect to bloo! pressure ant cardise
hy pertrophy <o that these fictors mav be evaluated
Age Dustribut on —The di tribution of all types of hy pertension
by decades 18 shown in Figure 50 The percentages are based upon
17 708 autopwies on ndividuals over ten yews of 1ge—11 526 males
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and 5882 females In this graph are 1520 cases and all but 1
died of some form of hypertenstve disease The graph shows th
age at the time of deth not the time of enset of the disease

It wil be noted m the graph that only about 25 per cent of th
deaths m the fourth decade are due to hypertensive disetse by
after the fifth decade the incidence increvses greatly reaching
muamum of about 15 per cent 1n the seventh and eighth decade
In persons over fiftv years of age, hvpertensive disease 1s the caus
of death m about 13 per cent George Fahr calculated from vita
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statistics that about 29 per cent of all de‘xzth‘s‘ m ?ers(ins’lon\‘e‘x;‘ fifa

y pertension 1s chiefly 2 di~ease of persons past mlddl? h‘{c 1&;;11\(
occur 1n children  The youngest person 1a bur sgries Bad ou “
symptoms at the age of eight vers Taussig and Remeen rep

3 case m 4 boy tnoyvears old
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from the larger vessels since the changes m the latter are related
much more to the 1ge of the indinrdual than to the Jevel of the
blood pressure

The Control Group —The controls are shown i 11ble 45 The e
are ind * !
and no
hearts
m male
trols wall now be deseribed
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that Grades 2 and 8 are found 1n 62 6 per cent of the controls and
over 80 per cent of the hvpertensnes These data suggest that
intimal disease n vessels of this caliber 1s an age change which
develops independenth but 15 somewhat accelerated by hyper-
tension

TABLE 46 ~~INTIMAL THICKENING oF Sstarr RENAL ARTERIES WITH HYPERTENSION

Drgree of mvolvement per cent

cases. L 1 " 3
Controls over 50 years 311 373 821 30 5
Myocardial (Ay) 226 09 JERY 323 510
Cerebral (By) 194 0 13 314 572
Coronsry (C) §0 12 162 400 425

Ed

e

7

1

g
4

thickening (Grade 3)

marked 10t mal
Fx 84 Section of a small artery showing & Photomicrogeaph

"The adjacent pre arter ole al-0 shows severe int mal thickening

(b) 1he Pre arteroles —The pre-arterioles are the small termnal
arteries from nluch the myonty of the ’lﬂ'erer:t glumeruhr artcn;

ot ov b vel of
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TABLE 48 —INCIDENCE AND INTENSITV OF ARTERIOLAR DINEASE Iy THE CoxTroL
Grave Wira Resrect To Ach
Degren of n olvement pe ¢ nt

Age No of

yrs cases o 1p 1 2 3
0 10 10 100 0 0 0 0 0
10 20 7 100 0 ¢ 0 o 0
20-30 26 83 5 77 38 0 0
3040 34 9 4 176 o 0 30
40 50 58 724 17 2 86 0 17
50-60 114 "10 18 4 88 18 0
60 70 8o 62 8 21 16 35 0
70-50 81 5006 281 173 4 A
O+ 31 al € 93 % 32 0
Ove 50 310 615 » 1 13 4 26 03

endothehal cells  In the older mdividuals of the control group
there 15 frequently - subendothelial deposit of a hyaline matenal
This 15 usually homogeneous but sometimes 1t exhibits a fibrillar
structure and mav appropriately be called fibrohyalme The
designation 1, m Table 48 refers to occasional deposits of hyalne
m the arterioles Grades 1 2 and 3 refer to « diffuse distribution
of the alteration 1 the arterioles

Relation of Artenolar Disease to Age (Table 48) —It may be seen
in Table 48 that the frequency and the intensity of arteriolar
disease increase with age All of the individuals of the control
group were free of symptoms of hypertensive disease and had
neither hvpertensien nor cirdiic hyvpertrophy  In the group fifty
to sixty vears of age 29 per cent had abnormal arterioles and 106
per cent had defimte arteriolosclerosis In the group seventy to
eighty vears old 20 9 per cent had defimte artenolosclerous In
the entire group over fifty vears of age 16 3 per cent had arteriolo
sclerosis  Renal arteriolosclerosis 1s therefore an age change which
develops mdependentls of hvpertension

Relation of Arterolosclerosis to Disease of the Siall Arteres —
Arterolosclerosis 1s neser found except in association with a Grade
2 or 3 mtimal thickenmg of the small artertes but disease of the
larger vessels 15 very common m the absence of artertolar disease
One gets the impression that intimal disease of the larger vessels
gradually extends into the arterioles

Tn Table 49 the sex and age distribution of the eontrol group
over fifty years of age 1s shown There 13 no difference m the
incidence or severty of vascular renal lesions m males and females

Tanre 40 ~S2< AND Acz DISTRIBUTION OF THE CONTROL
Grour OVER 50 YEsRS oF AcE

';f,' Maes Fem le
50-60 77 37
80 70 60 26
~0 %0 60 21
80+ = 8

20 9
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of a hyalme substance (Fig 86) Thrs may take the form of small
focal lesions here and there mn the vessel This focal leston 15
referred to as 1, m the tables The leston then spreads and becomes
diffusely distributed m the arterioles, and the diffuse lesion 15
graded 1, 2 and 3 n the tables in accordance with its severity In
Figure 86 two stages of the diffuse hyaline lesion are shown, the
one on the left 15 Grade 1, the one on the right Grade 2 A diffuse
Grade 1 lesion 1s shown under low mngmﬁc'atxon m Figure 87, and a
~ A e - . o0

Fie 86 —Renal arterioloscleros s There i a hyaline subintimal depo;l:' ?m,l: ":
i the arterwole on the left and Grade 2 m the arteriolo on the nght Photom
graph

e wt waloc may be
anc
50

mn

hyahn in the prouimal than 1 the distal portion of the .Ar]teuo:l

The hyalne depostt 15 usually thicker m hypertension complicat:

by diabetes (Fig 68) Often one finds hyalm m the efferent arteri-
espectally n dibeties

UkIsé lspclear }thnt renal arteriolosclerosts of moderat‘e‘ mte_r:s:“tz' x:

frequently found m persor

disease and whose blood

recognized normal hits
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1 the control group s the age of the mdrdual There can be no
doubt that arteriolosclerosis miy develop independentls of hvper
tension smnce 1t 15 found frequently 1n assoctation with 1 small
heart and 2 Jow blood pressure, but there 15 a suggestion that it
may mfluence the level of the blood pressure and the size of the
heart since 1t oceurs more frequently m the controls with larger
hearts and higher blood pressures

It ma) be suggested that the older indivtduals are the ones
with the larger hearts and higher pressures but a careful anahsis
shows that the size of the heart and the Jevel of blood pressure tn
this group are not related to the age

Seriba also found many non hypertensives 1n the older age groups
who had renal arteriolosclerosis  Vlortz and Oldt found repal
arteriolosclerosts m non hypertensive subjects as follons  thirty
one to forty five years 7 per cent forty six to sixty years 9 per
cent and snty one vears and over I5 per cent But these in
vestigntors used  arteriole m the sense of an artery not over 100
microns tn dimeter which meludes vessels winch I have chissified
25 pre-arterioles and smll arteries

CLINICAL FORMS OF HYPERTENSIVE DISEASE
Group A The Myocard:al Type

Because of the mcreased persphera] remstance the heart must
contract more forcefully 1n order to supply an adequate amount of
blood to the tissues The mcreased blood pressure 1s 2 measure of
the mereased work required of the heart The increased work of
the left ventricle ciuses 1t to undergo hypertrophy smce a larger
stronger musele 15 required to do the mereased work  But m spite
of its incrensed size the left v entricle may become fatigued especially
after exertion  One of the frequent earls signs of hypertensive
disease 1s dysphen on evertion due to temporar congestion of the
lungs s the left heart falure progresses dyspnes becomes more
pronounced and cyanosis mayv develop  When the might heart
begms to ful the patient develops edema and general senous con
gestion A shght degree of jeundice myyv appeir as a result of
extreme passive congestion of the Iver A systolic murmur at the
apex of the heart occurs frequently from rehtive mitr] insuffiviency
due to dilattion of the left ventricle he blood pressure usually
remams Jngh 1n the presence of left heart fulure but sometimes the

In the presence
t exclude hy per
before the onset

of deaths irom nypuiteustse disease are
O b echmust ) the avaltble data

due to myocardial exhrustion  Viith respect to
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TasLe 53 —I AnD DEGREE oF v e Foun
MYOCARDIAL SURGROTFS
Degree of arterioloscleros s per cent

No of
Control over cages o 1p 1 2 3 1to3
50y7s of age 812 615 221 13 4 26 03 163
A 226 265 62 274 195 204 673
As 18 312 82 375 62 187 624
As 29 438 2 103 276 70 70 416
A 67 57 75 254 60 15 329

TasLe 54 —RELATION OF ARTERIOLOSCLEROSIS TO AGE IN GROUP A
Degree of arter oloscleros 8 per cent

Age Cases ) 1p 1 2 3 1tod
3449 33 19 4 28 47 2 194 u1 777
50 59 49 200 40 30 16 0 230 "o
60-69 72 320 83 13 9 250 208 597
0+ 69 29 0 72 290 16 0 88 638

Relation of Arterwolusclerosis to Age i Group A, —In Table 54
the cases of Group A, are arranged by decades and the surprising
fact appears that arteriolosclerosis 13 somewhat less frequent i
those over sixty years of age than m the younger age groups

Relation of Artertoloclerosis to the Level of the Systolic Blood Pres-
sure —In 155 cases i which the maximum systolic pressure was
less than 200 mm Hg, the meidence of arteriolosclerosis Grades
1to3 was 61 9 per cent and m 71 cases with a pressure above this
level artertolosclerosts was present m 789 per cent There 15 no
apparent relation between the incidence of arterrolosclerosis and
the size of the heart In 121 cases in which the heart weighed
550 gm or more 1n females and 600 gm or more m males the fre-
quency of arteriolosclerosis, Grades 1to 3 was 66 3 per cent, which
1s practically the average for the entire group

Subgroup Az —This group differs from A, only m'that the “ﬂi{n
of v Can PR e b

ma

16
but they correspond with A, m the frequency of vascular disease

(Tables 52 and 53) These cases evidently belong with A, since 1t
was noted above that there 1s no correlation between the size of
the heart and the degree of vascular disease n the A, group
Subgroup A; —This group includes 29 cases of cardiac h)peri
trophy with chromic myocardral exhaustion sumilar m all climeal
features to Group A, except that the blood pressure was not re-
corded In 25 of the 29 cases the heart weighed 500 gm or more
It cannot, however, be said with certainty that they are examples
of hypertensive disease since the blood pressure 13 unknown In
Table 52 1t will be noted that ntunal disease of the small arteries
1s 2 httle more severe than m the controls but shghtly less than m
the A group In Table 53 it appears that nrtermloscle;usxs 18
defimtely less than m Group Ay, but much more than n the con



© Meppy,, h
Cerebr,y Yessely Since these 1 Cssels hue YO Dittle Muscle the
Naedy, they do ngy Drotecy the termipyy Vesselg aRUngy Meregyag of
blogq Pressype I):zzmm 18 prof gy, due ey to <am,
(‘nlIS('

lypcrfn.n pﬁalopal Yoy Ptieny wth vpep
Nion hibigg Miense S Mptop,, referable o the , e con
dition 1 tines Wed hjpvrrensx\o 'Ctphale, ath,
"Tacter,, tie fo. are g, Nise. headache Vulsiong mralxsz-s
Persop, ity nd mtell(‘clual tmp, eny Tia] nsuff
Uengy S not 5 C0eSS f1e; ()ppcnherm 1 TR atey),
Uted ¢ Mptomy 4 cerel, as%nsmcuon but 'Son ang
Bryjt foung Stfficiony Sty chapga, N the trai to 4, ung
for the SIptomg Ihey foung disers of the Arteryog Aiffyse aregq
de Smaf} o K] N d smaj} homnrrhagcs

of ny Tosg an,
T nath those o D.:\h(n Wi By



350 DISEASES OF THF BLOOD } ESSELS

Cerebrl symptoms are sometimes due to accumulation of a
large amount of flmd m the subarachnoid space which causes an
mncrease of ntracranmal pressure  Such patients obtam prompt
relief from permanent dramnage of the subarachnod space through
2 small trephine opening 1n the shull

In this studs 1 patient with hypertension 1s classified m the
cerebral group if death was due to an apoplectic stroke (hemor
rhage or infarction of the bram)

Subgroup By —In this series of 194 cases the svstolie blood pres
sure was 150 mm Hg or higher nd the weight of the heart was
350 gm or more n females and 400 gm or more n males There
were 123 males and 71 females The age distribution of the entire
B group 1s shown by decades 1n Table 55 'There were 2 cases m
the second decade and 3 m the third but 96 2 per cent were over
forty years of age at the time of death

TazLE 55 Ace DISTRIBUTION oF Taf Seseraw CLINICAL Forsts o HIPERTETE
DisEASE (AcE AT Tiws oF Dzarn)
Per rent, hy decaden

of
Group cases Tz 3 4 5 6 7 8 oand10
A 338 [ 0 12 130 209 38 26 62
B 3l 0 06 10 22 136 2 22 M1 70
c 07 ¢ o 05 10 87 27 40 23 48
D Males21 G g7 %5 88 953 3 2083 78 190
D lemalesl7d © 23 46 °08 268 18 156 104 29

Ihe total duration of the hy pertensi e state cannot be determined
from the avalable data but 1t 15 hnown that 40 per cent had
sy mptoms for more than one vear and 11 per cent for over five years
In every case there was a strol e at some time during the coutse
of the iness The strohe was often the first <y mptom recognised
by the patient but i many cases the presence of hypertension was
recogmzed many vears before the stroke occurred Trequently
there were several strokes over a period of years Occastonally
there were symptoms of myocardal failure or coronary disease
before the fatal apoplectic stroke In about 20 per cent of the
cases the first svmptom was 4 strohe 1nd the patient died wathm
one week

In the entire series of Group B (315 cases) there were 290 cases
m which the type of bram lesson was hnown— 53 per cent of the
lesions were hemorrhages and 47 per cent mfarctsons

The condition of the small renal arteries 1n the cerebral group
1s shown in Table 56 It will be noted that the mtensity of the
mtimal disease 15 definitel greater in the hyvpertensne series than
m the controls

The myobement of the arterioles m the erebral group 1s shown
in Table 57 1he mewdence of arterioloscleross 1~ nearly five fimes
that of the controls 12 cases sith I pertension

Subgroup By — Llus group comprises
but with a cardic werght less than 300 gm m femnles anl 400
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without symptoms of myocardial failure was present for months
or years before the occurrence of a coronary attack  There 1s much
overlapptng between the myocardal, cerebral and coronary forms
of hypertension A patient with myocardial failure may develop
coronary disease or apoplexy
The 207 £ =2
m accorda
cases) melt
and hy pertenston
cardiac hypertrophy
Subgroup Cy (62 ca
nary disease but the blood pressures were not recorded Sub-
group C, (57 cases) had coronary disease wnd cardiac hypertrophy
but no hypertension
The degree of mtimal disease m the small arteries 13 shown m
Table 53 In Group C; mtimal disease 15 definitely more pro-
nounced than m the controls, but m Groups Cy and C, 1t 1s not
impressisely greater

. T — e d A s

-t

Tasie 53 FRuquenct anp INTevstry oF INtnl Drspise Iv TRE Siiit
ARTERIES 1§ THE CoRoNARY TYPE OF HYPrutknsive DiseASE
Degree of wtimal disesse_per ceot

No of —
cases ¢ 1 - 3
Controlsover 50 yrs 309 0 372 az0 307
c 80 13 16 2 400 425
Cs 62 16 30 6 355 322
[ 5 35 298 358 EXS

The mvolvement of the artertoles 1s shown n Tahle 50  Arterio-
loscleross 1s much more mtense than i the controls but it 15 notably
less severe than mn the myoecardial and cerebral types of hyper-
tenstve disease  In the group without an increase of blood pressure
(C.) the mexdence of arteriolosclerosss 1s so low that it appears

FRECUENCY AND INTENSITY OF ARTERIOLOSCLER0sIS 1N THE CORONARY

TasLe 59
Tyrp or HYPprrensive DISEASE
Degree of artenoloscle os # per cent
Tl 2 1 B 3 dotalls

Controlsover 50yrs 303 €15 136 26 03 168
Ci R0 35 30 15 125 550
C 62 532 s 64 97 438
Ci 57 80 245 a5 18 28
Tatal C 199 45 2 276 80 8 4“4t

ertensie disease
A similar group
ed above

probable that many of these cases are not hyp
but an wdiopathic form of cardac hypertrophy
of the myocardial tvpe without hypertension was discusst

(page 349)
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Group D Hy ‘With Renal it

In about 12 per cent of patients with primary hypertension the
Lidneys are sufficientls mvolsed to bring about some degree of
renal insufficiency  In this study the number with renal insuffi-
aeney 15 much higher because the c1ses nere selected from & much
larger group of necropsy records than were the other forms of
hypertenstve disease In the 454 cases studied the 1ge distribution 1s
shown mn Table 0§ It will be noted that i the earlter decades
there 15 a higher percentage of the renal than of the other forms of
hypertenstve disease and that this 15 particularly true of the
females The total meidence of renal msufficiency 1s about the
same 0 the two sexes but the disease occurs more often in young
women than in young men After the age of fifty years the renal
type 13 more frequent m males

The Duration of Sympt ms Hypertension was knosn to hue
been present for over one yvear in about two thirds of the pitients
for over five years in 27 per cent nd from 10 to 28 years 11 10 per
cent Itisalmost certan that hy pertension was present much longer
than the chmcal ssmptoms mdicite especially 1n the group with ¢
duration of less than one verr It seems umpossible for massive
carchae hy pertrophy and contracted kidnes s to deselop withim 1 few
months  There 1s no relation between the hnown durition of the
disewse and the degree of cardiac hipertrophy or the estent of
the shrinhage of the hidnevs  Hypertcnsion 1s usually not recog-
mzed until 1t produces symptoms  In the great majonty of the
renal group there 1s satisfactors evidence thit hypertenston w s

present a long time before the vnset of renat insufficiency
a T ' .

tinguish two forms with respect to the onset of uremma n3  acute
and chrome uremia  Acute urem 1s much less frequent thn the
chronie form Tt 1s charicterized by the rapid develupment of
severe symptoms such 1s intense hendache very high blood pres
sure and blndness and by a rapid increase of blood urea  In the
chrome form the blood pressure and the blood metabolites merease
slowly over a period of months

The Blood Preseure —The blood pressure i~ usualh much bigher
n the renal than mn the uther forms of I pertensn e discase  In 432
cases 1t which the blood presure wns recorded the maximum svs
tohie pressures were as follows 200 to 3 mm [g 109 cvses (252
per cent 200 to 249 242 cases (30 per cent) 190 to 199 19 cwses
1500160 23 1700179 12 16010 00 8 1700 150 4 10 to 140
9 wd helow 140 4 The mavtmum svstohe pressare ws 200 mm
Hg or higher n 81 2 per cent

23
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When the minimum systolic pressure 1s used the results are con
fustng  Vhen a patient 1s under observation for several months or
longer the blood pressure may nerease as renal msufficieney pro-
gresses The pressure may fall to 4 normal level termmally or as 2
result of cardiac fmlure Perhaps the maxmmum pressure does
evaggerate the condition 1n some instances since 1n patients with
very high pressures a vanation of 50 to 70 mm Hg n the systohe
pressure m1y take place withmn a fen hours

There were 4 pitients with svstolic pressures below 140 mm Hg
and diastolic pressures below 80 mm Hg  Lhree of these were
terminal pressures in very old persons associated with cardine hvper
trophy  The fourth case was a woman 72 years of 1ge with 4 small
heart and conre renal arteriosclerosts

There were 8 pattents with systolic pressurer 140 to 144 and
dhastolic pressures 70 to 88 mm Hg  Seven of these had cardne
hypertrophy  One patient with a systolic pressure of 140 had a
diastolic pressure of 100 mm Hg and cardie hvpertrophy  These8
cases are believed to have had a terminal fall of  lood pressure since
they had cardrac hypertrophy

The diastolic pressures follow the s\stolic closels  Onlv 1n rare
nstances 13 there 4 high diastolic with 2 ncrmal $tstolic pressure
In about 4 per cent the ditstolic pressure was below 90 mm Hg
These were the patients with systc hie pressures from 140 to 180 mm
Hg In 96 per cent the dinstolic pressure was 90 mm Hg or hugher
In about 18 per cent 1t was 160 to 200 mm Hg

The pulse pressures varied from 45 to 135 mm Hg and about
25 per cent were 100 or higher

With two evceptions the hearts of those with systolie pressures
below 1(0 mm Hg were as large 25 the v erage of those with pres
sures above 200 mm Hg and the kidnevs all showed the severe
vascular changes charactenistic of this group It appears that ”;
rare mstances the blood pressure mas fall i the termmal stages of
hyvpertensive renal disease probabls because of cardiac f"‘l‘:e
None of my cases was follow ed sufficiently long to determine whet ;r
the low level of pressure prevailed throughout the course of the
dsease

In a number of mstances severd blood pressure records are
available over a perod of years Some examples 11€ 25 follm\;G
the first records bemg mdicated m years lefore deﬂt}:’ q]ﬁS/; o
mm Ilg one year 220/150 182/106 six jears 200/102 234/1 "
four years 245/150 13590 src years 210/115 14080 ﬁwoqu /eﬁfﬂ
240/160 140/90 one year 216/130 140/76 six years -:0 10
100/110 four years 240/130 150/95 seven vers 200 110 q}‘ e
sicteen veurs 220/130 19(/112 siv vears '2“0/159 188 “rrs
vears 234/142 155/110 four vears 200/1°0 1°5 % Otel';()‘ e
230/1€0 140 80 five verrs 188 104 134/94 wix \e’lf‘; -‘; s but
blood pressure mas mereise gradually over 2 perid of 3€%
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1n mav increase rapudly or remun stationary  There 1s no relrtion
between the level of the blood pressure and the weight of the heart
or the size of the hidneys

TABLE 60 —W EIGHT oF TiE HranT 1n HyrertEwsios Wits Renar
1

\sUrPICIENCY
Malea Females

We ght of heart —

£m Number  Per cent Numbsr  Per cent
Below 200 [ a [ 0

200 99 [ 0 3 17
300 399 10 ic > 14 ¢
400-439 50 178 5 04
500 599 89 LRy of 47
00499 K0 %1 - e
60 1000 51 182 10 5%
Total 40 -1

The W exght of the Heart (£1ble (0) —In the males 0 4 per cent of
the hearts weighed 400 gm or more 78 1 per cent 500 gm  or more
and 4¢ 3 per cent 00 gm or more  The Inrgest heart weighed 1000
gm  In the femles the ascrage weight 1s about 7o gm fexs thin i
the miles 83 5 per cent weighed 400 gm or more 33 1 per cent 500
in ormore and 20 4 per eent G gm or more  Innon hypertensine
adults the heart « f the male averiges about 30 gm he 1vier than that
of the fumale  Lhe greater werght of the mile heart 1 not due to a
higher blood pressure winee the level of the blood pressurc s about
the same in fumales 43 i males

Vhith respect to age the hearts of the individuals in the second
and third decades are smaller but there 15 no significant relation
tetween the age of the indiidurl and the size of the heart after
the age of thirts years  In 2 males aged cleven vears and eighteen

~ - - v and
seirs
. B oly
> renal
group m which there nas convimemg histologreal evudence of a
tugh degree of renal insufficiency  even when no functional renal
tests had buen made  In 07 of the 434 c1<es no functionil studies
hd been mude el i 11 others the List test made over one month
Ffore death did not reverl rentl maufficieney  In the e 78 crses
the diignosis of uremin w18 bised entirels on the structuril chinges
m the kilnevs  The st dcterrminition of blood uren mtrogen in
MOcrvesws sfollows  18to 29mg percent 10 cases (one week to
3 months before death) 30 to 3 mg 14 Cses (two duvs to three
en¥asIctore doith) 30 to Iy 10 Ao 1) 10 to T mg
1y TtoMmg 74 WOto 140 me 117 150 to 1M mg 61 200 to
29 mg 17 wd over W mg 3cres  The blood nrey imereases
ryndhy durmg the st few duss of hfe wnd the high readings
{over 100 mg ) were usually obtuned a few dus befere death  In



35 DIST'ASES OF THE BLOOD 1 ESSELS

several mstances tt
from about 30 mg
hfe A sl ry
also 1 chronie glomerulonephritis

In 25 cases the non protem mitrogen ranged from 32 to 455 mg
per cent The two hour excretion of phenolsulphonephthalein
ranged from O to 44 per cent mn 18 cuses

Changes in te K1 lneys —The combined weight of the hidnevs
448 cases 15 as follows 50 to 99 gm 2 9 per cent 100 to 199 gm
30 € per cent 200t0 299 gm 45 5 per cent 300 to 399 17 1 per cent
and 400 to 475 gm 38 per cent  In about one fifth of the cases
there 15 no reduction m the size of the hidnevs <nd only bout one
third show « severe degree of contraction  Lhere 1s no relation be-

Fio %9 Prnary hypertens on w th chren o urem a _ Small contracted b dney
w th a finely gianu ar surface  Photograph

t of the hidneys  When
tuneen the weight of the heart ind the weight of ¢ chdner s e

the group
h hidneys

f
wesrhing 300 em or more  kyidens)s the duration i u utensits i

and on section the cortices are grently reduced 1n thithlits> & &
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normal i children or in voung adults with acute by pertension
The Small 1rteries — These vessels are much more scverely af-
fected 1n the renil than in the other forms of hypertenane diser e

113 80 Clrove byperterco wtl & it wrem  slow ng wevere  tnal
1o vofaprearter le 11 stom croray b

Thes show nsevere mtimal thackening due chuefls to eolligen i all
ces exeept those in which uremie 1s ¢ wsed by thremboneeross
Ia this acute process the severe bypertun wn 13 of short dur ition

Intiml thichening of the small wrtcries 1< 0 import int cause of
uremin It precedes or accomp uues 1ll the artent lar lesons exeept
widespread thromboneerosts  Sometimes the arterioles ar only
malerateh affeeted and rendd wsufficiencs i~ duc entindy to nar-
rowing of the snall wrteries

The' Attertsles and Pre-arteroles Thee histological tvpes of
lesions affect vessels of thi> size
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{a) Collagenous Intimal Thickening —This 1s the most frequent
alteration m the small vessels and it frequently affects the small
arteries as well as the pre-arterioles and irtersoles  The thichened
mtim+ 18 composed of coarse and fine collagenous fiber (Tigs %)
wd 4) In the cases i wluch uremin develops acuteh the mtimal
fibers are more delicate and more loosely arranged th inm the ehrome
uremtas in which the fibers are coarser and more compact

Collagenous mntimal thichening was present m some degree 1n
about 89 per cent of the hidneys and in about 70 per cent 1t was of
sexere degree (Grades 3 and 4) In about 3 per cent 1t was the
only feston 1n the vessels but the severe lesions (Grades 3 and 4)
were associated wath hvalne degeneration mn 24 per cent with
thrombonecrosis 1 2o per cent and with both of these lesions m
47 per cent

¢ > =
ke »\k et 5& o ‘{}‘
N e SR
Dt A AN AL L
by pert
Fra 91 —Chron ¢ hyperten on w 1) acule urem 1 (mal gnant
o} 0% ng int mat fibros s of a amall artery  Plotom crograpt

ens o)

form consits of
I{ynhne Degeneratim "Lhus lesion 1n 1ts pure 7 e 1t Lcnds

a 1) deposit of | material (Ng &
with the coirse collagenous tvpe frequently 'Hmlcmr}:erflill;ﬁ
become fused and present 1 hvaline nppegmnge . (3;1 :t;e :;t‘dgt!\elml
submntimal Inalin freQ\lzr;ﬁ)__h‘ecorn"t;sn f'nru’1 "e;, o e separ tion

thickemng

n the
Hjalime degeneration w1s the most mmportdut « v tion 1
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arterwoles 1 bout 13 per cent of the hidnevs and some by iline
material was rece gniz ble m about two-thirds of the hidnevs
Thromboneerotie —This lesion consists of 1 thrombosts of the
arternles with ar without becrosts of the arterolir wall - In most
stanees depeneratne dhnges m the artersolar wall are not con-

Fia & ~Clronclyprrten on w th acute 1 en 2 (¢ alg ant | ypertensor
shaw ng thre mboneer 1 of afferent arte wle P tn e grap

F1o 33 —-C} rouis hypertenmon with scute uremia (i alignant bypertensio 1)
showing thrombonecros  of afferent artenale and ncute glomerubltis
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spicuous nd the lesion may be deseribed as simple thrombosis
but sometmes the entire arteriole 1s obvioush necrotic {Iigs 92 93)
Thrombonecrosis 1s very rarely the scle cause of urema since 1t
does not mnvolve all of the arterioles It 15 associated with col
lgenous mtimal thickening and hyahne degeneration In 15 per
cent of the hidneys 4 majority of the arterioles were thrombosed
(Grades 3 and 4) 1n 50 per cent occastonal arterioles were involved
and 1n 35 per cent there were no thrombosed artersoles

Arteriolar thrombosis is not restricted to the renal type of hyper
tensine disease but 1t 15 more frequent and move extensne m
this condition  Qceastonal thrombosed arterioles are found in some
cises of glomerulonephritis 2s well as n some mstances of the
cerebral mjocardial and ecoronary types of hupertensie disease

3 ATy
e

‘R TRE

¥
%o,
¥

Fro 94 Normal k dney mjected under a pre sure of 600 mm Hg Prepared
by D Harry Wilmer

Foeal Glomerulitis —One of the features of hypertenson with
renal wsufficiency 15 the frequent occurrence of foctl g]omerulltlls
This 15 an exudative and prohferatne lesion m the glomery }:.!
cwpillanes occurring usually m only a small percentage of t :
glomerult (Thg 93) 1 ocal glomerulitss was found m 358 per Ceﬁl
of the hidneys of this sertes In 206 per cent only occ:;smn
glomeruli were affected (Grade 1) 1n 4 5 per cent frequent glomer-
ulr lestons were obsersed and m 17 per cent the lesions nere so
numerous that they contmbuted materially to renal msufficiency
As noted bove the capillaries of the glomerult commnhman‘}s
leuhocytes and show some endothelial prolferation There
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aleavs & severe nvols ement of the afferent artenole of the affected
glomenitdus

Changes 1 the Renal Parenchyma —One of the striking «ffects
,s f v

Tugures $1 and 95

In the gre it myonty of the hadnevs by ahne glomerult aee cou
<pruous meroseopie feature m the smll contracted hadnevs thes
are peardy <l kvahine  The ttrophy of the glameroliy due 1y
fibro-h thine obliterstion of the prouterwles ind arteries  In the
Targer hadnes s the number of Inabne glomeruh s much e In 13

R
urrm s

85 ~K Iney wo gl ng 1% gm fromaenseulcl o clyjere o wil u
ote the d ated tortuous arter evand the 11
Tagectedunlot n pressure of G0 mm He  Preparedts Dr Hery W mot

»rat on of many n ol eaned

huduers there wese no by e plomerul these bung et o
hdnewx mn which uremia was due mank to throtbomecrows (¢

tasente thanges m the arterioles and pro artenohes

1 1B e gtraphs of the cortes was Cm wi by O msTosing
of the medutineized Artenes the smafler 1 eseefs beng onh mod
eratehy affected  This gronp 3s clarhy 3 ehronme uremn with no
soute ch wmpes

Inabout twothirds of the c1ses the princtpif eswm i~ 1o the small
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drteries and consists of collygenous and elastic mtmal thichenmg
which appears to be a continuation of a sumilar ch nge 1 the intim
of the larger arteries  This 1s a chronic process and 1t brings about
progresstve atrophn ot the renal pwancdhnimy Iy the wajonty of
this group there are also some acute lesions m the arterioles, viz,
thromhonecrosts, glomerulitss, or loose fibrous intim (! thickening
There ts therefore a tarminal acute process superimpostd on the
chrome yascular diseasc

_ chrome uremiz  Note collagenous and
h)fl]x(:ne ffi,ngfi‘ o ihe ﬁf&iﬁéﬁ’;’n’ﬁ“a,‘ééﬁﬁ,;e, hyal no glomeruls and strophsc tubules.
Photomicrograph
In 40 casey the prmerpal lesion was hyaline dt‘g‘e‘""’:’t_mr: Ofrrtazl:
arterioles ase .
duffers from
tensive disease ol 1o pat ta s v .
or no acute changes in the arterioles i this group bopecro-is
In 40 cases the principal cause of urcmn was thrombortert
of the arterjoles and prearterioles Some th'"""fbomcm.;()cv.ses
found 1 about two-thirds of the entire group, but in ghe{;e g wit
it was the outstanding lesion ~ Often these were frge hidney

few or no hy aline glomerult
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FARRERE I S L N PUREE B T P

a

In what respects do the vaseular lestons n the renal type differ

females

In the non-renal forms of hypertenstie disease the lesions m the
stall vessels are cluefly hyaline and fibro-hyaline and only a fen
arterioles are completely closed In 40 cases of my sertes with
renal insuffictency the artertolar lesions were of the hyaline type
and differed only 1n mtensity from those of non-renal hypertension,
and 1 24 other cases the arterioles were not severely miolied, the
uremts Lemg due to a severe mtimal thickening of medrm-sized
and small arteries Tt may be sud therefore that m T4 cases of this
sertes the vascular lesions differ only quantitatinely from those of
non-renal hy pertension

Thrombonecrosts 13, howeser, 2 distmetive lesion  \n occasonal
arteriole with thromhonecrosis may be found in a small percentage
of cases of non-remal hypertension, but the lesions are never con-
spicuous except in the renal form  Thrombonecrosis was the prin-
apal eause of uremiy n onls 40 of 451 cases (9 per cent) but the
lesion was present m a few vessels in 63 per cent of this seres It
cannot he saxd that thrombonecrosis 15 an essential feature of malig
nnt hypertension smce 1t 15 entirely absent m one-thied of the

)

wag present

of urema
s

“4PpELLIVOseLy ATTanged as though scpartied DY HUKL (LIRS JU o1y
In the nonrenal forms of hypertensne diseasc the mtmi of these
vessehs 15 composed of conrse fibers and hvalin

It may be coneluded that m 61 of the 434 cases of th series the
vasculr lesions are similar to those of non-renal hvpertension
except m their greater mtensity, but tn the remammng 3% cases the
histological structure of some of the lesions 1s sufficientls diffrent to
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indicate a different etiological factor It 1s clear that the great
majority of the patients who finally die of urem suffer for months
or years ¢f h marta -
crency 1
are basica ¥
unposed fluence brings about the distinctrve changes m the small
renal vessels
Malignant Hypertension —Thts term was introduced by T Tabr
to designate primary hypertension with uremz He consdered
malignant hypertension a distinct disease pomtmg out that it 18
more common m younger individuals and in females and that the
lesions 1 the small artertes and artertoles are distinctive  Lohlemn
and others at that time disagreed with Fahr s mterpretation and
considered malignant hypertension merely as an advanced stage of
ordinary hypertenston
In recent years the majonty of writers have agreed with Fahr
that malignant hypertension 1s a special disease (Mchahon him
melstiel and WWlson) but they have uswally restricted the con
cept to hy pertension with acute uremia the diagnosis being based on
the structural changes in the small arteries and arterioles If apa
v mejonty of
the vascular
mbonecrosis

U e vLLEr Nand many cliniclans tollow herth and Vagener
who diagnose malignant hypertension by the retmal changes
edema of the disks sclerosis of arteries hemorrhages and cotton
wool exudates In the 88 cases studied by Kerth and Wagener all
h‘lt‘* very high blood pressure 21 had fairly normal renal function

» - - -

rhages

Hypertenstve retmitss 1s the effect of high blood pressure 1n the

retinal vessels It does not depend directly upon renal insufficiency
since renhal msufficiency without hypertension s not associated
with retimtts  The reason that retinitis 1s nearly always present 0
L. L Tom . 1.+ +ha o nat ante have ant
~ that

evell

erva

tions of herth and Wagener
If we use malignant hypertension in the sense of hy pertensive
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It cannot be mamtmmned that hypertension 15 always caused by
renal arterolosclerosss since the arterioles are often normal or
enly slightly affected If one meludes the pre-arteioles with the
arterioles the percentage of mvolvement 15 higher (Table 62) but
there remam 17 5 per cent m which both arterioles and pre-arterioles
are normal  As regards the small arteries, these vessels are some-
what more severely affected in the hypertensive subjects than in the
controls (Table 46) but all the controls show mtimal disease and
mn about one-third of them the lesion 1s severe (Grade 3) In many
of the patients with renal insuffictency these arteries are so marhedls
narroved that they cause atrophv of the renal cortex Lesions
of thie doares /Mmadn §) '

ot the cortex

TapLE 62 —In?al Disgasc or Pre aRTERIOLES 1N 7HE ConrRoL Group
4xp ¥ tE Nox rENsL Fomws or Hyperrensive Disease

" Per cent

Controls over s 0 ) 1 2 3 Tomll3
0 years 309 521 %40 201 8° 06 B9
Myocardial A1 226 199 40 243 257 261 b1
Cerebral B, 194 113 57 227 196 407 30
Coronary Gy 0 250 62 35 87 25 &7

It must be admitted therefore that elmical hypertension mny
develop 1n persons mn whom the pre-arterioles and artersoles are
normal and the small arteries no more severely affected than m
the non-hy pertensive controls In other words hvpertension may
develop m persons whose renal vascular Jesions are no greater than
15 found 1n non hypertensive contrels

However, when the renal vascular lestons are sufficientlv severe
to cause renal wsufficiency a very huigh blood pressure 1s almost
imvanably found and the evidence seems convineing that severe
vascular renal lesions almost always cause the blood pressure to
rse to higher levels

Ve may conclude that hypertension may develop m the absence
of renal vascular disease but that <esere mvolsement of the small
renal artertes and arterioles causes the blood pressure to rise to
tigher les els and 1 etceptional acute cases may imtiate the hyper-
tension dor-

Since 16 5 per cent of the non hy pertensrs e controls show mode
ate arteriolosclerosss 1t 1s obvious that moderate artertolar disease
does not cause hypertension Intimal thickemng of the tr!ene?
and arteriolosclerosis are age changes thit do not fect the hlood

essure until they become sesere
prS:;uc‘; nrterlo]oszlem%ls 15 more sex ere and more frequent 1 by per
tensive subjects than m non-hypertensive controls one must{ ion;
cInde that there 15 some causal connection between the conditior
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mdefimtely (Bordley and Eichna), and if 1t 1s spastic 1t must be a
permanent spasm  The narrowing of the vessels m eclampsta 1s
presumably spastic smee 1t disappears, but most obseryvers agree
that the vessels in primarv hypertension remam contracted per-
manently The nsture of this contraction 15 not understood
anytomeally  Vessels of this caliber m the retima have few or
no muscle fibers in their walls the media bewng composed almost
entirels of collagen  Unless collagenous tissue can contract angio-
spasm 1s not possible in these vessels When exammed micro-

DTS IR
3 L! e

-~ L]
.
‘ e s M oo
»n L 1
V. & [}
ertensiveret n t 3 Note thel sl nent mal th ek
con 1 the fundus examinatian ) otom erograph

F1a 98 —Choroidal arteriole 1n h:
ering  These vessels are not aeen in ]

] but the
scopically these artenies differ very hittle from the normal
colll"’tgengus medra 15 often somewhat thickened (Fig 97) Its
possible that there »s narosing of the muscular arteries m the nerve
head and that the vsible yessels appear smaller because they con
tan less blood

Whether the hypertension be of the prmary tvpe or d‘fal }0
chronie glomerulonephritis a very high blood pressure usually
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Lrings about 2 hvpertensne retmitts  The most charictertic
early change m hy portensive retimitss 1s papilledernn with a gradual
spread of the edema out into the retma and congesticn of the veins
(hath Wagener, and hernohan) The edema of the retina be-
comes more severe and hemorrhiges and cotton wool patches
appear  Hj pertensive retimtis 15 apparenthy due to the unusually
high pressure m the retial vessels It 1s usualhy as oerated with
remil msufficrency smice these are the patients with ver hugh blood
pre sure hut fny pertensn e retmitis was observed m 7 cwses of our
series with blond pressures about the level of 208 140 mm 1lg but
without any renal insufficiencs It 15 the height of the blood pres
sure and not uremi which causes retimitis

The choraidil arteries have the same histelogical structure s
arteries of corresponding size elvewhere nd 1n hi pertension they
show hyalme mtimal changes such as are found 1 the hidnevs
(lig )

The Artenes of the Brain —Since the small wtenes md irterinles
«f the brais lithe those of the retma have vers hittle emooth muscle

This m1s be the reason why headache 1s <uch a frequent «s mptom

In hvpertension without renal insuffictency there arc fon or no
chnges tn the small cerebral arteries ind arterioles hut ur hsper
tenston with retrmiis or uremi one finds thickening and reduplica
tion of the elasticy interna of the small arteries and by alimztion
of the mcdia with intumal atberosclerosis of the hrger vesses
(Baker)

THE ETIOLOGY OF PRIMARY HYPERTENSION

The boundary between normal blood pressure and b pertension
il defined and there are mnumerble tran itions between low

tlue to overaction of some mecharism that muntams normal pres
surc or whether 3t 1s cased by a diffrent fictor resultipg from
diwase of some organ or tissue

Mechamsms Concerned 1n the Regulation of the Blood Pressure
~The <cverl organs or physologeat mechintms which may
wifluence the blood pressure are as follows  (a) the heart (5) the
carotid simuses and the depressor nerves (c) the large elastic artertes
(] the x1somotor center and yasomotor nerves (¢) the rdrend
slmds (f) the hidnevs and (g) the small museulsr arteries and
artersoles

(a) The Heart —The werh required to mmtam the sastantc
Whod prosare 1 furni hed by contractions of the left ventrde

21
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which propel blood mto the aorta The level that the blood pres-
sure reaches depends upon the peripheral resistance and the force
of the ventricular contractions If the peripheral resistance be
decreased the blood pressure falls although the heart 15 worhing
normally  On the other hand if the perspheral reststance be m
creased the heart reacts with stronger contractions and imcreases
the blood pressure This response on the part of the heart 13
probably a reaction to the increased load and 1t 1s compensatory
m the sense that the mcreased worh mamtains the mnute volume
output and thereby furmishes the normal amount of blood to the
tissues  In nearly all forms of hypertension the diastolic pressure
15 mcreased mdicating mcreased peripheral resistance

Vhen the heart muscle 13 weakened from disease such as i
farction from coronary thrombosis or anemta or my ocardial fibrosis
from coronary atherosclerosis the blood pressure may be decreased
because the weahened mjocardium 1s unable to mamtam 1t at a
gh level Myocardial disease in a patient with primars by per
tension frequently causes the blood pressure to fll to lower levels
even though there 1s no decrease 1n the peripheral resistance It
must e emphasized that a strong cardiac muscle 15 necessary to
mantain a high blood pressure

When the nutrition of the cardiac muscle 15 good 1t responds to
mcreased peripheral resistance by more forceful contractions and
the mcreased work brings about hy pertrophy ofl ‘the left ventricle

1 1 1 1
1 1

'
quacy of the coronary crrculation the age of the mdividual the
debilitating effects of associated diseases and other factors that
are unknown

Tn bout one half of the climeal cases of primary hypertens on
the cause of deith 1s myocardial echaustion but this 15 a result o
the strain 1mposed on the heart by the increased peripheral resis
tance There 1s no evtdence that any form of hypertension 15 2
rimary disease of the heart All of the therapeutic procedures by

which the blood pressure may be temporarily decreased act by
d e heral r and not bv weakening the mo
v P

an nro-

11SSUES W OUIU TECEIVE dtds L LU
(b) The Carotid Simuses and the Depressor Nerves —~Thisis a "151?
important mechanism for the regulation of hlood pressure te
nerve endings 1n the walls of the carotid smuses are sensttnne to
chemical strmult and to differences of mtravascular pressure In
creases of pressure caus ng reflex slowmg of the heart and decre:ile;
permitting mereased cardiac contractions Pressure on a car
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sinus 1n many indrnirduals causes a temporars slowing or cessation
of the heart beat and a tumporary decrease of blood pressure
(Mandelstamm and Lifschitz)  This effect 15 attributed chiefly to
stimutation of the depressor nerves to the heart, but there 13 prob
ably some peripheral relaxation of arteroles also

In the rabbit the cardiac depressor nerves are separate from the
vagus  Mies, 1932 sectioned the depressor nerves in rabbits and
produced chronic hypertension  Nowak produced chrome hs per-
tenston 1 dogs hy removal of both common carotid hifurcations

o oot v €' T-anation of the
‘ LT i * eal sympathec-
' - '

There 15 no doubt that chrome hypertension may be produced
sn animals by anterruption of the depressor nerves but there 1s
no evidence at present that clical hsypertension rests on thi
basis  The animal with this form of I pertenston has tachy cardia
which 15 not present m clinical hvpertension  Nevertheless 1t 1s a
mechamism that helps to regulate normal blood pressure and it 1~
concennable that some chemical substance m the blood depresses
the carotid smus refles

(¢) The Large Elastic Artenes —The function of the large iwtertes
14 indicated by the high proportiom of elastic tissue n their walls
They distend to accomnmodnte the blood forced n at each v entricular
systole and by thetr ehsticity mamtun a sterdy flow of blond snto
the arterioles  That they do not normally offer 1 grext deal of
resistance to the flow of blood 15 mdicated by the fact that the first
marhed full of pressure occurs in the small peripheral vessels

There 13 a progressine ldss of elastieity of these ves els with
advanang age due to degenerntion of the elastie trssue and some
degree of ectasi of the aortn and its large branches is fauls con
stant in advanced Ife  Inttmal atheroselerosts 15 almost umformh
present in advanced hfe  Atherosclerosts does not matertally reduce
the stze of the lumen of the sort1 and its Iarge branches but at
produces narrowing of the smaller arteries such as the coronary
and cerebral nrtertes  Atherosclero 15 15 usualls somewhat more

n advanced lfe merease the work of the lieirt or tend to elevate
the blood pressure? Iabr Divs and Spittler using the Starhing
beart lung preparation and varymg the ehstieity of the system by
ait chambers came to the conclusion thit merersed ngidits of the
sistan does not mercase the work of the heart  Thes found that
the diastohc pressure fell more than the svstolic rose  Vrgzers
noted that m hypertension there 1s a hugh pulse pressure which he
attributes to decreised elistieity of the lirge arteries and & high
dustolic pressure referable to narrowing of the small peripheral
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vessels He believes that ngidits of the large artertes causes some
mcrevse of cwrdine work and tends to raise the systolie pressire
All observers are agreed that the chief cause of hy pertenston 1s not
1 the large arteries but m the small peripheral vessels

Some persons over sixty years of age have an mcerease of systolie
pressure wnd pulse pressure but no wcrease of dmstolic pressure
This systolic by pertension 1s probably due to nigidity of the large
arteries and 1t may not be the same disease s diistohic hyper
tension

Coarctation of the 1lorta —In this well known disease there 15 a
congenital stenosis of the aorta immediately below the origtn of
the left subclavian artery The blood reaches the abdommal aorta
by 2 arcuitous collateril eirculation through the mtercostals and
mternal mammary arteries  In the upper extremities there 15
nearly - A
and us
but
crevsed  In the legs the sy stolic pressure 15 seldom over 120 mm
Hg and the diastolic 15 usunlly found to be ncreased when the
pressure 15 determined by direct mtraxisculir measurement
Steele with a needle i the femoral artery found that the pulse
pressure mn the femoral was only 11 to 15 mm Hg and the diastolic
pressure nearly 45 high as in the arms  The diastolic pressure in
the arms w15 120 to 130 mm Hg and i the femoral artery 108
to 120 mm Hg There 15 appirently 2 general mereise of pert
pheral resistince m most mstances 1s mdicated by the mcreased
diastolic pressure m the legs as well as the arms

There 15 disagreement 1n the literature as to the ¢ e of this
hypertenston  Prmzmetal and Wilson thought that the hiper
tonus n the upper extremities 15 of Visomotor orgm since they
found that he1t ciuses + very marked mcrerse of blood flow m the
arm Irtedman and assocates mesured the renal blood flow 1n
6 cases of coarctatron In each cwe they found 2 normal muln
clearance nd a moderate reduction of the diodrast clearance
mdicating 2 partial renal 1schemir  This could be explamned on
the assumption thit there is an mereased tonus of the efferent
glomerular arterioles

Brotchner applied 1 clamp to the ibdommal wrta of dogs at
different levels and mesured the blood pressure by 2 cannula m

the carotid arters  When the clamp 15 applied above the o:ig:‘r;

of the cehac ax
blood pressure

the merease of .
when the clump 13 below the renal arteries  Complete chupl ;i
the norta ciuses 1 more marked e of pressurc than a im;lllv
constriction  The blood pressure returns to norm Al immediatel

after the clump 1s relewsed
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vessels and sustumng the blood pressure It 1s believed that wn
increase or decrease 1n tonus over the greater part of the body 1s
necessam to elevate or lower the blood pressure  Sympathectomy
of one extremity does not affect the blood pressure  Inhypertension
1t 13 not known whether the increased vascular tonus nvolves all
parts of the v ascular sy stem to the same degree or whether mcreased
tone m the splanchme area alone 1s sufficient to mcrease the blood
pressure  The paucity of muscle fibers m the arterioles of the
bram suggests that there may even le hyperem of the bran m
hypertension and the frequency of headache m hvpertensises sup-
ports this vien

Prinzmetal and Wilson studied the blood flow 1n the arm by
mens of a plethysmograph  In 4 normal controls and n 5 persons
with hy pertension they found the blood flow m the arm <hout the
same They concluded that there 1s hypertonus m the arms m
hy pertensine subjects Abrimson however found a much greater
blood flow m the arms of hy pertensive persons and conclude { that
the hy pertonus 15 not in the arms but elsew here

After mjection of the sympathetic ganglia with novocame
Prinzmetal and Wilson found no greater mcrease of blood flow m
the arm in the hypertenstes than 1n the normal controls They
concluded that the increised hy pertonus m the arms in hyperten
sives 15 not of vasomotor origm  Wilkens found that sympathec
tomy does not increase the hlood flow to the museles of the calf of
the leg i hypertensive subjects Rhoads and his associates found

that denervatton of the hadneys m dogs did not merease the renal
~ af renal blood

blooc *
flow the Jdnevs
cts m which

Ste
a mAarked temporiry 1ail ol DIOV 1 pressule Has v produced by

malara therapy
the same when th
150/110 mm Hg

the basic permpheral resistince  These observations indicate that

onh a shght transitors hypertension but hgture of the supel v

mesentenc ¢ mses 1 persistent eley ation of blood pressure However
this hy pertensive effect may be due to the nearness of the ubstructm(ri
to the heart rather than to the region suppled bt the lLigature

vessel

Sympathectomy for Promary Hypertension —Severdl up;rn(tl:g:
hns e been devised for denervatimg the abdominal \lscerad n cous
spinal nerye root section 1s considered effectn e but too danger
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What 15 the mechamsm by which sympathectomy effects
lowering of the blood pressure?” 7T he orthostatic hy potenston seems
sufficient evidence that the vasomotor tonus of the arterioles m
the abdominal v1scern and after the more extensie operations m
the arterioles of the lower extremuties also 15 largely abolished
by sympathectomy This 1s satisfactory evidence that the tonus
of the visceral arterioles in hypertenstve subjects 15 at least m
part vasomotor m origin but 1t does not prove that there s an
mereased vasomotor tonus in ths region 1n hy pertension  Sympa
thectomy may merely remove the normal v asomotor tonus

o

lower the blood pressure to some extent

When a hypertensite patient 15 kept quietly 1n bed the svstolic
pressure often falls 20 to 30 mm Hg and the distolic decreases
also except i persons with repal insufficiency In testing any
therapy for by pertenston the effect of bed rest must be taken mto

account
= ! LR R #1ils shightly

) to 40 mm
decrese of

the diastolie Upon awahemmng the pressure quickly ret‘:rns to

marked reactions than normal persons to vasomotor stimult s per
ventilation (low CO to the brun) has no effect on « norml blood
pressure but causes & marked fall of blood pressure m l;) per
tensree subject Likewise the vasopressor response to mhaltion
of carbon diowde 15 much greater n hypertensive elderly persons

1l falls of blocd pressure m
esthesin  The full was as
1th no rennl insufficeney
th uremn
Lhey believe there 1s a ¥ 1somotor tonus es en m those w1
In mam hypertenste subects there e marhed nn.mon;s ue\
the level of the blood pressure from time to time  The Eer(‘(‘l: ?ni
yaration 1n the drastolic pressure 1s about the same asin } es\:s;ure
Patients with hypertension do not have 2 fived diastohe pri
Ay mAn,
¢ i‘he w):nomotor system 1s therefore very mmportant ;nﬂ{):lll:;'xsrl)c
hypertenston although 1t 13 apparently not the site o
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prunary hvpertension since there 15 no adrenal by pertrophy, the
blood sugar 15 normal and hypertensrne patients react to epl
nephrine 1s normal mdnidunls do  However the disturbance of
renal function in primary hy pertension seems to be due to mnere sed
tonus of efferent glomerulr artertoles, and 1t 1s hnown tht this
may be produced by mLmute injections of epmephrine  There 15
- . PR 1 ]

contun 1 pressor substance and v majority of rendl di eses are
attended with hn pertension The as~oc1ation of renal diseise with
hs pertension 1s so frequent thit many observers attribute prmars
b pertension to 2 renal disorder

(1) Diffuse Glomerulonephritis —With rire exceptions all forms
of glomerulonephritis acute subreute and chrome are attended
with hypertension Hypertension may be absent m mid acute
cases Rarely chronic cases wrthout hypertension 1re reported
The blood pressure 13 only modertels elevated m nuld or Iatent
chrontc cases and it tends ta become higher with the des elopment
of defimte renal insufficiency  In advanced chronic cases the blood
pressure 15 often 1s hagh 1s m primary hypertension with uremn

In glomerulonephritis there 1s etensive obstruction of the
glomerular capillaries and presumably a marhed reducton m rentl
blood flow

(2) Lipord Mephrosis —In the pure type of lipoid nephrosis
there 15 no obstruction of the glomerular cipillirtes and these
cases do not extubit hypertension However, shen the capillary
basement membranes are sufficiently thichened to produce some
narrowing of the glomerular capillaries a moderate hypertension
develops In the cases that progress to uremry nearly all the
capillaries are very narron or completely obstructed and the blood
pressure 13 as high as in glomeruloncphritis Ve may _therefore,
conclude that the sume mechanism 15 operative n lipod nephrosis
as m glomerulonephritis

(3) Polyeystic Ridneys —In o group of 108 cases of bilateral pols~
cvstie hidnevs collected from the hteriture and my own experience
1 found t - D f1R0 mn Henr
higher "
occurs in
patients ¢
relation betneen the stage vl e wne e
many have uremea without hy pertension
the hidney compress the persistent parenc
there 15 1schemi1 of the areas that have not undergone v
It 15 possible that those without hs pertension have some are1s o
parenchyma well supplied with bloed

(4) Hydronephrosis —In a study o

uoy
The numerous cysts 1n
Tyma and presumebly
trophy

f 1031 cases of Indronephrosis
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There 1s climical evidence that acute obstruction of one or both
ureters often causes a transttory hypertension Esxperimentalis
one may produce acute hypertension m anmmals by obstructing
both ureters (Harrson, ef al ) but no one has succeeded produc
g chronie hypertension by hydronephrosts I'rom anatom:l
considerations it seems certam that there 1s a decreased blood flow
m hydronephrotic hidneys but chromie hypertension seldom
develops

(2) Bilateral Renal Hypoplasia —Bilateral renal hy poplasia does
not cause hypertension  In our case (page 70) there was a vers
smll amount of normal parenchyma  The patient had chrome
reml msufficiency because of an madequate amount of renal tr sue
This chnical case 15 sumilar to the experimental animnl with three-
fourths of the renal tissue removed These ammals have uremia
' . 13 clear that

In true renal

with bloud

rombosis or

embolsm of the renal artertes causes hypertension (Prinzmeta)

Huatt and Tragerm ) One such cise crme under our obsry 1tion

Yuwle thinks that ocelusion of the mun renl wrtery 15 an ocersion 1l

c1se of hapertension but that this etiologs his been overstressed

The mechantsm seems ta be intcrference with the renal crculitt 0 as
m the Goldblatt experiment

() Occlusion of the Renal Vens In o clmcal case shich
came under my obsersation the patient developed thrombosts of
the mnferior vena cave mvolsing both renyl vems and died of
uremia i blood pressure which had previously been normal
became markedly elevated with the onsct of uramia (prge 320)
Pederson and T (1930) produced hypertension m 1 rabhit by con-
stricting one renal vemn and enclosing the hidney i & membrine to
prevent the development of collateral arculition  There was
produced a marhed passne congestron of the hudnes with slowing
of the renal blood flon The membrane caused a marked fibrous
thickening of the capsule of the hidncy which further compressed
the renal parenchvmy The blood pressure rose gradutlly and
remuned at a high level for about two menths after which 1t began
to decrense  I'iges method of producing expermental hivper-
tension 13 the <ume as ours exeept that he did not constrict the
renal yeun

®) Penarterites. Nodost ~Nam ¢1 oo of punirtentis nodoa
are associited with hapertension and m <uch mnstances there are
usuath numerous thromboses m small raul arteries with multiple
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small infarcts Tresumibly this type of hypertension 15 due to
nterference with the ren1l eweculatum (See Page 331)

(9) Renal Tumors —Horton 1n a study of 350 nephrectomes for
hypernephroma found 1o consistent fall of blood pressure after
remon 1l of the tumor  Other reports are in agreement with Horton
Howesver hoons and Ruch reported a case of hypertenston m a
chld with 4 Wilms tumor m which the blood pressure returned to
normal after nephrectom)  Pincofls and Bradley described 4
similar cises  \o satisfictory explination of thys hy pertension has
been proposed (See page 439)

(10) Pyelonephrdis —Several papers have been published
which 1t was mamtamed that bilateral chromc pyelonephritis
usully caused hypertension but m some of these publications
cases of glomerulonephritis and malignant hy pertension have been
ncluded  In our autopstes 7 of 22 cases of chronie bilateral prelo
nephritis had hyvpertension Two of these had chronic glomerul
nephntis nother had termmal acute thromboartertis of the renal

- ’ L

1 oe al 1

the blood pressure m 180 cises of chronte biliteral pyelonephritis
They found hs pertension (145/00 mm Hg) in 8 1 per cent of controls
wd 16 § per : i

vears of age

was 37 9 per

prelonephritts  1Ins suggests that pyelonephritys sometimes causes
o '

»

glomerulonephritss or a primry hy pertenston (page 300)

Some patients with umlateral pyelonephntis have hvpertenston
and 1n a few of these caces the blood pressure li1s remained normal
for one year or more after the nephrectomy  In the myonty of
cases nephrectomn does not relieve the hypertension  The cases
which respond favorably are probably not examples of priuary
Inpertension It 15 dufficult to underst nd how umilateral py eloneph
1118 can ciwse by pertension when the bilateral form of the disese
so seldom does so (See page 310)

(11) Narrowing of the Small Renal Arteries and Artertoles —
Hh pertenston 1s almost mvanahly present when the small renal
artertes and artertoles are markedly narrowed from disease ‘The
blood pressure is especially high m mnhgnant by pertenston i
which these + essels are almost completely closed One may believe
that the vascular lesions are mtensified by hvpertension but there
can be no dé\xbt that extreme narrowing of the renal veswels causes
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hypertension This topic will be discussed further in 1 subsequent
prragraph

{12) Ielampsa —There 15 some doubt as to whether eclimpan
should be included under renal diseases smce we are by no mewns
certam that the hy pertension 15 of renal origin A Iarge proportion
of eclamptics show at autopsy a definite narrow g of the glomerultr
capllires (page 254)  The glomerulir lesons must mterfure with
the rentl eirculition and may be the euuse of the hypertenvon  [n
most cases renl blood flow remawns within normal linits but the
filteatton frietion 15 reduced and there s oliguria with o norm o
spectfic grivaty (Wellen Welsh and Ty lor € hesley)

(13) Tubudur Diseases —Tspertension develops frequentls 10
the course of severe tubular snjary lthough it 1s abwent i the
majority

The anatomical fetures of o renal disc i which appeas to be
responsible for hypertension e widespread obstructien of the
glowerular Qpillanes (glomertlonephritis)  severe obstruction of
tle smill artenes and artenoles (oilignnt hypertension)  or
orcluson of the mam renal arters or van I pertanaon nerh
alnass devclops when there 1s an obstructive dise e of the vascular
sistemof thehsdney = * *
nephritis are not vasc
tension even n the st
yuscalie disese but the Tirge ovsts frequeéntls, compress the blood
sesels

Decrersed reml blood flow ¢innot be the responsabl mtw nee
«nce the renal blood flow 1s decrersed not only i rendd di e tes
thit cause hypertension but also 1 pyelonephntis md by dro-
nephrosis which seldom cause by pertension

Ischernna of the persistent parenchyma has bowerver vot 1een
PO D e Vo G0 e et

Tood te the
s thure s 1
ow whether

there s ichemia of the tubules which still function

In summan pricteeally all rantl diserses i which there s sovere
obstrurtion of the espill wies arteres or vems produce by pertenan
wlule the non vasculir renl dine wses seldom do so Teeduetion i
the totil renl blood flow does nat seem to be responsible for hyper
tetsion <inee 1t occurs 1 non bypertansne renad disres but
weleminof the functionmg parenchy ma has not been «xcluded

here 15 a parellelism betneen Inpertension secondary to ronl

therse anil the experimental b pertension produeed by Goldblat
anee both are characterized by nterforenes with the rondl errenf
ton bat we buve no direct cvideney at this teme that the discreed
human Lidney produces 1 pressor subst aiee

Experiments! Renal Hypertension. Bell and Dederen pronduced
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hs pertension mn one rabbit by constrictmg the renal vemn and
wrapping the hidney m o membrane to prevent the deselopment
of a collateral arculation  Page wripped both hidneys m cello-
phane capsules and obtamed hypertension without constrction of
the renal vessels The capsule bout the hidnev causes a great
merease of fibrous tissue which eompresses the rentl parenchyma
(Fig 99) Recently Tarrell and Y oung reported a case of hyper
tension 1 a bov eighteen years old due to compression of one
Ridney by o hemorrhagic cvst  After nephrectomy the blood pres
sure returned to normnl

A simpler methnd £~ 1+ -~ 1
was devised by G |
to the renal art ! I n '
degree of constriction  When only one artery 15 clamped by per
tension deselops but does not persist permanently but clumpmg
of both arteries produces a permanent hy pertension

"N

'
¢

o

k dney
Fia 99 —Experimental hyperten on produced by a capsule around te

and constr ct on of the renal ve n (Bell and Pederse ) Note tl € th ck fibrous cap-
sule about the small k dney Normal k dney on the r gt t  Photograpl

Grollman produced chrome hypertension by wrapping o tape
firmly ahout the poles and body of the hidney  Both hidnexs &lll’C
taped when 1t 15 dewired to produce hy pertension rapidly - This
procedure 15 simpler thin Goldblatt s method

Rau sprued the surface of the hidney with a plustic which up 0

hirdening compressei the puenchyma  When this 15 done bilut

tension when the circulition 1 restored
Aslll of the expermmental procedures deserit ed above lntcri‘;ﬂ‘et “t ;‘t‘l;
the blood suppls of one or both hidness and 1t apperrs tha
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atrophie (page 311 lig 7o) It appears that Kidneys that hwe
undergone marhed atrophy ce se to produce 2 pressor substance or
’(‘h'lt the pressor substince 1 neutralized by the normal hidney

structures secrete renin

YV Slyke and associates found that the renal blood flow m
dogs was much gretter on 4 high than on 4 low protem diet and as
far as known there 1re no correspondmng changes m blood Ppressure
but 1t my be contended that even on a low protem diet there 15
no true renal 1schemia

How does constriction of the renal artery, obstructton of the
vemn or compression of the kidney produce pressor effects? It 1s
clearly not the reduction of renu tissue thit 1s responsible since
surgical reduction of the renal pirenchyma does not cwise hyper
tension  lhere must he some imterference with the creulaton
through functioning renal tissue  Goldblatt and others believe
that reduced blood flon to the parenchyma (renal ischerma) causes
the formation and liberation of a pressor substance, probably renin
but there 1s satisfactory evidence that renal 1schemia 1s not neces-
sary for the release of the pressor mfluence Page suggests that
decreased pulse pressure mey be the responsible factor, yet there
15 no explanation as to how this disturbs tubular function and there
15 inereased pulse pressure i primary hypertension It 15 eu
dently not due to decreased oxigen content of the blood smee

severe anemuas do not cause hvpertension  The weakemng influence
a Kl 4 EL partone an € nop
'

nterference with the renal arculation causes the release or suuc
pres<or mnfluence but we do not know how this 1» brought about

Renal Ischerma 1 Chmeal Benal Disease —As noted above alf
renal diseases assoctited with hypertension hate anatomen] €2
dence of decreased renal blood flow and lsc’hemu of the pe]rsls:;r}\]g

arenchyma but certain non hypertensive lesions 2. pyelon
f"ms anj hy dronephrosis also show a decressed renal blood ﬂo\\f
The non hy pertenstve lesions mty })Oiilbl% not have :sclxemxi o
the persisting parenchyma ¢ '
mental renal hypertenston t¢ !« ,

PR S,
disease and expert
1 established

the
mary Mypertension — 11 proponents of
B e e In perten ed by renal nchemtt

theory that primary hjpertension 1s caus

. -
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There was therefore some anemia of the funetioning parenchyma
m three-fourths of the cases

(3) Is the Reduced Renal Blood Flow Whick 15 Commonly
Present +n Hypertension Due to Orgamc or 1o Spastic Narrouwng

o{ the Remzz Arterioles?—The autopsy studies which I have made
PN 0. B b .

there 15 some narrowing of these vessels which might reduce renal
blood flow to some extent but m over 20 per cent of typical chnical
cases there 13 no structural change mn the arterioles and no greater
involsement of the large and small renal arteries than i< found
non hy pertensive controls of corresponding age In = faurly large
percentage of cases of primary hy pertenston renal ischemia cannot
be explained on an anatomical bast

Perhaps the best evidence that renal 1schemia 15 due to spastic
rather than to orginie changes n the renal vessels was furnished
by Goldring and his associates who showed that the renal 1schemia
of hypertensive subjects 1s reversible Thev induced renal hyper
emta by mjection of pyrogentc mulin and then found the renal
blood flow m most mstances as good as m normal subjects

It scems definitely established that renal i1schemua 1s not the
cause of primary hypertension but the effect of a spastic state of
the renal arterioles  Primary hy pertension 1s therefore not basically
a renal disease but severe vascular renal lesions may develop durmg
the course of In pertensive disease which cause the blood pressure
to nise to higher levels

(k) Tle Small Penpheral Arieries and Arteroles —The most
important mechanism for regulatmg the bloo1 pressure 13 the
muscul ir tone 1n the small peripheral arteries and artertoles  There
< be no doubt that the fundamental disturbance m primary
hypertension 1s mncreased peripheral resistance e can concente
of this only s a widespread narronmg of the perpheral vessels
Only a sheht narrow ing 18 necessary to raise the pressure to hyper
tenstve levels since resistance vares mverseh with the fourth
powcr of the diameter of the vessel A reduction of 10 per cent 1n
the diumeter of the arterioles would rarse the blood pressure from
120 to 180 mm Hg  Changes of tins order of magmitude cannot be
determmed by microscopic methods  The contraction of arterioles
resulting from the fall of blood pressure after death 15 much greater
than this and 15 subject to unknown variations

Since there must he some narrowing of the periphertl vessels we
masy now consider whether 1t 1s of organic or spastic nature

(1) Orgamie Narrowwng of the Perpheral Tessels —In a Jarge
percentage of cases of primary hs pertension there 1s 2 disease of the
sl artcrics and arteroles m the hidneys and to a Jesser extent
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mportant and possibls even 1 major réle m hypertensne disease
Lhe view that prmary hypertension 1s cansed by 2 pressor sub
stunce n the hlood 1s bised largely on anilogy with experimentl
renal hypertension 1 ammals and chmical renal by pertension m
man  The objecttons to this view were given thove 1z, the absence
of renal disewse m @ great many hypertenstve subjects, and the
demonstration that the renal 1schemrn 15 due to 2 spastic state of
the renal vessels
< 1 1 ' T sor
. ' . age
' ! to

1 asodilating mfluences
Remn —In 1898 Tigerstedt and Bergmann isolated 1 pressor
substance from renal tissue wlich they called renin - Page and his
collaborators have made extensnve studies of remn  They found
that intravenous mjection of remmn produces a sharp nse of blood
pressure  hich persists less than one hour repeated injections show
a dmimshing response until finally no hypertension results  This
phenomenon has not heen completely expluned Pige has also
show that remin does not have « direct pressor effect but first
combines with 2 blood globulin (renm aetis ator) to produce a sub-
stance angiotonm which does have a direct pressor effect ewsmg
mcreased tonus of the smooth muscle of the blood vessels Renin
has been demonstrated m the renal vemn m experimental rentl
hy pertension but has not been found elsew here 1n the blood (Page}
The remin content of a kidney with a constricted renal artery 15
greater than that of 2 normal kidney ~ Landi» found no merersed
pressor content of renal tissue from ecases of bemygn hy pertension
and chronte glomerulonephritis but some 1anable mereise from
hidneys of malignant hypertension  Prescor substances have not
been satisfictonly demonstreted m the blood of patients with
primurs bipertension  Taquint and T werc do userd 2 delicate method
for determtrung remmn 1n plasmr  ‘Thes were unable to detect rentn
wn the artenial or venous plasma of 23 hy pertenae subjects some of

winch had urerma Renin has been demonstrited 1t some 1cute
oY U 4= 4+ nony chrome form

ts the pressor

of normal renal tissue believed to contamn an antiTenin fictor
have been used m the treitment of primary hvpertension (Page
Grollmon etal)

If remn be the pressor substance responsible for experimental
hypertension what causes 1ts hiberation from the Lidney 7 It has
been shown thit renal 1schemrt 13 not 4 necessary condition  Tize

\
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«uggests that m expenmental by pertension the mflucnce mas be
deereaved pulse pres ure but this factor can hardh apph to pnmans
bvperten~ion 1 which there 15 mcreased pule presure

As stated aboe Goldhblatt believes that renal tehemnn i~ the
cause of both experimental and prumary hvpertension  He postu
lates that there 1> alvave sufficrent vaseulir renal disease in primary
hvpertension to cawse renal iehemir  But thas explanation does
not correspund with the anatomical findmes in prmary byperten-
<son and 1t has been <hown that renal tehems 15 not a necessar
condition even in expenmental hvperten 1on  The fact that pvro-
genuc mulin increases the renat blood flow of mo-t n pertensive sub-
Jects to normal levels 13 ~tronz evidence that the mereased tonus of
the renal vessels 1> not of organte natore

Senous ohjections have been rated against the current viewn that
experimental renal hvpertension 1 due to release of a pres~cr sub-
stance fromn the hidnes Remosal «f both hidnevs from coe of a
parr of parabtotic rats causes by perten ton m the pephrect mized
ammal (Grollmap and Rule) (Braun Mencndez and V Fuler)

Bilateral nephrectomy 10 rats mav be fi loned by hsperten 1on
on the secr n forthirdday (Braun Mencndez and v Fuler)  Groll
man hept bilateratly nephrectommzed doge alive ax lung as 11 duvs b
the use of an artificial hidnev and four d that the ammals regularh
developed hypertension Grellman ~ugzests that the normal hidney
wecretes <omething ahich presents hypertension

Frudenee that the central nersous svstem participates m expon-
mental hyperten wn was furm hed by Dock who showed that
pithinz of the centrl nerious syt m rabbits with expenmental
renal hypertension causes the blood pressure to fall 1» rapsdlh and
to as low a level 33 in normal controls  In pithed rabbits a4 rve m
artersal presure 15 easih produced with epmephrine and the re-
~potie Is greater in previotsly hvps rtensine antmaks than m normal
Remin alo causes 1 rse of prescure  the prthed anined The
humoral a.ent ¢ ang expenmmental renal biperten 1n nereases
the «en ity of the artersal rspr ne to epinephrime

The Effect of Drugs Upon the Blood Pressare (1) {1 iylnutrife pro-
duces & harp fall of blood pres ure m both man and the by perten
ane dog which howarer lasts cnly a fen mmutes It t behoved
to be a peripheral vasodilator It dilates the sm il oo nan vese
sel~ It mu t affect 2 large part of the va~cular bed «nve the blood
pre<sure fall - but we do net know whether all parts «f the body an
affecterd  12) Tht wynates are helpful m some e « £ by pertemion
Gollrmz and Cha 1s report that thiscvanste wall Duer the blowd
pressure an one of every three patients Subjectine snproyement
nearh alwats follons the lowering of the pre~ ure  Thes consnlered
the treatment (ffectine when the blawd pressure was breught as
ix as 16y 10 mm He  Thes almmistered 5 gm dads for four
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sugpests that m espunmental b pertension the influence mas he
* : - to prin

emy 5o the

cause of both expromental and prunany hapertession He postu-

Tates that there v lways sullicrent vasenl v renal disease sp primary

hypertension to cause rend wchemia  But tins explmation does

not correspotud with the anitomical fndmgs m pramary b perten-

ston, and 1t his been shown that renal Mheml; 15 1:0( 2 necessars,
e o < La

the renal vessels 13 not of org e nature

Sertows obrjes tions have been rimed agunst the current view that
eperiment i renal hipertenmon 1 due 10 referse of a prewsor sub-
stance from the hdues  Remosaf of beth hadpeyvs from one of &
past of purbwtic Tats ciuses bvpertenson  the nephrectomred
animat (Gralimm and Rule)  (Braun Menender and V- Tuler)

Bilater s} nephrectomy m vats m be follosed by b pertension
on the second or third des (Braun- Meaendez and V' Tubery  Groll
e hept bitaterathy nephrtctomsed dogs e anlong as 11 davs In
!,he weof wm wtsfnit hadnes nd fous d that the smmals reguirh

a1 . P .

pithing of the ceutral nersous system i rabbats with expertmental
rend fisportension cuses the blood pressure to il as rapidte wnd
to as lown alevel asn nermoal controly  In pithed rabbits 4 siee
arterinl pressure s ealy produced wuth epmephnne and the o~
spunse 1s gre stee i preswosh b pertensis e anmals thanm normals
Rentn abw catsed 4 mise of pressure mn the pithed i he
bunsoral agent ¢ wng expenmental rentt bs pertension incre es
the senmitn sty of the artert i respon ¢ to epinephirne

The Effect of Drugs Upon the Blood Presswre 1) fm fnatrade pro-
duees 4 shaep 3l of blood pressuse 1 both man and the by perten
ssve dog which bonwever lasts unh a few munutes 1t 1 beheved
to be o penpheral vanadilator It dilites the smadl coromary yee-
sels It must «ifect 2 largge part of the v yseubir bed uince the hlond
pressure £ulls but se do not hnow whether aff parts of the hoy e
affected (23 ™" . *
Goldring and
pressure m o1
nearly ainays follows the lus ermg of the pressure  They considered
the trestment effectise when the hiomd pressure nas brought as
fow a5 165 100 mm Jig  Thes admmtered 5 gm duly for fours
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teen to seven* << ! ! oo e
per cent 1s de
some deaths
that thiocyanates have no beneficial effect on dogs with experi-
mental hvpertenston  (3) Choline  Lngle and Binger admmistered
acety l-beta-methylcholine m subcutaneous doses of 25 mg In
normal mdividuals there was only 2 slight fall of pressure but mn
hypertensives a striking decrease of pressure was often observed
In both hvpertensive and normal dogs a marked fall of pressure
occurred The authors beheve that there 1s a deficiency of acetyl
cholme 1n hypertensive individuals  Goldblatt states that the daily
admimnistration of acety] choline did not produce a persistent lower
mg of the bloed pressure mn dogs with experimental hypertension

Manj other drugs have been used by various mvestigators with-
out encouragmng results At present there 13 no satisfactory drug
treatment for hypertension, but thiocyanates are worth 2 tmal
The actron of the preparations described above indicates that the
peripheral vessels are still capable of dilating and further expen-
mentation should be encouraged

Is Hypertension o Compensatory Phenomenon?~—Hy pertenston 1s
often regarded as a compensatory adjustment to deliver the re-
quired amount of blood to the tissues agamst the mcreased per-
pheral resistance It would seem that with mereased peripheral
resistance a higher pressure 15 necessary 1f the tissues are to recerve
as much blood as they do under normal circumstances The heart
evidentlv accomplishes 1ts mcreased task since the cardiac output
per muinute 1s not decreased, but we do not know whether the same
proportionate amount of blood goes to each organ after hyperten
sion 1s established  From the chnical standpomt there 1s usually a
rough parallelism 1 the mdividual patient between the intensity
of his symptoms and the height of his blood pressure There are
some exceptions but the majonity of patients feel better when their
pressure 15 reduced to moderate hypertensite levels When the
pressure 1s reduced to normal levels many patients are less com-
fortable than with a moderate hypertension The lowermng of the
blood pressure seems to have no effect on renal function  Georgo-
poulos found no change of urme flow under marked vartations of
pressure n the same mdinvidual  Page lovered the blood pressure
of hypertensive persons in vartous ways but found no difference 1n
urea clearance between high and low levels of blood pressure It
appears that hypertenston 1s not compensatory 1 the sense of 1m-
proving renal function  Very high pressure gem!sJ to cause head-

T

- ban

tenstve levels, but 1s often madiisable to tre to keep it at normal
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levels There 13 no evidence that the creased blood pressure
smproved the functmn of nny organ
v ,n '
L

studies show a preponderance 1n certamn families of apaplexy coro
nary disease and hypertensive heart failure Fserv experenced
clintetan knows that when he finds a patient with hvpertensive
1 L

! I '
about 90 per cent In the studs of the etiology of hy pertension this
marked hereditary tendenct must be taken into consideration
Prognoss —Blackford followed 202 patients with a svstolic pres
sure of 175 mm Hg or hagher an 1 a diastolic pressure of 100 mm Hg
or more for eight years About two thirls of the patients were
females The mortality at the en1 of eight ears was 42 per cent
for the females and 7J per cent for the males Thirty nine of the
surviving females were relatively free of symptoms but of 13 sur
viving males only 3 were symptom free Hubener cites numerous
stances of survival for ten years or longer with 2 blood pressure
of 200 mm Mg or higher A few such caces have come under my
observation Wlen the pressure 1s cons tently telon 160 mm Hg
life expectation 1s not greatly shortened
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DIABETES MELLITUS

The madence of diabetes m the wtopstes 1t the Universits of
Minnesota 1s shown in Table 63 It will be noted that dinbetes 1s
more than twice as frequent 1n females 151 males  This 1310 accord
with the majority of stitistical reports  The maximum ineidence 1
m the seventh decade and 1hout 88 per cent of the c1ses were m
persons over forty 1ears of a

The v arious causes of deth m ditbetics re listed m Table 64
Coma s the most frequent c wse of de sth m 1 oung diabetics but 1s

] - .-

C1ses of diabetes at the Mo Clinie found no cletr evidence that
diabetes promotes hypertension  Hypertension (150 90 mm Hg or
higher) occurred m 162 per cent of males and 267 per cent of
females John 1932 found that 533 per cent of dibetics had a
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TABLE 63 —DisTRIEUTION OF DIARETES Wit REsPrer To AGE A Sex

Males Eemales
- D abetics - D sbeties

g years Autopars  No % Autopsies  No 5
010 1109 7 0’16 205 2 06
10-20 951 9 095 820 14 17
20-30 1813 13 07 1627 28 16
30-30 2572 37 13 1899 36 19
40-50 4665 16 10 2247 51 238
50-60 6099 116 19 2660 134 50
60-70 6225 188 30 701 199 71
70-50 4024 15 25 2118 120 51
80-100 1rss 3 20 a4 3 34
Total 9373 561 16649 o2
40 yis + 23198 198 2t 105 546 40

TuBre 61 ~Catsed or DFaTa In DiaseTrs

v H 2
# t, B, ¢ F S e
i K sz ¥ 3 o~ , F = gz,
H 5 €233 T 0§ §f 2 3 « 2 £3
= £ . =z X E § B OE ie § % B
CRN T S T N
- = & 3 b & o & A J 5 £ =z
0-30 73 589 68 110 68 O ¢ o ° 27 14 110
30-50 170 335 118 100 76 100 298 24 21 59 35 94
50 100 953 5 79 77 26 189 154 52 19 26 05 227

systolic pressure between 100 and 140 mm Ilg Hypertension
(150 mm Hg or higher) was found m 36 per cent of males and 54
per cent of females over fifty years of age

The madence of hs pertension in ditbetes innot be determined
accurately from our postmortem records since & great inny patients
were admitted m dibetic coma ot in shock from coronars thrombosrs
In the group free of these complications hy pertension 15 somewhat
more frequent than i non-diabetics of correspending age

Taptr 65— Inviar Disgass of THE SwatL RenarL ARTERtes IN Draserics
wrrn ReseecT 10 Aae

Degren of involvemer t jer cent

Are sears i 0 [ z 3
0-10 9 100 [ 0 o

lo-20 21 9L 0 90 0 0

20-20 32 6 7 219 32 62
3040 57 491 116 35 158
40-50 81 155 38 1 21 4 210
50-60 214 09 276 0 2 313
60-70 a3l 03 15 4 378 46 5
70-80 218 00 97 333 569
20-100 60 00 67 233 0
50 years + 821 0 164 361 a1
s 00 73 321 305

50 years -+ 3
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Infimal Disease of the Small Irtertes —The degree of mtunal
thickening m the smil] renal rteries of diabeties 1> shown i Tible
65 Intimal deease 15 defimtel more <evere in ditbetres than i the
non-dinbetic, normotenstne contrals, but ths mw not be due
entirely to the diibetes since the majonty of the older diibeties had
hvpertension  But dibetes must plu an mmportant role 1n ac-
eeleriting atherosclerosis since coronan disease 1s much more fre-
quent 1n diabetics than m non-dithetics (Clawson and Bell} Iike-
wive gangrene of the lower extremities 13 many times more frequent
10 diabeties

Tasie 6 Incmence b DEGREF oF REnu ARTERIOLCSCIFR BIS I\
Draseres wira Respecer 0 A ¢
D gree of myolvement pee ce t

o of Total
Age sears Cagox o 1 - 1 trod
110 [ 100 0 0 [ o
10-20 22 100 0 0 0 o
20-30 a1 7o 29 32 129 G
30-40 &7 0 88 0o 210 LE]
40-50 81 46 4 26 G o %0 536
50-60 214 6 4 196 156 K9 635
§0-"0 311 %66 196 17 2 63 Tiy
70-80 216 30 231 180 ) 750
80-180 [ -0 K3 83 N3 70
B0years 4 871 30 -3 162 310 T4
Controly
50 years + 312 836 134 26 03 03

Renal trterwluselerc s tn Dhabeties —~TIn Table (6 the frequency
of renal arterioloscleross 1n the v wious decades 15 shown  rten-
olosclerosis appears 1n the third deeade ind 1s present i 714 per
cent of those over 50 vears of age  Ivpertension 15 na doubt a
factor but the renl artenioles are frequentls iffected i normotensive
dnbeties

Renal arteriolnsclerosts 15 definitels more severe m dibetic fe-
males than m dibetic mades nd thts foiture may explam the
greter frequency of mtercipillery glomerular lesions m females
(Drge 400)

The charxctersstic change in the arterioles 1s 1 subintimal deposit
of a hvaline material The hyiline luer 15 thicher in diabetics
than mn non-diabetics with hypertension nd 1t often replrces the
greater pirt of the musculir layer (Tigs 88 100) A thich homo-
geneous hy 1line deposit in the arterioles 1s strong presumptive evi-
dence of ditbetes When the afferent artertole 15 involied the
efferent arterwole 1s usuilly 1ffected to about the sme degree (I 1z
101)  Arteriolosclerosio 15 more severc 1n those who had a blood
pressure of 200 mn g or higher than i those with preswre at
lowerlevels

One may beliwve thit by pertensive diabeties we merely indid-
wils who develop both primir hypertension and diabetes but a
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TABLE 63 —DISTRIBUTION oF DIABETES WitH RESPECT TO AGE AnD SEX

Malea . Females
Diahetics Inabet cs
No of _— No of —_—
Age yeats Autopeies  No % Avtopmes  No %
0-10 4109 7 016 3205 2 06
10-20 951 9 095 820 14 17
20-30 1813 13 07 1627 25 16
3040 2872 37 13 1599 36 19
40-50 4065 16 10 2247 51 21
50-60 6099 116 19 2600 134 30
60-70 6225 188 30 2791 190 71
70-80 4624 118 25 2116 120 53
s0-100 1685 33 zn 934 33 34
Total 33273 501 10 049 626
10 yrs + 23198 109 21 11008 516 19
TaBLE 64 —Catses or Dears 1N DraneTes
H 3 % H E R ]
: g Ee 5 & I e ¢
g 3 g o s, § 3 T
H M 25 g2 4 & 3 35 % 2 &%
H § i B . & 2 F8 G = %%
= 3 e 2 & 5 - Z£ § E % O%¢
% s & Fx £% 05 8 H ¥ TE 2 £ & s5i
) s 3 35 E= > s = & s & S IS
2 Z ¢ 78 A ¢ & & & F 5 E=
0-30 73 289 68 116 0B O 0 o o 14 27 14 110
30-50 170 330 118 100 76 M0 29 24 21 12 59 35 4
50100 953 85 73 77 26 189 154 52 19 60 28 05 227

systolic pressure between 100 and 140 mm Hg Hjpertension
(150 mm Hg or higher) was found m 36 per cent of males and 54
per cent of females over fifty jears of age

The merdence of hypertension 1n diabetes cannot be determmed
aceur itely from our postmortem records since a gret mny pittents
were admutted in diibetie com or 1n shock from caronary thrombosis
In the group free of these complicitions hy pertension is somewhat
more frequent than n non-diabetics of corresponding age

Tasrg 65— INtmar Diseass oF THE Swale Renan Arrertes 1v Doasrres
wita RESPECT TO ACE
Degree of myolvement _per cent

o of
ARe vears bénm 0 1 2 3
o-10 9 100 0 0 [
10-20 22 91 0 90 [ 0
20-30 32 687 219 32 62
3040 57 491 36 35 158
10-50 §4 15 5 38 1 214 29
50-60 214 [ 76 402 313
€0-70 331 03 154 TR 46 5
70-80 216 00 97 333 569
s0-100 60 00 67 233 00
50 years + 821 03 16 4 61 471

s

Somrer 311 00 373 321 3035

50 years +
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Intunal Discase of the Small drteries —The degree of ntumal
thickening 1n the small renal artertes of diabeties 1s shown i Table
€1 Intimal diserse 1s defimtels more severe tr diabettes than i the
non-liabetic normotensine contrals but this may not be due
entrrely to the diibetes since the majority of the older diibeties had
hypertension  But diibetes must play an mportant role in ac-
celerating atherosclerosis since coronary disease 1» much more fre
quent 1n diubetics than m non diabetics (Clawson and Bell) Like
wise gangrene of the lower extremities 1s many times more frequent
1n dubetics

Tasie 66 Incoesce avn De REE o RERAL LRTFR L ScLeR a4 ¥
14BETES WITH RFsvECT T AGE

Dgeeof volveme pe et

B
o

N 0 a1
Age years Caves o 1 3 01
11 9 100 [ [ v 0
10-70 2 100 0 0 0 o
0-30 31 710 129 32 129 36
30-40 57 701 88 [ 10 298
40-50 84 v 4 g 60 50 556
50-60 214 36 4 196 150 59 63 5
60-70 331 b6 196 17 2 33 731
70-80 -16 250 231 180 338 750
§0-100 €0 250 L s 3 83 750
S0yea s+ 521 %6 13 16 - 339 718
Controls
50 years + 12 856 13 4 & 04 [}

Renal trterwloseler sie tn Dial etres In Table €1 the frequency
of renal arteriolosclerosts 1n the varons dectdes 15 <hown  Artert
olosclerosis appetrs m the third decide and 15 present in 714 per
cent of those over 50 vears of age  II\pertension 15 no doubt a
Tretor but the renal artenoles are frequently affected n normotensive
dibetics

Ttenal arteriolosclerosis 1s defimtely mire severe m diabetic fe
miles thw m diabetic males and this feiture may explamn the
mreater frequency of mtercapillary glomerulir lestons i femiles
(Page 400)

The characteristee change tn the arterioles 1s a subintimal deposit
of a nalme matenal The hyalne Liyer 15 thicker in diabetics
than m non diabetics with Ly pertension nd 1t often replaces the
greater part of the muscultr layer (Iigs 88 100) A thich homo-
geneous hy aline deposit n the arterioles 1s strong presumptne evi-

ence of diabetes When the fferent arteriole 1s miolved the
efferent arteriole 1s usually iffecte 1 to nbout the same degree (11g
101)  Artentolosclerosis v more severe 1 those who had a blood
pressure of 200 mm Hg or higher than in tho ¢ with pressure at
lowerlevels

One m believe that hvpertensive diabetics are merely ndivid
uils who develop hoth primars i pertension and dinbetes but a
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TabLe 63 DisTRIBtTION ¢ F DIABETER witn RESPECT 70 \GE AND SEY

Ma es Females
Iy abet
No of _omre No of Dbt
Age years Autops es Na % A tops s No %
0-10 4409 7 016 3200 2 06
10-20 951 9 0 9% 820 14 17
20-30 1843 13 07 1627 2% 16
3010 o872 37 13 1899 36 19
10-50 1505 6 1o 2247 510 23
50-60 0099 116 1) 2060 134 50
£9-70 €225 188 30 291 199 71
70~80 1024 115 -5 2410 13 571
80-100 1685 33 20 934 33 34
Total 34273 504 16649 6 -
40 yrs + 119% 498 21 11 098 546 49
TAaBLF (4 ( AURES OF DEATH v DiaBrres
N o g £
H . g k1 < 5
N o gz I oo : §o2 i
P g 88 x>, P 23 £ ie
H ¢ N T . H i3
= & =& & £ £ & v £E &
PRRCEN UL TR T I S S
< LR ¥ Q - ~ o W o - k= T4
0-30 73 %9 68 110 A8 O o 0 ¢ 14 27 14 10
30-50 170 330 1/ 8 160 764 100 *§ 24 21 1> 59 35 94
50 100 93 8 79 77 6 189 154 57 19 0 214 05 27

systolic pressure betneen 100 and 140 mm Hg Hypertension
(150 mm Hg or higher) was found in 36 per cent of males and 54
per cent of females over fifty years of age

The meidence of hypertension in diabetes eannot be determined
weurtely tfrom our postmortem records since 4 great muny patients
were admutted in dinbetie com 1 or in shoch from coron iy thrombosis
In the group free of these complic ttions by pertension 15 somew hat
more frequent than mn non duibetics of corresponding 1ge

Tamiz €3 INTiMar Disase oF THE Suats Resat ARTrries v Duasrrics
wiTh RESPECT TO 4aE

Degrerof _yolvement jer cent

No of —~
Age eurs Casen o 1 2 A
0~ 9 100 a 0 0
10-20 i 91 0 90 4 3
20-30 32 Q7 21 8 32 62
3040 o7 491 EINy 35 15 8
40-50 84 155 |1 21 4 249
50-€0 214 09 e 40 2 313
00 331 03 15 4 a7 8 16 5
70-80 216 00 9" 333 5C 9
§0~100 &0 00 67 ”13 0
50 years + 8.1 03 16 4 %1 471

A

Sosoars 31t 00 73 321 30 5

50 years +
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Intvmal Disease of the Smull drleries —The degree of ntimal
thichening in the smnall renal arteries of diabeties 1~ shown 1n Table
65 Intimal disese ts defimtels more sesvere in diabetics thin in the
non-ditbetic normotensie controls but this mav not be due
entirels to the diabetes since the majority of the older dubeties had
hvpertension  But diabetes must play an umportant role m ac
celerating atherosclerosis since coronary disease 1s much more fre
quent 1n diabetics than m non-dnbeties (€ lawson and Bell) Like-
wise gangrene of the lower extrennties 15 many trmes more frequent
n diabetics

TapLe 66 INCIDENCE AnD DECREE or RENAL ARTERI L 5C1EROSIS 1N
Draseres with RESPECT T A E

Age yeam Canen 0 ' 2 3 1to3
11 9 100 [ [ 0 [
10-20 22 100 o 0 0 o
20-30 31 710 129 32 L9 90
30-40 57 701 88 00 210 98
40-50 84 46 4 =26 60 250 536
50-60 214 36 4 196 150 "9 635
60-70 331 6 1906 17 2 3 731
T0-80. 216 250 31 180 338 750
80-100 60 250 23 83 33 750
f0yens+ 821 206 03 162 19 74
Cont ols
s0yeas+ 312 836 184 26 03 163

Renal Arterioloselerosts in Dhabetus —In Table (6 the frequency
of renal arteriolosleross 1n the 1 1rious decades 1> shonn  Arten-
olosclerosts appears in the third decade and 15 present m 714 per
cent of thove over A vears of age Hipertension 15 no douht a
factor but the renal artertoles are trequently affected in normotensi e
dnabetics

Renal arterioloscleross 15 difimitely more severe m dabetic fe-
males than 1n diabetic males and this feature mu explam the
greater frequency of mtercapdliry glomerular lesions m females
(Page 400)

‘The charactenistic change i the arterioles 15 a subintimal deposit
of a hyalne maternl The hvaline lwer 1s thicker in diabetics
than m non-dibetics with hy pertension and 1t often replaces the
greater part of the muscular Iyer (Fags 88, 100) A thick homo
gencous Iy aline deposit m the arteroles 1s strong presumptive evi-
dence of dibetes When the afferent artencle 1 ynohed the
efferent arterwle 1» usualis affceted to about the same degree (Fig
101} Arteriolosclerosts 15 more severe m those whoe bad a bload
pressure of 200 mm Iz or higher thin in those with pressure at
lowerlevels

One may believe that hvpertensine dinbetics are merely mdiid
wals who develop both primary hypertension and diabetes but a
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more plausible explanation 15 that dinbetes mtensifies the hyvaline
1ge changes in the artericles and thus accentuates or brings bout

It was surprising to find that there 1s no relation between the
severity of the dirbetic svmptoms and the degree of renal arteriolo-

le 1n a d abet ¢
Fic 100 Long tud nal sect on of an afferent arter of
‘showng grade 3 arter oloscleros s Fhotom crograpt

sclerosts  Mild dibeties nhose diseise was controlled by d;:et
without msuhn have as much arteriolosclerosis as those who
~ walawra awan nfe of msulin R

[T—
nerular lesions were
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associated with « charaetersstic climeal picture ¢ diabetes
albummuria edemn and hypertension  the so-called nephrotic syn
drome In their experience only a small percentage of diabeties
show ed these glomerular lesions

Anson 1938 found 6 cases with mtercapillary lesions only 2 of
which shoned the nephrotic synd Deron and t
1939 reported one example of intercapillary lesions 1ssouated with
the nephrotic svndrome

Pl
von v . AT T

=
+ - -
A .

S
Arin -.u...rr <

T1a 101 —Sect on of & glomerulus £ om & d sbet o show ng arte oloscle oxs
(g 8de 2) n both affc ent and efferent arter oles  Photom erng aph

Newburger and Leters 1939 reported 4 cases with mtercapiliary
lesions ™

noted th
edemn
s\ndrome

Stegal 1 d Allen found the charactenstic glomerular lesions in
35 of 105 diabetics over forty vears of aze  The lesions were found
m 12 of €0 dinl etics without bypertension They state that there
18 o costant elmicil ynlrome assoclate 1 with the lesions but
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more plwsible explanation 1s that diabetes ntensifies the hy e
ge changes in the arterioles and thus accentuates or brings about
the hupertension  Trom the as atlable chnical data it appears that
the ditbetes precedes the hy pertension 1n the great majonts of pa
tients  From my stud Tam unable to distinguish hy pertension due
to diabetes from diabetes mn a patient with primary by pertension

It was surprising to find thit there 1s no relition between the
sevents of the diabetic symptoms 1nd the degree of renal artersolo-

s, 0.
f\ :;‘r.. N{'Yd

‘:‘:‘z wl‘"‘l ,"‘5{ [¢
yiia 3%?'2‘:4 .
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e i
AT
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te ole nadabete
Frc 100 Long tud nal sect op of an afferent &
show ng grade 3 arter olosclero s Photom erograph

sclerosis  Mild diabeties whose disease was controlled by dl}fot
sithout msulin have s much artenolosclerosts 1s those w

reauire large amounts of nsulm . L

tantercty L v
lesions s a sclerosts and hy alnizat on of
tissue  They also reported thrt these glomerular Jesions were
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50C1ate g With o v.‘h'lnct(-nstlc hnieq) Pictyre oz dnbetes

alhummum °ma apg by pcrtelmon\the So-calfeq "ephrotic sm

drome ‘Perience only o Smait percenmge of dnbetus
s

15, 1939 b cqeq With mterm]nll try leslons onhy o of
%hich shoned the Tephroty, S ndroppe €TO% ang 35019t eq
939 Teport, one E¥ampe of Intere illapy lesse, s '1sbocl1ted with
the Rephrogye S"Ndrome
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28\ el AS0Cinge Mth the feston, byt
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that there 1s a tendencs to marked albummuna and fn poprotem-
emr and that the findings often mav be distmetrve enough to
warrant the dingnosis of intercapillary sclerosis  In 10 cases with
the lestons m an advanced stnge onl 3 presented 4 complete
nephrotic svndrome

Horn and Smetna found 87 mstances of intercapillary glomerulo-
sclerosis m 550 diabetics  In its advanced form the lesion was
alsays associated with diabetes and wis preent 1n 59 1 per cent
of diibeties with arteriolar nephro~clerosts  Less severe degrees of
glomerulosclerosis were found with equal frequency 1 cases of
arteriolar nephro clerosis without diabetes and were 1so found
sometimes 1in glomerulonephritis  These mvestigitors Jdo not
think that the chmcil <igns and symptoms are speaifie for thys
leston and they found the lesion m condrtions other than diabetes

There e two tipes of glomerular lesions characterstic of
dinbetes the nedular and the diffuse  The nodulir type was first
noted by hammelstiel and Wilsen but the diffuse ts pe has not been
clearly described m the Itterature The diftuse lesion 15 more
frequent than the nodulir 1nd may be present alone or 1 association
with nodular lestons

The nodular lesion 1s of ~pherical shape and occupies the center
of 2 glomerular lobule (Tigs 102 103) The capillaries are cronded
to the pertphery of the lobule T1e ditmeter of the nodule varies
from about 20 to over 100 microns A fibullar structure mas be
demonstrited m the smaller nodules but the lirger ones apper
homogeneous and hyalme The basement membrines of the
inner capillary walls are not recogmizable apparenth beng fused
with the central hy iline mass If one stuches only the fully de-
veloped fesions the mmpression 1s gumed that they 1re mtereipillary

formations
Tapts (7 INCIDENCE OF INTERCAPILIARY GLOMERUL SCLER SI3 WIrH
ResrEcT T ACE AND SEY R
otal
wer
eap llary
N mher Crade Grale le na
Decade and ex of Dabet cs 1a &2 3 oa
Males 0 to %0 14 0 e 0
Femae 0to20 16 0 0 2
Males 0 to 40 3 2 8 i
Temales "0 to 40 50 1 : R
Maes 40 to 60 131 H g 18
Temales 40 to (0 15 H 1 e
Males 60 10 100 oy B b o

Females 60 to 100
There 1s great v ar1ation m the size and number of nodular lestons
1 different hidnevs  ‘There may be only 2 <ingle nodule m a very
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small percentage of the glomeruli (Grade 1) several nodules in
one microscopic section (Grade 2) or a number of nodules m a
majority of the glomerul: (Grade 3)

The frequency of intercapilary lestons 1n diabetes 15 shown m
Table 67 The nodular and the diffuse lesions are combined 1n the
table  \o lestons were found in indurduals under the age of twenty
vears After the age of forty vears the lesions re nearh twice
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Fig 10° Dabetesmelltu Nodulwhyalnele o s nw glomerulus Note that the
nodules a e 1 the centers of the lobules P} otom crograph

frequent in females whick 13 attribut ible to the higher ineidence of
renal arteriolosclero 15 1n females  An intercapilary lesion 1s merely
A

defimtely excluded
The ditbetre nodular lestions must not be confused with the
central hyaline masses ¢l 1e of chronie gl lonephritis
These are <ometimes very promment (Fig 104) The nephrtic
6
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1ntercaptllary connectrve tissue  In Plate [V an early diffuse lesson
15 shown with beginning formation of nodular thichenings

The * mtercapillary ” lesions are closely related to arterolosclero-
sis  In 189 cases with no arterwolosclerosis or only shght patchy
b alie depostts there were no glomerular lesions  In 131 cases with
Grade I arteriolosclerosis there was 1 with nodular lesions 2nd 9 with
Grade 1 diffuse lestons  In 100 cases of Grade 2 arterolosclerosts,
11 per cent had nodular Jesions and 15 per cent had diffuse lesons

i g» 8
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17 fRYe 31
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Fia 100 —Glomerulus from a cose of diabetes showing the diffuce type of inter
cap Uary lewon Photomicrograph

However m 148 cases of Grade 3 arterolosclerosis 42 7 per cev;]t had

nodular and 25 per cent had diffuse glomerular lesions  he ar

“ TN
e 1 some wav brings about the “imtercapi
tenolr disens . gn 0 Aa 2 et not produce

e histological
dingnoss of diabetes, especnlly o cases which show nO‘c}nrmte‘:
1stic changes 1n the 1slands of Langerhans Nodular lestons a

easily recogmzed Thes are rare yn voung dinbetrcs gué 1rel!g[\ér;g
frequently n persons over 40 vears of age  The mmid diffuse Je
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Tra 106 —Diabetes melitus  Necrosis of renal papilla  The blick masses are
colonies of bactenia  Photomicrograph  Low magnification
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CHAPTER \

DISEASFS OF THL KID\LYb RELATED TO
ALETABOI IC DISORDERS

A DISTURBANCES IN CALCIUM METABOLISM

1 Hypervitaminosis D —Antmals mjected repeatedis ®ith prep~
aritions contaming large ameunts of vitami D develop a gen-
eralized decalufication of the bones The blood calcium rises to
high levels and caleium phosphate 15 deposited m the tubules and
mterstitial tissues of the kidney (Gough) Urmary caleuli mav be
formed The reaction about the calerum deposits leads to destruc-
tion of portions of the ren parenchvma which finally results in

. - - ard reported
- nen massne
. Afternards

2 The Effect of Hyperparathyroidism on the Kidneys —Re
peated mjections of prathormone m mmals cause a rive of blood
calelum and decaletheition of the bines  Smulwly parathyrod
adenomas 1n man cawse the blood caleium to riv to high levels
and smce the ealenun 15 dernved largely from the bones the bony
tissues become deenlafied and cvstic  The high blood ¢xlaum 1
accompamed by wn meresed excretion of ealeum which takes
place through the hidneys chieflt and not lurgely through the
colon as 1t does normally  The renal i turbances m hyvperpara
thyrodism are attributable almost entirely to the maresed exere-
tion of calewrma  The polvurir and thirst which a majonits of
patients exhibit 1re probably due to mcreased osmotic pressure of
the glomerulyr filtrite resulting from an imcreased content of
crystallowds  In ditbetes mellitus the polvuria 1 attributed to the
hlgrl‘lkcontent of sugrm the glomerular filtrate

.

urime with ¢ileum salts  The ealeuls tend to cause In dronephrosis
3

(Anderson T'lsom Wood wd Ruvdm)  Often there 1s 3 moderate

impairment of renal function but scvere renal in ufficrency 1s rare

Cases with defimite renal msufficiency and by pertension have been
(407

)
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Fi. 106 —Dmbetes mellitus  Neero 13 of renal papilla  The black masses are
colomes of bactery  Photomicrograph  Low magnificetion
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reported by Albright and Baher and Howard but in Belin and
Gerschwin's patient there was severe renal nsuffiiency without
hypertension  In most reports it 1s stated that the renal function
did not improve after remos al of the adenoma

Autops; reports indicate that renal insufficiency 15 due to obstruc-
tion of the collectng tubules by ealcium casts but Anderson fas ors
the view that the calerfication 1s chiefly m the mterstitial conectrs e
tissue of the medulla

The following case was studied by Dr George T'ahr at the Min
neapolis General Hospital A woman aged forty -eight years first
developed symptoms in 1933 at the age of thirty six vears She
complained of nervousness confusion and mability to think She
finally became unable to do wny regular work In July 1940 her

blood pressure was 148/104 mm Hg Because of her mental dis
« ext

as

re-
arms The blood pressure was 140/92 mm Hg  Blood caleum
was 166 mg and phosphorus 68 mg per cent The blood urea
cn * * moglobin 66 per cent Roent
rosa cystica and a biopsy of
A small turmor in the regron
of the thyroid was palpated and upon removal 1t was found to be a
parathyroid adenoma weighing 3 gm It was composed of chief
cells and large vesicular cells
Following the operation the blood calerum dropped to 73 mg
and tetany developed The tetany was controlled by parathormone
and calemum  The phosphorus remained high 54 mg per cent
On May 11 1943 z ray studies showed a marked 1mproiement
1 the appearance of the bones but the patient stated that she had
had nocturia and excessive thirst for the past vear and for the
past three weehs nausea ‘vomiting and cramps in her arms and
legs She hid been taking an unknown amount of calerum and
vitamm D
On August 22 1945 the patient s found to be emaciated  The
blood pressure was 90/70 mm g The blood caloum was 64

and the phosphorus 162 mg per cent The blood urea mitrogen
- 1 £ % e war cont  Death August 8 1945

t hidney 90 gm
and the cortices

Microscopie examination of the hidneys reveals humerous small
masses of caleum nearly all of which are located m the medulla
Near the apex of the medulla there are large masses of caleium
collected m cystic spaces wh ch appear to be dilated collecting
tubules Numerous masses of calcrum deeper m the pyramds
have the shape and direction of eollecting tubules (Fig 107) Inthe
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the same difficulty m excreting phosphates s they have with urea
hence the phosphates accumulate m the blood

3 Chromic Renal Imsufficzency —In chromie renal msufficiency
the hadneys have the sume difficults n excreting phosphate as thes
hae with urea and the blood phosphorus often increases to lugh
levels—10 to 20 mg per cent In the blood the phosphate tends to
combmne with ealerum and 1s then excreted into the intestine as
calcum phosphate  Caleum 1s then withdrawn from the bones to
mauntan the rormal blood level In chrome renal msufficiency
there 1s usually but not always a decrease of calerum and an merea e
of phosphorus in the blood

The low blood calerum causes hyperplasta of the parathyrowds
In Iong standing chronic renal msuffictency such as occurs m
polycystic renal disease 1t 15 not uncommon to find 4 marhed
enlargement of all four prathyroids The hypertrophy of the
parathyroids 1s believed to be = result of the Joss of calctum and not
the pnmary ciuse  Gnzler and Jaffe believe that the msufficient
kidney 15 unable to form ammoma n sufficient amounts and base
15 therefore withdrawn from the bones They attribute the rre-
faction of the bones to acxdosis and not to excess of pirathormone

Benal Duarfs  Chrome renal nsufficiency of severe degree n
childrer causes stunting of skeletal gronth The degree of dnarfism
dependy upon the age of onset and the mntensity of the renil m
suffiency Dwarfism may develop 1 any anatomical type of
renal disease It 15 not clewr from the hterature which forms of

renal disetse are most frequent but it 15 known that many rennl
! 1 = ara some

and

" The outstanding svmptoms are stunted growth polyuria poly
dipsia wnd weahness Hypertension 1s often ncted  The urme
1 of low specific gravity and the kidneys are unatle to form a
concentrated urine There 1s usually onlv shght or moderite
albymmuria All functional tests indicate imparment of rentl
function

Blood urea and non protem nstrogen are greatly meresed
Blood phosphorns 1> usually fugh and blood ¢ et relatireh
low with respect to the phosphorus

The bones show marked rwrefaction and numerus deformties
such s genu valgum develop because of the w eahness of the hones
Some patients exhibit the bony lterations characteristic of nchets
an1 are called renal rchets but m most mstances the chamges we
unlike those of richets

Death occurs usually i the second decade At autopsy one
finds the bony changes mentioned aboye and some firm of <c\~ex;€
chronte renal disease The prathyrord bodies are usunlly_enlarges

‘The sequence of events 15 interpreted as follows There s 2
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primary renal disease with renal msufficiency which causes reten
ton «f phosphates  Blood calctum combines with pho phate and
15 lost 1n the mtestine or the aculosis ciuses remoyal of the calewsm
from the bones Parathyroid hyvperplasia results from the lowered
blood cileum  here 1s msuffictent calemum availible for ossifica
tion of the groning bones the newly formed ostead tissue 15 not
caleified and bony deformuties result

It will be noted that primary hy perparathyroidism 1s character
1zed by high blood ecalcium and low pho phorus while primary

el factors are hy perparathyvrcidism multiple myelomy wnd chrome
hy perchloremic acidosis
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B EFFECTS ON THE KIDNEYS OF DISTURBANCES IN THE
METABOLISM OF URIC ACID

1 Unc Aad Infarcts  Une aci 1 infarcts are not mfarcts 1n the
usual sense but deposits of urates in the medulliry pyrumds
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the sune difficulty in excreting phosphates as they hwe with urea
hence the phosphates accumulate i the bl

3 Chromc Renal Insufficiency —In chronte rentl msufficiency
the hidneys have the same difficulty m excreting phosphate as they
have with urea and the blood phosphorus often mereases to ngh
levels 10to 20 mg percent In the blood the phosphate tends to
combine with crlerum and 15 then excreted mnto the mtestme as
calcrum phosphate  Calejum 1s then withdrawn from the bones to
mamtun the normal blood level In chrome renal msufficiency
there 1s ustally but not always a decrease of calenym and an merease
of phosphorus n the blood

Ihe low blood calerum causes hyperplasia of the parathyroids
In long stinding chronie renal msufficiency, such as oceurs
polycystie renal disease 1t 15 not uncommon to find 4 marhed
enfargement of all four parathyroids The hypertrophy of the
parathy roids 1s believed to be 4 result of the loss of calelum and not
the pnimary cause  Ginzler and Jaffe believe that the msufficient
kidney 1s unable to form ammonia m sufficient amounts and base
1s therefore withdrann from the bones They attribute the rare-
fiction of the bones to acidosis and not to excess of parathormone

Renal Duarfs —Chronie renal msufficiency of severe degree m
children causes stunting of sheletal growth The degree of dwarfism
depends upon the age of (nset and the ntensity of the renal
sufficiency Dwarfism mav develop m amy anatomical type of
renal disease It 15 not clear from the hiterature whteh forms of
renal disease are most frequent but 1t 1s hnown that many renal
dwarfs have chronte glomerulonephnitis and that there are some
examples of chronic py elonephritis hydronephrosis Iy poplasia and
poly cystic kidney s

The cutstanding symptoms are stunted growth polsura poly
dipsia and weahkness Hypertension 15 often noted The urine
15 of low speeific gravity and the kidness are unible to form 2
concentrated urine There 15 usualls only shght or moderite
albummuria Al functional tests mdicate imparment of renal
function

Blood urea and non protem mtrogen are greatly incrensed
Bload phosphorus 1s usually high and blood cilemm 15 rehtively
low wtth respect to the phosphorus

Tie bones show marked rarefiction and numerous deformities
such 1s genu salgum develop beeause of the weahness of the bone
Some patients exhibit the bony alteratrons charactenistic of richets
and 1re called renal Tichets but m most mstances the chnges are
unlike those of rickets

Death occurs usually m the second decide At nno;:s_) nl:‘E‘
finds the bony t \ s
chronic renal di LY " K
The sequence vt € tuts + 1 ¢ o =
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primary renal disease with renal msuffictency which eauses reten

tion of phosphates  Blood caleium combines with phosphate and
ss1o t n the mtestine or the rerdosts eruses reinoval of the caleium
from the Yones Parathyroid hyperplisia resuits from the lowered
blood calcum  There 15 msufficient eleium available for ossifica

tion of the growing bones the newly formed osteoid tissue 15 not
cileified and bony deformities result
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B EFFECTS ON THE KIDNEYS OF DISTURBANCES IN THE
METAROLISM OF URIC ACID

1 Unc Acid Infarcts —Urie ae1 | mfarets are not infircts 1 the
ustl sense but depo its of urates in the medullary pyramds
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They are arregular opaque ) ellowish masses composed of erystals of
urates ‘They are found chiefly in children under one week of age,
but may be ohserved mfrequently m older nfants The age dis-
tribution of 67 cases in our sertes is as follows  stillborn, 8 eases,
less than one day, 5, one to seven days, 41, one to four weeks, 7,
one to two months, 5, two to three months, 5, and eleven months,
1 case

In microscopie sections the leston shows dilated collecting tubules
filled with urate erystals There may be a Ittle desquamation of
the lining eprthelium but there 1s no inflammatory reaction

In the newborn infant the blood contains an excess of uric acd
which 15 belteved to come from dismtegration of the nucler of
erythroblasts Uric acid 1s relatnvely msoluble and 1t 1s precipt-
tated in the tubules when the glomerular filtrate 1 concentrated
mto the definttive urine  The precipitation 1n the terminal col-
lecting tubules 1s evidence that concentration of the tubular urine
contmues 1n the collecting tubules

There 15 no evidence that uric actd infarcts cause any permanent
damage to the kidney <

et rface e: ote the coarse pitting
Fis 108 —Gout nephritis  External surfaco of ludney  Not he
Gout nep!
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2 Gout Nephntis —It has heen hnown for many vears that
there 15 a high meidence of hypertension m persons afflicted with
gout and that some gouty mdniduals develop renal msufficiency

Schmther and Richter mn 2 study of 55 cases of gout found that 17
had a significant imparrment of renal function Hypertenston was
found 1n 13 of the 17 patients with renal msufficiency and i 14 of
the 38 without renal nsufficiency  These investigators reported
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. . .o :

L v H

. T
f J.

Tic 103 —Gout nephnitrs Sect on of a tophus m a medullary pyramid
Photomicrograph

Tour autopsies and concluded that gout nephritis 1s a vascular
"J‘l:e.lm; of the hidneys They dul not regard the urate deposits m

deposts i the pyramids m hus c1se m which there was renal m-
sufficiency
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Onlv 2 cases of gout nephritis have come under nny obsers ation
and in both of these topht o the pyrumds were the cause of renal
msufficiency A brief summiry of 1 cwse 1s s follons

deslroyed nearly ail U e COLELl n, Lubules (Fay, 1Ug) 11 Lesulne sleay
the cortical tubules shows disuse atrophy

It may be concluded that gout nephritss 1> sometimes an atrophy
of the hidney s due to precipitation of urates m the collectmng tubules
and subsequent formntion of topht which destroy the pyraouds
In other mstances renal msufficrency may be due to arteriolosclero-
sis It appeirs probable that the assoeittion of renal arteriolo-
sclerosis and gout 1s accidental
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C RENAL CALCUL!

Renal and wreter1l caleult are considered as one disense smce
T L o« 1nal o Vesic-

cent of

hospital admisstons  These data pertan to caleuh that gue some
clmeal sign of thewr presence The dati frcm our autopsies 1re
shownm Thble 68 The incidence of calculi m persons over tenears
of age 150 97 per cent  In over one third of the ¢ 1ses the caleul nere
very small and may be regarded as non-cli 1l since they liad pro
duced neither hydronephrosts por pelitis  In 287 of the 4(}% cases

Lases  Itowevel ol 4L
chinieally 18 nephrolithiasis

renal colic but a large staghorn calculus in the renal
produce svmptoms  In 2 majonity of the patrents n1
nephrolithiasts death was due to urenuta «r fection ¢

o v n
4 stone lodzed 1n the ureter produces
pelvis may not
th svmptoms of
f the hadnes
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or to postoperatye complicitions following, nephrectoms or removal
of caleult

TasLE (8 ~DisTRIBUTION OF RENAL aND URETERAL CAZCULL IN AUTOFSIES
Wrta Respect To Acx

Renal and uretersl cal ui

Total
Age sears autopees  Clneal Nonebnesl  Total Lercentuge
0 8110 1 1 11 013
100 1-99 7 3 10 0 50
20-30 3400 1L > 13 0 %
90-40 4200 1 9 30 08
40-50 033 37 17 54 ©
9318 "0 30 00 o
0=~ 9653 7 40 n 116
TO-RA 7409 54 I 100 133
A-100 575 14 18 1 1
Tota s 46 442 w6 17 15 ta

Our statistics on the incidence of chnical eleuli may be accepted
as accurate but our cidence of small non elmcal calcul 1s dout t
less too lon since no routine seirch for small stones was made
In a careful study of 239 autopstes Rosenow found calcult m >4
per cent

1ge —All ohservers are agreed that renal calcull are rare mn
(]:n]drrn In 211 cises Randall found 1 per cent under ten years
Dl "

the ages of thirty and fifty years

In our clinieal gecup there was one case under 10 vews of age 1
child with onset of svmptoms at the age of thirts me nths and death
from uremna at the 1ge of six vears  Another child had 1ts first
sviuptoras 1t the age of six v ears and died of uremi at the 1ge of ten
rears Clinteal enses in cluldren have been descmbed by Ductrich
Behrens Campbell and others  Behrens reported 1 ¢1ve with an et
of symptoms at the age of two month  The m1vimum madence n
our series 13 between the 1ges of fifts nd sevents vears but this
Tepresents the age 1t death not the age of onset of the di e e

ex =Mny observers report 1 prepondernce of e el m males

Raud il studied 135 mules 1nd 56 femiles  Mennchen hid 67>
Rtdes and 38§ females  and Parmenter reported 227 miles wed 118
femalcs In our autopsies culcuh were found i 203 males and 18
fimales which g es an meadence of 0 97 per cent in cach se

Liawetern — e andif found edcui on the nght sude onfy m 85 on
trhc kit onke 1 103 and bilateralls 1n 20 cass Mennekin reported
54000 the night 438 on the left and 8> bulaterd P armenter found
164 on the right 145 on the left 8 unrecorded and 2% bilateral
ccmlmation of these three reports gves the mewdenet of bilaternd
caleult abe ut 8 per cent  Postmortem statistics give a much higher
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medence of bilateral cileul  In our records there are 140 on the
nglt 180 on the left and 139 bilatera] nhich gives afrequency of 30
per cent of bilateral stones  Tins d screpancy max be due part to
the more 1dvanced stage of the disease at the tune of death but 1t
suggests that small caleult in the other kudney may be overlooked
chinteally

J

Fre 110 —Caleul n theuppe ha fof a double k dney » hresyl nghydronephross
of the uppe segment Photograp!

Jyic and 61
In 211 clmieal obsers wtions Birdsall f und 150 pel
ure?er-n] stones In our 4€4 cases caleuh were found m the pelves

49
anl 1 3% 1 pelves and ureters n 20 and in ureters onh \:j}:mh

Jears
Cook s prtient was hiing after f1 enty tio vears Larnett s
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pitient Iived sixts years with a staghorn Gilculus i ove hidney  In
50 of ¢ ur cases there was 4 satisfactory chimeal hrstory with respect
to the ren 1l disease and the duration of svmptoms s.as 1 follov
three weehutoonevear 9 oneto threevears 8 threetofiveveurs 6
fivetotenyears 13 tentofiftecn vears 8 fifteen to tuenty vears §
tuenty to twenty five vears 3 and twenty five to thirty vears 2
ciwses  Presumably the stone~ were present much longer than the
clinienl symptoms indicate

Symptoms —The charactertstic sy mptoms are attachs of dysuria
hemttumr pyuria and renal colie  The attacks of colte eorrespond
with the passage of stones through the ureters ‘The intervals
between attacks vary from weeks to many vears Small stones
may piss through the ureters without preat difficults and it 15 not
uncommnon to find small ealeuli m the urme from time to time
One of the patients i our group pissed over 300 caleult during a
period of four 3 ears

Trequently a calculus passes part of the w1y down the ureter
and then beenmes permanentls lodged  If not removed 1t causes
hydronephrosis and ultimately i most mistances 2 pyelonephritis
develops in the obstructed hidney  Thss usually leads to complete
destructton of the hidney

Caleuli m the pelvss that are too luge to enter the ureter mav
preduce hvdronephrosts by lodgmg m the terminal pertien of the
peluts (Lig 110)  Large staghorn elcult have the shape of 1 mold
of the pelvis the branches corresponding to the cilices  These

s or h . 1 .

hydronephrosis or non functioming hidnes mav be demonstrated
Pflaumer stated that 80 per cent of renal calcuh are demonstrable
by roentgen-ravs  Stones composed of evstine xinthine or pure
uric acnd mav not be ridiopique

Cross Morpholegy of Caleuls  Caleult are of rounded or rregular
shipe  They often present jigzed surfaces which scratch the
nucous membrine  In our group of 464 cases there were S0 with
v single ealenlus Jess than T em i diameter and there were 134
cases nith one ciculus from 1 to 3 em i diimeter usually alone
but sometimes associited with 1 fen small stones  There were
47 examples of staghorn cileulus ather smgle or assaenited with
smaller «tones  In 135 cises the eplcult were numereus and less
than 1 em 1n dimeter and an 32 enses then was more than one
rither Iirge cileulus  In 23 mstances there were mnumerable
eilenli desaribed s gravel or sind Frequentls sl stones nere
weocnited with Dege eileul

Chetveeal Composttienr Caleuli ard composed of urie acd urites

o7



418 DISEASES OF THE KRIDVEYS

oxalntes carbonates and phosphates  Some caleuli consist almost
entirely of one chemical substince but the myonty contan two
or more of those Just enumerated Ovalate stones re chiefly hard
and brownish urate stones are moderatels hard and dirty yellow
phosphate and carbonate stones are softer and whitish {Hansen)
In sterile urine the stones are usually composed of urnic acid or
oxalates mn infected urine phosphate and carbonate stones are
formed (Higgms) The nucleus of a stone mav be composed of
one substance and its peripheral portions of another because of
changed conditions m the chemneal environment during its forma
tion _ Cystme calcul will be discussed separately

Lffects Upon the Kadney —Caleuh mav mpure the hidneys hy
obstructing the outflow of urine or by meiting infection m the
peliis  Stones that lodge m the ureter or the lower part of the
pefvs cause hydronephrosis A completelv obstructed kidney may
underge 4 sunple atrophy and beceme a fibrous shell about the
calculus  When the stone 1s m the ureter the adipose tissue of the
renal simnus mqy ncrease as the cortex atrophies producing the
condition called lipomatosis  (page 421)  When the hydro
nephrosis becomes wnfected a chronse pyelonephnitis may result
and rirely a pyonephrosis develops Iydronephrotie hidneys be-
come infected rewdily (page 297) When the caleulus does not
cause obstruction 1t mav persist indefinitely without produemng
serious damage to the kidney but there 1s usually a chrome pyehtis
assocrated with large ealeulr

Recurrence —Calculi frequently recur after surgical removal
Cahot and Crabtree (1915) reported recurrence m 56 per cent
Barnev 1922 32 per cent I'winem 21 to 38 per cent Herbst 15
per cent Braasch and Toulds 107 per cent Hunner 95 per cent
Higgms found a recurrence of 16 4 per cent prior to 1933 but with
1mproved technique the incidence of recurrence between 1933 and
1939 was onlv 49 per cent Recurrence 1s attributed 1n most

2to 8 per cent  In our records there were 10 nephrectomies for
nephrohthiasis and many operations for remos 2l of stones from one
to eighteen veurs before death  In evers mstance stones recurred
but this g1t es no mformation 1s to the frequency of recurrence
Etiology and Pathogenesis The formation of a calulus 15 2
complex process that 1s mperfectly understood Tt seems to be
dependent upon several factors actmg etther singly or n combina
tion (1) There must be an ergamc matrre n which the erystallends
of the urine are first depostted to form the nucleus of the stone
Tt has been widely believed that desquamated epithelum and in
fammators exudate furmsh the matrry but Randall his proposed

\
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mucos: one might expect these myured ares to become infected
through the blood stream  Caleult are found 1n onls 2 small per
centage of cases of mfected hy dronephrosts

In our 133 cases of renil tuberculosis there were only 3 with
caleull  Caleult may develop i primarv renyl mfections 1s well as
mn hidneys myvaded by malignant tumors but they do so fre-
quenth  An infected urine 15 belteved to promote the formation
of carbonate and phosphate accumulztion about a caleulus  On
the whole the evidence indicates that mfection 15 seldom the pri
mary cause of a crlculus

(4) Obstruchon —Obstruction of the urmary passtges 15 believed
to promote the formation of caleuli  Blocks found that stasts
1ncreases the calcrum content of the urine but does not aflect the
total caleum excretton  The importance of obstruction 15 suggested
by the fact that practically all vesical ealeuli oceur 1n males  But
too much emphasis should not be placed on abstruction since very
few hydronephrotic hidnevs contamn caleuli except when the cal
culus 1tself 1s the cause of the hydronephrosis

Prolonged immobilization of the bods such as oceurs 1 severe
paraly tic poliomyehtis or from traumatic injurses of the spinal cord
may Jed to the dey elopment of renal (\lenl but such patients often
have hydronephross whick mav be t contributory factor

(5) Tuamin Deficienry  Vatamm A deficrency 1s a possible
factor i the formation of caleuh  Rats on a diet deficient m vita
min A develop renal caleult (Higzins) Higgms and Mendenhall
found that 25 per cent of their pitients with caleult showed vita
mm A defi by the bioph test but Ilocks found
only 1 m 35 with srtamm A deficienes  Faiehson ind Teldman
found that 24 of 2o patients with c'11cull showed deficiency of

PRI

sitamm A did not improve the patients with deficiency and the
authors suggested that the sttumin deficiency might be 1w effect
rather than a cause of caleult
6) Hyperparathyrodism  Albright beheves that hyperpara

' - f-n o+ o caof scult but other observers find
0 02 per cent (Gnffin ef al

h mewdence of renal caleult m
secause of the excessive exere-
yority of cileult e umtateral
suggests that 1 local disturbance 1 the hidnes 15 usuilhy 2 determin

mg influence
Cystinuna 151

no symptoms tnless ctleult form

m about 2 5 per cent of persons with ¢ stinuri

heredit i fanulin] metiholie di order which cuses
Cystime ¢teuls are sud to occur
Tt 1 recommended
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422 DISFASES OF THL RIDNEFYS

LIPOMATOSIS OF THE KIDNEY

Lipomatosis of the kidney refers to the replacement of the renal
arer by adipose tissue  Clmieally the myolsed hidney everetes
Iittle or no dve and sometimes pus mav be obtamed from 1ts ureter
In the mejorty - stone 15 found in the pelsis or ureter In a retro
grade pyelogrim the calices are not filled  On exploration or at
autopsy the hidney 15 usually enlirged sometimes to enormous
proportions and !t 15 composed almost entirely of adipose tissue
On midsagittnl section one finds 1 thin laver of renal parenchyma
surrounding a mass of tdipose tissie wnd covered externally by 2
thick layer of perirenal fat (Tig 111) Upon dissection there 1s
found a small rounded pelsis connected to the atrophic cortical
layer by long very narrow cilices The adipose tissue is in the

Fra 111 —L pomatosis of the k dney due to obstruct on by & calculus Note the
I ge amonnt of pelv ¢ and pe renal ad poso tsue snd tte tha laser of co tex

Photograph
sinus of the ludney surrounding the calices—it 1s not in the renal
parenchy ma

1t s beleved thut there 1s a primary trophy of the hudneyv
without hydronephrosts caused usually by a calculus but some-
times by pyelonephritis or some other disease The fatty tissue
1n the sius increases as the parenchyma shrmks  An early stage
of lipomatosis 13 shown m Figure 112 Rutzmann collect :
cases from the hterature 26 of which nere due to calenh He
thought that the fit accumulsted 3 jthin tle renal parenchyma
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CHAPTLCR XII
TUMORS OT 1HE KIDNE1S

A CONVENIENT classification of renal tumors 1s as follow s
A Connectre tissue tumors
1 Tibroma
(a) Cortical
() Medullary
2 Lipoma
3 Leiomyoma
4 Hemangioma
5 Tumors assocrated wath tuberous sclerosis
0 Sarcomn
B Cpithelial tumors
1 Adenoma
{a) Papillary cystadenoma
’(b) Sold adenoma (small hy perrephroma)
}

v
cinoma (hypernepl

C Wilms tumors
D Tumors of the renal pelvis

A CONNECTIVE TISSUE TUMORS

1 Fibroma —(a) Corfical Fibromas —Small subeapsular fibro-
mus, a fen millimeters m diameter, are found occastonally at post
mortem but fibromas of sufficient stze to produce elimeal sy mptoms
4re very rare Kuhudshanoff reported a pure fibroma from a
woman thrty-six years of age, which measured 12 x 8 x 6 em
Clar (1933) described a fibroma 15 x 13 x 9 cm from a male thirty
years old, and collected 10 other cltnical cases from the hiterature
Tight successful nephrectomies have been recorded  Large fibromas
grve svinptotns not unlihe those of carcmoma

() Medullary Fibromas —These tumors are situated m the
medu“:n il 1 L P e L ) -
ameter

areas
Jidneys They produce no symptoms  Microscopically (I'ig 113)

they are rather well errcumseribed and are composed of dense
fibrous tissue interspersed with areis of mucmous stroma Occa-
sionally a renal tubule passes through the tumor The usual inter-
pretation 1s that of a developmental defect (hamartoms), but
Zangemerster considers them true bemgn neoplasms smce they
increase n frequency up to the age of fifty ycars

(421}
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426 TUMORS OF THE RIDAEYS

finding 1n a woman seventy sic years old who died of carcinoma of
the bladder The tumor was S cm i dameter and occupled the
lower pole of the left hidney A few striated muscle fibers were
mterspersed among the fat cells

Lsposarcoma —Seven cases have been reported mn which sar-
comatous areas were found 1n 4 lipoma The sarcomatous nreas
are composed of spindle-shaped cells exhibiting mtoses—apparently
fibroblasts not yet differentinted mto fat celll VcCartnev and
Wymne s tumor was 6 em in diameter while those reported by
Hartwig and Iroug were very large No metastases have been
reported  Froug s patient had tuberous sclerosis

REFERENCES
AussERG A Arch f Lln Chr 44 458 1897 (Mult ple tumors)

sarcoma)
NrcmoLson M 4 and Griesere M G J Urol 25 390 1931
Roperrson T D and Haap J R J Urol 46 458 1941 (Résumé of 14

cf aical cases)
WaRTEIN A 8 J Path and Bacterof 4 404 1897 (Evtenson down the

ureter)

3L y —Small subcapsular leiomyomas a few millt
meters m diameter may often be found in routine autopsies
Apparently these small growths develop from smooth muscle in
the capsule hretschmer deseribed a subeapsular leiomyoma 9 < 2
mm  Gordon and associates collected from the literature 17 cases
with symptoms which were subjected to surgical operatron The
ages ranged from twenty one to seventy-one years Eight of the
17 cases were diagnosed as malignant but only 2 termmated fatally
One of the fatn] cases was reported by Cooke who found a mahgnant
letomyoma with metastases to the Iner and omentum Gordon s
own case was a benign msoma measuring 12 ¥15x 7 cm

REFERENCI'S

Cooxe W E J Patl and Bacterol 37 157 1933 (Mal gnant le omyoma)
Gorpon M P Immmistet P end Caseer C L J Urol 42 507 1838

(Le omyoma  refercnces)
Eeerscaner H L J Urol 24 617 1930 (Small ben gn tumor)

£ Hemangioms — Thirts-one cases of hemangoma of the haulney
were collected by Cabot mn 1936 They were distributed from
young adult hfe to old age but the great majority occurred before
the age of forty years The outstanding symptom Js hematuna

which may be m the form of severe hemorrhages at irregular inter
. wam ad of 1eare Colicky puns

the ureters
erade p)elo-

show no deformuty other than uuu , udfects due to
assive or multiple tumors there

grams may
blood clots but m the case of m:



EPITHELIAL TUMORS 427

may be dilatation and deformity of the ealies When urograms
are negatine the chimcal diagnosis may be essential |ematuria
(Webb-Johnson and Warwich) It 1s scldom that a correct dug

ot 13 may become necessary

ed by the presence of a
conspicuous hemwgioma of the shin (Dean and McCarthy) or an
angioma of the urinary bladder (Cirio)

When the hidney 13 opened by midsagittal sectton the angtoma
may be demonstrated It mav be single multiple or diffuse
Mclean and Mathews described a penpelvic civernous growth
Dean and McCarthy obsersed a large tumor 13 x 1% o cm which
wag partly of cavernous structure and parthy sold ccnsistng of
small vessels ost of the tumors are of cavernous tipe  No
malignant angioms have heen reported

PETERENCES

Crixery A J and Bevsov A H  J Urol 59 165 1Ms (Smull P
Hemangioma)

Cmio G Rforma Med 49 598 1933 (Bladder and rcnal pel <)
Es¥ A L and McCarmry W D Trans Am A n Gemuturn Surge 1
33 1 1941 (Large tumor ass mated w th otler angiomas)

McLeax L I and Marrrws T J  Western J Surg OF t and Cvnee
50 47 1942 (Large perpelvie t imor)

Ruer A anlS anv W J  Urol and Cutm Rev page 377 1M1
{Survey of 3¢ ca.r )

S#an B H J and Bawme H Dot J Surg 23 207 1930 (Survey of 27

eases)

“Emhh))n\s(w A pndWarvich W T Brt J Urol 13 127 1941 (Clmieal

D1 ture of essents 1 hematuria)

WeeELer W I pEC  Surg Gynee and Obt 38 143 19.4 (Ang ns
pelvis)

5 Tumors Associated With Tuberous Sclerosis ~In ner ne
half of the cases of tuberous sclerosis multiple tihiteral bemgn
tumors are found m the kudneys  Fhe tumors are lipom as ey mvo-
mas  fibromas angiomts epithelil growths of adenomatous
structure and muvtures of these various tissues  Areas of sireo-
mitous structure may be found but metastasizma tumors have
not been reported  Ihe tumors mu be sa large or so numerous
that renal insufficiency develops It 15 believed that the tumors
nse from des elopmental defects i which the tissues replacing the
ren] patenchy ma 1ssume neoplistic qualities

b Sarcoma —Swrcoma of tle hidney 13 diagnosad at the present
time much less frequently than formerly smce 1t 15 now realized
that the greit majonits of tumors which wppear to he sarcomn on
examination of a few sections pros e to be undifferentiated epithelnnl
tumars when a lirge number of areas are stulied  This s al o
trie of thirod tumors  ‘The renal tulules differentirte from a
cellular mesenchymal t1 sue anl the undifferentn] pertions of
epithelial twmors resemble the origint] mesencbymy  The growing
edges and the metastises of an adenocarcinomn of the crtex
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' oma
until

Nevertheless true sarcomas do occur In our series of renal
tumors there w1s onls one sarcoma and this was reguded as a
fibrosarcomn becnuse of the presence of numerous collagenous
fibers among the tumor cells Herman and Greene reported a
round cell sarcoma from 1 girl aged seventeen years and a lympho-
sarcoma from a man aged thirty eight vears In a seres of 130
renal tumars boloway found 3 sarcomas In a series of 568 renal
tumors Priestley found 32 sarcomas (5 per cent) It s highly prob
able that many of the tumors reported s sircomis are spindle
cell adenocaremomas of the cortex

11posarcoma has been discussed 1 a preceding parigriph
Adenosarcoma 1s 1 tvpe of Wilms tumor

REFFRENCI'S
Hegsesw L and Greene L B J Urol 27 317 1832 (Sarcoma)
Soroway H M J Urol 40 477 1938 (130 renal tumors)
Prigstiey J T  Surg Cln Nortl Amerca 21 1173 1941 (568 renal
tumors—32 sareomas)

B EPITHELIAL TUMORS

1 Adenoma —Adenoma may be defined s 2 bemgn emt} ehal
tumor but the distinction between adenoma and carcinoma 1s
often arbitrary especially m the case of soli 1 adenoma

(@) Paprllary Cystadenoma —The vast myjonty of civstadeno-
mas are small non clmie1l growths only 1 few mulhmeters m de
ameter situated at or near the surface of the renal cortex 'They are
often multiple They occur chiefly n persons past middle hfe and
they develop in cortical scars resulting from sclerotic closure of
renal arteries In the cortical scars the glomeruli and tubtles

usually undergo atrophy and disappear completely but occasion
rom a

119
cells

or 1t mayv develop papillary intracystic processes and deselop to
maeroscopte dimensions (Fig 115)  The papillary processes may
become so closely pached that the growth becomes solid (T1g 11€}
The lmng epithehum 1s of dark cubical type but ocersional cells

attam suffictent size to produce clinical symptoms  Jud i 1ums

deseribed a tumor from a woman aged fifty-one vears which bad
produced pain and hematuna for eleven v ears The tumor measured
13 < 11 ¢ 5 em and had a tubular structure  Dschu Yu Bi 193

\

Y
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founsl the night hidney greath cnlaped (18 x & x 7 em ) and filled
with piplliry cystrdenomas and tububyr adenomas—the hirgest
bemng8x7 x5 em  The patient was amale aged thirts seven vears
and had & punful enlarged hadney

Prosk wer, 1910, reported 2 enses

1 A woman fifty-four years ol { with symptoms for enht vears The
tumor was a papillary and tubular ey~tadenoma measuring 23 em 1n
diameter The patient was well tno vears after nephrectomy

2 A woman wigty-one yeara old with «y mptoms of indefinite durats n
The tumor was deseribed as a papillary adenoma and weighed 1960 g

F1o 114 - Peramtent tubule m a cortimil acar resulting fram s selemtc arters
w! chbas fumed asnuli vat T1 ¢ m ercgrag

Kalk and Huckel 1940 found 1 tumor 1t postmortan in 1 man
seventy-three years of age sho hid had pam and hematury for
one verr  The nght hidnes weighed 373 g and was abmost
entirelt replaced th & pipillan (vstadenomt The tumor was
regarded as the cause of death

It appenrs therefore that darkell papillary e stadenomas m rare
wstances wy attun a missnve size ind produce symptoms bhut
they do not mutastrsrze nor assume the appetrinee of adenoear-
emoma Cabot and Middleton honever regird all adenom isas has
1edls malignant

RIFERENCES
Comon, 11 med Mipptitas A W Trane A A Cetstmine Surgens
30,
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with closely packed processes  Maevsrop eally

Fio 116 —Papillary eystadenomsa
red solid  Photomicrograph

the tumor appea
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Dumo 3¢ Br Beitr 2 khn Chir, 169 356, 1034
Joon, E 8, and Srwow, H E Surg,, Gynee and Obst, 44 169, 1027
Kaux, H, and HickeL, R Ztsehr { urol Chir, 45 281, 1040
ProskavER, G Acts med Scandinav , 104, 366 1910

Taxmir, A J Am J Cancer, 27, 676, 1936 (Ongin and des elopment)

(&) Solid Adenomas —These are small solitary cortical tumnors
composed of solid cords of cells with clear or dark eytoplasm anl
M-S T A v oa . g o

Fi6 117 ~old adenoma composed of salzd cords of dark callx Phot micrograrh

a dm!ncter of lexs than 3 crn as adenomas, since onlt § of 6% tuinors
of this siz 1n my sertes had formed metastases  Jn my 4 rience
they were all incidental findigs at autopes, smee they are too small
to produce renal symptoms Macroscopteall thoy are sharply
areumseribed and eshibit a yellowih or whitsh color  Histes
Iogacally they are usually composerd of sohd cords of ells with
harp ol boundanes (Figs 117 and 118)  The estoplasm of the
allsmn be dear, dark or tennediate. Mitoses ar anfroquent
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B e
This gives an meidence of about 1 per cent i males and 0 75 per
t 1 per ce mal I p

for

m 37 per cent and tumor m 186 per cent

at some tupe n 69 per cent nnd tl}:mur m SDI;ZT:':;;” %c'féll";f
quenth the 1mtial symptoms do not suggest 2 repal neoplasm
In 38 of 9° cases (41 per cent) Creevy found the mtial sy mptoms
misleading  The presentmg symptoms may be due to metastases

Fic 119 Adenoca ¢ noma of the k dney  Photograph

m abone thebrun the lungs the nech or other sitnation  In one of
our cases the pre enting sy mptom was a pathologic fractuve of the
tibla. and in another the patient I ad »vmptoms of cireinoma of the
lung but a bronchial biopsy revealed a hypernephroma  Not un
commonly there 1s anerma and loss «f werght 11th no s mptoms
referable to the hidnevs  QOceastnulls there 1s an ntermittent or
continuous fex er suggesting an infectious disease

A plun roentgenogram may reveal an enlarged udney A
pyelogram 1s usually pecessary to establish the diignosis  Among
the features of the pyelogram are narrowing and distortion of the
pelsis elongation of one or more calices obliteration of one or more
erlices and abuormal position of the pelvis.

Pathology 'Tumors of moderate sze appear usually as large
spherical masses occupymg erther pofe or the central portion of
the kudney (Fig 119) Creevv descrited a tumor only 3em m
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duameter which was deeply placed m the parcnchvma and had
eroded the pehs causing hematuria  On section vellowsh, wlitish
or hemorrhagic arcas may be seen  The larger the tumor the more
extenstve 13 the necrosis and hemorrhage  The smaller tumors are
still within the eapsule of the kidney but the large growths pene-
trate the capsule and 1mvade the surrounding tissue  The tumons
frequentlv invade the renal vem and may extend through the
vena evva to the right heart  Some tumors mifiltrate the surround

g tissues to such an extent that they become moperable without
hasmg formed metastises  Untreated tumors grow to very Tge
dimenstons  One hundredeeighteen of our 272 tumors were over 10
em tm dtimeter at the time of de 1th ~ome were over 20em i diime

ter and the mavumum weight «f the prunary growth in our serics
was 3300 gm

Fio 1.0 Alenocare nomn of the kifney show & sot d alscol of elear cells
ot mierogesy 1

Tantk =0 —~R¥LATI N OF TE “tzs OF THE TrMUR T THE PRESENCE OF METABTARTS
IN THE ADENOMA-CLRCINON L GROUP

D aeter Metastams Do mersatasen
Below §em

3 dem - ~

4 Sem D 6

5 Bem 9 10
610 ene 3 -
Qver 10 cm 100 1~

“Total ] [
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Uetasic es —Thie relation of the wze of the tumor to the presence
of metastises 13 showy 1 Table 70 In the groun under 2em n
drmotar? £ 4

¢
nu

Metastases had formed from 13 of 119 tumor, (11 per cent) less
than o cm m dlameter but 100 of 118 tumors (85 ber eent) over 10
<m o diameter had metast ises

;NS B D
oSBT
AL W) ey SN
Fr 11 Meta tat ¢ hypernephromasho ngd erent at on nto dark cell tubule
IMotom rog apl

It 15 clear tht there 1s no sharp separation betw cen soltd 1enom
and hypernephiroma with respect to size or the presence of mz}as’;
tases  Vetastases seldom form before the tumor his atiatm
diameter of 5 em but tumers of srll dimensions seldom eanse

limeal attention
sumptoms and therefore do not ccme to ¢

Inp181 cases with metastases there were metistases i the_ lhut]}?:
1 97 the liver m 78 the hmph nodes m (7 the bones u]\ 5 the
petitoneum 1n 3 the opposite hadney w ‘lﬂq tl;e adreals lan 4

the oy iy n
18 the heirt 1n 13 the splecnan
;}12::-?11:11::"3 fhe shinin 2 and the thvrmd 1 The number in the
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It 13 usurlly impossible to establish the diagnosts of by perneph
rom2 from examination of 4 metastasis unless the growth 15 com
posed of the tvpicul large cler cells  The clear structure 1s Trgeh
due to Iy drnpxg chsn;:es m the cvtoplim to a less extent to ac-

stood

Treatment 1t 15 generally agreed that nephrectomy should be
performed as soon as the diagnosts 1s established provided that
there are no demonstrable metastases In about one-half of those
with metastases the lungs are mvolved and these metastuses are
demonstrible m roentgenograms If there be a solitary bone
metastasts 1t 1s advisable to remove 1t as well as the kidney, since
patients hase been hnown to survive for many years after ths
procedure A solitary bone metastasts which detelops many years
after nephrectomy should be remoted for the sume reason  Barney
and Churchull reported an unusual extmple of what may be accom-
plished by removal of = metastatic growth Ther patrent, a
woman fifts five vews of age had 2 demonstrable pulmonary
metastasis vt the time of the nephrectomy Fifteen months after
the nephrectomy 4 lobectomy was performed The pitient ®as m
good health five veus after the lobectomt  One of our patients
survived for two sears after removal of the affected hidnev and 2
metast itic growth in the brun

Prognosts  The most extensne follow up records have been
published by Prestley Of 502 adenocarcinomas 47 7 per cent
sursived over three years 384 per cent over five yeus and 273
per cent over ten years In the absence of demonstrable metastases
the outcome depends to 2 large evtent upon the size of the tumor
and the degree of extension mto the perirenal connectrve tissue
Some patients are cured when there 1s extension mto the renal vern

TIn % of our cases nephrectomy was performed The persods of
survival after nephrectomy are as foll s less than sre months &
six months to gne vear 7 one to two vears 3 two to fivevewrs §
fivetotenvetrs 3 ten to fifteen vears 1 andseventeenvears 1 At
autopsy there were metastases i 2o of the 20 cises but one prtient
who surt1ved nephrectomy mine vears showed no metastases

TAFFERLNCES
BarNEy J D and Cuoncrmn E D Trans Am Assn Gentto-unn Sur

Ca
Cr

195 mat gnant tumors)
1939 (Hypernephroma 1n a child 18

1 onus oy
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phromas)
Purstter J T Surg Cln North Amencs 21 1173 1941 J A M A 113

¢ WILMS TUMORS

Practically the only milignant renal tumor of chidren 15 an
embryonil miced growth usually called Wilms tumor  N\earh
all of these tumors are found m children under ten yuars of e
and over 90 per cent appear before the age of seven veurs but an
aceasionil adult reral tumor 1s of the Wilms tvpe  “parks found
26 reports in the literature of Wilms tumors in adults and 3 of
our 18 c1ses were In persons over fifty yewrs old (Fable 71)  There
13 no sex predisposition and the right and left hidnevs are mvolved
with equal frequency

The tumor apparently develops from vestymal embryonic renal
tissue  bince many tum rs contun striated muscle Valms postu

Tap v 71 Wuss T u e

Autogsy  Axe Ihsend
&ombe  jewrs fex premure Ble  Ser Ao an awn iur ol
2019 15 1 L M1 e v Rlshd ny wareons
241 & L 6600gm 0 Rhabd miasarecma
JA0% 4 b R 100gm e aca arght  \denossreoma
Bt um
e R sers  enacaaloor Al ow e
In ge ier
-8 15 b R ey tunes ode e mareonn
bz pet em
311080 58 F 18t R Inrge ie A denoe con a
36~ ™0 84 M L0t L 1"50gm ¢ ars s R! abdon vosarroma
N () A 13080 L S0gn B av lungs 4 denesa ooms
38288 Tmo M R Gxoem toer seazuln  Alenosarcoms
3-35 15 M I L) Ader warcoma
14t 4 AMOo1s0e I N gm 1 g 4 denwa coma
4 K7 17 A G e L tx10 | e lu g Adenowarema
m wies enaen B
412 13 R "0 gm o tle o wcoma
154 M R <sem lie nofes 3lenow coma
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431738 4 o1k 0 1 17l lver 1 rge Alenowareen a
R R 9 nxtes
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46-1050 10mo M 30010 L 10em N e A1 porareomn Clo-
merul ephete
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lated that o portion of the myotome becomes diy

rend blastemsa, but the ren il blistenm 15 composalxg? (x:f'x(t]hgt;r;;‘:
e mesenchymal cells and it is easily posaible that they retain
m?h)patcrggﬂ properties )

2 aner 8O per cent of the patients the first symptom 1

ment of the hidney, but oc‘!msmn'llh Jxe:nat(friapnr pammi]sargz
mitial sign of the disease  The tumer grows rapidly producing
a marhed enlargement of the abdomen, cachexia and death usually

eR

gt

4

3es SN TR W S A

v L e 4 . SN el T TN A

B o SRR 2, SN AR

Fla 127~ Witms wamor—adenovircoma  Note tho tubules and the wad Herens
1nted megenchytmat hissie  Photomicrograph

within & few months In the diffeventual clinenl diagnosss uni~
Iateral hydronephrosis must be considered simee this may producé
a massi ¢ enfargement of the hidney

The tumor progresses it first by expnssie growth and wsually
attasus an enormous size  One or both poles of the hulnes my
usualls be found as 2 cap on the erannd or condal ends of the
tumor  The gronth won mifiltrates through the Ciple mto the
persrenal vorneettie tisue, and 1t also mtades the velns and
boaphatics to prodoce dntant mutistases  Metasttves desclop
most froquently m the lungs, hver and regrona hrmph nedes, bt
they my form m the bram, adrenafs or other organs

\lscroscopieath about two-thavls of the tumors have the structure
of ndenosarcomn {Tiz 123)  There are areas of cellulyr wesen-
chymal tesue which may be sohd or may exhbit stags m the
differentiation of tubules Some well formed tubules ase scen and
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(@) Paptlloma —Papiflomas may develop 1 the urinary bladder
ureter or renal pelvis  They are much more frequent m the bladder
than 1 the upper urnary tract They are often smultiple and
pelvic papifomas may be found m assoctation with papdlomas of
the bladder In the pelvis they may be single or multiple  Hem
atursa 1s newrly always present and usually a deformity 15 demon
strable m the pyelogram  The growth is of cwultflower shape and
15 attached to the mucosa by a narrow pedicle In our autopses
there were tno examples of papilloma-—the one a small papilloma
m an upper calyx the other a massive papilloma mvolving the
upper half of the kidney

(6) Carcinoma —Among 318 renal tumors removed at the Mayo
Clne Hunt found 23 pelvie carcinomas (7 2 per cent)  OF these
8 were sessile and 15 papillary  In our autopstes there were 272
hypernephromas over 3 em in dizmeter and 18 mahgnant pelvic
tumors (6 2 per cent) Papllary carcinomas are difficult to sepa
rate sharply from hemgn papilornas and more of these tumors are
classified as malignant by <ome pathologists than by others If
the tumor has formed metastases or myaded the kidney 1t should
ho aallad o N extenslon down the

“ alignant  Thesy are
composed ot cords and masses of transttional epithelum which
15 sometimes of epidermoid structure or cormified  Many of these
tumors are definite squamous cell carcmomas  The tumor invades
the Lidney at first and then the perirenal tissues  etastases are
found m the hver regronal lymph nodes lungs and other organs
Twelve of our mahgnint epithelral tumors of the pelus were flat
infiltrating squamous cell carcinomas and 6 were papillary car
cmomas  All had formed extensive metastases Seseral observers
stress the relation bet veen caleuh leuhoplihia 4nd squamous cell

caremoma (Scholland and 1 oulds Patch)
he of sq cell 1spoor  Hunt reported

1o cures from nephrectomy 1n his § cases  There are a fen cures of
papullary earcinoma

REFERENCES
Bowen I & ood Rawvmwe G & I Utol 24 405 1930 (Squamous cell
GA:::.:Aﬁun}?)Q and Reep W K J Urol 62 139 1940 (Car noma of

Pelv s}
T & U A G 28 405 1852 o e
Puc:x;c I?‘axga) New England J Med 200 423 1029 (Leukoplak 3 and squa
Po'lirn: u:Vve}l C&X:nx;:méz)rg 25 458 1932 {Leubnplak 2 ealeulus and squan ous
Scn?imi\m;m::«)i Foutps G § Ann Surg 80 59¢ 19°4 (Squamous cell



INDEX

A Anuna 3 260 See of o Tubular d «
RN
Anvcews 3 2) wfl x
Accusory 1wl art ry 12) Artr almﬂvfnmh_uwm
Acut_glomerule pimt 147 nd t Cemlta 37
albym nura 1 1 h pﬂ’ on e 310 347
bBlod preaure 103 32137

o

el al s mptams 154

el cald agno

com cat ng ot d wus 150
152

onl prien ve Yert 33§
largr elast ¢ 371
filebra » o,

senl ha

et gy 153 \lro]wnnn)l Fdea 201
cprment 140 gl m rular 18

eutlat ve ty;x nnad i to u of

hemats un? u tron glnmlnpln 200
hmorrlng(-lpr 103 1 lnlﬂmll(u 3

outeom naptn e dua 3038
pnllugm»« 0 LR TS

pathol g eal anatomy 157

an nlyptrtrn e ub) te 343
*pa contrm t n ol

Arterto LT n dabdt mltus
5
nt ret t al ncplrl 301 atilogy 343
Alenocare n ma riat t ag 323
Ad n ma 498 43] tod~ax { mall nr! nes 347
Al o arcoma 440 N Pypert s
Adrenal gland rle  byperknown totit sz of & hart 3
7 tor ttellnm »d;n-«un 3“ 348
Agnes lk]oslllrn!7 37
lm lateral Art elr S Art nee
Altm ~m avaca ~ fatroply 67
bin Ku 12 Atregby fromarter I s €7
from injury n( bran 44 fren 13 ) nephos 68 120
in 1 abetes Azot n a xtrannal 288
bl s 44 151 10 21 frem rul nginpu s %
B0y 2¢ femdl dmt n 258
Indte 47 fromd bt e con 40
ortl tate 43 from exerscve s o tng R}
Ammo un dlrd 3 lmm R tre nt st nal h m rrhage
Amyln tnte 3
Am ] ldwaw fthek In 20 fnnu'rn-l’u’rhn b
Allum nurm 23 fron sutan In Ihn rlag 44
Bl pressur <37 et perats 200
o it nl o3 ottre mat 20
clneal [ atun 231 rf ¥ 30 2%
Cong Red tet 239
rd ma 23¢
lg 230 B
)(-n 'mmq 7

prthfgeslanad 0 23 Bovrmn vemt  f4s
Rotradp«n 230

Biwn ntn mlnn\ 17 2%
Berad pebnt n 41 ™8
I gnsllun ura 42
Binta +

wip 1 Jtr 218 m«kur rfnr 2™

Anmal wdu t fu n "8 wal i w noaxt o7 % 380

(443)

rv-na n ﬂ unr\ 23%
g mentn 73
Anem ' FneEln Rt phets,



Hy Perten, ", pr, ‘Mary, ﬂd'\‘nd'glmd‘. Lscher, g f he kldm’y, 353, 384
377 Imvthe % 50
335

/

hutioy,
Alterey 340, 317 3, 352 35,
arle;mkw, 341, 348 351, 350 asg
Carotyq o N, 370 Jlx'nmo\mm
by N LAR bogy, o 17
ontrof &rof 3
Arteripq o
rtﬂrlulzw, 343 lr7§ Chrop,, glumgmlnnephrm
Corong, ¥pr, 331
t‘{ltlerl:z {%r dmgnom, 334 L‘:’;’gﬁy{";’ 41’6 .
ety dacy
o:g; tsu? 381 Lipog mphrum 205
fnequency, 333 albummum 215
hearg ¢ 343,348, 3,5 369 M’"‘mm 218"
her(-dnt), 391 hor Press urz- 216
bypery, AV tncep lopgth, 349 c Oe'rtcro
et ) Ssur, g7 s 21
Kadney g 26le of Ations, 975
socardiaf y,00 346 > 214
Bormgf bluad Dressyre 332 ula; nnv 220
Preartonq 3o
Progaqg, ! 206
renal o, = L, 383 30, b Of; chigg 550
,,.,,',',’,"‘333 Tole'of 35 Bephry e contrsctod idney, 225
o distmbyy, 337 Oheuny, 37
thologira) g tomy, 21
2 P8 thcotopn for g7y pa e o,
~Iomoter | tem, xsle of 373 Plima P'V 4‘"'"
"1t repg; oGty 3,3 ‘F”;;’f’;.“’pﬂ 2o
el ’}'1‘;""" | Riaggabe DUIE b0 g tpe, 224
“,"'(‘,,,‘,}\ Sz MStons, s
blood ppe. 357 53 an inction,
Mg ntod ey transon glomorulrmophnm
g, 3y
dun Ntion / Lmor:a,?,n:%gl 5
Boapa it 30, £ iPomadeqy © kidney o, 4o
1rl <ight of 355 Liposgs ma, 450
In.:lzm thaune g of arter o 5 i, 253
o 2u8 Im:auc Mhmingp, 253

Luduxu  theory, )

,\,,ho,"m'f' b '""”"’" ?,‘;'; Loner pepy Repbros, 254
Tupye Ty thematocye, gn

/

i ncton gsp
Ninyp, 307 / L“"" 270
Bt er 350 M
Hportendn lnlup'llhy o
Wpen n\nnmm B ’\Iqucvn’r h}p(-rten'cmn, 364
ll\n\p. xlm\e luhh ral gy M",,,"ﬂ, m a1,
Hlembrag oy o o ]onpphnlw 206
"‘“’ S Mercuryy chiond 266
'(‘x“"’"‘ Ny 5 Movablekldno)s,7
'\Iumplem clomp ‘2,
1 ocarg;qf Lipe P dvDertenon, 346
M_mglob 244
N ey R, 4e gy
(LR th g lnl;u\\ 230, 33; N
P, o )
l'ut.*\e:\\:\n\l 15y s Necrogy,, lnpva, 258
W of renaf e clr 5
pbmen . NI 0, \epl hnm- “Linechryac 227
' 4 ndrome,
i ’\“33“\ {tn Aepbrocaliy it |



LAY Hy

Nepl g T e ] ey Ol gm nre Pr < 310

5 ® Pn(annn " 25
NPt roug See L,,-»m.,p;n,m Prugngyet L bydrone

2 bhilitze 3o o w g

hu(rnpphmn 2 $ chron, Bmeryy nebhntie 2,
\rphmm 00 tractey kidpey . 22 with Polycy e renap Arvoneg 93

20 e 50 th primay! B Pt gy 21,
Nettry fed 29 I’rmmr) hy ety Ser Hy Ixrtip
\nnmllublru{y 1 81 7, ary
\lbwb'mmu(xprnmmtv 2» Lrote,, 4t 3y

Jesboe iy U it 2
o iy 0T Alt

Preige 133 20 318
()n«rnu-mr Mdmmpln e g2, 1,u-hmm 97
Ol

ovtag 1511 215 251 pue Fyelon {hnnd g,
OrUlO«lalk' aft ummum 43 Aty g np N 296
atrop ) OF Arte e 30,
P 1actey ! 297
e 4D 300 361 3
Parryy o SO 1 g0 rhron, 2y etonn 303
Pnp:"umnofnml by, Femg Mt Thetin g 2%
Py em

are K iy, 47
Py R iy 329

fo i n‘ ey urllldnn *r

att o) Rical p| B Ly 1), 203 20 mpn ancy gog

Pty Teng, du/xh{-:m n f gy lymphmknnvm Wetian 7
o olyey P Tenald e ” n Y Intrueg,, B
pl_unlmc/ Hy H strueg yo Ype 2y

I’umt«ml-n»u 33y e T infoq, 200

Pern, ! e ) Soene gy 1 ity 310

Tien, art ity k24 Dy Yen e nE ey,

Then'y 270 » Pl

Pleg Ivulplnn 1 hithyy ng g Iy

L. 13,
- Ilvlnn f2,
n 12
N LUT S
e deal, 1y
112

TUlng ) Py, gy



8 IVDE

Sucrose 21 273 Tubules histology 1
“ugar excreticn of 3) Tubules m amjy lad dl:(‘aﬁc 242
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Sympathectomy 371 Tumors of the kidneys 424
Syphobs of kadney 320 adenocarcmoma 432
adenoma 428
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coll
TarTarIC A 273 adcnnurmma 110
Thiocyanates 389 fibroma 424
Threshold bodies 40 h(‘msng oma 426
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Thromhosis of rcnal van 329 ljomyoma 126
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Toxermas of pregnaney 314 Liposarcoma, 426
eclampsia 246 rhabdomyesweoms 441
from preexistent renal disease 244 sarroma 427
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Transfusion kidneys ”76 14
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clinteal features 322 pyelonephritis 31
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milary 319 Urea 37 51 195
nodular 319 mereased blood w
pathological anatomy 323 normal content ui thﬂ llnod 37

relat)onmpulmonary tuberculosis | reabsorption of 37
uren (learance 37 52
Uremia 154 288
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