Alkalyye PL0Sphay,

45€ 01 Sections
Centcr»l\'ormal Kidne;

Lefe ~"“Crush fnlure

Righe

—Acute H, ) Pertension



MEDICAL DISEASES
OF THE KIDNEY

(An Atlas and Introduction)

By

JF v N\eMANLS I D

{usacrate § tess vof Pa kot g The Medc ! Coliege 1 Hatama R m nglam
flabama lac Be Mem ral fef o Med cal Re va vh the
Cncerses W rum Ostord £ land

LFA & FEBIGER
PHILADFLPHIA
1950



CorYRIGHT
LEA & FEBIGER
1950

PRINTEDIN U S 4.



For
Norma



FOREWORD

IT was 1n 1914 that \ olhard and Fahr published their book on Bright s
discase which was at once 1 monograph and an atlas  After thirty five
vears Dr Mc\Manus has given us another atlas and monograph  The
author 1s a pathologist with a chimeal outlook and a Leen appreciation of
phystologic and chemical problems  His outlook 1s essentially orginal
and he has studied his microscopic sections not only with the seeing cye
but with the understanding mind  An admurable balance 15 maintamed
throughout between structure function and the mamfestations of disense
Exen a cursory perusal of the text will show how up to date 1s the treat
ment of the entire subject  The description of the normal histology could
not be bettered and it 1s refreshing to find a morphologist so deeply versed
1n the chenustry of the cell

An clement of novelty 1s imparted to the work by the extensive use of
recent techmcal methods more particularly the perodic acid—Schiff s
reagent stain for bninging out intimate glomerular structure and Gomon s
method for demonstrating athaline phosphatase in the renal tubules  Thus
figure 87 (hematoxyhn and cesin) and figure 88 (pernodic acid stain) form
a dramatic contrast and demonstrate in a stiihing manner the value of the
latter method for emphastzing basement membranes

However familiar the reader may be with renal structure in health and
disease 1t 1s safe to say that he will learn new facts and be stimulated to
think along new lines by the perusal of these pages and exanunation of
these pictures  How many of us for example are fanmbar with the varma
tions of the posttion of the Golgi apparitus in the cells of the macula densa
under conditions of disease®

These 100 pictures which are a delight to the eye and rechll the work
of that master of pathologic hustology the fate F B \allory teli the whole
story of the medical diseases of the hidney

The work appears to be designed for the clhimeiin as much as for the
pathologst because the author 1s not satisfied with demonstrating mere
alterations n structure but seehs alnays to uncover the underlying physio
logic 1nd chmical sigmificance of these changes  The division of the text
into acute renal failure and chromic renal falure 1s particularly stimulating

Actually a good book needs no Foreword and this s true the present
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PREFACE

D not stop to question wi ether these 1deas are ne v or old bat ask more
properly sl ether they harm nize with Nature And be ass seed of one thing
that T never reached my Wdeas of the structure of the Widney by the a1d of books
but by the fong pat entand vaned use «f the micrescope  Marcrizo Ma
ereut— DeViscEruv STRLCTIRA  (1666)

11> 15 a pictoral introduction to the study of the discased Tadney
hanve tried 1o onent the pathologmst to the patient wd the cimeinn to the
pithology by an alternating discussion of chmeal and pathologw detuls
Acute renatl falure and chronic renal farture are the tho mun groupings
under which hidney diseases are thscussed here  These two headings com
prise the mayority of cases which chimaan and pathologst alihe cncounter

VMost of the photomicrographs are tahen from sections prepared by the
pusioshe acid Schaff s reagent techmque  This method demonstrates the
runat baserient membrane and other carbohydrates m scetion Its use
has permatted the recognition separation and affustration of the process
of glomerular injury i artenosclerosis w pyclancphrtis wad mglomerulo
nephritis  Tubular atrophy m these three maun discase processes 1s non
specific but the glomerular changes alfow the evaluation of the degree to
which each 1s opcrating 1n the distased hadney studied stole gcally

The approvtmation of fun tronal thnlity i sections of the hudney 1s pos
sible by the usc of Gomorn s method for Afhabine phosphatase The inter
pretation of 1 number of kudney discases 1n the bybt of Trucras studus
on the renal arculation allow a reapprasal of the overall prcture in shock
andm the crush lesion  Indduding the destription of pattern glomer
ular obsnlescence there 1s much that 1 nuw 10 this treatise

The hnuted bibhography 1s explamned 1in part by the newness of the data
wd concepts  Also 1 have restricted intentionally the referinces to hey
articles or first descriptions [ should fike to mention my dependince upon
the standard tenthooks of Pathology and the monngraphs of Bl Fishberg
Olner Addis and Chestan for solited data

Gratefud acknowledgement 15 made to Dr James Mifler now ¥ munitus
Profussor of Pathology Queen s Unnvursity Faculty of Medioine Rangston
Canada who stirted my intorest 1n the hidney to the fate 8 € MacCal
lunt and “am S Blachmin Jr who continued it to Drs William Boyd
Joha bisher J A Cunmingham TomsC Posey J D Bush 3 F Casey
Paul kummelstiel and others for mnteresting shides and tissues to John
Ledbtter 1nd Edith Gay Jones for the photomcrographs a few being
made by Jon I ranzke to Sara Howcll and her staff of techmuans for the
secttons to Dr Roger Baker Professor of Pathology and my other o)
teagues of the \edical College of Alabama who have bheen unsparing with

(7}
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their help and formation to Drs G 1 Rutledge Jr and R W \lowry
who hate collaborated 1n the sections on the Crush kudney and the Phos
phatase studies respectinely ] C Saunders was associated 1n the studies
of the chemncal constitution of the renal basement membrane  Vliss Char
leane Everett did most of the typing  Miss VMildred Crowe and her library
staff 2t the \edical College of Alabama have been most helpful A few
tllustrations have been reproduced by the courtesy of the cditors of the
American Journal of Pathology the Lancet the Quarterly Journal of \Ih
croscopical Science and the Bulletin of the International Association of
VMedical Museums Credit 1s gtven 1 the legend tn each case

A portion of the studies was done on a Beit Memonal Fellowshipin Ved
1cal Research in the Department of Zoology and Comparative Anatomy
the University Museum Oxford At the Medical College of Alabama
funds from the Life Insurance Vedical Rescarch Fund were used 1n a studs
of the histochemustry of arteriosclerosis some results of which are included

J F A NMc\anus

BIRMINGHAM ALABAMA
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Part I. Gross and Microscopic Anatomy
in Health

Chapter 1
INTRODUCTION PHYSIOLOGY  NEFPHRON IN GENIRAL

TUE normal human kadney ¢an be best understoad as a collection of 4
aumber of ssimidar units each umit bung caifed a nephron Supporting
these nephrons thure 1s 1 mimmum amount of connective tissue The one
artenial supply and venous dranage nourishes the interstitial connective
tissue 18 well as deternumng the production of the spcaific flud claborated
by the nephron—the urine

The nephron has 1 constant number of continuous portions It bigns
at the glomerulus a capillary tuft 1y aginated 1nto the closcd end of an
cpithelial tube  The ncphron ends m a Inrge duct system connecting with
the pelvis of the Lidney  Between the capillary loops of the glomerulus
and the eollecting tut ule  the begiming of the duct systermn  the epithelind
tubule undergoes a number of contortions  One may recogmze n order
a provimal convoluted portion a descunding loop extending down toward
the pchus an ascending loop returning to the glomerulus of ongin about
which the distal convoluted tubule ts scen to taine bifore ending 1n the
collecting tubule which rccanes a number of these distal tubufes

The capillary tuft of the glomerulus ddners 1 filtrate of blood plasma
1nto the epithclial tube at the beginming of the first or proximal contoluted
tubule A sclectine process of reibsorption of certam mmatenils and the
addition of other substances occurs tn the passage of the glomcrufar hitrate
down the tubule to the collecting duct  The duct conveys the final prod
uct—urine—to the exterior as represtnted by the renal pelvis

In terms of function as well as structure the nephrons appear to be a
homogencous unit group  We have no evidence that the different nephrons
do different tasks but it appears that the parts of the indisdual nephrons
possess separite functions

The efficiency and quantity of the urine production depind in final
analysis upon the integnty of the wndnidual nephrons  The acid base
halance of the blood the calcium and phosphorous content of blood and
tissue the sugnr content of the blood the water content of the body and
the excretion of miny products of metat olistm are functions of the kidnes.
and exentually of the indinaduat nephrons  In most of these regulations
and controls the ladney represcnts a single ink i a complicated body
mechanistu but in exch the rdle of the hidney 1s an important one Dis
case of the hadneys may te reflected 1n disturbances of these balinces

()



12 THI NFPHRON IN ( PN RAL

Besides these chemical relationships with the blood the tissues and the
cells of the body the ladney may have an important part i the control of
vascular tonus and in regulating blood pressure Changes 1n the blood
pressure morc commonly follow diseases of the hidney than of any other
organ  In many cascs of disturbed blood pressure charactenstic changes
can be found 1n the hidney

QUANTITATIVE FEATURES OF THE KIDNEYS

Each ladney normaily contains between 1 and 13 mullion nephrons  The
glomeruli have a total filtering surface of over twice the body surface area
The tength of the individual capiliaries in 2 glomerulus totals about 25 mm
or 1inch so that the total of all the loops m both hidneys 1s about 60 hilo
meters or 37 miles plus

The Aidney at birth has a volume of 6 3 cc There 1s 1 gradual ncrease
to the adult volume of 120 cc at about the age of sixtcen The diameter
of the glomerulus is about 85 mu at birth while the adult glomerulus has a
ciameter up to 200 mu usually 180 to 190 mu

Some interesting figures (Policard) result from the calculation of total
glomerulr surface as a function of the body weights glomerular surface 1n
cm per gram of body weight  There 1s a species difference n the length

Mouse 0458 Pig 0089
Rabbit 0144 Human 0070
Cow 006

of the vanous segments of the nephrons  The loop of Henle 1s short or
lacking 1 reptiles and 1n some avians 1 which a semi sohd unne 1s pro
duced Comparatrie physiology has not progressed to the point where
differences of function can be correlated with differences m structure It
may be that the lack of spontancous glomerulonephritis in animals and
the farlure of 1ts expertmental production may be related to structurat dif
ferences

THE NORMAL PRODUCTION OF URINE

In twenty four hours about 200 hters of fluid are filtered mto the tubules
by the glomeruli  Nearly 99 per cent of this must be reabsorbed since the
daly urine s olume 15 something between 1 ind 3hiters  The main features
of tubular activity are shown in figure 1

It appears fairly definite m the frog and probable 1n the human that
65 per cent of the flud 15 reabsorbed 1n the provimal cony oluted tubule
along with all the sugar some of the sodium the phosphate and part of the
chloride The loop of Henle has no certain function 1ts variation m length
withmn the Judney froni nephron to nephron snggest no constant activity
In the distal tubule the remainder of the water 1s reabsorbed with the rest
of the chloride At this fevel of the tubule the reaction of the urine bt
comes acid It 1s now hypotonic suggesting some addition of water
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FUNCTIONING STRUCTURE OF THE NEPHRON

Proximal convoluted tubules
Resorbs sugar

POy

65% H20
NaCl (part}
(J\ Mactla densa,
lomerulus

Distal convaluted tubules
Resorbs water
NaCl

Collecting tupule |
Base
Forna M,
Hippuric acid

o

Henle's Loop (7 Water)

Lo
Fuure 1
Diagram of Nepbron

This dsagram st ows the continuous portions of the nephron  The suspected functions of the
portions or lesels of the tubule are idicated
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Some of the factors controlling reabsorption are tabulated n the follon
ng

Yatersal Reabsorbed Stte Reabsorbed Controlling Factor
Sodmm Provimal Tubule Postertor Pﬂuugzry Inhsbues
Sodmm Distal Tubule Posterior Pirntary Increases
Sodwim Prowmal & Distal Tubule Adrenal Cortex Inhibies
*Water Proximal & Distal Tubule Posterior Pytwrary
Phosphate Proximal Tubule Parathormone Increases

The acxd base balance has one of sts unportant regulating mechamsms 1n
the excretion of unine  The fived base of the body —sodunt potassium
magnesium and calcium—is presers ed by rearranging the balance bets een
NaH:PO, and Na,HPO, The filtrate of blood plasma formed by the glom
erulus has a pH of 74 The urme has normally a pH from S to 7 with a
mean of 60 The excretion of an acid urine conserves the base for re use
by the body

The proportion of acid phosphate to basic phosphate tn the original fif
trate 1n about 1 to 4 1n the final urine the proportion s normally 9 to
and may reach as gh as 50 to 1 in a very acid urine  The decrease m
basic phosphate 1s probably produced by reaction with bicarbonate in the
following fashion

Na HPO, + H CO; —— NaH,PO, + NaHCO,

Reahsorbed by tubular epithelum

The reabsorption of the sodium hcarbonate conserves base as does the
exeretton of orgamc acids such as urtc acid as free acids while they evst in
the blood 1in combined forms  The tormation of ammonta 1on by the hd
ney epithelium and 1ts addstion to the urine serves as another method by
which the base 1s conserved

Ammoma formation largely dernves from glut unine rather than from
urca  The problem of disposal of endogenous ammoma 1s a complicated
one t In the hidney ammonia 15 formed from glutamine by the enzy me
glutammnase  Some of the ammonia may be formed as well from amino
acids and from adenosine phosphate  Ammoma formation and excretion
by the hidney 15 a defense against acidosis since the acid urine appears to
be one stimulus for NH; formation

Certatn features of urne volume must be remembered for the fater ap
preciation of the changes of disease The normal twenty four hours of
output of urine ranges from 1000 to 3000 cc with the day to mght propor
tion ranging from 2 to 1 asigh as 4 to 1 The increase of mght urine pro
duction 15 called nocturia  Polyura 1s the term used to describe any m
crease 1n urine production  Ohguria denotes decrease in unne volume
shile anuna describes complete cessation of utine production

* The reabsorption of water in the distal tubule ts varable or facultatne according to
posterior pruntary control (Smith)

} of & scussion n Peters



TIIC NELHRON IN ( EMLRAL 13

The specific gravity of the urine usually ringes in health as high as 1 0t
or 1025 and 1s low as 1 001 after fluid ingestion of ngh quantity  The pro
duction of urine of speeific gravity equn alent to bload plasma—1 010—1s
called isosthenuria * The meamngs of hypersthcnuria as in dinbetes and
hyposthenuna 1n some renal disease will be understood cas ly

THE NEPHRON IN GENERAL

The Glomerulus —The glomcrulus of the hidney was first seen by Mal
pight®® some time before 1666 \lalp gl was qble toinject the glomeruls
aither from the artenal or the venous side 1nd he described them as re
sembling apples hung on the vascular tree He hebeved he had found the

glands  which secreted the unne but he was unable to ste the connections
between the glomerul ind tubules to the extenor  Bowman n 1842 re
disconercd and redesenbed the glomeruls as round masses of minute ves
sel> myested by a cyst or capsule  The capsule 1s <een to pass into the
basement membrane of the tube as the body of a Florence flask nto 1ts
nech  Bowman suggested part of the modern theory of function when
he says It 15 difficult to concene the disposition of parts more calculated
to favor the escape of water from the blood thin that of the Malpighian
body

It has already heen menticned that somcewhere between 1and 13 mallien
glomeruli arc found 1n cach hidney  The number 1s constant from birth
Each glomerulus has 1n oval shape and a dinmeter close to 200 mier1 - The
periphereal glomerul of the cortex are probably larger than the more
centralty situated {Peters)  Each glomerulus s scen i relation to one af
ferent arteriole but double (bifid) glomeruls are not too rare 1n the human

The glomerulus 1s a tuft of capiliartes 1y aginating the bhind end of the
tubular portion of the nephron  Itis 1n a real scnse a captlary bed be
tween the afferent arteriole and the efferent arteniale compactly contorted
and covered by basement memt rane  The capillary tuft of the glomerulus
15 umique 1n lacking anastomoses | etween the capillaries as Vimtrup ® has
shown by jectron experiments It would be casy to comprehend the
structure of the glomerulus 1n sections 1f 1t were not for the contortions
which the capillanes pursue 1n the clal oration of maximum filtration sur
face for each capillary  The diffcrence produced by contortion can he ex
pressed as AWWWE mstead of A B

The arterole which gives ongin to the capillaries of the glomerulus 15
called the afferent to distinguish it from the efferent arteriole which draimns
the capillaries  The afferent artersole connects with a dilated space within
the glomerulus the atrium or infundibulum from which the capillares
onginate  The capiflaries course m the glomerulus to terminate directly
1n the efferent arteriole

The glomcrular tuft of capillaries can be secn 10 the newborn and fetal
ladney and i some Jower animals to be completely covered by cubordal
* lsosthentira al o s u ed to mean fixed spec be grav ty
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Figure 2

Fetal Ridney

This 1s a low power vien of a fetal kidney  The glomerulus 1s seen as an extremely simple
group of capillaries It 15 covered by a cubodal epithelim  The glomerular Bltrace 1f 1e
1s formed at this age, 1s collected in the space of Bowman s capsule and transm tred to the
epithehal tubes which are grouped together as parts of the one nephron 1n the center of the
picture

At this stage of development a basement membrane 1s present  No reticulin would be
shown with appropriate stains except around the larger blood essels

This fact demonstrates the imdependance of retcul n and basement membrane although
the two are closely related in adule hfe (¢f pp 29 31)
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epithelium  In childhood the glomeruls are covered by scarce cubordal
cells In adult hfe the emthelal con enng of the glomerulus consists of
scarce flattened cells recogmzed only 1n fresh material either from surgical
matental or early autopstes (Figs 2 3)

The morphology of the epithehal cells coy enng the glomerular tuft—the
visceral layer of Bowman s capsule—has been studied exhaustiely by
Ziunmerman to whom they resemble the Rouget celis of the visceral capil
lanies ¢ With preparations by the DaFano techmque for the Golg: ele
ment these epithehal cells show a characteristic crab Like golgt quite un
Iike the single globular golg: of the endothelial cells of the capillaries  The
epithelium covering the glomerulus 1s continuous with the parietal layer
of the glomerular capsule also made up of flattened scarce epithelial cells

Most of the nucler seent 1n the usual section of a glomerulus can be seen
to derive from the epithelium of the glomerular capsule these epithelial
cells outnumbering the endothehal cells of the capillaries by 10 or 12 to 1
The capillaries and their relationship to the basement membrane have been
subjects of a considerable amount of study and discussion  The descnip
tion to follow 1s based upon studies with the periodic acid Schiff s reagent
(PAS} method which colors 1n remarkably selectine method the basement
membrane 8

Basement membrane 1s a histologic term used to describe hyaline thin
structures most commonly seen separating eprthehum from capillaries
Chemically 1t consists of a protein It contains a carbohydrate maoiety as
shown by coloring with the pentodic acid method and by digestion with
hyaluromdase In the glomerulus the relationship necessary for the pres
ence of the basement membrane appears to be the contiguity between
epithelium and capillary wall or epithehum and epithelium

It can be seen that the arteriole appears to lose 1ts basement membrane
when 1t enters the glomerulus (Fig 4) and the glomerular caplianes are
covered only by the basement membrane of the epithelum of Bowman s
capsule The invagmation of Bowman s capsule by the capillartes 1s not
so complete as to cover the capillaries entirely with epithelial cells or with
basement membrane  As a tesult one sees spaces between the capillanies
covered by basement membrane and by epithelial cells (Fig ) These are
the 1ntercapillary spaces about which there has been so much argument
The preciston of the demonstration of basement membrane with the pen
odic acid method allows the study of the mntercapillary space with a new
nicety and the photography of the area previously represented only mn
drawings

The intercapitlary space needs thin sections for its study and 1t 15 best
seen in lower ammals  In the dog and cat there may be third cell type—
distinct from endothelium and epithelum—mn the mtercapillary space
making up a mesangrum or celtular core for the glomernfus  In the normal
human these cells are scarce or absent and the intercapillary space 1s best
considered to be potent1nl considerably altered m some diseases of the had
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Figure 4

Basement Membrane of the Glomerulus and Tubies

This 15 a photomicrograph of a section of kidney colored with the persodic acid Schiff’s
reagent method  This PAS method colors the ratbohy drates of tissue  The carbohydrates.
i the kidnev under normat d are rer d chiefiy by the Il
of the arteriole 2nd by the basement membrane of the tubules and plomerult

The basement membrane of the glomerulus s seen to be formed from the panietal basement

b hyd

cement

of the fusing with the carb matenal of the atterole  The
lomerular basement membeane 15 then something umaque and pecubiar to the glomerulus
The artencle hay some kind of sub-endotheha) basement membrane winch m the

formation of the glomerular basement membrane  The basement membrane of the tubules
1s about normal 1n thickness or perhaps a bittle merersed (Ve Vanus courtesv of Amer
Jour Pathology )
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Figore 5
Detasl of Glomerulus and B, Memb

The basement membrane 1s colored here by the PAS method  The nuclen are stamed wath
hematoxyfin It can be seen particularly i the central pair of capillary loops that the base-
ment membrane reflects from one loop ento another  This reflection of basement membranes
leaves an tercapillaty space which 15 seen wn the center of the pictute as a “T” space out-
lined by shightly thickened basement membrane  This intercapilflary space 15 important m
glomerular disease  (McManus, couttesy of Amer Jour Pathology)
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ney \ehue not been able to recogmze musdle or fibrocy tic cclls in the
normal human glomerutus such as vanous workers hive deserit ed 1 1m
mals and even 1n human matenal

The normal glomerutus lacks reticular fibers 1t consists then as far as

can be demonstrated of capilliry loops of cndothehnl cells covered hut
not tnvested by epithelial cells  The basement membrane of the vessels
disappears as the capillaries ongnate and termnate  The basement mem
brane of the glomerulus appears related to the epithelial cells reflecting
over the capillary loops to leave intercapillary spaces

The glomerulus normally fills Bowman s capsule 1n frozen sections but

1 the preparation of paraffin sections there 1s shninkage so that a space
remamns between the visceral and parietal layers of the epithelium of
Bowman s capsule  In disense conditions the space of Bowman s capsule
may be obhiterated or increased according to the nature of the process It
1simportant however to consider 1t as a potential space

The filtration surface across which the flud passes from the blood i the
capillary to begin its passage down the tubule 1n the formation of urine
consists of endothelium of cipilary the basement membrane and the
visceral epithelium  There 1s no exidence that filtration normally occurs
mto the intercapitlary space but there are 1ppearances which suggest that
such does occur 1 disease  The features which are essential far normat
filtration appear to be the basement membrane capilary and epithelial
cells 1n close relationship  As we have seen the reflection of the basement
membrane between the loop to formt the mtercamllary space lacks the
essential relationshup  The part of the capillary wall nest to the nter
capillary space lacks a basement membrane

The capsular space connects with the proximal convoluted tubule by a
narrowed channel of a few cells m length These cells differ from the rest
of the prosimal conyvoluted tubunle 1n that they lack the stnated (brush)
border The cells of the neck frequently show large collod droplets in their
cytoplasm  The nech of the glomerulus as 1t 1s called 1s situated at a
variable point 1n the circumference of the capsular space from glomerulus
to glomerulus It shows no constant relationshup to the vascular pole of
the glomerulus  The neck frequently 15 acutely angulated and within a
short distance g es over to the characteristic proximal convoluted tubule
{Fig 6)

The crucial sitvation of the glomerular capillaries 1n the physiology of
the ludneys can be understood when 1t 1s appreciated that the interstitium
of the kidney lacks any proper blood supply of its own  The bloed of
eflerent arteriole then furmshes nutnition for the hidney as well as being
that to which the matenal from the tubule passes after reabsorption  This
mention may be an over simplification of the renal csreulation. as will appear
later but there i1s general agreement that the renal 1 lood flow 1s exclusty ely
glomerular or nearly so under normal conditions
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Figure 6
A Lou Pouer Vieu of a Section of Cortex

Three glomeruls may be seen 1 a section  The one in the center of the field shows a
proximal convoluted tubule leading off from Bawman s capsule A segment of distal tubule
rests attached to the arterole of the glomerulus In the lower portion of the field there
are a number of portions of Henle s laops

Representatn e tubules of various levels are indicated as follows

P prouimal or first convolution
D, distal or second convolution
L, loop of Henle

The histologic features of the cells of the portions of the nephron are detailed on pp

2327
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The Proxumal Convoluted Tubules —Under optimum conditions of
fixation the epithehium of the pronunal cons oltited tubules nearly fills the
space within the basement membrane leaving only a sht like crescentic
fumen The basement membrane 1s hyaline and thick and just internal to
1t there1s a layer of protoplasm or ground substance cementing the tubular
epithellum to 1t There are thre or four nucler seen at the one level of
cross section of the tubule  Cell margimns are seen indistinctly  The inner
surfce of the eprthchum  the free or lumen surface has a stnated epithehla
cuticle or  brush border Tiith the usual stamming methods the cyto
plism s vodophilic and granular  Optimum fination 1s rare 1 autopsy
matenal and the epithelium does not ordinarily occupy the majority of the
space within the basement membrane (Fig 7)

\litochondria of rod or batonnet shape can be demonstrated 1n these
cells of the prosimal conyvoluted tubules  Normally the mitochondeia are
arranged as\f radhating toward the basement membrane from an imaginary
central point  There are differences 1n length of the mitochondria  One
sees shortened mtochondra with the lumen half of the epithelal cells
occupted by granules  These granules color with the method used for
mitochondna and have been taken to represent a state of function of the
tubular epithelium  Thus 1s not certain There appears to be no relation
between the brush filaments of the brush border which can be followed
into the cells and the mitochondra

The Golg element of the cclls of the pronimal convoluted tubule 1s
relativety large and 1s placed as a rule surrounding the nucleus or just on
the lumen =ide of the nucleus  The changes of the Golgi element in a few
diseases have been studied  There 15 no evidence 1n the human that the
Golg: clement undergoes 1 cycle of activity traversing the cell during
druresis such as has been described 1n some rodents *

There 1s normally no triglyceride fat demonstrable 1n the cells of the
proximal convoluted tubule 1n the human  There are other more com
plex lipids 1n the Golgt element and mmtochondria  The chromattn of the
nucleus can be shown with Feulgen s test to contam desoxyribose nucletc
acad  There 1s normally no carbohydrate in the cells except on their brush
borders the stte of alkaline phosphatase activity  Tlus enzytie apperrs
also1n the nucleus and to a lesser vanable degree m the cytoplasm (Fig 8)

The functional significance of these chemucal features of the cells 1s not
plan  The alkaline phosphatase 1s probably related to reabsorption of
sugar from the glomerular filtrate but posomng with phlorizin producing
aglycosunia does not remove the alkaline phosphatase A second enzyme
a phosphorylase 1s hypothesized as the one injured by phlorizin  This
latter enzyme 1s not demonstrable histochemically at present The de
crease of alkahne phosphatase in abnormal kidneys (which will be de
scrthed later [p 90) 15 not assoctated with glycosuna

Henle’s Loop —The descending and ascending portions of Henle s loop
are channels of small cahiber Lined by a single layer of low flat cpithelial
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Figure 7
A Higher Pouer Micro-Photograph of Glomerulus i Figure 6

The section 1s colored by Mallory s An hine Blue method The cellular deta Is are well
shon but m the glomerulus other structures beside the basement membrane are colored
Th s extra coloring makes 1t difficult to study the finer structure of the glomerulus

There 15 a fine brush | ke appearance for the ep thel um of the prax mal com ofuted tubules
on thetr free surface  Th 5 remains sometrmes despite serious ijury of the tubular epithel
am g the crush lesion pp 87  Faurly frequently the preservation of the brush border 1s
mistnterpreted to mean normal epithelum
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Figure 8
Alkaline Phosphatase Preparations, Normal Ksdney
This 1s 2 photograph of sections of a normal kidney 1n which the alkaline phosphatase has
been demonstrated by the Gomors method  Pracuically all the enzyme 15 present i the
proumal convoluted tubules and restricted to the cortex
‘This normal appearance should be compared to that i the shock and crush lestons (Fig
18 und Fi (Bulletsn of Internanons! dsseiration of Medseal Museums }
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Figure 9
Medullary Ray {Mallgry's Antline Blue}

This 15 a view of the same Lidney as Figs 6, 7, and 10 It shows segments of Henle's
loops of sev eral nephrons i the center of the field Abot e and below 1s the cortical substance
‘These units constitute a portion of a lobule of the kidney
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A Section at the Junction of Cortes and Medulla { Mallory s Autls e Blue}

{¢f pp 42 Duning shack a large port on of the cortex s ischem c because of the preferen
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THE BASEMENT MEMBRANE OF THE TUBULES AND
THE RETICULIN OF THE KIDNEy
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Figure 11
Reticultn Tubules :n Cortex

This silver impregnation shows the reticulin as black lnes  There 15 some interstitral
ederna with separation of wubules This 2llows the intertubular course of the retsculn fibrls
tobedemonstrated  The tubule at the left show s the termination of the fibnils on the tubular
basement membrane The other termimation (whtch 15 not shown) 1s betsseen the cells of
the vessels
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connccting position Letween the parenchyma and the vessels the reticulin
fibrils are responsible for maintaimng the shape of the hidney  Scarring of
the ludney means loss of parenchyma with reticubin collapse and rear
rangement

The reticulin 1n embryomc deyeclopment tppears at about the third
month and then 1 relation to vessels At this time the basement mem
brane 1s 2lrcndy well defined where tubules enist There 1s a gradual 1
crease in reticuhin between the tubules and the adult formas reached at the
end of the first year of ndult hfe  Age changes toward collagemzation wilt
be discussed later

THE CONNECTIVE TISSUE AND SPACES OF THE KIDNEY

There 15 normally nothing but reticulin in the connective tissue of the
Lidney  Flastic tissue and collagen fibers are not seen apart from the
sessels except in distase It was remarked carher that the connective
tissue of the hidney wns small in imount  Actually it1s only in the pyrt
muds of the kidney that much interstitial space can be seen {Fig 12)

In the space mtersening between the collecting tubules and ducts 1n the
medulla and m the pyramuds there 1s 4 pecular acellular connectine tissue
which 1s remakable for the presence of many capillaries ¢specially at the
very tips of the pyramids The aggregate of appearances 1s remarkable
but the function of these structures 1s unknown The interstitial tissue 1n
the pyramuds displays a peculiar hyaline change with aging the materiat
resembling amyloid but not coloring with ( ongo Red

In the cortex the tubules and glomeruli are clumped together and the
space butween the umts s potential  Nothing resembhng lymphatic
channcls can be seen 1 the normal cortex while the presence of lymphatic
channels 1n the medulla 1s suggested rather than proven  Despite the ab
sence of lymphatics scen 1n scction the probable existence of such channels
1s suggested by a number of features

Renal lymph can be collected 1n dogs from large subcapsular spaces at
the peniphery of the cortex (In abnormal hidneys such spaces are apparent
10 the human ) The renal lymph 1n dogs seems to have a higher urea con
tent than either the artersal or venous blood It 1s suggested that the re
absorption from the tubnles occurs 1n the first mstance into the intershtsat
spaces from which 1t 1s conveyed to the venous channels by way of the
lymphatics I do not know of any adequate demonstration of mtra
renal lymphatics in the human but the importance of such a possible
relationship and 1ts probability will be discussed

It seen s reasonable to suppose that tubular reabsorption occurs prima
rily into the tissue spaces The tubule 1s not surrounded by a collar or
Jacket of capillaries nor can any speciahzed appearance—morphology

Golgt element or nutochondna  be seen where the tubule cells adjomn a
capillary wall It 1s unhhely that n the kidney «s in other organs re
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Figure 12

Loose Connectsre Tissue, Pyranuds

This section shows the intercellular space of the pyramids  Several collectung; tubules are
shown  Ths 1s one of the few situations in the normal kidney where much connective tissue
exists It ts a loose almost myxamatous vanety In aging this area becomes hyahine re
sembling amyloid but not staming with conga red
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absorption from the tubule prsscs into the iterstitial tissue then into the
lymph channel and in turn into the ven

Previously it has been pomted out that the blood supply of the inter
stitwm 1s dern ed from the efferent artenole and represents actually blood
which has lost much of 1ts plasma in the glomerular filtraton  1t1s only
fur to add that the nich blood supply of the yusta cortical portion of the
medulla and of the pyramds suggests some additional non glomerulr
supply for these portions of the hidney

THE BLOOD VESSELS OF THE KIDNEYS

The renal artery supplying each hidney comes off at nght angles from
the aorta  The hydrostatic pressure of blood 1s muatained by a series of
stnutar disisions until the glomerutusis reached  The primary divisions of
the renal Artery re usually threc to fine in numbter The interlobar ar
tenes anse from these A cutving set of vessels the so called arcunte
arteries hranch from the interlobar vessels at the level of the corticomedu!
lary junction They rarely form arches 1n the human hidney and the term

arcuate 1s 2 misnomer A series of smaller arteries arise from the pri
mary duisions of the interlobar artenes  Thesc pass outward 1n the cottes
to the capsule and are termed mterlobular artenes  The glomerult spring
from the interlobular arteries by the afferent artenioles only four hranch
ings sepatated from the aorta and maintaining 1n the capillaries of the
glomerular tufts a blood and filtration pressure only a httle lower than
the aortic pressure 1tself (Tig 13)

‘The larger arteries i the hidney like the main renal arteres are hike
the aortvin that they are  elastic  1n ty pe — possessing much elastic tissue
between the muscular cells of the media  The clastica 1n the medin per
s1sts 1n 1 decreasing proportion until the inter lobulnr arteries are reached
the latter bemng  muscular 1 type  There 1s relatnely little elastica in
the medin of the artenes of the corticomedullary level {the arcuate
arteries) and these arteries are those 1n which an intimate binding to the
reticubin of the ladney 1s first made

In the interlobar arteries the adventitia 1s loose while i the arteries of
the next order the adventitta directly connects with the mterstiial re
ticulin

The arteries of the hidney are possessed of intima media and adventitia
as are arteries clsewhere  The important features appear to be 1 single
clastica in the ntima and a constant relation of the thickness of the media
to the caliber of the lumen  Thesc are ilustrated in figure 23

The ongin of the afferent arteriole from the mterlobular artery 1s the
rule but occasionally another short vessol 1s interposcd  This vessel 1s
artersole m type as far as size 1s concerncd but differs 1n having a media
several cells in thickness  The usual arteniole contamns 1n 1ts media only
one laycr of smeoth muscle cells linited internally by an clastic 1umina

3
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Figure 13

Artersal Supply of the Kidney The Origin of the Renal Artery
Directly from the Aorta.

This Lidney 1s from a case of monowide powsamng The artery has been ijected with
iptodol and the hidney v-rayed With a farrly direct route the blood reaches the glomerulus
yithout manv mayor divisions The branches of the maw renal artery are the anterior and
ostertor branchings from which 2nse a number of interlobar branches These pursue a
outse which, toward their arched  The lobular arteries
eigin e from the arched course and thesc gnc off the branches to the glomeruli itk this
nagnification the glomeruli cannot be seen  This arterial system 1s the structural framework
pon which the nephrons are hung
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Figure 14

Vensus Dramage of the Ksduey

This kidney has been myected by the ma n vein with lipodal three days after death  The
venous drawage of the hidney 15 extremely rich as seen 1 the accompanymg a-ray  The
branches ate named much as the arteral branches  There 15 an additional direct dramage
of the sub capsular venous sinusus to rhe hilum of the kidney by way of the interlobar veins

The richness of the arterial supply and venous dramage of the kidney assures a nich cireu
tation of this organ  The suggestion has been made that somen here betw een 10 and 20 per
cent of the blood circulating at one tme 1s 1 the tno kidneys  Most of the blood would
appear 1 be n the vems rather than the artenies  The shunt by which the blood reaches
the vems from the artertes without trasersing the cortex 15 described on page 42
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which supports the endothehum of the vessel The smooth muscle cells
are separated by a carbohydrate contaiming amorphous matenal both
from one another and from the elastica In this arteniolar ground sub
stance the reticulin fibers termimate after coursing between the tubules
The arterioles are thus firmly bound to the tubules and glomeruh since the
reticulin fibers terminate also 1n relation to the basement membrane of
these structures

In the portion of the afferent arteriole nearest the glomerulus the
smooth muscle cells loose therr fibnls and may contam granules 1 ther
cytoplasm This appears to be the normal condition 1n some animals but
whether or not these same granular afibrillar cells eust m the normal
human can be argued The efferent artertole 1s somen hat larger i cahber
than the afferent but 1ts muscular cells are not nearly so well dev eloped
It may be difficult to recogmze smooth muscle cells 1n the efferent arteriole
m such conditions as heart failure m which the vessel 1s dilated

The vems of the kidney are remarhable 1n at Jeast two respects In the
first place they are extraordinanly large (Fig 14) or extremely dilatable
Secondly they possess an ntimal longitudinal muscle bundle resembling
the veins of the corpus cavernosum \alves can be made out 1n the vemns
especially at the corticomedullary level and 1n the interlobar veins (It s
customary to use the same names for the veins as for the arteries ¢ ¢ renal
nterlobar arcuate interlobular vemns etc)

THE NERVES OF THE HUMAN KIDNEY

This subject can be dismissed 1n short order  Nothing defintte 1s hnown
about the nerve supply of the functioning portion glomerulus and tubule
There 15 some comparative evidence to suggest a rich nerve supply erves
can be followed 1n as far as the larger vessels but actual demonstration of
nerve fibers m the higher mammals and man 1s extraordmanty difficult
technically

Stimulatton of the splanchnics in v arous animals and man alters the color
of the hidney suggesting nersvous control of airculation  Times of stress
appear to alter the yolume of urme produced The exact anatomic basis
for this 1s not yet demonstrated

Demuylder has descnibed? nerve terninations at the glomerular root
and i the macula densa 1 embryos (¢f p 38) The confirmation of
these findings 1 the same distribution m the adult hidney might be sig

nificant
THE GLOMERULAR ROOT

Tt wiil be recalled that the distal tubule regularly returns tots glomeru
Tus of ongm nestling 1 the angle between the afferent and the cﬂ'eren}
artenole (Fig 15) This area comprising the juxta glomerular portl?,n lo
the arterioles the glomerular root and a segment of the distal tubule
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granular
cells

Figure 15
Relatsonshsps at the Glomernlar Root

Thns diagram 15 ntended to show the distal tubule attachmg reself nto the angle betw.cen
the afferent and efferent artenioles  There are modifications n the structure of the arterroles
and of the distal tubule ~ Granules occur n the cells of the artenioles i some conditions (¢f
p 38) The dstal tabule has an arrangement of nucles to form the macula densa  These
calls are more columnar than the others at this level of the tubule (Cor reesy of the Lances
from McManus ] F A The Justaglomerular Complex, October 3 1942)



38 CONNECTIVE TISSUE \ESSELS AN\D MNERVES

shows peculianties of structure m each of these elements The whole 15
moreover hound tegether by reticuln (Fig 16) 1n such a fashion that in
conditions separating the tubules from one another e g leuhemia the
reJationship betw een glomerular root and tubule 1s still marmtaimed There
15 then not even a potential space between the cells of the distal tubule
and those of the glomerular root

The cells of the distal tubule adjomning the arterioles tend to aggregate
and become columnar as Zimmerman pornted out in terming these cells
the Macula Densa ' The cells of the macula densa show a reversal of
their Golgi element, 1 ¢ the Golg: lies on the attached side of the cell rather
than on the lumen side of the nucleus as 1t does 1n other parts of the distal
tubule (Fig 17) In certamn spectes these cells of the macula lack lipord
nutochondna 7

The juxta glomerular portion of the afferent arteriole frequently has the
usual smooth muscle cells replaced by cells laching fibrls and contaiming
granules 1 the following conditions—crush kidney malignant hyper
tension citrhoss of the liver and Addison s disease ® 1t 1s not customary
to find these cells 1n their granular form in normal hidneys nor in essential
hypertension 1n chronic glomerulonephnitis or pyelonephritis®  The
suggestion that these granules represent the site of renm formation® ap
pears not proven

The cells of the glomerular root are usually granular when the arteriolar
cells are granular and resemble artertolar cells under vanous conditions
2e they possess a folded nucleus a promment centrosome and are Jarger
than the usual muscle or connective tissue cell A suggestion that some of
these cells are nery ous 1n origin has not be substantiated or repeated

Oberling 1n his first description of the justa glomerular afibnllar cells in
man compared them to the cells of the glomus body ® He suggested a
similar role of aso regulation for these cells on the glomerular circulation
Goormaghtigh after Ztmmerman s description of the macula densa postu
lated the macula densa m the distal tubule as the affector area # The
proposttion of the flmd in the distal tubule regulating the vascular pres
sures within the glomerulus by acting upon the arteriolar cells 1s suggested
chiefly by the reticulin pattern at the glomerular root and by the rexersal
of the Golgi element 1n the cells of the macula densa
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DaFano Impregnation Renal Twbular Cells

The wlustrations above shos the posit on of the Golg element in the cells of the dsta)

attached s:dw of the nucleus

Thus would suggest that at the macula densa some material 1s yeabsorbed from the con
1ents of the tubule lumesn 1o the bload stream  The preparat on 13 from a car Ladney but

the same fearres tan be sven  the human
seopital Searnce )

(Courtesy of $h2 Quarterly Jowrnal of Vacro-



Part II. The Diseased Kidney

Chapter 3
GENERAL REACTIONS OF THE KIDNEY TO INJURY

THERE 15 no essential difference mn the agents which produce renal di
sease from those which produce disease anywhere else 1n the body In
flammatory lesions and vascular derangments make up the bulk of the
disease conditions to be discussed in this monograph

Inflammatton 1n the hidney 1s marked by hyperemma exudation emigra
tion of white cells and the diapedesis of the red cells in the acute stage
In the chronic stage lymphocytic macrophage and fibroblastic activity

i te as 1n chronic infl 10n elsewhere  But these protean re
actlons are modified by the structure of the hidney much as inflammation
mn the lung 1s influenced by structure to produce a pneumonia or i the
memnges to produce meningitis The degree of functional impairment
will vary with the diffusement of involvement The same factor deter
mines the permanent damage

ADJUSTMENTS OF THE RENAL CIRCULATION

The kidney has been considered 1n the present presentation as a group of
homogeneous units—the nephrons The first point of reference of the
newer Vlews on the renal circulation 1s the recollection that the group 1s
not h evcept 1n consisting of the same number of parts in the
same order '® A nephron 1n the outer part of the cortex appears to hane a
short loop of Henle while the nephron 1n the mnner part of the cortex
possesses a long loop of Henle

Intermediate varieties are found as expected 1 the middle portion of
the cortex  Peter had described these differences long ago #

The difference between the nephrons consists further 1n diversity of the
distrbutson, of efierent glamerular vessele  The nephron 1 the outer patt
of the cortex has an effercnt arteriole from the glomerulus which breaks up
mto a capillary plexus arhonzing about the tubules in the classical de
scription  As opposed to this capillary ternunation the efferent arteriole
of the glomerulus in the mner or yunta medullacy portion of the cortes
terminates in relatively broad venous channels which drain 1n preapitous
fashion nto the venous pathways of the organ

The Oxford workers hate shown 1n 1 vanety of experimentl animals
and 1n wman that under conditions of reduced renal arterial flow the cireu
lation through the kidney becomes predommnantly medullary and ner

(41)
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cortical  This may be due to the easy vascular channel provided by the
efferent arterioles of the inner cortical nephrons draining directly mto the
venous channels 1% Tn states of reduced pressure the blood tahes the course
of least resistance  In normal conditions the blood flow travels 1n the
cortex without preference 1n the abnormal conditions assoctated with
reduced renal blood flow there 13 a predomnantly medullary route The
renal circulation w shock appears to follow the course which Trueta has
described  Lauson and others has e shown that the normal renal blood flon
which may amount to 20 per cent of the total arculating volume may be
reduced to 1 or 2 per cent of the total m shock * A part of the circulatory
adjustments 1n shock which appear to conserve blood for the cerchro
pulmonary cardiac circulation may leave the kulney mn a state of relatie
or absolute 1scherma It can be shown with the histochemmcal method for
alkaline phosphatase that in prolonged shoch there 1s Joss of alkakne
phosphatase 1n all but the juxta medullary portion of the cortex (Fig 18)
Grossly 1n shock states there appears to be reduction n the blood flow to
the outer cortex It 1s interesting to note that Hayman and Starr 1n 192>
observed the emptiness of the superficial glomeruli 1n the rabbit cortex
during hemorrhage although the inner cortical glomerult were full s

Brlateral cortical necrosis of the kidners compares 1 most respects to nec
rosis of all but the juxta medullary portion of the cortex as the Oxford
workers point out  The condition 1s characterized by anuna of sudden
onset It 1s frequently associated with pregnancy and conyalescence from
exanthemata but may be seen m a variety of chemical poisons  The nec
rosts 1s usuaily conglomerate 1n fact imolving both kidneys  Aftersevere
wounding we have seen both kidneys peppered with infarcts of a rectangu
lar portion of the cortex sparing the corresponding juxta medullary cortex

T7Fe crush kidney or the ludney after severe wounding was recogmzed i
Viorld War II as a peculiar type of renal falure whach followed 1junes of
various parts of the body espectally the muscles Chmically after recovery
from severe shoch the patient would appear to be progressmg satisfactonly
but would die 1n uremia 2 weeh or so after the mnjury  Oliguna or wnuna
marhed the climcal course but 4 termmal polyuna was seen not infre
quently The elevation of the blood nrea was progressine

The hudneys at autopsy were heavy and swollen the cut surface buiged
past the capsule  The cut surface showed congestion except {or a paleness
of the yurta medullary zone  Brown streaks could be seen m the cortex
or medulla or both followng the fines of the tubules Vhicroscopreally
the glomerult themselses were normal but the capsule was dilated  Bow
man s space frequently contamed granular albumrous materral  The
panetal emthelium of Bowman s capsuile was cubordal  The epithehum of
the tubules was generally flattened Casts of hyalin sanety » 1th hemo
globin and cellular casts were numerous A stnlang feature was the so
called tubulovenous thrombasts _(Figs 19 and 28) m which a hyaline
cast penetrated through “Sqotéetin’the w20 of the tubule and into a vein of
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Figure 18

Alkaline Phosphatase Shock and the Crush Widney (W bole Sectrons)

The m ddle three sections are of hidniey from a patiens who was m shock for three days
before deatl  The gross hidney 15 shown mn figure 49 The upper and lawer sets are from

crush les ons  In the shock hidney there s a loss of the enzyme m the outer part of the
cortex (¢f p 42) Inthe crush hdneys tlere 1s @ patchy absence and a general 7ed
dectease of the enzyme (o tesy of Bullet n of International {ssacsatvon of Med al Mx
seum
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Figure 19

Tubulo 1envus Thrombosss

This photoucrograph shows the fashion i which the venous thrombi are produced  There
ts 3 rupeate of 2 hyalme cast through a thin walt of the vewt  The thrombus ¢ tud down
on top of ths

In the present illustranon the curlmyg of the thrombus suggests that maybe the cast wsell
1s forming the thrombus  Thete 1s 2 very shight inflammaton seen in the tterstial tissues

These tubulo-s ennus thromboses are seen after chree days in the crush hidney  The crush
fesion meost reasonably 15 considered to be a faifuse of renal function depend ng upan the pro-
tonged anoxerma of shock  Addinonal complicating factors may be somiting ar the excre
non of blood degradation products
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venule with a thrombus attached to 1t The interstitral tissue appearcd
edematous and lymphocytes and plasma cells were seen frequently wround
vemns The arteries generally showed no lesions but there was hyperplasia
of the granular cells of the renal arterioles

Companng this crush hidney to the shock kidney 1t will be appreciated
that the pale mner zone of the cortex  of the crush state (Fig 46) corre
sponds to the justa medulary cortical zone of the shock kidney 1n which
the airculation 1s best masntamned (Fig 49)  In phosphatase preparations
the patchy loss of phosphatasc of the outer portion of the cortex (Fig 19)
contrasts to the well preserved justa medulary portion It seems that
some restoration of cortical phosphatase follows recovery from shock but
the injured tubules are not able to handle any vdded effort such as 1s te
quired by the excretion of hemoglobin (the transfusion kidney) myohemo
globin (the crush Lidney) or acad base maladjustments as 1n severe
vomiting etc

1t 55 probable that most or all of the conditions 1in Luckes lower
nephron nephrosis (p 87) can be followed by renal failure of the  crush
variety They have in common a period of shoch  The lack of hemoglobin
ar myohemoglobin to cxcrete makes one wonder 1f some of the hemo
globin  casts are not actually urochrome casts

The crush kidney has been stressed for several reasons Practically
1t 13 the most commeon variety of acute renal fallure 1n which a pair of
Xidney s can pass within a week from absolute health to fatal msufficiency
‘That 1s true 1 cvilian hife and 1t 1s the chief cause of death in cases of
wounds which survive two days under wartime conditions Again the
tubulo venous thrombosis and the hyperplasia of the granular cells of
the renal arterioles serve as prototypes of sinular reactions seen 1 a num
ber of other conditions

THE GLOMERULUS INFLAMMATION

The subject of glomerular inflammation can be discussed from two view
pomnts as regards the acutc stage (1) Distribution—focal lestons and
diffuse lesions and (2) etiology—bactenal and the idiopathic or non
bactenal lestons  Some of these nonbactenal diffuse inflammatory lesions
may be allergic 1 ongin We are not famikiar with any focl allergic
flammations of the kidney

Diffuse inflammation 1n the hidney of bacterial origin can be recognized
as erther ascending—derived from the pelvis and ureter—or as hemato
genous—blood borne  The hematogeneous type produced glamerular
alterations chiefly by endothelial prohfcration and by focal necroses
Ascending mnfections early hinut their appearance to the duets of Bellint
and the interstitial tissues of the pyranuds  The rapid invol ement of the
tissue spaces and the lymphatics disperses the infection throughout the
hidney  Sometimes one kudney 15 muolved 1 the ascendng diffuse
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flammation while the other 1s spared  This unilateral disease 1s not usually
seen in the hematc sus infl tion

Focal necroses of the glomerular capillanies are seen espectally in septi
cemia and bactenal endocarditis and are commonly marked by thrombosis
of the adjacent capillanes of the tuft (Figs 20and 21) These mcomplete
lesions of the glomerulus 1nvolving only a few capillanies are noteworthy
1 several respects (1) The majonty of the capillanes of the glomerulus
remain mntact good evidence of the non anastomatic route of the caml
lanes and (2) the ntercapillary space s not involved  Ths latter feature
separates the hematogeneous diffuse lestons whether or not associated
with necrosis of portions of the tufts from the nonbactenal diffuse m
flammatory lesions This latter may supervene on the bactenal type but
the features to be described should allow the separation of the lesion

The non bactenal diffuse mflammatory lesions always bilateral are
marked by several features (1) In the early stages 1 olvement of the
glomerular root by the nflammatory cells—particularly the macula densa
(Fig 22)  (2) \larked damage to the capillary walls producing hematuna
and albuminuna (3} Acute inflammation 1n the intercapillary space
These features will be discussed 1n detail

The glomerular root 1s one of the best locations to recogmze this ty pe of
leston  Early in the inflammation damage to the macula densa can be
recogmzed by loosening of the cells and pyknosis of their nucler with
polymorphonuclear leucocytes replacing the macula densa (Fig 22) This
period of acute nflammation 1n the macula appears briefly but the poly
morphonuclear leucocy tes present 1n the afferent arteriole at the same time
persist longer

The early involvement of the glomerular capillanies 1s seen as margina
tion of leucocytes  The endothelial cells swell and appear to multiply and
the space of Bowman s capsule can be seen to contain erythrocytes and
coagulated protein  The red cells and protein appear 1 the hidney tubules
as casts and 1n the urine as hematurta and albuminuna

The acute inflammation of the intercapillary space appears as a lobation
of the glomerulus under low magmfication (Fig 23) The basis for this 15
seen under switable magmfication and with the penodic acid Schiff s
reagent coloring of the section It appears to be an acute mnflammation of
the intercapillary space with polymorphonuclears present i farr numbers
I can find no histologic basis for the suggestion that this mmvolvement of
the central portion of the loop system 1s due to matting together of the

adjacent capllanes
The later progression of these glomerular lesions 15 marked by several

features The capillanes of the glomerulus show thickenng of their walls
thi1s 1s an uncommon single termnation of the acute process Itisseenasa
rule 1n association w1th prohiferation of the epithelum of Bowman s capsule
upon the framew ork of coagulated strands of fibrin 1n the capsular space
The further prohferation of the capsule epithelium forms a disc ke
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Figure 20
Embolszed Glomerulys, Subacute Bactersal Endotardstss Adult

There an Woae e et e e L L e el
glomer. C , . , .
cent 7t ' . . e
of the v .

Exough plomeruls may be embolized to produce renal fature w hen the course of subacute
bacterial endocardics s fong,  This eventualics 5 rate A true acute glomeralonephrins
sometrmes supersenes  The embchzaton of glomerult produces hematurta and alburmnuria
The condition 15 diferenteated from « ute renzt fadure mcluding acute glomerulonephritts,
b the normal blood chemistry Ve in the absence of she cardiac lesion being recognized
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Figure 21
4 Gle Ius, Bacterial Endocard,

Cheld
“This pecuhar lesion 15 seen n ¢he Lidnevs dunng hactertal endocardins 1 children Tt
onasts of 2 hemorrhage which Alls most of the capsular space, compressing the glomenslus

The er throey tes ate pacled together with hrtle fbnn  The mass 15 corered by epirhelium
nd connected to the glomerulus

The ongn of the ery throv 12 mass, whether within 2
apilary loop or by 2 hemorrhage mo the capsular space, cannot be deard:

od
“These lesions have been long described and sHustrared by mam aathors
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Fugure 2
Acute Glomerulonephritrs Hematoxyltn Eostn

s ghomerulus 1s from 2 case of scure plomerulonephrrnss dy 102 ta the svxeh dav of diness
The palymarphonuclear cells are numerous 1 the glomerulus At many pomnts the feuco
<ytes lie nexe to basement membrane of capillary loops  This recalls the margination of
feucory tes seen i acute mflammation efsewhere

The polymarphonuclear lencocytes 1 the macula densa ace chacactersst of the disease
mats early stages  The same lestan 15 shown i figure 40
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Figure 23

Acute Glomerulonepbritss Glomerulus
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tion are so well
y normal  The
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mass of ¢pithelial clls winch appear crescentric m sections  These are the
epithehial crescents about which so much has been wntten The re
bl of the crescents to ramifying connecting sets of tubules has been

stressed by MacCallum It 1 seen especially well 1n preparations with the
penodic acid routme (Fig 42)  This pseudotubulir arrangement 1n the
crescent appears at times to destroy the original basement membrane of
the panetal layer of Bowman s capsule

Qbsolescence or progressne cisappearance of the glomerulus following
acute diffuse nonbacterial inflammation of the kidney proceeds by scarring
and fibrosis  This extends fram the ntercapillary space and encroaches
upon the lumen of the capiltanies This 15 an important element and equal
to or more mmportant than the crescent formation and capiilary wall
thickening It seems hihely that no single one of these features can eust
without the others but their relative importance may vary from case to
case

So much for the obviousty inflammatory lesions of the glomerulus m
their acute stages A few other lesions can be recognized 1n the mtercapil
lary space with sufficient clanty to consider them as metabehic disorder
rather than asinflammations  The first of these 1s scen diffusely tn eclamp
sta m a fow glomerult 1n some other diseases and takes the form of a re
ticulation or vacuelation of the intercapillary space  The second 15 the
depostt of a carbohydrate containing protein in the intercapllary space m
the intercapillary glomerulosclerosis of kimmelstiel and Wilson Finally
some cases of lipoxd nephrosis 1n children will show an accumulation of
trgly ceride fat in the intercapillary space

THE TUBULES

The tubules show a vancty of particular lesions which are usually de
scribed as degenerations—fatty degencration hyaline or collord droplet
degeneration hydropic degeneration etc  The term degeneration 1s un
smtable 1n most respects but 1t usually 1s taken to mean an alteratton not
necessanly termunatingin the death of the cell The e particular changes are
best considered as disorders of metabolisms but the fashion mn which they
occur 1s not always obvious

The collection of collowd or hyaline droplets 1 to 2 p 10 diameter 1n the
epithelium of the proximal convoluted tubules appears related to protem
m the tubular contents (Fig 24) It 1s compared to athrocytosts  the
process by which some Jowcr ammals wath open nephrons recover the pro
tein in the tubular flind which has been derved from the ceelomuc flud ®
The hyahine droplets are high sn carbohy drate but lack phosphatase They
replace mitochondria 1n the segment of the tubule 1n which thev aceur
There 1s usully an associnted thickening of the overlying basement mem
brane

Fatty changes in the tubular (pithelium 1s usually confined to the proat
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al convoluted tubules  The rciation to the mitochondria 1s not certain
1 the liver the accumulation of toglyceride fat 1s related to disordercd
hospholipsd metabolism  The hidney mitochondna like the Iiver muto
10ndna are composed of phospholipid 1n part 1t would seem that the
tty change in the kidney tubules represents a farlure of phosphate
mding to the tnglyceride and or the choline or ethanolamine com
mnation (See Reference 100) The appearance of tnglycende fat then
ppears to be a disorder of metabolism 1 the cells of the provimal con
oluted tubules It should be recalled however that fat accumulation
{ extreme degree occurs normally without apparent functionat dis
rder in the cat and dog

\acuolation of the tubular epithelium of severe degree 15 sometimes
alled hydropic degeneration This 15 seen especially when sucrose
olution has been given mtravenously in cascs of cerebral disease  An
ther degeneritne change of less appreciable degree 1s the so called
cloudy swelling  Thss appears in sections as swollen epathehial cells with
ranular cytoplasm and poorly defined irregular lumen surfaces The
hanges of autolys:s and of cloudy swelling merge so closely that they are
1cistinguishable T hay e not scen cloudy swelling in biopsy material

Necrosss of the tubular epithelium shows the features of necrosts clse
here—pyknosis karyolysis and haryrrhews of nucler hyalimzation and
adophiha of the cytoplasm  The tubular cells show a tendency to be
ome detached from the basement membrane They may be cast off and
te free i the tubular space  Older necrotic cells which are not cast off may
secome calcified  {Calcification of tubular epithelium without necrosis
nay be scen 1n cases n which calcium 1s being excreted 1 excess )

Following necrosis of the tubular epithelium there may be regencration
f epithelium from survising cells  Mitosis may be seen 1n these instances
ind the regenerated cells are flattened and hasophilic  The evact cyto
ogic features of the mitochondna and Golgi element in regenerated
ells has not been described  Their basophilia seems due to accumulation
oA nibonucleic acid 1n their cytoplasm

Pigmentation of tubular epithelial cells 1s not frequent The proximal
onyoluted tubules appear to resorb hemoglobin 1n hemoglobinuria but 1t 15
»ly 1n conditions such as sickle ccll anemua that the necessary degree of
remoglobinunia lasts long enough to produce ferrous iron 1n the epithehal
ells In adults the pigmentation may appear as yellow granules i the
pithehat cells Ininfants the iron content is not abvious but can be shown
vith the Prussian Blue reaction

In transfusion kidneys and m the crush syndrome fine yellow
granules appear 1n the justa nuclear zone of the epithelum of the distal
ubules These granules do not color with the Prussian Blue reaction
They may be hemoglobin or urochrome A pigment of similar character
nzy be scen 1n the prosimal conv oluted tubule cells in some cascs of amy1
ndosis
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Casts and exudate 1n the tubules are deri ed from the glomerular filtrate
or exudate from 1scending mfection or from nfection of the tubule ex
tending from the mterstitial tissues  Casts of glomerular ongin may con
tain many red cells and hyahne matenals of protemn type Cellular casts
usually onginate from tubular epithelum or from inflammatory foct

Before leasmg the lesions of the nephrons one should mention the com
pleteness of restoration which 1s possible 1 acutely mfamed glomerul:
Some cases dying 1 the lipord nephrotic stage of nephnnis following an
acute attach but dying of complicating nfection rather than renal n
sufficrency may show 1 few glomeruli with crescents but most of the
glomeruli are normal

The lestons of the glomerult mn vascular discase of the hidney will be
described with the vessels  Those of pyelonephnitis will be described with
the inflammations of the mnterstitial tissue

Fmally the nltmate fate of the tubnle corresponding to the glomerulus
affected by a diffuse nonbacterial lesion which progresses may be n the
direction of atrophy or hypertrophy The studies of Olner have stressed
this # In the tubule which atrophes as 1ts glomerulus becomes obsolescent
there 15 a thickening and frequently a duplication of the basement mem
brane which becomes wrinkled (Fig 74) The tubular cells fall together
and accumulate pigment possibly a wrochrome This atrophy may be
throughout the length of the nephron or rarely restricted to a segment

The hypertrophied tubule on the other hand dilates and 1ts cells become
enlarged The basement membrane 1s stretched and may be thichened or
thinned out The glomerulus may be recognized as a hyaline knot or may
disappear completely 4 kidney which has been the seat of 1 progressive
inflammatory lesion of the glomerul may show atrophied as well as hy per
trophied units  The diseased hudney 15 made up of dissumlar umts differ
1ng 10 functional capacity as opposed to the homogencous nephrons of the
norm1l organ

THE INTERSTITIAL SPACE AND STROMA

An edema of the mterstitial space appears in most acute mflammations
of the ladney and may be local or diffuse according to the nature of the
underlymg disease  The collection of interstitial fluid 1n the crush or post
hypotenstve renal injury may be strihing Interstitial fibrin may be
stamned 1n some of these conditions as well as following chemical poisoning
of the tubular epithelum  Fibon anterstitially w ould be evpected to
produce some scarring but such does not always seem to be the c?s?
Hemorrhage wto the mnterstitial spacc[ 1s rare ef\cipt mn sudden heart fu

urpura and 1 purpuric phases of acute mlections
“Y?I‘l?e lsﬂammanong ofpthe interstitial spaces are the most interesting of
the lesions of the stroma  Pyclonephritis as this s called appears mt\;e
the most frequent single ty pe of progressiie renal discase It constantly
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accompantes a pyelitis so that many of the cases are ascending, However
some cases of pyelonephntis are seen without lower urmary tract or renal
peluis infection and these are thought to be blood borne or descending The
organisms 1nvolved are normally those of the coli aerogenes group but
streptococct or staphylococer can be 1solated from some cases

The usuni acute pyelonephritis 1s seen 1n the so called pyelitis of child
hood or of pregnancy  There 1s a lesion of the interstitial tissue and ducts
1n a portion of the pyrannd and thss 1s followed quickly by radrating linear
spread of the infection to the cortex  If actual suppuration oceurs 1n the
subcapsular zone of the cortex the peri renal fat may be lifted up by the
dissection of the infection A perirenal fibrosis may deselop

Acute pyelonephritis may be unilateral or nlateral focal or diffuse The
disappointing feature of the disease 15 that 1t tends to pass through periods
of actnvity and quiescence one following the other until there 1s destruction
of much of the kidney with replacement fibrosis  Linear scars may be seen
traversing the cortex and medulla The degree of scarring wilt depend upon
the diffusement of the infection Vascular changes accompany the dc
struction of renal parenchyma Endarteritis obliterans of the type seen
m the ovary and prohferative or hyperplastic arteriosclerosis predomn
ates as Weiss and Parker have ponted out

Weiss and Parker studied the natural history of pyelonephritis in many
cases They recognize acute subacute and chromc stages with the m:
croscopic picture characterstic of these stages of inflammation anywhere
A healed chrome stage 1s described with thyrowd like collections of tu
bules—a result of wterstitial fibrosis—and the vascular changes mentioned
above There may be little or no actual inflammation to suggest the
pyeloncphritic ongin of the pathology

The process of obsolescence 1n the glomerulus follows a distinet pattern
m acute and chroric pyelonephritis  During the acute stage there 1s an
acute inflammation surrounding the glomerulus—the periglomerulius of
Wewssand Parker This may occur without ins olvement of the glomerulus
but usually a loop or so becomes adherent to the perigiomerular inflamma
tion s inflamed ttself and further serves as a route along which the whole
glomerulus may be 1volved and ultimately fibrosed The progression
of this sort of lesion can be follow ed 1n figures 66 to 69

The destruction of segments of renal tssue Decomes somethung 1 the
way of arithmetical problem except for the fibrosis following pyeloneph
ntis  This extends further frequently than the obvious mterstitial 1n
flammation  Associated with this 15 the vascular lesion sometimes out of
proportion to the onginal d image as 1f the process got out of control

Pyelonephritic lndneys can be recoymzed grossly m a number of ways
Farst of all the kidneys get smaller than in most of the other types of renal
fallure  Secondly the size of the two hidneys may be different 2¢ R 150
gms L 100 Thardly evidence of previous or present lower unnary tract
wfection—cystitis uretentis pyehtis—may be recogmzed
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There 1s a vanety of healed chromc pyelonephritis i which vascular
lesions and hypertensive features chnically predominate  The statistics
of Bell make 1t evident that chronic pyclonephnitss necd not be assocated
with hypertension ® When the disease 1s bilateral chronic and particu
farly healed hypertension appears to be the rule

This can be taken as an example of pyelonephritis bemng followed by a
different type of disease Somewhat less obvious are the cases 1n which
pyelonephritss follows glomerulonephritis or arteriolar nephrosclerosis A
defimite case 1n which classical glomerulonephritis termmated with the
predomunant pathologic picture of pyelonephnitis has lately come to my
attention [ belteve that some cases of glomerulonephritis have a complh
cating pyelonephritis aided or caused by distorted renal architecture and
abnormal urme  The pathologic picture may be completely taken over
by the pyelonephntis laching the critena of glomerular disease such as
were still present in the recent case 1 believe that the prevalence of the
pathologic diagnosts of pyelonephrtis and the scarcity of glomeruloneph
rttis 10 anatomic diagnosis may be due to a secondary or supenening
pyelonephritis  The presence of foc1 of mterstitial inflammation 1n the
rare chronic glomerulonephrnitis may represent pyelonephntis in the course
of development This feature 1s discussed at greater length on pages 120 to
121

ALTERATIONS IN THE VESSELS—ARTERIOSCLEROSIS
AND AGING

The changes 1n the vessels which are described 1n diseased kidneys are
practically restricted to the artenal circulation  The veins and the capil
laries have been studied sery httle and only recently 1n the crush lesion
has any emphasis been placed upon venous lesions The arteries are the
more conspicuous vessels Lesions i them are frequently assocrated with
changes 1n ther elastica allowing them to be demonstrated easily with
special stains

There 1s however one frequently overlooked constderation in the mter
pretation of arterial hypertrophy a commonly described alteration
In thus condition the individual muscle cells of the artery appearlarge The
course of the vessel 1s tortuous The lumen appears to be cut at different
angles along a traceable course  This appearance 1s seen most commonly
in shrunken hidneys It may be that the loss of parenchyma has produced
aredundancy of the vessel contributing to or responsible for the apparent

hypertrophy The term hypertrophy or medial hypertrophy of the
arteries should be restricted perhaps to hidneys of normal size

Reference has already been made to obliterative artenitis seen i pyel
onephnitis and m other diseases assoctated with destruction of parenchy ma
The same arterial change 1s seen 1n the ovary and uterus and m the lung
with tuberculosis or other diseases with destruction of functioming tissue
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‘These v arious sitnations of the lesion gne us a clue as to the nature of the
pracess concerned  In ench mstance the decrease in the parcachyma sup
phicd leads to the sweling of the mtima and ats thickening <o that the
residual fumen 1= of swtable caliber to carry the blood required by the
restdual tisstie It gs s if 1 street leading mto a saburb became narrower
with a decriase 1n population  In obiliteratn e endartenitis the narrowing
15 produced by the proliferation of mtimal mesenchvma without efstic
fibers and wath hittle fat or hyaline deposit

Intimal <Jastosis of the arteries or duplication of the elastica can be
constdered 1s 1 defimitely pathologic process  The intima 1s tnereased due
to the presence of two or more layers of elastica m place of the normal
smgle layer of the intima {Fig 25)  These chstica fibers are frequently
eosnophilic after formahn fixation  Elwstosis of the intima of the smaller
arteries 1s 1ssociated with hyportension but the nature of the relationship
15 not o ious

Fibross of the intima of the smaller arteries or prearterioles consists of
the deposit of new coffagen fibers in a concentric or omon peef fashion 1n
themtima  This also 15 a pathologic appearance and 1s scen 1 the hdneys
of mahgnant hypertenston forming an mtegral portion of the patholog
picture (Fig 54)

Artenosclerosis of the artenies of the hadneys differs 1n no essential v
spects from that <een elsewhere  The changes are seen 1n aging and are
wmportant only when destruction of parenchymn by tschem 1s the result
(Figs 26 and 27)  Diffuse penartentis or polyartentis nodosa affects the
kulney 1n many cascs (Fig 28)  Occastonally it 1s restricted to the hidneys
and may be associated with hypertension  Hy pertension appears also 1n
the course of diffuse pernartenitis nodosa when the mvolvement of renal
vessels 1s of considerable degree

Arteriosclerosis of the hidney 1s scen 1 many cases of hypertension It
does not appear related to the duration or the degree of the hypertension
It consists of the collection of a hyatne glycoprotein i the mcdia and
mtima of the arterioles  Lipod (triglycenide fat) may be found in the
hyaline 1n cases of ipemia Round globules of glycoprotein one half or
less the size of the nucleus may be found n arterole cefls 1n some cases of
hypertension It may be that they are precursors of the extracelinlar
hyaline  On the other hand the hyaline matenial resembles so strongly
the mtercellular substance of the normal arteriole that its origin 1n situ 15
suggested

Accrosis of the arterioles 15 restricted practically to mahgnant hy per
tension  The outhne of the constituent cells 1s smudged out and the whole
1s nfiltratcd with a weakly PAS —positive matenal (Figs 50 10 52) The
lumen 1s the site of hyaline thromin  Inflammatory cell reaction may be
seen or some reason the glomerular artertoles most frequently are the
site of nicrosts 1 mahgnant hypertension  N\ecsosis of the glomerulus
results (Fags ST and 52)
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F gure 2>
Elastic Tassue Normal and  Essential Hypertension

These photom crographs sho s branches of the renal artery  The elastic t ssue has been
colored with acid orcen  The artery ac the upper left 1s presumably normal  having
come from a case of crush syndrome folloving a » ar wound  The vessel ar the lower
feft 15 from the same level of the hidney —the 1nterlabar—and photom crographed at the
same magn ficat on Tt ss from a case of essential by pertens on and shows marked dup! cation
of the internal elast ca or  efastos s

The smaller vessels ar the nght are nterlobular arter es from 2 case of esseat al by per
tension  The s gmificance of ths elastica by perplasia 1s d scussed on page 5!
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Figure 26
Tuo Glomeruls wsth Ischemse Changes

These 0 glomeruls shov  schemic changes wr nkling and thickening of the capillary
t = - msmbrane and duphcaton of the capsular basement nembrane There 15 a
~1¢ of the r ght glomerutus The

te mare af tha atrankie nvaraes
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Figure 27
Subcapsular Scar, Artersosclerasts

This low poser phatomicrograph shows 3 segment of cortex, immediately beneath the
capsule A nurber of
spicuous by their thicke
at this magmification

This tvpe of nssue boss 15 common m the kidneys of the elderly It does not cause recog-
nized signs or symptoras  The hidney s may be seriously pltted or scarred with arterioscle-
rotic inf: A stmilar sub lar leston 1n healed p would show dilated
tubules contaiming casts wath a thyroud ike appearance (¢f Fig 70)
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Figure 28

Necrotsc Artery i Periarterstis Nodosa

The artery shows a necrosss of about half s wall  The structure s lost There »s mblira
tion, wih, wense mfammasony wlls Ths exionds alen wiee the wresamal tsue The
ternal elastica is recognizable for most of the circumference but 1s smudged our i 1ts upper
feftasea  There 15 a crescentic thich ening of the intima 1 the mvolved upper half of the
artery

This {esse n 13 sometumes part of the parhology of disseminated Lupus Erythematosus  The
disease atso called after Libman and Sacks who first descnibed 1¢ 15 characterized by aty pical
vertucous endocarditis the shin leston and renal insolvement  One vanety of glomerular
lesion 15 shown m figure 98 Libman Sachs Disease 15 sometimes classed as a Collagen Dis
€ase  The term also includes Acute R Fever
Nodasa  The valudies of this concept 15 not establ shed
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The vens are a neglected subject generally and especially so m the
pathology of the hidney  Thromboses of the venules e relatniely fre
quent and I have scen them 1n all types of disease of the hidney  Ther
significance 1s not certan  The strihing tubulo s enous thremboses of the
crush Ieston or post hypotensnc states has been described I am not sure
that the lesion goes ahways from tubule to vom  In these condstions the
venous pressure 18 rased 1ad there may be some venous reflus nto the tu
bule antecedent to the thrombosis | have not secq an acute phielatis 1n
the hedney except m pyelonephntis and carbuncle  Chronic passive con
gestton of Jong standing produces a turgid purple cyanosed hidney which
shows only ditated vems nucroscopically  Disease mvolving renat ly mph
atics 1§ aot recagiuzed

THE ISCHEMIC GLOMERULUS

A number of discases which mvolve the arteries produce a sumlar or
dentteal prcture 1 the glomerulus  Wath this affect artenioscleross s the
most unportant with pent artenitis sarcoid etc seen alse It 1s probablc
that alf these conditions produce a decrease i the blood supply of the por
tion of hidney supphed by the imohed vessel  Far this reason the glom
erulus 15 valled 1schemic  but this is not certain  The change affects
promanily the basement membrane of the glomerulus It was deseribed by
McGregor 3 The leston 1s well shown hy the PAS techmgue and the fol
Tow tng description 1s derss ed from matersals so colored

In ats developed form the ischemc glomerulug looks somewhat shrunbkea
Earhier there 1s basement membrane wrinkling without thickeamg of 1
toop or morc of the glomerulus  Later the basement membrane of glom
erutus and capsule 1s thichened that of the capsule may be spht and duph
cated (Figs 29 to 34) The glomerular tuft 1ppears ssmphfied contuning
fewer channels than normal [ thinh that the glomerulus Toses discreet
wtercapillary spaces and that the glomerular circulation becomes 3 pool
with dsrect 1fferent offerent flon  In time the thichened basement mem
branes form a hyahne hnot and the glomerular space becomes filled wath ~
hyahne matertal of low carbohydrate content  There scems to he an endo
thehal hned channel left even m these haot lihe remasns (Fig 31 This
may be related to hypertension as Trueta e o have suggested = The
tubules atrophy and collapse with thowr typical tasement membrane
changes (p 54) when these glomerular changes are w progress

Studymg other more normal appearing glomerul the earhest change

brane (Fig 29) This occurs
appears to be a wrnhling of the bisemunt ment
Lefore the thahenmg becomes apparunt in the glomerulir basument we
brane anrl before 2y change can be recogmzed m the tubules
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Fugure 29
Glomerular Wrinklmg Fssential Hypertension
T -
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o - B
This leston 15 charactensste of glomerular ischemsa from hatever cause (MeVanus
couttery of Amer Jour Pathalogy )



l Presents 5 SOmew ap later Stage of the atroph which 1 shovn 4 figure
&lomeryy,, shows 5 thnckemng of the basemen, Membrana of the €aptllapses usuall,
after the Pnlling hag begun
ne can s, Ctmes maje Ut portrong of the elomeryjy, basemen, Membrane Which on,
area “hnkled d ¢ ickened while 2nother z7¢5 s only “iinkled § 0 not Temember
having see, Portion oftheglorneruhr basemene Membrane in v py ch there hag been chen
ro:
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Figure 3

Artersoscleropsc Obsolescence

This cepresents 2 later stage 1 the obsolescente af che plomerulus from aster oscleros s
The basement membrane 1y 1 ery much more thickened and suplifed  There do not appear
ta be as many cap fanes as wwsl There 15 considerable sh ckemung of the basement mem
branes pact calitly of the capillanies Tle space of Rowman s capsule 15 fird i wih o
hyaline relstinely acelfular material
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Frgure 32
Artersosclerotsc Dbsolescence

The vascular
disappearance

This represents another late stage m the disappearance of the glomerulus
connection of the glomerulus can stll be scen however  There 1s beginning a

of the panetal layer of Bowman s capsule
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Figure 33
Arterioselerotsc Obsolescence
Th's Nustrates another late staze n glon erular d sappearance  There s more loss of the

par etal basemenc of B wman s capsule  There s 3 hyal ne arter ole st own ar a f tele to the

eft of the center of the p cture at the top  The tubular changes are taken to represent aut by
ss
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Figure 34
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Late Glomerular Osal

This gl fus was one 1 an i scar  The disapp of the gh
appears nearly complete and the panetal basement membrane has quite disappeared  Wnh
ordmary seain this would be seen simply as a by abine Loot in the mucroscopic section There
1s a persistent vascular channel through this glomerulus  This channet may serve under
certamn conditsons, 25 a by passing ar The rek hip of the desel
opment of these short-cireuting connections to the development of by pertension has been
suggested by Trueta but s nat established (f p 62)

1
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AGING

It has been said well that arteriosclerosts 1s such an integral part of aging
that the two are practically indistinguishable Sometimes advanced age
can te reached without much alteration in the vessels and in these n
stances the lidney appears entirely normal  Onc hadney from a male
negro of one hundred fourteen years of age in my collection shows nothing
abnormal apart from a very few hyaline thickened portions n the glom
erular bascment membrane

Generally a few glomeruli or groups of glomerult atrophy and show the
1schemic chiange described  These are set 1n scars which contract to pro
duce wedge shaped depressions 1n the capsular surface (Fig 27) The
volvement of portions of vessels and the disappearance of a few glomeruli
has been charted by Goormaghtigh for one casc # Olnner has reconstruc
tions of many such hidneys and believes that a special sort of connective
tissue scar may be found # It 15 my impression that this s simply the result
of a focal form of pyelonephritis not uncommon 1n the aged* (kg 36)
Cysts subcapsular in distribution may form 1n arteriosclerotic scars and
reach a considerable size
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Figure 33

Atrophec Glomesulus wsth Guant Cells Renal and Generalized Sarcordosts
r 2 1 T

body fype sha sn here
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Figure 36
Alteratrie Glomeralites, Hyalie 1 Arterwle and Tubular Atrophy

Thas altustration 15 from 2 Lidney of an aped femate dying with metabohe cramoparhy
Seseral lestons ave shown  The most consmecuous s the thickened busement membrane of
the atrophying rubules  This may be refated to the glomerulas fibrosss  The areerrole shows
several patches of subwumal hyaline  There s interstina} mflammation  This sugaests

that the lesion 1 the glomerulus 1s 2 pyelonephsitis botne out akso by the ey pe of glomerular
leston (o » FH




Chapter 4
ACUTE RENAL FAILURE

THE three cardinal urmary signs of acute renal failure are oliguna pro
temuna and hematunia  There 1s considerable vanation 1 the degree in
which each js present 1n the ndividual case depending largels on the
ctiologic agent  As a rule the patient showing purely acute renal faihure
does not have a change mn the plasma protemns or a very marhed anemia
unless these are the results of an underlying disease  Retention of the
mtermediate products of proten metabohsm produces azotemia and
acidosis  There 1s frequently an edema which may be restricted to the
lungs tothe face to the dependant parts orit may be generalized

Hypertension of acute renal failure 1s restricted to moderate pressure
elevations  There may be an element of arterial spasm 1n those cases 1n
which by pertension 1s present and marked  In almost any case m which
there 1s marked elevation of the blood pressure the termination of the
diseasc rarely 1s caused by complete anuna from cortical necrosis or by 1
cerebral hemorrhage

The hematuna in most cases 1s the result of glomerular damage Ex
tensive thrombosts m the renal veins can produce the signs and symptoms
of acute renal fallure The course 1s somewhat longer than the magority
of the other types Hypertension was seen in one case of Bell s but one
case at the Medical College of Alabama did not show any marhed elevation
of the blood pressure *

The protemnuria consists 1n large part of serum albumin  There 1s some
evidence that the serum protemn 15 altered antigenically before 1t 1s ex
creted espectally mn acute glomerulonephnitis * 2 The preferential excretion
of the alburmin depends upon the fact that the molecular weight 1s less than
that of the serum globumin  Blackman seems to have demonstrated a
relationship between the amount of fihronogen excreted 1n some cases of
fudney imjury and the amount of permanent damage °

The oliguria may varyn degree from aslight reduction 1 yolume up to
complete suppression of urine or anuna  This feature may not be un
mediately apparent another indication of the usefulness of measurement
of urmnary volume 1n cases of renal damage Depending upon the capacity
and iritability of the bladder the frequency of nuctuntion may be satis
factory while the total v olume approaches oliguria

Azotenma does not often reach the degree which 15 seen m the cases of
chronic renal fallure A sharp mise 1s often of more significance than the
absclute level  Sexere symptoms may supersene when the azoterma 1s at
a level which 1s tolerated with nunor symptoms by the chronic renal 1
valid# In most instances the azotenma 1s deris ed from fulure of excretion
of the products of protein metabolism  In some fuw cases the damage to

12y
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the hadney 1tself contributes to the level of the non protein nitrogen

In acute renal failure the edema may appear before the renal disease
accompany 1t or appear later 1n 1ts course A change in weight or a diffi
culty 1n tying ones shocs may lead to the patient or the physician noticing
something wrong for the first ttme  Some of the symptoms appear to be
related to the edema of special parts of the body It has been suggested
that the dyspnea 1s caused at least 1n part by the pulmonary edema The
cerebral edema may contribute to the drowsiness coma and conyulsions
but 1t 18 the present opinion that retention of certain metaholites phenols
and perhaps phosphates plays animportant part #* Frequently the edemn
flwd 15 hagh tn proten a difference from the edema scen in the more chronic
renal discases

Acidosis appears to be the result of a faiture to excrete organic acids
part The hidneys fail to produce the necessary base for the excretion of
these materials and they accumulate 1n the blood  In some cases of acute
renal failure the acidosts may be a prominent feature In these mstances
the particular process responsible rather than the renal lesion appears to
be the cause of the acidosts

The pathogenesis of the edema m renal disease 1s a subject of much dis
cussion  Capillary damage electrolyte balance and plasma protemn deficit
each contribute n various mstances For a full discussion van Slyke s
rexiew ' or a recent textbook of phystology should be consulted



Chapter 5
ACUTE GLOMERULONEPHRITIS

11 has been recogmzed clearly at least since the tusie of Richard Bright
(1827) that acutc upper respurataty nfections are followed 1a some 1
stances by dimmution m the 1 olume of urine puffiness of the face and dark
color of the unne * Bright described ths combunation of features m sucha
clear fashion that progessive renal disease especially those with an acute
onset refated to an upper respiratory fectian has been hnown sinee as
Bright s Discase  He recognized that the matenal i the urme whch
coagulated on heating was albumen and the chronse disease of the ladney
was associated with hypertrophy of the left ventrcle now recognized s
the result of the hy pertension

The diseases caused by the streptovocei~scarlatina and strep sore
throat—uere observed many years ago to be especrilly hely to be ol
lowed by acute glomerulonephntis or acute Brght s disease  Sinee that
tune most of the other pathogemsc coces and i some fow mstances the
gram negative rods have been shown to have a similar antedecent relation
stup  The damage to the hsdney appears while the nfection 1s subsiding
It has heen suggested that the acute glomerulonephrtss ss an llesgic njury
to the Ltdney rather than the direct affect of the bactenal toxins # There
15 a disappearance of the cirenlating complement from the blpod at the
moment of the sudden appearance of the signs and symptoms of the renat
wpury ®  Both the loss of the complement and the explosisve onset of the
disease are tahen to rgue the participation of some sort of anttbody~
aatigen system  Something bling human glomerulonephnitis can be
produced 1n the expensmental animal by ants kidney sesa 9 The discase 15
the dog 1s sasd to he more hke the spontancaus disese n the human than
1t 15 11 the rabbat or rat ** There 1s no naturally occurring glomeruloneph
ritss 10 anunals

Acute glomerulonephritis 1s seen most frequently w chldren adolescents
and young adults with no particular propensity for either sex  Cases have
been scen from mfancy to old age but there 15 some suggestion that the
acute disease 1n nfancy may be a separate entity  Streptocorcal sore
throat 1s probably the most common antecedent infectson but streptacoccal
fections elsewhere especially i the skia and other mfechions may start
off the chamn of events®  There 15 some evidence that the control of pyo
gemue nfections 1s matensally reducing the frequency of the disease

Chinteally the disease 1s mantested as 2 decrease i unnary 3 olume and a
darh or smohy unne  Edema accutrs wn the frce and 1s sometimes general
1zed  There are mlatse tnd hssitwde  The unne s found to contain
many red cells wnd much lbumen It 1s ususlly of high specific gruaty
Generalized petcchre and pulmonary tdema are sometsimes seen and car

(14)
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ACUTE GLOMERULONEPHRITIS

Foued?
Acute Glomerulo iepbrstss  Early Stage

The endothel al cells n the cap llar es of the glomerular tuf are extraord na 1y numerous
~

The cap llary loop at the left about half vay up the field sho v relat vely unn of ed capl
lar es but the mesamg um s cons derably th chened

The cond t on of a ute glomerulonephr s can be best ons de ed as the acute nflamma
t on of the glomerular cap llar es and nte cap llary space
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Figure 38
Acute Glamerulonepbritss Cellular Features

This 5 2 high power 1 ofa gl lus 1n acute plomerulonephritss of sic
days dutation The clubb g of the capdiary loops 1 seriking  Many of che whltrating
cells are pol lear leucocytes Endothehal cell prol: 15 marked  No anter
capillary space s recognizable  The arterisle st the lower lefc 15 not remarkable

-
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F gure 39
Acute Gl loneph Necrote Gl L

74
The glomerulus at the lower left shows the usual appearance of acute glomerulonephr tis
That at the upper right 1s made up of d lated cap lary loops in vhich the blood cells are
<oalescent  Th s latter glamerulus is called ne rot ¢ desp te the lack of cellular reacuion
This type of glomerular change 1s an atyp cal but not unusual find ng 1 acute glomerulo-
nephr s
There s some thicken ng of a tubular basement membrane mn the center of the picture
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Frgure 40
honuelear Lecacytes v the Macula Densa

. toteth ’

Acure P Bolymarp

This 25 & case of acute glomerulonephrnis of 2 fen davs dur:

chehal prohf and weliutar nft s o Fuve deeply colored poly moc

phonuclear leucocy tes are seen 1n the nsual sitwanon of the macula densa  This feston 15
h of acute gl danephrits 1 res early stages [t 1s seen alyo m figure 22

ation  The glomerular endo-
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Figure 41
Acute Glomerulonephratss. Tuo W eeks History

This 1s an early stage in the des elopment of the characternnc crescent  The capillanies of
the tuft show the endothelial peolife ation and acute nflammation  The epicheltal cells of the
Bowman s capsule have proliferated to cover strands of fibrn which bave been precipitated
The fibemn 15 probably leaked through the damaged capillares of the tuft
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Figure 42

Glomernlar Crescent Frre Weeks

This iflustration shows a Jater development of a crescent in glomerulonephrinis The ept
thelial cells have further profiferated and are now beginning to arrange themselses mto some-
thing resembling tubules, as m the upper part of the illustration  The lower portions of the
epsthetum cells are more solid The furcher development of the crescent i subacure and
chrome glomerulonephitis 15 shosn i figures 77 to 81
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Figure 43

Interand Intra-Caprllary Lestons i Glomerulonepbrasss.

s 15 a glomerulus from 2 case of chronic or subacute glomerulonerhnins - The caplanes
at the left ate engorged and show proliferanon of the endothehial cells wath des elopment of
reticulin in relation to them  The glomerular capillanes at the nzhe show relatinely normal
foaps but miolvement of the intercamilany space

There has been d g the glomerular fesion of acute
whether 1t 18 1nter or intra-capillan i simanon  As this preture shows st can be both
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Frgure 44
Glemernlar Disappearance 1 Subacute and Chromee Glomerulonephratrs,

Lymphocyte Reactoon

The lymphocy tes surroundng ths glom

v seen

Hhus glomerulus has been fibtosed  Some tubules possibly remawms of cresent formations

Itips 42 77 10 88) can be recogmized at the left
erulus ate much mare numeraus chan 15 ardwant

produciion may enst i such lesions

Nome relationship to sotibods
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Figure 15

I ! Cast and Infl. Acute Gl foneph

The photomicrograph 1s from a case of acute glomerulo nephritis &y ing two day s afrer on
set. There1s an mrersttial cast that 15 a cast which has eroded through she rubule and into
f with [ymphocytes surrounds this

1! resultng from the ruptare

the [ ussue  Some
The tubul t bosis and the
of casts from tubules has been brought into prominence by 1ts frequency i the crush ki
ney Actually the examination of a senes of almost any type of acute renal falture shows that
the intersunal casts and mflammation are frequent  Tubufe +enous thromboses are not un

common
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of the process elsewherc—margination of leucocytes, exudation of flud,
passage of red and white blood cells through the capillaries Bacteria
have been searched for in the glomerul affected but have not been found
A personal observation of questionable significance 1s that 1n acute glom
erulonephnitis m the elderly the obsolescent and wrinkled glomerul: of
arteriosclerosis {¢f p 62) do not show the cellular proliferation and 1n
filtration seen in the more normal glomeruli This may be due to the
angiospastic nature of the disease which \olhard constders importanti® or
1t may be the result of the protective action of the matenal responsible for
the thichening

Some mention should be made of Bell s *“Subclinical * Glomeruloneph-
rites ®* This1s marked by endothehal proliferation 1n the glomerult without
capillary obstruction  The condition 1s not uncommon 1n severe mfections
as Bell points out The chief difference [ can find between *““sub chineal™
glomerulonephntis and the actual acute glomerulonephritis 1s the absence
of nvolvement of the intercapillary space This space appears normal 1n
the subclimical glomerufonephritss, lacking the polymorphonuclears of
the frank disease
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features which can be seen with any fixation and stam They are (1)
Normal glomerult (2) Flattened tubular epithelum (3} Absence of col
loid droplets 1 the epithelium of the prosimal convoluted tubules (4)
Casts 1 tubules ncluding pigmented casts (5) Tubuto venous thrombo
scs There are 1naddition two other features which can be made out with
adequate fixation and techmique ‘The first of these 1s the hyperplasia of the
granular cefls of the renal arterioles This 1s present whether or not there
1s hypertenston  The other feature 15 seen with the alkaline phosphatase
method of Gomon * There 15 a diffuse loss of the quantity of alkalme
phosphatase and a patchy ahsence from provimal convoluted tubules
(Eig 18)

The glomeruli are normal mnasmuch as there are no adhestons nor any
obvious disease of the capillary loops (Fig 47)  The space of Bowman may
Le ddated with cubowdal cells hning the parictal layer The space itsell
may contan granular matenal which 1s colorable with eosn

The tubular epithelum 1s flattencd This 15 true of the proximal con
volutions as well as the distal In a number of cases which I have studied
personally there appears to be preservation of the brush border i the
flattened epithehum of the prosimal convolution  There 15 usually ne
marhed fatty change except m the distal convolution cells  The cytoplasm
may be granular in the flattened prowumal cony olution cells

The epithelum of the proximal conyoluted tubules ts remarkable i not
showing any colloid droplets in the cells  Thus 151 the face of the constant
protemnuria which these cases show durmg Iife It will be recalled that
athrocytosis a process by which protein 11t the tubule lumen 1s recovered
1s a constant feature of normal epithelium 1n the presence of protemuna
(¢f p 51) The absence of collod droplets in the crush lesions sug
gests strongly that the epithelium 1s functionally not intact

There are casts 1n inany lesels of the tubules  Greatest concentration 1s
seen i the distal convoluted and collectng tubules  In the proumal con
voluted tubules the casts are granular With mitochondna preparations
they can be shown to be derived from the epithelmum of the provimal
convoluted tubules (unpublished observations) Some red cells are seen
and some polymorphonuclear leucocytes  In the loops of Henle and in the
distal convoluterd tubules the casts show pigmentation and some of the
casts 1 the distal tubules and further down are made up entirely of pig
mented material presumably hemoglobn At times these casts bath
hyalin and pigmented erode into the interstitial tissue  The mnterstitral
tissue which 1s invaded by the casts shows an acute a chrome or a subacute
inflammatory reaction with polymorphonuclear leucocytes lymphocytes
and some eostnophules  There may be gint cell formation around these
casts § ¢

The tubulo venous thrombosis ts the result of the herniat on of one o
the casts through the interstitial tissue mto 2 thin walled vem  This
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Iesion ts well shown in figures 19 and 48  Thesc thromboses and tubular
erostons are not ustally seen until three days after the accident

The granular cells of the renal arteriole are probable most pronunent 1n
the crush kidney The granules are shown best with PAS  There does
not appear to be any relationship between the granules and the blood pres
sure It1s unusual to see the granules until two or three days after wound
ing The tissue should be fixed 1n Zenker formol and dehydrated slownly
for best demonstration of the granules

The reduction of alkaline phosphatase in the hidney generally and its
patchy loss 1n some pronimal convoluted tubules 1s an excellent indication
of damage to the tubules The diffuseness of mvolvement and the fact
that proumal tubules are mvolved 1s agamst the terminology lower
nephron nephrosis



Chapter 7
ACUTE HYPRRTENSION ECLAMPSIA

ACUTE HYPERTENSION

A cLINICAL vartety of hypertenston with a rapid course and death n
hidney failure 1s sometimes termed  Mahgnant Hypertension  The term
was wntroduced by \ othard to describe a form of hypertension and uremia
occurnng n young persons with a particular propensity for females ” The
concept of a special disease entity has had a history marked by disagree
ment among chinicians and among pathologists #3 MMost authornities now
consider the term a useful one suggesting that some c1ses of hypertension
do run an acute course and die of renal faillure It 13 though also that some
cases of chronic hypertension may have a  \alignant terrmnation

In those cases which begin as acute hypertension and termunate fatally
the blood pressure frequently passcs values of 250 systolic and 200 dias
tolie  Retinal hemorrhages are common  Headache 1s distressing and
episodes of amaurosis and hypertensive encephalopathy are charictenstic
\1usea and yomiting accompany the disease frequently fornung one of the
more unpleasant spects of the disease Edema oliguna and hematuna
are the most promment signs of renal faslure  Albuminuna s constant
and casts of hyahne and granular vaneties are found  Drowsiness coma
and convulsions mark the terminal stage during which a condition ap
proaching anuria may appear

Usually the hadneys are not much decreased i ssize Therc may be fine
granularity of the capsular surface Petechial hemorrhages are present
The hne hetween cortex and medulla may he distinct or accentuated hy
congestion of the medulla  Nhicroscoprcally the vascular changes are most
conspicuous  The arterioles and smaller arteries have areas of necross
with thrombosis sometimes suggesting the pouring of the necrotic matersal
into the lumen of the vessel (Figs 30 to 53)  The arteries of interlobar
s1ize show a marked thickeming of the intima 1 a concentric laminated
fashson  This can be shown to consist of duplications of the intimal elas
tica (Fiy 3>4) A similar change 1s found 1n some cases of Essential
hypertension  In effect this elastica hyperplasia changes the muscular
artery mto one of the elastic type as in the aorta where high pressure 1s
usual

Glomeralw hanges of ©he mam v wehes tan Y seen The first smd
more frequent 1s the wnnhling and thickening of ischerma  The other
profmmnent glomerular lesion probably originates i necrosis of the afferent
arteriolc an 1 1s seen constantly with it This takes the form of A glomeru
Iitis 1 proliferation of eprithelium nd endothelium which 1s not as hffus
15 that scen in acute glomerulonephritis but othersise resembles 1t con

°)
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Figure 56

Glomerular Root tn Malignant Hypertension
Granular Cell Hyperplasia

The granular cells of the renal arteriole are shown here to be numerous  Strular findings
are seen in the crush  Lidney and in cirrhosis of the hiver  There 18 no definite relationship
of the granular cells to hypertension as some workers have suggested (¢f p 38)
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sidurably (ks 51 52 and 55)  Sdhesions form between the glomerutus
and the ewsule  The proliferated eprtheltal cells of the viscert layer by

come filled with Inrge colknd droplets  Orgamization of the mjurcd glom

erulus my be scen but tf 1s seldom that the cour of the discasc 15 long
cnouch for this to he complete (F1g 52)

\ tubdar alteration 1s seen with regulanty m acute hypertenston but i
do aot find 1t desersbed Didated rubules ar hined Ly enfarged cells full of
colloud droplets (Fig 53)  Groups of tubules are so affucted perbaps all of
onc nephron It may te that this 1s assorsated with glomerultis  dnm
ured glomcrulus sometuncs 1s surrounded by a group of dilated tubuks
w1th collowd droplets

The wterstitial tissue n acute hypertenston s usuatly increased m
amaunt snmettmes to such a degree that the relatncdy brief chmeal course
daes not seem sufficrent to account for the loss of parenchyma  Chrome
mflammtory cells chiefly iymphocy tes are seen i these cases but seldom
form sizeable collcetions  Granudar cells can be seen 1n the aferent rter
wlts and sometimes i the smaller artores foronag an mtimal cushion
They are hest demonstrated with the PAS method on frozen scctions of
formahn fived tssue (Frg 36)

ECLAMPSIA

One of the comphentians of pregnancy s the wute renal farture of
lanpstr [t 15 secn n the thurd trimester of pregnancy and may ppear
b fare or after the delnvery of the child  There 1sa 2 to 25 per cent matern
al mortahity and 20 to 40 per cent fceaf mortahty *57% The discase 15
usually ushered n by 1 penod of abmorm v wesght gasn The rate of waght
sain ss probably more important than the cotal weght gaw as m mdica
tion of throatenim,, eclampsi ®
t clampsia 1s regularly assocrited with an clovation of the systolie nd
dastolic pressurcs  Phe risc 1n blood pressure may appear with the cdema
of precede it Ys an most nstances of hypertension the diastohe bloed
pressure 1s a Letter guide to the progress of the disease than the more
sarml o systolie pressuse
The urwme s reduced 10 quintity m most Cises of eelmpsit Ohgurn
muy approach complete anurta Prescat with thrs there ts 8 protonuny
frequently of sovere degrte  Jhe unne contams hy ahne and pranubr casts
ed Blood el and white Blood cells The homatun s scldom s marked
1510 wut lemcrulo nephntis
Chnucally there 1s herdache nauscr and vonnting drowsmess dizziness
ind tinmitus € onsubstns of severe degrec occur m nearly 1 o cent
Frhe Cives of codampsia nd many withurities sonkd not wodke tn ding
nosts of o gty i the bsence of comvndsions Vi i the body tem
Popture otk to be L serions prognostic frature

The gross pathology of eclampsia s seen most frequently m the liner
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nest most frequently m the hidneys and less commonly 1n the ather organs
The Inver lesions take the form of an acute necrosis which may be focal and
sparse or so diffuse as to produce the featues of acute yellow atrophy The
Kidneys are usually shghtly enlarged and damp but the most charactenstic
lesion 1s scen 1 the microscopic sections  \ecrotic foci may be seen 1n the
spleen the brain and other organs

The constant lesion 1n the hdney m eclampsta 1s seen 1n the glomeruh »
All that 1s noticed 1n the glomerul: 1n the ordmary hematovyhn eostn stain
1s a slight excess cellulanty including the preservation of many of the
visceral epithehal cells  WWith the PAS method 1t can be seen that the
capillary loops are discrete erectile and separate one from another (Figs
57 to 59) Associated with this and perhaps causing the appearance one
can make out a fine reticulation and vacuolation of the inter capillary
space This sometimes extends nto the adjacent endothehal cells of the
capillaries (Figs 60 61) The condition corresponds to an edema of the
tuft = There 15 no thichening of the glomerular basement membrane con
trary to the usual descriptions Glomerular edema may be both cause and
effect of the generahzed fatlure to excrete flnd and electrolytes Tubular
changes mclude fatty change colloid droplets granular and hyaline casts
and other nonspectfic lesions

Bell makes the statement that the renal lesions are seen more consis
tently 1 eclampsta than the Iner necroses ® Shaw Dunn descrihed re
ticulation of the tuft and illustrated 1t * any of the current textbook
illustrations actually show vacuolation of the tuft i eclampsia—e g
Anderson s Synopsts of Pathology—while calling 1t something else usually

thickening  of the basement membrane *
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Fugure 58

Glomerulus i Eclampsia

“The loops of the capillates are separate The ntercapillary spaces are reticulated and vacu
olated The tubular epsthelum 15 uniform in he ght  There 1s dilation of the tubule lumens
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Figure v9

Glomerulus tn Lelampsia

fn addimum 10 the discrere L ps shown m ehe preceding two lustratons sehat features
«f culampury are seen in this ustracon  The eprchehal cells are peesens The retudat
and racwolation of the sntercapilan space 1s shawn Tt will be herter seen 1 the f How tog
tnu figurey  Jhere 1 no endothehal protdetavion  (MeVanus r wnens o7 Ames [
Pathol ¢ )
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Frgure 60
Eclamf High Pouer of Gl tar Detas]

The lonns show a very hne \zcuohuun which 15 mest marked between the loops but oc
rassonal) £ La € ashaps
a mamfe nally
empty ath

of the cond: Tt din the wil o«

or an ambine blue stan It can only be made out definrel 1n my t\renehcv Cwath the PAS

methad (AfeYanus courters of dmer Jaur Pathalogy }



ACUIL HYLILRTIASION  LECLAMISIA 1w

-
SNV S | N
Fgre6l
Glomerular Detarl Eclan psis

Thshghpo © ph om crographshows there culacanand acuolat nof the mtercap Nary
jace Ihs  obeompated the norn al appearance of the same area n figy e



Chapter 8

ACUTE PYELONEPHRITIS THE TOMIC NEPHROSES
ACUTC TERMINATION OF CHRONIC RENAL FAILURE

ACUTE PYELONEPHRITIS

TuE importance of 1cute pyeloniephritss les i the recurrent and perma
nent damage which results rather than the occasional fatalsty of the acute
episode [t was known for many years that acute nflammations of the
Lidney occurred  However 1t was thought that no parencyhmal damage
was done {the term pyehitis was more used than pyelonephritis)  The ten
dency to chronicity went unrecognized The ongin of chronic renal di
sease 1n pyclonephritis was first emphasized by Longcope & The cases
collected by Weiss and Parker formed a convineing series i which chrome
renal fatlure could be traced back to acute pyelonephritis ¢ ¢

The extremes of hfe and pregnancy appear to furmsh most of the cases of
acute pyelonephritis  In infancy and childhood pyelitis has been recog
mzed to be common as a vanety of febrile 1llness frequently obscure and
not recogmzed without unne exammation  In old 2ge the prostanc difh
culties of the male make the condition more common than 1t 15 1n the fe
male Old pelvic inflammation with scarnng or postoperatne pelvic 1d
hesions after hysterectomy account for a share of the cases in the elderly
female In other mnstances 1n both sexes no obvious mechameni obstruc
tson to the flow of unine can be seen

The route of infection 1n many 1nstances appears to be the ascent of an
mflammation and infection from the lower unnary tract  The factor of
urnary stass secms important 1 the obstructive cases mentioned and
those occurring dunng the pregnancy when the ureters are dilated A
feature furthering the 1dea of obstruction s scen in the comncrdence of acute
pyelonephntis and hydronephrosis  Renat ureteral and blidder calcult
are commonly assocated with acute pyelonephntss and may hase a csa

tive relationshup

1n other cases the pyelonephritis may be seen without any lower renf
tract infection  In these cases 1t 1s supposed that the orgamsins kate beent
introduced 1nto the kidneys by the blood stream or by fymphatic connec
nions  The Iy mphatic connections of the nght kidney to the cecum and
ascending colon are smid to be well developed  There 15 some suggestion
that the ascent of an nfection from the bladder ta the idney may be by
way of the pen ureteral lymphatics 2

The orgamsms cultured most frequently
onephritis are members of the Coli Aerogenes grol
fecahis type and the white staphylococes appearin
emphasized that there must be a communication

(110)

from the urine i acute pyel
up  Streptococct of the
other cases [t has been
between the taterstitea!
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wflmmation wd the renal passages bofore the orgamsm can be culturd
from the urme  \Many cultures may then be necessary before the organ
1sm 1s grown from the unne despite the diffusc mfection of the hidneys
This frature of the necessity for repeated cultures may be more important
1 the chronte rcnal infections than in the acute

The discase may affcet one or both hidneys  \When both hidneys are
mvolved the degree of infection may differ in the two hidness  When the
Kidney 18 misplaced at the pelvic brm or lower than normal therd 15 a
marhed tundency for the abnormally situated ladney to b the site of
a pyclonephritis the other one may be spared the infection

The clinteal features are chieflv those of an wfection anywhere  kever
feucacytosis and pallor are stmufar It has been suggested that the leuco
cytosis may be high for the chineal condition of the patint Dysuna s
notconstint  \ hacterenua may occur duning the course of the pyeloneph
rtis  The organism may suggest the unnary tract infection 1f it 1s culturad
from the blood  There 1s 1 strikang tendency for anemin constduning the
briefness of the clintcal course ™

In a large proportion of the paticnts with this disease there 1s punin the
loms  Somctmies tenderness may be elicited only after deep palpation or
punching  The most consistent finding 15 pyura with clumps of pus cells
bxing Afmost diagnostic  Fyen in the fatal eases there 1 not consistently
anzotcmn The blood pressure s not eleyated asa rule Deathian these
<1ses of acute pyclonephritis is scdddom renal in ongin The devdlopment
of 1 orverwheloung infection with septicomia and metastatyc abscesses in
the various organs ushcrs in the end 1n some cases

The gross appear inces will vary with the degree of imvolvement Most
commonly therc art fine linear yellow streaks runming, from the peluis
through the cortey ind wedulla SmAll abscesscs may be formed i the
vortex  Thure 15 frequently an olnaous infection of the pidvs This may
domunate the gross appearinee One can understand casdy the older idea
that the discase was restricted to the pelvis Tt ennat be overemphasized
thatevery pydhitisisin fact 1 pydoncphnitis

Microscopiclly ther 1s an 1eute ntersiitil mflammation in the hadney
Distruction of tissue 1s obnious where the mflimmation 1s most marked
but less stnhang 1s the adtortion of renal structure where the mfection s
spreading, nd dissceting apart the nephrons  In the cortes the inflamma
tton surrounds glotic ral to produce 4 pen glomerulitis ' 1ns resembles
m locanon the carly anfiltration of lukamin or a rre caranoms i the
kidney and suggests mvolvoment of 1 Iymphatic space The spread of
the wfhimmation to the glomcrutas and 118 adhoson with subsequont
fibrosis (10 b seen in any cas of some duration fef p 124)

Findly st amght bo worth winle 1o point out that acute pyclonephntis
15 extrumdy frequent porhaps the nest frequent anfection to the uppet
respiratory tewt group ? Pyl that 1s pvelonephntis s seenan 1 to 2
percent < f all prograncics A follow up of 30 e1ses ten 1o eghteen yers
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after inlateral acute colon bacittus pyelonephritis showed 2 with hyper
tension and 7 with chnical evidence of unnry sigis of renal imparrment

TOXIC NEPHROSES INCLUDING SULFONAMIDE

Vanous heavy metals as mercury and fat solvents such 1s cthylene
glycol damage the kidney severely The tubuyles show the greatest change
(Fig 62) Asrule the prouimal tubules 1re chiefly mvohed but some
poisons used in experynental stuches of the hidney e g uransum can njure
the distal convolutions [t 1s probable that the i ols ement of the hpd
contaiung mitochondrna by all these poisons 1s the hasis for the necrosis
and retrograde changes seen microscopically Ohguna and anuna are the
rule It has been suggested that complete re absorption of the glomerutar
filtrate 1s responstble for this* There 1s hikely the additiona! feature of
reduaced renal blood flow

Sonre sulfontmides are acetylated on excretion and may precipitate out
as crystals 1f the volume of unine 1s not at least 7500 cc dady  Therr pre
cipitation in the collecting, tubules may cause aa abstruction  There 15 an
clement of cellular damage to the tubules in fatal cases  The mecroscopic
picture shows many of the features of the crush kidney There 1s fre
quently hypotenston at some stage 1 the chimical course Hemogloinuna
when present completes the rescmblance  The chinscal course 1s sufficiently
Iike the crush syndrome for Luche to term the condition  Lower
Nephron \ephross Lor reasons described on page 94 th s appears to
be an oversimphification

Rarely the allergic mamfestations of sensitnaty to sulfonamide i the
skin or elsew here are complicated by an acute renal failure  The picture
nucroscopically 1 quite distinctise It 15 worthy of mention becwse
acute glomerulonephritis and pertartentis nodosa are saud to be allergic
mmfestations and this ty pe of sulfonamide myury 1s quite unhf e erther

The kiudneys are swollen and congested weighing up to 300 grams each
\licroscopically the glonterul and blood vessels appetr normat There are
arens of fatty change m the tubtiac epithelhium and fat 1 some of the
swollen tubulir ! asement membranes  strilang intesstittal inflammation
with Jymphocytes plasma cells 1nd cosmophules 1s precent in all sections of
both hidneys (Fig 63) There are no eroided casts to acconnt for thus

ACUTE TERMINATION OF CHRONIC RENAL DISEASE

Diseses such as pyelonephntis and glomerulonephnitis wheh have an
acute ongin nd frequentls a chromic course majy have the longer course
termnated by a recrudescence of the acute phase Somew hat more cent
mon 1s the appcarance of the features of the crush sy ndrmncﬂz:r {»:\)ets
hypotensive uremia in the Inter stages of chrome renat fulure e | st
for thus combtnation of cyents 1s worth considerition
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Chapter 9

CHRONIC RENAL FAILURE
THE PROBLEM OF THE SHRUNKEN RIDNEY

CHRONIC RENAL FAILURE

Tur signs and symptoms of chronie renat fulure may result from any
long standing bidney damage— the rare case of chronic glomerutonephntis
the usual chromsc pyelonephnitis, polycystic kiudneys with estenstie 1n
ratvement of the pareachyma and the smalt propartion of arteriolar
nephrosclerosis i which renal farlure develops Al shaw the same climical
features  There 15 a gentral simianty of signs and symptoms which rep
rescnt madequacy of hadney function rather than mdicating to any pres
ently recogmzable degree the ty pe of ongmnal myury

[t 15 suggested that two thirds of the fenetiomng abihty of the hidneys
must be Jost hefore signs of renal msufficiency become apparent * There
may be a loss of the portion of the total number of nephrons or the func
tionimg ability of the nephrons must be reduced to thit degree  In some
cases of chromc pyelonephntis it seems that more than two thads of hid
ney substance has been lost  The fudneys are represented by nubbins of
tissue werghing perhaps 90 or 100 grams together with some of that beuny
fibrous tissue  Perhaps the speed at which the loss occurs 1s impartaat,
rate bemng unportant 1 50 many pathologic deyclopments

Anerma 1s the most constant chucal feature of the renal invalid  Inany
center in which the treatment of anemua 15 prasecuted xigorausly w15 a
common erpertence to find a proportion of hematology chare visitors
termmating tn urenua  The mechaarsm for the production of the anema
15 unhnoun It bas been suggested that the anenna 15 the result of the
accumulation of phenols and a toxic action on the hone marrow * Micro
ey tic hy pochronmc anemia s the rule md the red blood cell count reflects in
reverse degree the accumulation of nitrogenous wastes

The non protem mtrogen remans yithin normal lunits until the degree
of loss of function and functiomng tissite 1s considerable  This retention of
wrea and siular materials 1s responsible for the term ¢ uremit by which
the condition 1s hnonn  In usage urenua may appear to be restacted to
the end stagewith the strilung coma convulsions sonuting and disturb
ances of respiration which usher in the final stages and herald its termmna
trion  Actually the term describes the whale depressiag stquence com
mencing at the pownt at which the accumulation of non proten nitrogen
begins Vhen the NPN passes 100 mgm per cent death may be ncar ®
Uremnia can and does appear rarely without a major elevabon m the NPN
but this 1s 50 uacommon as to desers e no more than mention

Accompanying the accumnulation of the products of protemn metabolism

(118)



CHROMC RLNAL TAILLRL 119

and somctimes preceding st there 1s a Joss of concentrating, ability by the
lidneys A unne speafic gravity above 1010 1s seldom rcached  There
may be a reduction in the total v olume of urine produced  Nocturareveals
the continual actinaty of the hidney  With the retention of urea thus fail

ure of concentrating ability 1s the basis for one of the most popular tests of
renal function Diodrast nd Inulin clearinces are reduced before the loss
of concentrating ability furmshing 2 method more useful in following cases
of renal discase than in making the tmtial diagnosis  The first untoward
sign noticed by the patient usually 1s nocturta  The loss of concentrating
abihity during the progress of renal faillure marks another nnlestone m the
devclopment of the disease  The exerction of such matenals as phenol

sulphonepthalein (PSP) 15 reduced

Associated with ancmia the accumulation of waste products and the
loss of concentrating ibility there 15 frequently the important feature of
arterial hypertension  In some cascs the hypurtension dominates the
picture and the patient presents himself to the physician because of heart
heart faslure or a cerebral actident or encephalopathy  The antecedont
hidney disense 1s revealed only upon questiomng and exanunation  The
mechanism of this type of hy pertension 1s unknown as are the rest of the
cases of hypurtenston It 1s accompanied consistently by arteriolar sclero
sis1n the hidney  The degree of vascular disease noted upon careful study
1y be correlated with the height of the blood pressure  Renal ischemty
1s the obvious result of the artcrial and arterolar discase  The fashion m
which this causes hypertension 1f 1t does ¢ause 1t 1s not known

The ternunition of urenua of long standing 15 marked by coma n
creased neuromuscular arnitability as mantfested by convulsions slow
deep breathing or stcrtorous and pertodic breathing porcarditss and
vomuting *  The degrec of these features 1 aries front case to et and some
of them may be nussing Shin changes may be strihing and the uremic
frost—preaipitation of urer on the shin as 1t 1 excreted by the glinds of
the shin—is common X ycllow color i the (\poscd parts of the shin m1y
be due to an ovidization of the rctunad unnary chromogens  Urenue
colitts with ulecration produces @ ternunal dirrhea somctumes bloody
ushering 1 the «nd  The final eardite aerhy thamas reproduce in many
respects the changes followmg espermental potasstum posontng, %

It can be seen from the preceding discussion that the scquence of chronie
renl farlure prescnts a comples prctare Je mty bu an over senphfication
to compare death in urannt to the death of the aging bacternil culture s
Harnson and Mason have done  There 1s thes truth in the natopy that
Loth org tstis Apgr ar to die i an environment porsoned by the praducts
of their own mctabohism

THE PROBLEM OF THE SHRUNKEN KIDNEY

The hidney that has been injured to 1 considerable degrec over a long
o of tune tumds to lose the disttngishing fcatures of speaific divas
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which are so prominent i the earlier acute phases There 15 2 general
simianity of appearance whether the onginal disease wis glomerular
tubular mtersutial or vascular  Eventually all the component struc
tures vessels nephrons and mterstitiaf tissucs—become distorted n a
camphcated appearinee The distinction hetween these diffcrent patterns
of disappearance 18 the problem which confronts the pathologsst 1n the
stirunken kidney

It 1s stribingly like the situation 1n the body as a whole 1 nutrittonal
cacheva  The condition may result from a vartety of absorptr e errors—
anorext: tiersost pitwitary msufficency 1namtion difficulty m absorbing
food and so on  Whatever the onigmal cause the end result 1s about the
same Wiile the onginal injury or error may mvolve one body system at
beginning of the process with the adyancement of the cachevia the pri
mary process may be difficult to rdentify A small lesion may be identified
as the basic one but like beauty this proves often to be i the eye of the
beholder

We have already spoken of the three main types of renal disease neph
ron molvement vascular imvolvement and nterstiial tissue nvolve
ment \ephron changes may result from vascular disease as was described
under arteriosclerosis (p 60}  The mam process of nephron loss follons
the pattern of glomerular wrinkling and obsolescence In turn 1t 1s gener
ally recognized that vascular disease follows nephron and interstitial tissue
cisease (p 36)  Less well rccognized 1s the fashion in which interstitial
tissue changes constantly and wmexitably follow and accompany vascular
and nephron disease

With either primary vasculir or nepbron discase there are scars in the
renal tissue and changes 1n the urine such as albuminuna which make the
unine a suitable media for bacterl gronth At the same time the renal
scars distort the mtra renal lymphatics and mterfere with adequate nu
trition of the renal tissuc  Histologscally the presence of the lymphocytes
(0 sections trom nearly esery vartety of chronte renal disease rould result
from the interstitial tissue chsease  The orginal disease in the earlier cases
of chrome glomerulonephritis can be recogmzed by the charactenstic
glomerular lesions but 1 most cases the vascular and interstitial processes
supers ene and dominate the picture

The whole picture corresponds to a vicious cycle \ascular disease
affects the nephrons and interstitial tissue  These alterations produce
further changes in turn  Eventually the accumulation of nsults seriously
distorts the kidney  The remuning nephrons are unable to carry the load
and rennl failure results  Signs of renal failure—hypertension and an
emia—result from and may themselves alter the scarred and shrunhen
hidney

Onc clear cut case m which distinctve chmical features made this re
construction possible has lately come to utopsy at the \edical Coliege of
Albama The patient was forty years of age and had 1 history of an acute
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episoxle of tymeal glomerulonephritis some siv years previously  This was
followed two years later by a nephrutic episode charactenzed by anasarca

reversal of the A G ratio in the blood anemia and a slight hy pertension

The edemq improved but persisted for the remainder of the patient s hfc

1his w e markad 2lso by signs of renal fulure ind compheated by increas

1ng, cvadence of wrary trct infoction

At qutopsv there was chromic cystitts ureternitis cysticn chronic pyelo
nephntis cardiac hypertrophy  and terminal lobular pneumonia Mu
croscopically m the kidneys the picture was mainly that of 1 chronmie pyclo
nephritis with marked interstitial mflammation vascular sclerosis and
arcas of atrophy and hypcrtrophy A few of the more normal glomerul
presented the fined medium patency of the glomerular loops (hig 74) de
scnibed 1n nephrosis by Shaw Dunn *

Unless the onginal des were a py 1tis of htherto unde
scnibed variety 1t scems that the sequence of events was pyelonephnitis
supervenng upon glomerulonephritis It 1s likely that the frequency of
autopsy diagnosis of pyclonephritis may depend upon the same sequence
stnce many of the histones suggest glomerulonephntis  Fhrstrom be
heved that maved forms of pydlonephritis and glomerulonephnitis accur in
both acute and chronc forms?  Bedl descnibed 1 ease of pycloncphntis
supurs ening upon glomerulone phntis ®




Chapter 10
CHRONIC PYELONEPHRITIS

TH1s 15 the most presalent of all renal diseases by autopsy Al or nearly
all adults at autopsy w1l show a microscopic focus of chronic pyeloneph
ntis and 1 many the degree of the discase 1s marked Renal fatlure asa
result of pyelonephntis 1s not uneommon and hy pertension associated with
chromic pyelonephritis 1s frequent In many cases of chromc glomeru
lonephnitis the surv 1 al of the patient 1s long enough to allow the dexelop
ment of pyelonephritis of such a degree as to overshadow the ongmnal
disease

The association of chronic pyelonephritt, with hypertenston has been
shown chnically®® and at autopsy ** \any cases of essential hyper
tension  are found to have abnormalities of the urinary tract * In most of
these a chronic pyelonephritis 15 recogmizable chmcally n others the
presence of the disease 1s inferred from the urmary tract abnormality and
proven at autopsy  Retrograde pyelography must be used for the demon
stration of the course and cahber of the ureters and sn the search for the
finger Iike projections into the renal parenchyma which the pelvis and
calcyces may show  In others the distortion of the pelvisis obvious even
with intravenous urography

The experimental production of hy pertension upon the basis of urrnary
obstruction and infection has not been uniformly successful  Part of the
difficulty in this may be the upright position of the human and the lach of 2
sustable experiment ammal  Some 80 cases of umlateral pyelonephntis
with hypertension relieved by remosal of the diseased hidney can be found
in the hterature  Unfortunately many of these cases have been reported
before the necessary two years have elipsed following operation  This 15
the critical time of observation required before permanent improsement
can he claimed % Those cases m which the other hidney ts not diseased and
m whom some significant hypotensne effect 1s produced by thiocyanates
and stmilar drugs may be improved or even cured by the remosal of a
pyelonephritic hidney

There 1s no doubt that many cases of human hy pertension have chronic
pyelonephritis and that manj cases of chronic pyelonephntis have hyper
tension 1 the chnical notes m the cases of Bell are adequate and do not
represent agonal values of blood pressure 1t seems clear that some cases of
pyelonephritis do not hase hypertension  The pecultarity present m the
cases of pyelonephnitis assoctated with hypertension has been studied by
several groups of workers

Wess and Parker felt that the hyperplastic arteriosclerosis was the
determmng factor i the elevation of the blood pressure™ This takes
the form of the duplication of the cells of the arterioles presumably smoath

(127)
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muscle cclls  Bell points out that this arteriolar change may be the result
rather than the cause of hypertension * Diffuse artenal diseasc according
to Bells 2 more frequent concommuttant  The diversity of views indicates
that much ramains to b done on the problem  In passing 1t may be sud
that the granular cells of the renal artenole are not numerous m many cases
of chronic py concphntis with by pirtension

The protean antecedents of many ¢ases of chronic pyelonephritis hawe
becn mentioned previousty (p 111)  There docs not appear to b any
single feature 1 the history which would make one think of chromic pyelo
nephntis undess 1t 15 a pelvic operation or mfcction a clear cut nstory of
previous urinary tract snfection or pyelitss dunng pregnancy or m child
hood The individual usuatly shows hypertension  Tven taday with the
cmphasis on pyeloncphnitis only the enthusiast would trcat ¢very case of
hy pertension as 1 chromse pyclonephnitis It 1s wise to consider pyclo
nephritis 1 possibility until ruled out

It has been pomted out by Wess and Parker that the patwnt with
hypertension and ¢ hromie pyclonephritis who presents him or herself to the
chniennn has frequently been scen by other speaialists There may be hus
tory of sub normal health or cven of chronic invalihism  The palior of
thise pationts 1s strihing, 1in mans (ases ndicating the anenn of chromie
nfcetion and azotcm

It 1s not always possible to scparate chincally acute subrcute chronie
and chronic healed pyelonephtitis Most of the ¢ases of hy pertension are
actually 1n the healed chromic stage  The ongnal infection has subsided
the ¢arher pyuna s passed and the stquidae  chronie mvahdism and
hypertension—take the prominent clmicl réle . With the hypertension
there arc cises with cardhw fallure  Dospite the dhinwal dafficulty of
scparation into stages the pathologist in most instances s able to dentify
the progress of the discase  This appears to be another example of the
pathologist taking over the clinial dirgnosts e progress of the discise
much as mtcreapillary glomcraloscleroses (of p o 146)

1t 15 the opinion of some that the sub acute stage represents 1 chrome
wtne condition The acute imfection 1s present at the time that the scar
ning, resulting from the older infectim s marked  Clumps of pus in the
urine low grade tumper tare and leucocy tosis represent the wcute process
\ncna ddevated NP and hy pertension mark the chronic renal injury

The clinie ¥l diagnoss of chronie pyclonephntis may he dafficult o €18y
Hypertension cven i childhood shoukd make one ccnsider the possitnhts
of pyelonephntis #  The patents mav apper i oseellent health (ven
though hy pertension and chromic pyelonephritis are present 19 \bnormal
ties 1 the unine ud i the diagnosss but it may b Wtrordimanly difficult
t> demonstrate pus eclls and espeaally bactens  Many examuinations of
the unine m1y e required for positn ¢ culture

In chranic he ded pyclonephritis the urologist and the radiologist com
Line to cstabhish the dignosts The internist ny s hyprteasion or
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chronic renal farllure but for determiming the etwology ather specialists are
necessary

All cases of hypertension do not show radologic evidence of urary tract
abnormality  Of those who do not many have urinary evidence of pyelo
nephnitis  Radiologic evidence of urologic disease was painted out to be no
more frequent than arthritts duodenal ulcer or gall bladder disease 1n a
sertes of hypertensie patients These data were taken to mean that
uriary tract abnormality was insignificant 1n hypertension an obvious

non sequitur %

The Lidney severely mvolved by pyclonephntis over a penod of years
will as a rule be small and scarred The capsule strips with difficulty
Frequently the surface shows depressed firm areas alternatimg with thy
roid hike nodules of brown color It 1s rare to have intersemng tissue of
normal appearance The cut surface retracts The cortex 1s thin or ab
sent  YWhen any cortex remains fine scars traverse cortex and medulla
In many cases the pelvis 1s dilated with a chrome pyelitis perhaps of the
cystica variety  Calculi may be present  Thyrord like areas may be seen
m the cortex  Abscesses of small size represent activity of the infection

The gradual progression of fibrosis mnto the tuft of the glomerulus duning
the acute phase of pyelonephritis has been mentioned (p 111) This s
Mustrated 1n figures 66 to 69 The end result 1s a fibrous knot which re
mains n an open capsular space  Very frequently the glomernlus 1s de
stroyed and not a trace of 1it1sleft The hyaline knot form s a character
1stee and pathognomontc appearance  Davson and Langley recognized the
mmportance of partial fibrosis of the tuft as an indication of pyelonephritis
and pointed out that the lesion was described quite clearly by Fahr and
Schoen 2

The thyroid appearance of portions of the surviving cortex m the gros=
1s represented by groups of colloid casts m the sections (Fig 70) The ap
pearance mmcroscopically 1s much fike thyrowd tissue groups of difated or
atrophied tubules beng full of a hyaline material  In the rest of the hidney
tissue areas of scarring and atrophy alternate with sets of oversized and
dilated tubule umts (Fig 71)  In the chromc stage there 1s progressne
disappearance of glomerul: by fibrosis of the special sort with foct of chromic
inflammation  In the healed chronic varety the lymphocytes are few or
absent and the progressie glomerular disappearance 1s not seen

In both the chronic and the healed chronic stages or types of pyeloneph
rtis the vascular lestons particularly the artenal ones are strihang (Fig
72) \lost of these have already been mentioned—endarteritis obfiterans
and hyperplastic or disuse alteration of the arterioles  In some cases the
arterial lestons predonunate and 1t 1s difficult to recognize the basic disease
pyelonephritis or arteriolar nephrosclerosis

Severe pyelonephritis can occur 1 chrome form without hypertension
Eyen the artenal and arteriolar alterations may be mdistingushable from
those cases n which hypertension 1s marhed It 1s not usual however to
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Frpure 66

Glomerular Obsl 1 Pyclonephestes, B

Phes dtlusttavian s mtended O vhow an cashy stane of glomerular shadeveence  There s
an adhiesion of che glsnerstos o che capaale as the top  \any aunphied rubules are seen
theee i an thorease o che 1 tecue wirh msany inf. celis The maculsr
acpmient of the distad cabude s seddf ateachied €1 e plomeratay smx fubular arophy monet
yer marked
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Figure 67

Later Stage of Glomerzlar Qbsolescence
The fibrous Gissue ts seen exeend ng tto the glomerulus from above  The other features
of 1 mf and hied eubales can be seen also  This sore of lesion wn
pyelonephrius was recognized by Fahr by Schoen and by Davson and Langley . Begmming
atrophs of the eubide of the nepliron 55 seen i the tubule a0 the left abor e the glomerulus
The macular segment of the dstal tubule 1¢ separated from the arrerrale  Theze 15 a east 1

the tubude at the left
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Late Stage of Glomerular Obsale Preloucph

the glcralos « nrarly complreels bhrosed  The rapsutar space 1 empny Thete 1
attapts of some of the tubules and fis percss pho of others  §he snrerstinal tvsue 1 mcreased
about the atrophued tabufes  The atteenaton of by pertraphy and arrophy of tebuter sex
ments 15 seen feequenthy o htont renal diccases as Olver and Lund devnbe ©
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Frgure 69
Late Stage of Glomerular Obsolescence, Pyelonephritis

The glomeratus i the center of the field 1s completely fibrosed  There 1s a tesrdual space
around the fibrous glomerulus  The marked atrophy of the tubules can be made out  There
1 an icrease n wterstecal tssue  The margins of two thick-walled blood vessels can be
made out above and below
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Fegute 72

Rudney 11 Pyelonepbritss, Lou Power of Cortex

Thus atea shows a2 number of glomerult and vessels  The glomerult shm varying degrees
f fibross but there 15 same 1 rease wn conneetive tresue n all the glomeruls 1o obu fete
&) meruh are seen and a poros ncf one other  The vessels show selernss - There 1s mtular
atrophy and increae of mtervutiaf tssue

Thes sart of section 16 impartant from seseral iewpoints I the first instance st she s
har there 1s imolsement f the gle menutacin prel nephiits Secondhy, the 3csocrate i with
vasular disease 18 quite constant 1f not smaanable
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Aot T4 peroent of the cises of ot lomcrutone phntis continue wath
out any obvious remssion tormunating fatally in from hive wedks to two
years These subacute  ases are marked by massive and persistent
wdema continued dbuminuna and final hypertension Purulent pneu
mococel infections of the strous civities may be presunt cusing death in
some casts  Hypertension need not supervene 1n thow cases mn which the
infeetion of pleuril cavaty or pentoneum is rapudly fatal

Some cascs of this type of glomerufonephnitis have 4 rddatinedy mcon
spucuous or brief acute episotde which s oveelooked  The appearance of
these cases as chrome renal discase without hematurir with nssive edema
and albuminuria md with reversal of the atbunin globulin ratio i the
bload 1s respomsible for the chmea) term nephrosis At witopsy most
of thise Lases are chronic glomcrutoncphnitis with crescent formation pro
donunating, Al of the casts which ire not of this frank type do show some
tlomerular alterion  wdhesions or localized basement membrane change
Large prosumal comoluted tubule cells knded with hpod 1n which cho
festerol ean be domonstrated are seen also tTgs 73 ind 79 Duning hife
the urine shows much of this cholesterol the adjectne ipmd bang uwd
to design ate the discse

{ ths and Wilson pomnt out that about 10 por cunt of the c¢ivs of wute
glomcrutonephnts have a persistont afbunuouna after apparont recoseny
from the tute itk ™ Recurrent attwchs with the chncal foatures of
the orginat eprsade are common m sond of these Survinal in thes cses
wusinfly brmtid s tooghtyoms e bnomajonty of thew ¢ass of
persistent Bhuminuny alter e 2wate attuk do well for «n Rfteen or
taenty seirs Seventy porcont of thoa cases sunvan g the acutc attack for
more than tun years 30 per cont for more than taenty years

The chmeal picture At the tersunal (psode 35 as the Brtssh workers
hue pomted out comeident wath the dovelopment of 1 ponistent and
progrosine hypertension # - Wathout the history of the acute stk the
terminal pucturd suppests mabgnant hypertension The preture of senad
falure edemr necturny pohvhpatr headache and nanwa s quckly
replaced 1y the results of the npertension cardiie frdure and rotind
homorrhiges Sarvinal @ not astcnded pase two yoars from the recrudes
cunce ¢ the old discise Tt hoas beenony inpresson that the fostures of
wate hapurtensien e o sweeessfully amnnched patholog ity that

mibynant hypwortenson hos beos the anatonue dignoas O g 73 and
6y

A spennid vamety o dlomerubnephntis wath no hastory o preceding, an
focte o has been deserthed In F s and Weson ™ 1 1s moached fea the

. (131



Onset by edem;, and Jagg for tho o ten years yyep, 295 per ceng monahty
Thys S clled tipe | glomerulonephntls by these Workers € more
Usuafy 4 3} !ormmgt bags for ¢ 1S Cription nd thag o, h Previoyg
acute ease 15 Hed ty gs 77 81 Ype I ¢ 1S chap
acterizeq ologxca") by ¢p, henin of th, asemeny |, nd
tercap,), e depggyy resemblmg the Jo, Mitmelsgrap and
Wilson n diy, tics (¢, P 146) res e absapy the hseage Wects the

Cscents k!
glomeruh inq rcmahbl) umifory, fashion and tubufy, h}pcrtroph) 15 not
arke

Two map lmpressmns are gnepn by this Bpe I glomerulonephnns I
leve 1t can e Tecognizeq as an entity of ml’requenr OCCUrrence See
ondly the smulant; m hlstolog:c appearances to the dmbeuc mtercapxllar)
glomerulasclerosns strongl) Suggests that Some Commey etology. factor wilf
ound

It Cinot | o0 eremphasxzul that chrome glomerulonephnns 18 a diag
Nosts y, hich the Pathg ogist Makeg Tarely these days cchmcmn uses the
term (‘Onst'mtl) Perhapg c'lrel('ssly The kldney Wwhich has been gpy erely

Amaged has 5 mthologm APpearance Wwhich Tepresents nd reflectg the

Originaj Njury With the CCumulagaq Mjuries of t ther Struetyreg of
the 14, eQuen N and ssociate With Progress of the ¢,
Sease (f 82 ap, ) taking 5 Specific diagn, chron;e glom
erulunephnt Nician States B pe of ¢p, B10al diseng, He
Postulateg that fhicie, mdtcancns re left 1y the idney for thepatholo
81t to e, Lize ; should pe ca, tight s
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Figure 73
Glamernlus, 1ipoid \ephrogs
Tins g} merutus s frem 2 bild wich chineal v id nephrasie The masangum is retcn
lated  The b at the extreme Danet ot t has imsedvement of the capiliany Jomen T3 <
was 1 ¢ exeent of the ghmerulir fest m
The tubules are peprrath Bartenc ! That at the dpper night thows pranutac o toplasm
There 13 some thickening of the cells
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Figure 74
Glomerilus vt Lipard Nephrasss.

This glomesubus shows the smal} fived patency of the glomerular capillacies  This feature
was deverbed by Shaw Dunn The glomerulus 1s one from 3 case of “hpovd nephress™
termtnating in acute and chronie py elonepheitis

Actually, the entity of hipoid nephrosis way tot ocour Many of the cases whch are

Wil s .

Jetctidtion of tne mesangtum ts discussed m page 51
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}gure 78

Htyalne Arterroles Chrome Glomernlonephritss

e ppes to aner s o o rred and haal noed Fret wer arterwle
o hened A gl mersl sl ayare at the upperbeft e T iagal Mherewih et 7
‘el rane Ve wtet e e nnectne et ot tat and increased

‘et leba cremin
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Figure 76

1, Iosrebb:

Hyalme o1 Chrome Gl

Four altered arterioles are shown wn the illustration  Three are hyalimzed the fourth 1s
hypestrophied  One normal arteriole 1s seen  The increased intersutial connective nssue
15 surrounding altered tubules with thickened basement membranes
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Frgure 77

Chronic or Subacxte Glomerulonephratis=Tnbules i Crescent

Ehex glomerulus 15« or fnm 2 vase with a s months huton, The capidianes of the glo-
merutus are occhuded fargely by hbrses  The crescent in the capiuler space w made up of
ramifyang tubutes  1he parieral basement membrane 1 tacking a1 the teft The tubates are
ddared Mam cuntam cothnd Gasts There 1 inereased intesutiag ussue
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Figure 78

Crescent sn Intersal Glomernlonephritis

This glomerulus 1s from a case of inters al glomerulonephnitis  All the glomeruls hiad some
abnormahty usuaily thickened basement membranes of the capllary foops  Approxsmately
10 per cent of the glomeruls shoned crescents  There was a history of hy pertension  The
heart was hyperttophied  Death was due to 2 crush  lesion complicating lobular pneu
moma and lung abscess

The segment of capsulat space occupied by the crescent shows ramify g tubales



CHRONIC GLOME RUTONG LITRITIS 141

B
g TN 5

. A7
s AN FER B

SN ¥ 7
:-.\::,1;\,\\*‘ C:‘i\sv.@‘»\v"w o
26 rery Edl 2= “emen
o g
o S A
N I3

Figure 77

Trbule Formation about Obwlete Gl fus Chronse Gl loneph

Thus obsy ete glomerulus 1 surr unded by a hato of tubules] ke structures  The tremarms
ot the pattetal basement mer brane can be seen 1 places  The tubules are ren nants ap
parenthy of structures devel pinz  the cres ent 1t s imposable to say whether thes pos
sest am funch ming abality or nat Seriousls dist teed nephrens seme agl menlar are
seun in scarred kidoers Thes may be retated to new tubule f smation
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Figure R0
Tubule Formation 1 Crescent Chronsc Glomerufonepbriss

This glomerulus 1s pracucally fibrosed  The pavietal basement membrane remains onlhy
in a small area at the upper left  The capsular space 1s filled by fibrous tissue but m 1t 2
few cubule-lhe structures remain - Even a fibsosed glomerulus such as this may be function
ing to some degree but 11 seems unlilely  The persistence of tubufes in the crescent may be
related to imndependant tubular activity of the 1y pe seen 1n the aglomerufar nephron  Oliner
has found such aglomerular units 1n scarred hidney s
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hagure a1
Febrows and Cellular Crescent Chronse Glomernlonepbras.

Thv v cme 1y pe of gl wmecutar « e descence in gl imerulomephritn The space § Bomman s
\aprate has been tlted «n by ccllular mssue  This has a b g and retscular framemork  The
patretal basement mrembrane i intereupted nmany places  Fhe plemerul v n fibroned N+

nn tubules ate kelt an ths € pe of glomen lar chw descence  11e preporten of this type

£ Valescence 1> that sh wh n bures 771 5B mught be important i resdual fumcnn ng
f the kulner
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Figure 82
Very Lov Pouer.
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Figure §3
Chronsc Glomernlonepbritss, Very Low Pou e?

The cortex 1s not decreased m thickness Lhe vessels are promnent * Many cofford casts
are recognizable  Some groups of drfated tubules occur ¥y ith clase exammation crescents
can be seen 1 many glomerul  Other fibrotic scars appear

This s an eather stage of glomerulonephricis than that of fgure 82
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Fuure 85
Chronsc Glamerulonephratss, Very Low Powet, -

1 he cortex 55 not decreased m thickness  The vessefs are promment.” Many collond cases
are recogmzable  Somme groups of ditated tubules aceur  Wieh close examination crescents
an be seen 10 many glomerul Other fbrotic scars appear i

This 1 an cathier stage of glomernlonephrios than that of fizure &2



Chapter 12

INTERCAPILLARY GLOMEERULOSCLEROSIS
POLYCYSTIC KIDNEYS

INTER-CAPILLARY GLOMERULOSCLEROSIS
KiuneLsties Witsow DisEASE)

FHL fesson of Kimmelstrel and W\ slson mn the glomcrul of some diabetrcs
was probably intended onginatly as a pathologic deseription #  Followng
the presentation of Kunmelstiel and Wilson 1t has been recognized that a
number of diabetics of long standing, particularly muld ones wiill show 1
ter capsilary glomerulosclerosts assoctated with albuminuna retimts ede
ma hypertension md uremia  The mening of the term has gone from a
pathologic description to a chimical syndrome A certan amount of argu
ment 1s entailed in just this pomnt #

Kimmdstrel and Wilson saw hyatine matenal which they wterpreted as
fying in the space between the capillaries of the glomeruli 8 With thew
methods—\lallory s amiline blue stasn—they were not certamn that nor
mally there was an mntercapiilary space  The position of the matenal
suggested that 1t was actually tnter caprllary wn situation  Allen has re
vened a number of cases of intercapllary glomervlosclerosis and beheves
that the lesion 15 quite distinctyve for diabietes 3 He states that the mrer
capillary glomeruloscleros:s is seen more commonly m diabetes than any
other lesion mncluding those of the pancreas

The lesion ss readily studied with the peniodsc and Schiff s reagunt (PAS)
method (Figs 8% 83 and 86) Thire 1s a difference of appearance of the
glomeruls in dabetics i paraffin and frozen sections  In the glomeruls of
chabeties which do not show {ranh mter capifiary glomeruloscleross there
15 an afteration of the inter capiiary space with etther metiod  Ja foren
sections the intercaptllary space appears to be filled with a hyaline matenaf
which colors strongly with PAS  The same intercapillary space in paraffin
sections shows only a fine fibriflation Al stages of transition between
these appearances and the large nodules of hyahne distorting the glom
ertih are seen 1 diabetics (Figs 87 to 90)

Grosslv, there are no charactersstic changes of mtercapilary glomeru
losclerosss, Wehave scen kidneys with the disease which haven eighed 250
grams aprece and other cases with hidneys wewghmg 80 or 90 grams aprece

1 cannpt be sure grossly that consistently there ts any marked artenio

v sclerodis ¢
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Fagure 85
Lou Paue’ Vieus of the Radney
The sections © the hadney shownt above 3re mtendcd w© epresent a2 portion of the appeat
ance “which one € ake out “ath the 1o® est PO €T of the ™ <F scope OF with af erted
eyep1ect, The \ydney 2% the nght 1% rom 3 €2%€ dyng I° o after sev€re wounding
case at theleftis? chromi¢ g\omeru\nr disease assoclned wath diabetes metlitus The branch
e +€sSES can be €€ n both nstances pest at tHE The y,\omem\l at the 1eft
To promunence hecause of the Qeposit of 2 hyal sl an them

g of
are thio™? w
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Frgure 86
Intercaptllary Glomerulosclerosss High Power of Capsllary Loop

The senter of the loop 15 filled by a lam nated hyaline material  The lamen of the capillary
s external to the hyal ne matenal The capillary has an external but no mternal basement
membrane  This appearance 15 the late result of the depostt of hyaline matenial m the inter
capillaty space (¢f Fig 5) Nucles can be seen n clefts between the Jamunz  Rencubn 15
sard to be demonstrable i these clefts  The materral nfiltrating the glomeruh in 1ntercapil
Yary glomeraloseleross 15 not dersved from an intemnal  basement membrane  Unlike the
glomerular basement membrane 1€ 15 removed by pecinase digestion
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Freure 89
Intercapellary Glomerulosclerosis Lou Pouer of Cortex (P 15}

1) s area sto s several glomerul 1 var ous date stages of absolescence assoc ated w th
the depos t of hyal ne matenial of the glomeruli  Secondary ¢hanges n the tubules have re
sulted 1 thichened basement membrane atound many tubules
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AT V)
Figure 90
Gl lus m Intercapullary Glomeralosel

1 s glo merutus shows the hval ne imtercapillary matersal forcing the capiifanies peripheral
Iy As usual a perpheral basement membrane can be seen 1n the capillares
limitation of the masses 15 shown m hyure 86

Ihe effects T the glomerular njury are seen 1n the thickened basement membrane « f the
tubules and the mcreased terst tal tissue  Casts are seen 1n the tubules A thichencd ar
tervole 16 seen i the left upper quadiant  An anamalous fnding 1s the fibrous matersab m a
portion of the capsular space

The centrat
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Figare 92
Polycystic Kedney Infant

A segment of kidoey tissue 15 shown  Theee glomeruls are recogmaable  The rest of the
eissue has been replaced by dilated cystic tubules  This condition 1s not compatible with
post uterme life 3f both hadney s are complerely imvolsed, as they were m this case

The dilared tubules m the illustration may be the distal convolution  Failures of continusty
can occur at different levels of the nephron

T
‘}’? 3
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Fieute 93
Lunsng of Congenstal Cyst Adult heddney

e €y st has an epirhel shlniag whnch s pre<ersed  The adjaceht tissue 1s not compressed
Congen tal <1 5t5 an be found in any adule kidney 1f enough sertiging v done W her s sts
are multiple and teave no funcrion ng 1seue they produce tenal fa lure  The condition 15

Aled policvane hidney asit s ofan y (g big 92
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One of the stnhung features of the polycystic Midney 15 1ts propensity for
mfection  Under this condition a cyst or group of cvsts may be trang
formed mto sacs of pus  The orgamsms are the same as seen 1 pyeloneph
ntis—streptococer and coliform organisms  The shortened hife of the pa
tient m a certamn number of instances ma) be due to superadded infection
or surgical reman al of an nfected polycvstic hidney

1 rays of these cases show a characteristic picture of an elongated pehis
with shortened calyees  \lost cases are easily diagnosed because of the
abdomnal mass or masses  Subchnical cases as Bell pointsout may have
many cysts* The persisting normal renal parenchyma 1s sufficient to
prex ent urenu



Chapter 13

INCIDENTAL DISEASES THE KIDNEY IN
HYPERTENSION IN DIABETES IN
ANY LOIDOSIS IN FAT EMBOLISM

IN SYPHILIS

HYPERTENSION AND THE KIDNEY

RicuArD Bright s onginal description of the kidney 1n chronic renal ds
sease mentioned the association of the enlarged heart with the shrunken
ladney  Since the mntroduction of the sphygmonanometer 1t has been
known that cases of arter1nl hypertension show an enlarged heart This1s
due to hypertrophy of the left ventricle as revealed hy autopsy Shortly
after this the hadneys were found to be diseased 1n many cases of hyper
tenston *  Attempts have been made to explain the association between
renal d sease and hy pertension without complete success

Hypertension 1s usually defined as persistent elevation of the systolic
blood pressure over 150 mm and a diastohic pressure of over 100 1n the
adult \Where an obnious eause for hypertension exists e g chronic renal
disease endocrine disorders such as the medullary adrenal tumors or
Cushing, s syndrome 1t 1s called secondary  Primary hypertension has no
obvious cause  The primary varety 1s divided nto the beragn and  mal
ignant types The renal lesions of malignant hypertension or acute
hvpertension with renal falure have already been described (p 93)

The remaning problem 1s berugn or essential hypertension  Cases which
chincally are essentiaf hypertension may incfude many cises of chromie
pyelonephritis frequently with abnormalities of the urinary tract which
are obvious with adequate examnttion *  Many moare will be found to
have hyaline arterioles 1in the hidneys and organs of the splanchnic area
The changes present snclude numbers of obsolescent glomeruls with sur
roundmg atrophied tubules®  This condition 1s called Arteniotar \ephro
sclerosts  Grossly the only remarkable feature 1s a prominence of the
arteries at the arcuate level probably the result of hypertrophy of the
ntimal elastica (Fig 25)

Despite the fact that all or nearly all of the cases of essential hyperten
sion can be shown to have reduced renal blood flow little kadney change 1s
noted rossly or microscopically m 2 number of cascs 1t has been sug
gested that a pressor substance Renin s produced by the schemic hidney
This was deseribed by Tigerstedt and Bergman = Goldblatt s expen
mental work suggests this  Renal 1schema 1s produced by clamping the
renal artery and 15 followed by hypertension i his animals 3 Sttempts at
demonstration of cireulrting Renin have ben fruntless in cases of bssentinl

(159)
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hypertension although successful n more acute conditions such s ec
lampsia

The publication of Goormaghtigh rased hopes, for the discovery of an
ntra renal endocrine ihe mechanssm  Granular cells described in the
arterioles of the mous= Lidney by Ruyterand m the human by Oberling
were found in the rabbit and cat by Goormaghtigh*  Clamping of the
renal artery produced hy perplasia of these cells m the rabbit and dog ac
cording to Goormaghtigh The granular cells of the renal arteriole nere
postulated as the site of formation of remn @

E~xammation of human kadneys refutes this consideration  PAS methods
on frozen or paraffin sections show the granules in admirable fashion when
they are present  As has been mentioned the granules are present 1nd
numerous 10 the crush hdney regardiess of the blood pressure durning life
n acute hypertension and in cirrhosis of the lner 1 have not found gran
ules m normal hidneys nor 1n the hidney dicsenses associated with hy per
tension  The hypothesis of Goormaghtigh does not appear to be sub
stantinted but it has been responsible for manv valuable studies

Some ex1dence indicates that the reduced blood flow through the hidney
n essential hypertension 1s simply part of a general arteriolar constriction
It 15 suggested that those people who develop 1 persistent hs pertension
are the same ones who react to pressor tests with exaggerated and perhaps
extended hypertension *% These features make many consider the probabit
1ty of a ner ous mechanism

Participation of the hidney n the production of essential hy pertension
15 being mvesnigated  Bell pointed out that artenosclerosis of relatively
conspreuous degree was seen 1 hadneys of those cases 1 which hyperten
ston was marked chnically °  Artenolar hyalme may be the remm like
factor  Other possibiities will suggest themselses the tubule of the
prouimal cony oluted level especially

Only 10 per cent of the mdividuals wath arterolar nephrosclerosis de
velop renal fatlure  Cardiac farlure causes death mn 50 to 60 per cent
Cercbral acaidents kil 20 to 25 per cent  Those remaimng who do not
succumb to some unrelated disease will die 1 renl fasture  The ldneys
are small equal i size and finely granular at autopsy  \icroscoprcally
these lidneys show a summation of all the different stages of 1schemic
obsolescence affecting principally the glomeruli with secondary changes i
the tubules and interstitinl tissues  Acute termmnationls accur with the
acute mucroscope fertures present m addition to the chronic ones

DIABETES AND THE KIDNEY

In wWdibon to the mtercapiliary glomerulosclerows of hammelshiel and
Alsoh two frequent features of the kidney are scen 1 dinbetes Firct ts
the Jesion of Armanni or the accumulation of glycogen n emithehal cefls of
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Henle s loops ¢ (F1ig 94)  The other 15 acute papillitts or necrosis of the
tips of the pyramids ¥ 7 (Fig 95)

In any discase 1n which glycosuna 1s a protument featurc 1 certam pre
portion of the glucose 1s reabsorbed and accumulates i the c«iis of Henle s
loops  Typical of this s the glycogen storge divcase ot v { erhe  Thivie
relatnely uncommon while diabetes 1s frequent

In the ordinary Hemotosyhin and Eosin section the aff cred ccdls are
pale and snollen  \\ith the PAS method 1t 15 shown that tt 15 due to th
presence of carbohydrate (Fig 94) Diastase digestion r(1 n s the PAS
positive matenal which 1s therefore glycogen  Actually 11 shydiate s
present at most levels of the tubule  Thus occurs as globules n the cells +
provmal and distal cony olutions but 1s most concentrated and con et «
mthe cells of Henle s loops

\ecrosis of the tips of the pyramuds may be unifateral but s usi allx 1y
fatral ®  Healed stages are seen but frequently the necrosis aj pears t
have been a terminal event ¥ The chinical features are usuaily oversha i
owed by actdosis or gangrenc of an extrerty  Occasionally an aunte lowt
urnary tract snfection 1s present with systemic and local fuatures  \li
croscopically and grossly the losion s what the term necrosis signific s—a
{0ss of vitality of the tip of the pyramid frequently with a line of demarca
hon (Fig 93)  The etiology may be simply n acute and locahized pyelo
nephntis by an organism finding an ensironment adapted to its multiplica
tion m the diabetic papiila A sumlar losion 13 found occasionally 1n non
diabetics with urnary tract infection

The occurrence of several features of dibetes m one hidney pyramd
necrosis and the lesion of Armannt for example (s not uncommon  On the
other hand 1t 15 smd to he unusual to find mtercapiffary glomerulosclerosis
and the lesion of Armanm 1n the same case That has been my expenence
but the significance 15 not hnown  Necrosis of the tip of a pyramud and
Wtercapillary glomerulosclerosis can oceur 1 one hidney

AMYLOIDOSIS OF THE KIDNEYS

The frequent assopsation of generalized amylowdosis with chromc sup
Purative foci particularly in bone has been known for many years  Cases
of renal amvloidoss which are part of a generalized condition appear to
have the same etiology  Lattle alteration of renal function 1s produced 1n
these cases They sometimes show major mfiltration of amylosd matenial
110 the glomerulus betwcen the muscle cells of the arteries and around
the basement membrane of the tubule In rare instances no gtiology 1s
deternuined and the condition 1s spohen of as pnmary  Its distribution 18
the same a5 1n the secondary %

0ccasmna\|y the amylod 1s found 1n a shrunken kidney and the con
dition has been referred to as the amyloid shrunken hidney ¢ This sug
gests that the amylowd causes the shrimkage The alteration of the alburua

P
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globulin ratio 1 the blood which occurs 1n amy loidosis 1s seen 1n some cases
of chronic glomerulonephritis  Sometimes 1 have not becn sure whether
the amyloidosis resulted from the renal disease or vice versa  The hidnevs
contaming, numerous glomerult which are loaded with amyloid and as

socrated with atrophied tubules appear to be true cases of amyloid causing
renal falure  In at least one of these cases 1 have been struck by the
tawny ycllow color of the organ grossly and the pigmentation of the tubu

lar cells microscopically

The deposit of amyloid 1s 1n relation to the carbohydrate of the basc
ment membrane of the tubule and glomerulus  The involvement of the
cemgnt substance of the vesselsis charactenstic It may be that the amy1
oid matenal 1s a normal constituent of the ground substance present nor
mally 1n minute quantittes but increascd 1n the amylodosis®  The
matcrial on the othcr hand may be protein precipitated at particular sites
with ncorporation of carbohydrate The relationship of the disease to
antthody formations 1n experniment animals suggests some, role of the
globulins # Globulin makes up a greater proportion of the unnary proten
1n rcnal amyloidosts than in most other diseases *

The hidney 1n marked amylodosis 1s firm waxy and keeps 1ts shape
well  \icroscopically when the development of glomerular v olvement
can be followed 1t appears that the earliest deposition of amyloid 1s at the
attachment of the artenioles  The material 1s laid down next to the base
ment membrane (Fig 96)  Later 1t 1s deposited 1n the tubular basement
membranc
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Figure 94

The Leston of Avmanns 1 a Duabetsc  Glycogen m the Cells of Henle s Loops

Uhis section was from a diabetic but similar appeatances are seen in any prolonged gly
cosunia  The ussue from which the photomicrogeaph was taken had been fived in Helly s
Fluid (Zeaker Formol)  Thes picture shows the preservation of gl cogen in an aqucous fxa
tve a fact not reahized generally

by coen 15 found a5 conglomerate spherules n t ¢ cells of Henle s loops A simslar matenal
1 lard do v m the basement membrane  Lile glycogen it can be remaned from sections by
dastase d gestion  (McManus courtesy of Amer Jour Patholags )

-
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F gure 96

Glomerulus 11 Renal Amylardosss

Ele glomernlu hasan nfil at ng substance accen uat ng the cap llary lorys Th's sub-
stance conta ns carhohvdrate and colors v h PAS Jt smo e b trle than bas ment mem
brane Fractures are produced n sectonng There ssl ght nfiltra on of the arcer ole and
ome th cken ng of s me tubular basement n embranes
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Fgure 95

Necrosis of the Tip of the Pyranml ma Diabetic:
the Mustrauo®

The nectol' snner POTEOD of a pyrarmd 1 shown 1w the Tower Paft of

There 18 2 arker Lme of demarcation, crween the healthy 3™ pecrotic nssue The

g\Omem\- are consPX! ous with the PAS ‘method 35 ey 1€ 30 Ladneys from duabetics The

Tewon of Armanmy Fig 99) W3S present but ©® not recogmizable 3¢ s aufication

The necrost® of the vp o ehe pyramd 1 20 acute P! donephnts e 1s vOt ncommon 1
e h uroaty ract ohstruction

diabetes Tos non-diabetics 17 assocuation ¢
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Figure 96

Glometulus sn Renal Amylardosts

Ihe g1 merulus has an infiltzating substance accentuat ng the eap llary loopy  This sube
stance contams curhohy drare and colors with PAS ¢ 1s more brttle than bascment mem
brane Fractutes are produced 1n secewnmg  There 1s shighe wnltcation of the arxerioe and

ame thackenung of some tubulst bisen ent membranes
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Fugure 99

Fat Embalt tn Glomeralt

Fat embolism or traumatic hpemia most commonly follows fractures of the long bones
Occasionally 1t 15 seen followng trauma to subcutaneous tissues  More secently 1t has been
described m sickle cell anemia and mn gas gangeene  The mechamsm of production  frac
tures seems ta he the pooling of the marcaw fat and tes suction mto an open sem  In other
condtians the causative sequence ts a matter of speculation

The fat difates the glomerular capillazies It 1s lost in the process of pataffin smbedd ne
The capsfianes appear empty and dilazed  Renal farlure ss ot produced T have seen hper
tension n masstve gl lar fac

*
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Pugure 100
Sypbilitsc Lesion n Kidney
Beed LEUE el oa oame oiEi. as -

<o find syphilitic lesions 1 the rest of the body
The syphilitie lesion of Rich consists of foct of lymphocy tes hernrating into the tubules as
shown above

r



170 REFEREN! CE>

REFERENCES
1 ABEROLSE, B S Hy pertension and Unilateral Fadney Diseases Surgent, 10 7,

2 Aopis, T and Les, W Pro(em Consumption and the Restoration of Lost Organ
Tssue, § Eapel Med , 71

1 AuLen, A So-catled Xntzrc:pdhq G\omeru\osc\:ws\s, Lesion Assocuated with
Drabet (:s\h\hlus,\\o(pho«:n e and Sipmificance, Av ch Path 3233 July, 1941

4 ANDERSON wAD Synopsss of Pathofug).S( Lows, C V \‘osb\ Co.\947

N ANGEVINEY M, and HarsoNs T W nahsis of a Senes of Autopsies with
Hemoglobmnunc 3 \cphm“s, ced by Lucx

6 r\k\l\\\l {1875} quo(:d by WARREN s The Patkologs of Drabetes Mellituss Phila-

Jelphua, Lea & Febree £ 1938, p 93

7 AscrofF L Patholagu[hl Jnammu.(uh Jena, 192 3.2

§ Barp V. and DUNN Renal Lesions n Eclampsi3 znd\:\'hnusnf Pregnancis
H Path and Bact, 37 291,1933

9 Bewt E 1 Renal Dum.wh 28 €. Philadelphia, Lea & Febuger In press

10 Brackyas, © S Jr o al Re\:uon Berneen th he Concentration. o of Total Proteint

and of Globulin 1 U Unn: and the Pathogenests of Cestain Renal Lestons W

Tnght's Discsse Bu\\ Jobms Hopline ¥ Tospital, 69 397, 1941

11 BowMar W n the Srructare and U of the Alaipghan Bodses of the Kidney with
Qbse! \:(mns on the Carculanion Thmugh the Gland. Philosoph Trans Rov Soc 5
London 132 57, 1842

12 Bovo, W C\ungm"Co ptsof?)e\on:phrms Canad M tAL.4 128,1942

13 Braxsen W F D clonephstss and 115 Ereatment, Suses Gy § Obst 6% 53

1939

14 BriGHT Rlcumv Report uf\(edlml Cases, Londont 182780t 1

1 Buu. F G and Ross, S e Gl omenﬂoncp}mns. A Revien of 90 Cases. )]
Ped 30 157 \917

16 By \1ER5,£ GL !schemm \‘usc\c\:cmus,j ANMALIH 1103, 1944

17 Bv\\ .nus. Renal Lesion 10 “[raumatic AnUDA j Path

G L
JJ 1l
18 (.numkts. o Hpet=
cension, § L‘m\ -H 125,193
19 CrABTRE e EG. prien, E L Nature of Rendt ey ome
Colon But\\\us P\ e\oncphnus m Relation 1© Hy pertensions Corabmed Lhmeds and
tho\c;lu\ Srudy, Lol 42 932,1939
10 LK_\CI al Dncahsz(\un Renale de 12 \hhd\: de Bom\hrd 12 Gl Glomerulo-
ephnite th(emu\ekhmmausm ale Menant 3% e Baghts Ann D'Anat Path.
HJ 3(73 1933
2t Dusm j, and Lanarty, F A Papithes Rems x\ecron:zns.] Path and
6 327 1944
72 De \lUYu)E\l cH LeDe\c\oppemem e VAP
Huma, Ar e Biot, 597 , 1
23 DerOW L H A.hAuscuv D dSCHLl‘.SthE AN The S)ndmm:o( I?l
abetes \h“ms,“vpt(tmsmn and \t[‘hro<i . New < England J \fed ,221 1012 1939
34 Dexger Lo 38 ad HAYNES g Relavon of Remn t© Humm Hy penensm ) wul
Parucular Reference 1© Echmpm. Preectam ¢ Glomeruloner TS,

Bacty

parell Juse gomenarue du Ret

ch\ucEp of & Med V552 58,194 8
25 DIECRMANY w mej Tnmma: of Pngmmr\, §e Lowtsy ¢ v Moshy Co, VM.
26 D\;’C\LE‘IP ~ W Geograph®® D:sm\umcn zn Chraate o Eclampsids
AN,
Toxerma of Prtgnznq. “)vﬂt mests Gr3 1daru d A\ur pro Placentae: Am
Obsy and Gyec » 3662 23,1938 L9

27 Dunw} Nephrosts or\:phrms’ § Path & Bact
28 Doy }S G;u‘;snz,\&. dNesEN S jsF leus on w Two C:srsomesh

S ndmmc‘ Lancet 2 339, 1941



RETERI NCES 171

3

Dusy T B Chr nic or Healed Pyeloneg hratis tn “vegro Women Dyng with Hy per
venwne Heare D sease Comparatnve Incidence of thix Lewi o n Histologic Sections
South M J 37593 1941

30 Eowososox H A Masmiy H E and Evans N G Newross of Renal Papiflaeand

Acute Py clonephiitis m Drabetes Methtus Arch Int Med /9 148 1947

Enrstrou M € On™ xed Forms of Pyelonephrinis and D) Fuse Glomerulonept
Acta Med Scandmay 179 122 194

4 Fritse € M and Remiann H A Fhe Fnolog) ofr\mv[ﬂxd D sease s 1th a Note

on Eapermental Amylodosss Arch Path 2/ 1 193
33 Fius A The Natural H story of Brghts Dms: Chin cal H.smtog.cal and Fx
penmental Observatons (Croon an Lectures) Lancet 1 1 34 72 194
Finew C A and Marcranp ] F Cardiac Arrest by the Action b s An
T \Med Sai 206 507 1943
Fiscner H  Das Verhalten des Gols apparatus i den Hauy stuck zellen der Hamn
Lanalchen bet Expermenteli Gestetgerter und Gehemmeer D urese Z AUk Anar
Forsch 43 342 1938
% Fisurer A M Iypertens on ard Nephrit s 4th Ed Phladelphia Lea & Febiger
1939

37— The Astertolar Lesions of Acute Glomerulonephritis Arch Int Med
#0§0-57 July 1927

33 Fours P ] Corcoraw A C and lact T H  Observatons on the Clmical and
Funet onal Course of Nephrotouic Nephr tis in Dogs Am ] M Sc 67 313 1931

39 Gororiatr H_ The Renal Ong n of Hypertension Lhysiol Rev 77 120 1947

30 C wext G D stmbunion of [ hosphatase in Normal Organs and Lissue ] Cellular
Comp Thysol 1771 1941

31 Goorvagrmion N 1 a Docteine de la Cellule Musculaire Atibriflaire Fndocr ne en
Fath logic Humane 1 La Nephrosclero ¢ Vasculaire Ben gne Bull Acad Roy

ed Belg 0 380 1941

ES

4 — La Fo ¢t o1 End crine de 4 terinle Rerale Lbrawc R ¥ nteyn
Lou\a ne 1944
307 v Fa v o
'
41

de ol tares 45 5/ 1934
45 GRy» P and Mornwvostar W A Focal Clomerul s i Elderh Patients  Am
] Path 10333 1943
46 CiuL Wittiaw  Chronie By ghes D ease wiel Contracted K dney { rtenc capallars
fibr s15) Bt Med J 2707 1872
47 Conmner G W Die Papllennchrosen der Naere ber Daletes Manchen \led
Wchnschr 841695 1937
Harmwson T R and Mason M F Patlo enesis of Urens Syndr me Vedicne
1611937 s
Havad ] M Jr and Marmiv J © Jk Acute Nephritis  Revtes of 77 Cases
Am ] AT Se 200 505 1940
Hyvma¥ § M and STase I Glonerular Distr bution of Blood n the Mammaln
Rdney § Exp M 47641 1925
ol Jarre R Lecture gven at Ch cago Ly ng In Hospstal Jan 31 1934 wtedinsp 54
$7 humn N M and Burensir H B Clocal Intovicat on v ith Lots¥iam  Irs
Occurrence i Sey ere Renal Insufficency Am ] Med Sa 217 1 1949

5

*
o %

3 hewrrr € E and Thompson J G Complement Activny of Blocd Serum
Nephntis J 1ath Bact 48 519 1939

~4 hwwwer G C Hypertenaon and Py efonephrins of Children Am J Ds Chld
63 60 1942

53 hiwvewstier Poand Witsox € Intercapdlary Lesions m Clumeruh of Kidney
Am ] Path 1283 1936

% Latsoy H D Brabtey S F and Cournanp A he Renal Circular nm Shock

J Chin Invest 23 381 1944
§7 Lenson GG Belamp sa AStan vedl Revew Bt M 7944 193¢



INDEX

I

o

(Pages of Hiustration® Ttaher2d )

A Belt, 72,860 12 123 18
PBemgns ertensio’ it

Al\cc‘\:)tce'sﬁ;“ntrl\scnephnns 16, 49,507 76, el BT 3

T o0, 8 \B\carhom e, peabsorPon 14

\\\.\c\.\\ater( ever, 87

\
euologs 7 DBlood fos £ n\ ormah, 12
upenmema , T4

< \ 1, 42, 8
gross P hototy Bo“man,\
rmcmscop\c featuress 75 “ng\u. Racha ard, T
"“‘“""“‘““"’ s diseaser T 134
® sbchmea t‘ Traanss %
unusua\ ez(u(es.
Avute WyEert . 95,96 o7, 98, 100. 1 101, ywaters &
wv Ilofnn‘up‘ e \ c ’
Acute met 10
“ “““‘-‘“ | caamesTiot ubu\:r ebelars 53
=f\°‘°n» (Ca\:lum. «me
gross 72! °‘ m Capsule, oo \s 0,46
microse? atho \o"\ Rt | Casts, A
Acute cenal far¥ Z \ Ch\ondc, 12
“‘0“5- 3 |Crel Jesterols 133
mical featsres” 7 c\m\m,. B
dema 1 Chonamums\r ac aads 22
Adpustments epal careata®o™ €, Chrome lomerlerer) q\\mm 82,8 133, 130
Adrenat 1 s, 15 138, 13% w m‘ 14
gy 370
purmnun: ¥ 1,72, 889> 103,120:133 ol P 13
Alrerane & erahos: 6 Typ
A L6t ! with gy donephiess \z
Anerir ¥ Chrome JrcloneEtnts 55, 126, 127
anurias 15 2,103, 11 1 9,130.131
L Yranchess 3% 31 following heumatsTe 132
A venclar nePhe jerosis, 15 gross P oy 12
Artenole , b a0 57,15 hy pcncns\m\. 2
astics 1121 124 Y Eoscoc T notom 124
nectosis 57,93 Chrome 1€7% farhre:
T uctures 32 ua
Acrophy? bu\es,S Cotlage™
Agovemid 12 118 Cotlord drcpets.
e} T 19 Corie®s \n(] ta g\on\emhr).!ﬁ
neo Red,
o e, P 51,8065 1, 130, 10
B 141, 142 143
Cmshsvnd e, 42,930 a1,89.95% fronits®
B \c(E\k e glome! u\nnev\\n(\s. 74 a ‘P““‘c‘ :\ et &
w_w\a chaus, 110 A1
Base: eﬁc "‘m“‘;’;" . Jatholor” 58,90
ence 1), compost” :9 Cro 15615
Baseme © pEmbrane: com d Fevclopme 1,153
S B omersas e bl 155

ubulats 29

(\Zﬂ



INDEN

D

Duaneres 161
lesson of Armanm 161 163
necrosis of tips of pyramnd 161 164
Ser Glomerulosclerosis

Dunn Shaw F 23 104
E

Ectaveses 103 105 106 107 105 109
chrical features 103
glomerular lesn 51 104

Fdema reference 73

Hlasuca 33 5§
duplication 7 9y 159

Flastosts 57 58 9> 159

Flhs 133

Fmbolized glomerutus 47 48

Frdartenitis obliterans 5y 57 124

Endothehum glomerufar 18

Fpithelum glomerutar 18
cubutar 23 27

alterations of §1

Essenual hypertension 159

causes of death 160
renal pathology 159 160

F

kAT embolism 768

in tubular epichehun >1 133
Feuat ladney /6
G
Gromerutag omplex Sre Juxtagl
Complex

H

Heart enlarged 159
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JuxracLomkruLar complex 36
| segment of arteriles 18
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Clomerutonephriets  See Acute Glomerulo L bman SNack s d sease 61 766 15

nephrins and Chtonic Glomerulonephert
Glomerul sclerosis ntercapallany

o nscal features 146
Glomerulus 15
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glomerular 18
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Granules artenolar 36, 3% 94 160

v Linowd nephrosis 175 133 135 130
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elomerulus i 51
Lower nephron nephrosis
Lucke
Lupus ety thematosus 61
Lymphates 31
Pert urereral 110

4 91
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Golgt element 38
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Malpight, 7, 15

Media, artertes, 33, 56
Mercuny, 112 13

Mesangium, 18

\itochondsia tubles, 23 27, 51, 53
i ohemoglobn, 13, §7

N

Necrosis, cortical, bilateral, 42
arteries, 61 [
artenioles, 57, 96, 97, 98, 99
glomerular capillanes, 46, 47
tubules, 33
Nephron normal number, 12
parts 15
structure, functomng, 13
Nephrosclerosss, atteniolar, 159
Nephrosss, hipoid, 133
glomerularlesion, 51, 115, 135,136
tovie, 112
Nerves renal, 36

o]

OnsoLescescE, glomerulus, glomeruloneph-
nus, 51, 139 143
1scherma, 62 63 68
pyelonephritis, 55, 124 125 128
Olzuria, 14 42,72, 74 88,95, 103
Oluer, 34 69

P

PELvIs, tenal, 11, 55, 111, 122, 158
Penartentis Sez Polyarrerius
Phosphatase, 7, 25, 43, 45, 51, 90, Frontispiece
Prgmentauon tubule cells, 53, 162
Poly arteniuis nodosa, 57, 6/
Poly c3 stic Atdney s, 155, 756
Polyursa, 14
Potassium posoning, 119
Pre artenioles, 57
Pregnancy, “crush’ lesion, 87
eclampsta, 103
Primany hy pertension, 159
Pyehitis, 35, 110, 111, 123
Py elonephrstis See Acute py elonephritis and
chrome py elonephnns
Pyramid, 32, 9>
aging 31
+ necrosis, 161
structure, 32
2
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R

Resn, 38 159,160 -
Reticulin, badney, 29, 30, 39
development, 31
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Retimtss, 95, 146
Rich, 169
Root, glomerular, 36, 37, 39

S

Sarco1p0s13, renal, 70
Scars, renal, 60, 69, 120, 124
Senile, hidney, 69
Shock, 27, 42, 47, 45, 87, 88 93
Space, ntercaplany  See  Intercap
Space

interstinal, 31, 34
Subacute glomentlonephnitis, 133
Sucrose, lesion, wbules, 53
| Sulfonamudes, nephrosis 112 114

Sy philis, hidney, 160

T

| Turoueonecrass, actenoles, 7, 93, 9
rombasts, renal vemns, 72, {1y 16
tubulo-venous, 42, 44,62, 87,90 92
Thy rord hle cortex, 124, 129
Toxemia of pregnancy, 87
Transfusion, 87
Trueta, 42, 87
Tubules, collecting, 27
distal consolured, 27
festons, 51
provimal comeluzton, 23
Tubulovenous thrombosis See Thromt
Tubulo- enous

U

Uresza See Azotemta
Uretennis o stica, 121
Uric aerd nfarets, 27

v

VErss, renal, 39, 36

lesions, 62

thrombosts, 72 5
Vessels Ser Anenies, Arsesioles, Veuws, et

w

Weiss, § and Parler, F, 55,123
Ware loop lesion, 167

I\\ nnliwg, glomerul

lar basement membra
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