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CHRONIC BRIGHT'S DISEASE






INTRODUCTION

Dysruncnou of the kidney due to local structural damage
1s the essential and primary cause of utemia 1n chromie
Bright s disease However renal dysfunction per se provokes few
symptoms directly Rather 1t tends to operate 1n an mdrrect man
net by changing first the composition of the plasma and n turn
the chemical structure and the volume of the other body fluids

The resulting disturbances 1nterfere with the metabolism and
function of many other organs and eventually cause symptoms

Thus derangement may occur consecutively or stmultaneously mn
several systems the renal crculatory central nervous gastro-
mtestinal skeletal and finally 1n the body as 2 whole 1t s the
purpose of this lecture to suriey and correlate the tarious func

tional disorders with the climical manifestations of urema






o
DEFINITIONS

T THE OUTSET we ate faced with the necessity of clanifying cer
A. tain terms and concepts upon which the following discusston
1s hinged Of these the more important are uremia and

chrontc Brght s disease  Unfortunately neither expression has
attained a definitive or widely accepted meaning This s only to
be expected in view of constant changes 10 our tdeas due to 1m
provements of methodology and the accumulation of new fac
tual data In a general sense agreement does exist among most
physicians concerning clintcal concepts of these condittons but
1deas of their pathologic physiology and chemistry are vague and
1ll defined

RENAL INSUFFICIENCY AND UREMIA

There are many renal msufficiencies A failure to mamntain
acid base balance to conserve salt to excrete mitrogen each of
these and many others separately or 1n combination constitute
wnsufficiency of renal function But 1n general usage the term
becomes more inclusive and applies to any failure of the kidney
to play 1ts role effictently 1n regulating the composttion of plasma
A diagnosis of renal insufficiency, then becomes at first a matter
of hiochemsstry Symptomatology may ot may not appear

The term  urtemta  has been used for a century to denote
the symptom complex resulting from renal insufficiency (1)
Much confusion has ansen in its use 1n part because the bio-
chemical abnormalities have always been obscure and 1n part
because the uremtc syndrome has been redefined 1n the light of
additional facts Since 1t was believed 1n 1840 that retention of
urine was the chref source of difficulty a word meaning literally

urne 1n the blood  was suggested as a satisfactory label It 1s
now apparent that this theory of etiology 1s inadequate since unt
H
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nary Josses of water and electrolytes may frequently have a larger
patt 1n causing symptoms than retention

Certain symptoms of what was at first called uremia are now
known to be caused by arterral hypertension Thus convulsions
and other neurological mamfestations once considered to be an
integral part of uremia have been shown to be largely attributable
to hypertensive disease, which may cause so called pseudo
uremia or hypertensive encephalopathy independently of renal
msufficiency (2 3) Hypertensive encephalopathy may vary widely
1n character from minor transient localized manifestations of cere
bral secitation, such as parathestae to generalized convulsions, that
may prove fatal Less frequently, aphasia, dysphasia o palsies of
varying extent and duration may develop Such episodes are to be
differentiated from those due to renal retention of toxic agents
to depletion of substances essential to the maintenance of normal
neuromuscular 1eritability or to defects i water balance causing
cerebral edema  Convulsions occur 1n less than five per cent of
patients with uremiz when hypestension 1s absent (3) Othet
neurologic disordets are also uncommon

Soon after Brght (4) pomted out the relationship between
renal damage and dropsy, it was discovered that mitrogen reten
tron occurred 1n chronic renal disease  Exhaustive chemical studies
have since been made and 1t 1s now clear that the chemical an
atomy of the plasma undesgoes profound alteration during
uremia  Consequently uremia has acquired a btochemical con
notation 1 addition to its clinical meaning Indeed some stu
dents of the disorder consider this to be tts more important aspect
(5), since the clhnical pattern 15 sa diverse and aregular Thus
while recognizing that rare instances of advanced renal 1nsuffi
ciency fmay occur without obvious nitrogen retention, they have
come to regard azotemia as a distinctive feature of uremua

Many prefer to restrict the use of the term  uremia  to cases
10 which intnnsic, structural renal disease 15 responsible, denoting
mamifestations based on functional disturbances by some other
tepm Thus, prerenal azotemia or extra renal uremia, are used
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to signify that renal function ss impaired by interference with the
renal circulation as in shock dehydration chronic anemia or heart
failure The term postrenal azotemsa 1s sometimes employed 1n
preference to uremia, when renal nsuffictency anses from obstruc
tion to unnary outflow mn the absence of renal damage Since
utemta has nearly always been defined as a clinical syndrome 1t
seems 1llogical to refer to the same symptom complex by different
names espectally when the underlying phystological changes are
5o often similar For this reason uremia will be used in this
lecture to denote the chinical picture associated with azotemta
caused by renal snsufficiency whatever 1its onigin

CHRONIC BRIGHT s DISEASE

For many years the nature of the renal diseases described by
Richard Bright 1n 1827 has provided matertal for controversy
Bright delineated three vaneties and suggested that possibly
more than one disease was involved mn producing the vanous
pathologic changes he observed Others took the view that a
single disease process was responsible but as facts have accumu
lated the pluralistic view has gamed strength and 1t 15 now gen
erally accepted These conditions are properly referred to as the
chronic diseases of Brght designating the speafic disease con
cerned 1n any given case However the older term rematns 1 use
because 1t denotes a constellation of disorders that are often 1m
possible to differentiate

Brght s diseases may be divided into three main groups the
nepbritides the nephroses and the nephroscleroses  Glomerulo
nephntis and pyelonephmties are the most important members of
the first group They ate sumilar 1 producing the contracted granu
lar ludney of chronic Bught s disease by nflammatory destruction
associated with extensive fibrosts over a long period of time They
differ 1n etiology and m instral pathology The nephroses compuse
a heterogenous group of disorders that as yet defy logical and
satisfactory classification  Many of these entities such as mter
capillary glomerulosclerosss protracted renal amylordosis, or se
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vere necrotizing nephrosts due to heavy metal porsonung, shock,
or the crush syndrome, ultimately may cause chrontc uremia
The hypertensive diseases of the hidney, or nephroscleroses, ate
Iess hikely to result in renal insufficiency Benign nephrosclerosss
may rarely do so whereas malignant nephrosclerosis charactensstic
ally 1s assocrated with renal fallure The famultar statement that
ten per cent of pattents with essentral hypertension de 1 uremia
1s musleading since this group of fatalitres 1 comprrsed almost en
tirely of patients with malignant nephroscleross

Intrally, renal lesions may affect predomunantly erther the inter
stitium  the vasculature, the glomerult or the tubules depending
upon the etiology, but with progresston all structures are so dis
organized and deformed that definstise pathological diagnosts
may be impossible Glomerulonephrttss, for example 1s at first
characterized by glomerular damage, with interference of filtra
ton by thickening of capillary b b trag)
merular exudation and capillary occlusion  Later, nephron de
structron thickening and distortion of the vascular bed and ex
tensne fibrosts result mn mashed alteration of the structuse and
functions of the rest of the hidney Hypertensive disease on the
other hand at first produces vascular pathology with resultant
local hemodynamic changes Ultmately tissue necrosts and e
placement fibrosts develop as a result of the extenswve arteriolo
sclerosts and severe tschemta While at the beginning certain ac
tivattes, such as blood flow, glomerular filtcation or tubular func
tion may be preponderantly disturbed 1 each m time the early
spectfic patterns of pathology and physiology tend to merge mto
a single, non specific terminal state At this stage, glomerulo
nephntis and nephrosclerosss may be mdsstingusshable 1t ts often
convenient to allude to the final common stage (usually asso-
ciated with uremia and hypertension) as chronic Brights dis
ease particularly when a specific diagnosts 1s uncertain o im
possible




THE RENAL PHYSIOLOGY OF UREMIA
IN CHRONIC BRIGHTS DISEASE

ANY DISCRETE but closely interrelated renal operations ase
M concerned 1 the process of regulating the composition of
the plasma These operations are dependent upon normal blood
flow through the hidneys adequate filtration in the glomeruh and
functional integrity of the tubular cells The formation of filtrate
15 primanily a vasculas function subject to cardiovascular control
The filtsate stself and the conduts through which 1t flows may be
considered respectively as a modification of the blood and an ex
tension of the circulatory system The blood filtrate 1s further
modified by tubular activity so as to prevent excessive loss of
water and electralytes and to promote efficient disposal of metab
oltc wastes It 1s evident that cardiovascular disorders quite apast
from renal parenchymal disease may seriously disturb these intrt
cate and closely integsated processes Such disorders may be, and
oftenare operative during the course of renal disease Glomerular
filtration and tubular activity are likewise mterdependent The
tubules cannot function without filtrate and filtration without ade
quate tubular function may result 10 2 rapid loss of body water
and eventually in death

RenaL Broor Frow

In normal man the renal blood flow averages 1200 ml per
minute or approxumately one quarter of the cardiac output (6)
Removal of the renal circurt wathout cardiovascular adjustment
would mcrease the total peripheral vascular resistance and the
mean astersal pressure by one third Moreover, 1200 ml of blood
would become available for the perfusion of other circuts Con
sequently the renal circulation can and does take an actwve past
s circulatory hemostasts Vasoconstriction in the kidney can divert
blood to areas where 1t may be urgently required such as to the
heart and brain duning perspheral vasculas collapse (7) or other

9
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conditions when the effective arculating blood volume 15 reduced
(8,9) This activity appears to take precedence over functions de
signed primarily to maimtain the chemscal structure and volume
of body fluids

Glomerular filtration, the gme gua non of urne formation,
depends upon 2 normal relattonship between blood flow and
pressuce 1n the glomerular capillanes Disturbance of this re
lationship as a result either of vascular adjustments or structural
change, will lead to abnotmal filtration and to vatious bochemical
derangements

Data now avaslable on the behavior of the renal blood flow
1n health and disease 1n man are largely based on indirect measure
ments In animals many methods of measuring renal blood flow
have found use, but most of them must be condemned as un
phystologic and as inapplicable 1 man because of the traumatic
operative procedures required (10) The clearance concept has re
solved this difficulty Any substance semoved from the blood
by the kidney and excreted in the utine may be said tobe  cleared
completely from 2 volume of blood defined by dividing the amount
of the substance in each millilster of blood entering the krdney mnto
the total amount appearing mn the unne each munute (UV/B
when U 1s the concentratson 1n each mulliliter of unne, V the urme
flow per minute 1n milliliters and B the concentrtaion mn each
mulliliter of blood) With most substances this volume 15 virtual
rather than actual, but when the blood flow:ng through the kidney
15 cleared completely of any substance, the clearance figure equals
the volume of blood flow per minute No substance could yield
a higher clearance value unless it were simultaneously manufac
tured by the kidney A search for an appropriate substance has
sevealed that diodrast yrelds maxtmal clearance values (6) More
recently sodium p amunohtppurate has been found to have an
equally hugh clearance (11 12) It 15 noteworthy that both sub
stances have identical clearances indicating that each measures
the same volume of blood

It should be emphasized that the use of the clearance method
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entails the assumption that the test matersal 15 extracted by the
ksdney from all the blood perfusing it This, of course 15 unlihely
since a certain percentage of blood does not perfuse extracting
tissue but flows through the capsular connectrve tissue the calyces
and the pelves where no tubular tissue 1s present For this reason
the diodrast and p ammohuppurate clearances are said to measure
the effectsve tenal plasma flow (13) Recent work has validated
this usage

The percentage of diodrast or p aminohippurate extracted
from the blood flowing through the kidney can be determined
by measuring the relative concentrations of these substances in
the arterial blood entering and the venous blood leaving the
kidney The first 15 obtaned by artenial puncture and the second
by catheterizing the renal vein both relatively simple procedures
In venous catheterization a long radio-opaque ureteral catheter
specially made for the purpose s passed 1nto an antecubital vein
thence through the axillary vemn supertor vena cava and the
nght atrium under fluoroscopic control It then may be passed
mnto the infersor vena cava and right renal vein Clotting of blood
i the catheter 15 prevented by instilling normal saline solution
slowly through the catheter Blood may be withdrawn as desired

In twenty normal human subjects the renal extraction of p-
amnohippurate averaged 925 per cent Others have obtamned a
somewhat lower figure 1n a smaller senes of cases (14) The dis
crepancy 15 apparently attubutable to thewr failure to Limit samp
ling to the right renal vein  Since the left renal vein also drans
the left ovanan or spermatic ven 1t should be expected to con
tain a higher concentration of p aminohippurate The high ex
traction percentage or ratio found for the right kidney indicates
that the renal clearances of paminohsppurate and diodrast are
practically complete i one crrculztion and are excellent measures
of renal blood flow 1n normal man Dusing uremia this s not
true

Before discussing the changes 1 the renal blood flow and
extraction of p-aminohippurate duning renal disease and uremua it
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1s necessary to consider the normal system  Anatomucally the renal
cuireut 1 unique 1n possessing two sets of active artertoles sep-
arated by a capillary bed, the glomeruls The efferent asterioles
break up into a second capillary bed that merges mto the renal
vemns  Channels through which blood may be short circutted or
shunted around the glomerular capillary beds or both capillary
beds are apparently almost absent in the normal hidney (15)
Certainly they are of Iittle functional significance since procedures
that alter blood flow profoundly do not affect the senal extraction
of p ammohippurate and presumably therefore, the relatrie blood
flow to functromng renal tissue (16)

Physiologically blood flow through the hidney 1s controlled
by vascular reststance to flow which s determined largely by
artertolar cross section and 15 subject to chemical and netvous
control The kidneys are supplied with a rich neural networh, but
as yet little 1s hnown of 1ts function Denervation apparently does
not affect blood flow to any signficant degree and does not
mterfere with the usual response to varous stimult (17) There
1s reason to believe that the renal artersoles are essentially autono
mous responding for the most part solely to such local factors
as intravascular pressure and humoral agents

The renal vascular resistance may vary widely  Exercse
emotion and the standing position excite vasoconstriction that
dwerts a signuficant volume of blood away from the kidneys (10
18) In passise orthostasis blood pools mn the dependent parts
of the body because muscular relaxation prevents the operation of
the socalled venous pumps to return blood from the limbs
toward the heart As a result the volume of actively circulating
blood decreases and vasoconstriction develops in response to the
need for mamntaining the artenal pressure and cerebral blood flow
Other conditions 1 which the circulating blood volume 1s re
duced ncluding shock chromc anemm Addison's disease and
dehydration are also associated with renal vasoconstuction Vaso
dilation occurs during fever of any cause i man (18) or mn te
sponse to large amounts of amino acids such as glycin 1 the dog
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(19) and presumably also tn man Again these responses appear
to be part of general systemuc cuculatory reactions i which
general arteniolar vasodilation and augumentation of cardiac out
put are promunent There 1s good reason to believe that such renal
vascular adjustments occur even 1 the presence of renal disease
(16 20)

Glomerular filtration 15 disturbed by renal arterolar vaso-
motton because the forces governing Rltration depend upon hema
dynamic relationships 1 the glomerular capdlaries The effective
filtration pressure 1s determined by the difference between the
hydrostatic pressure drving blood through the capillanies and
foraing water and its solutes through the capillary wall on the
one hand and the oncotic pressure of the plasma proteins and the
renal interstitral pressure resisting filtration on the other and
by the area through which filtration takes place The filtration
pressure 15 adjusted by appropriate alterations in efferent and
afferent artertolar resistances under most conditions so that the
filtratron rate vanes little over 2 wide range of renal blood flow
When vasoconstriction 1s marked however filtration may fall
steskingly The relationship between renal blood flow and glo
merular filtration rate has been studied imtensiely in the hope
of assessing the relative importance of the afferent and efferent
artertoles 1n the total renal resistance Thus problem remains highly
controversial

That part of the total renal plasma flow which is filtered at
the glomerulus 1s referced to 2s the filtration fraction This value
sn normal man averages twenty per cent and changes widely as
renal plasma fow changes Stace 1t seems reasonable that filtration

il occurs 1a the gl lus the filtration fraction should
indicate the extent to which the plasma protens are concentrated
and also approumatel; the head of pressure under which blood
perfuses the post glomerular vascular bed This 1s true because
the plasma oncotic pressure determuned by the protein content of
the plasma equals the hydrostatic pressure at the equilibrrum
pomnt and thereafter in the capillanies as long as free passage of
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filtrate occurs Hence the value of the filtration fraction may be
used 1n an analyss of arteriolar resistance  Other varables, such
as capillary resistance, renal mterstitial pressure, and the changing
viscosity of plasma are not readily subject to quantitatne evalu
ation, however, and final conclusions regarding the major de
termnates of renal resistance have not been reached Homer
Smith (21) suggests that efferent artenolar resistance 1s of prt
mary importance n affecting renal blood flow and 1n mamtaning
the constancy of glomerular filtration rate In this view afferent
artersolar constriction may contribute to the renal resistance in
such condttions as orthostasis when the glomerular filtration rate
1s reduced, but otherwse 1t 15 of lesser unportance Lamport (22)
on the other hand, believes that both the afferent and efferent
artertoles are actrve n establishing a relatively constant filtration
rate and that afferent arteriolar activity 1s the more tmportant

Regardless of the exact hemodynamic meaning of changes tn
the relationship between renal plasma flow and glomerular filtra
tion rate distinctive patterns are observed mn response to different
sumult Thus emotion epmephrine and vatious pressor drugs
produce an increased filtration fraction associated with little
change 1n the filtration rate (10 23 24) Orthostasss, shoch, and
chronic anemia tend to reduce both filtration rate and the filtra
10n fraction to some extent Fever results in renal hyperemta and
a depresston of the filtration fraction

Lihewsse 1 renal disease certamn typical functional patterns
have been described In glomerulonephritis the filtration rate 1s
reduced out of proportion to the renal plasma flow so that the
filtration fraction falls (20) In essential hypertension the filtra
tion rate remains relatwvely unchanged despite a reduction 1 blood
flow causing the filtration fraction charactersstically to be elevated
(25) These distinctive patterns may be apparent even when
renal damage 1s extensive and uremra has developed As a rule
however in uremia there 1s a disappearance of the differences 1n
patterns (20) Both plasma flow and filtration rate, as measured
by clearance techmques are greatly reduced and the filtrate frac



RENAL PHYSIOLOGY OF UREMIA 15

tion tends to be elevated It seems probable however that the
clearance values for renal plasma flow are mvalid 10 urenua since
the extraction ratio falls markedly This disturbance of extraction
1s apparent early m the course of glomerulonephntis when the
clearance values may fail to reveal marked renal hyperemua and 2
resultant reduction of the filtration fraction (16) On the other
hand extraction may remamn fugh an the course of hypertensive
disease even when marked renal damage judged by functional
tests has occusred This may be mterpreted as evidence i favor
of the view that renal tubular damage 1n glomerulonephritis occurs
as part of the fundamentat disease process while 1n nephrosclerosts
1t 1s secondary to the vascular disease Thus blood continues to
perfuse functionless tissue 1n nepheitis but can perfuse only
functionung parenchyma 1n hypertenstve disease  Another explana
tion cannot be excluded however Oliver (13) has demonstrated
that shunts develop in large numbers during the course of chronic
Brights disease It seems probable that the Jow extraction of p
armunohippurate during uremta atses in part from the falure
of some blood to traverse the entire renal crreust
1t 1s not surprising to find that the renal blood flow as de
termined by the clearance and extraction method 15 always re
duced 1 uremta  As the disease process progeesses the vascalat
bed 15 deformed and reduced tn size  Fibrosts distorts the pattern
of the vascular tree and by compression or angulation occludes
and obluterates blood vessels Inflammatory changes n the vessel
\wa]ls appearing n the course of diffuse glomerulonephritss, pyelo-
or phrosclecosss, and the inttmal prolifera
txon assocrated with anenolosdcmsxs 1ead to thrombosis and occlu
sion The vessel walls become stiff rigid and studded with de
posits of a lipordal material  As a result of these structural alter
ations the capacity of the renal vascular bed is greatly reduced
But vasomotor activity may also contribute to the disturbance 1n
blood flow Uremia in chronic Bright s disease 1s nearly always
assocrated with a profound anemia  Dehydration and a reduction
i plasma volume may develop as 2 result of the failure of the
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hudney to conserve water Not nfrequently congestive heart faif
ure 1s a complicating factor All these disorders terfere with
normal renal blood flow and mught be expected o cause further
reduction of flow in the presence of renal disease This 15 an 1m
portant consideration since such functional disturbances are te
versible and subject to therapeutsc correction

Alone or 1n combination with renal structural defects, a de
rangement of senal blood flow causes renal msufficiency and
uremsa by mnterference with glomerular filtration rate and tubular
activity It has been pointed out above that filtration may be dis
tutbed by a functional mabalance of transcapiliary forces but 1
uremia vascular and extravascular structural pathology 15 more
smpottant  Apast from the direct influence of such structural de
fects 1t 15 very likely that intrarenal tissue tension may increase
following obstruction to lymphbatic dramnage A large and com
plex lymphatic network drams the intefstitial spaces of the kid
neys Very little 1s known about the volume or character of renal
lymph flow but 1t 15 well known that increased intrarenal pressure
may sertously disturb filtraton and renal blood flow The contribu
tion of this factor to the pathology of renal functson s chroni
Bught s disease cannot be neglected but at present too few facts
are available to permit an accurate evaluation

GLOMERULAR TILTRATION RATE

Glomerular filtration 15 the first, and 1n many respects the most
important step mn the processing of blood by the hidney since
the tubule cells even 1f entirely normal, ate powerless to act 1
the absence of a fltrate on which to operate The constituents of
the filtrate are handled individually by the tubules Some are e
absorbed almost completely others are increased in the filtrate
by tubular excretion and some may pass down the tubules without
alteration With reduction of the filtration rate, the latter tend to
accumulate 1n the blood although this depends also upon the rate
at which they enter the blood stream through the intestines or
other portals
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Defective filtration causes tetentton to a certain extent of all
substances usually elimnated by the kidney although the decreased
tubular reabsorption and continued active excretton by the tubules
may mask this effect until filtration 1s very greatly reduced The
volume and character of the filtrate also determune 1n some degree
the activity of the tubules since transtubular transfer depends upon
such factors as loading time of contact between filtrate and cells,
and osmotic pressure of the filtrate

The Nature of the Filtrate The capillaries of the Malphigian
bodtes are suspended within Bowman's capsule by a mesentery
like structure and sheathed by an incomplete network of cells
of uncertain character the perwcytes (26) Flud must pass
through the single layer of endothelial cells the membrana propria
and the mnterstices of the pericytic net  As judged from the chem
1cal structure of the filtrate and the factors determimng its for
mation the glomerular capillacy walls comprise 2 sem: permeable
membrane

The beaut:ful studies carrted out by Richards Walker and
their co workers (27 29) have shown conclustvely that the flud
leaving the glomerulus and entering the tubules 1s an ultrafiltrate
of plasma The early worh n this field was based upon studies
of flurd obtamned from the eastly accessible glomeruli of amphibra
Recently Walker 1n collaboration with Oliver has analyzed
filtrate obtained from mammals The kidneys of guinea pigs rats
and opossums were exarmned directly, superficial glomeruls lo-
cated and punctured carefully with a tiny mucropipette through
which a small volume of filtrate was sampled The site of puncture
was venfied by careful microscopic examination Little or no
protein appeated in the filtrate  Other ingredients including
creatinine and SIUCOSC were pxesmt 1n the same concentration
as 1n the plasma and the flud was ssotonic with plasma It seems
clear that the glomerlar flusd 1n these mammals 1s an ultra
filteate of plasma

Other lines of evidence may be ated 1 support of this view
Molecules larger than those of hemoglobin (molecular weight
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68 000) cannot pass the glomerular filter but other smaller va
rieties pass eastly without reference to their diverse diffusibilitres
solubilittes, or structure (30) Compounds that are filtered and
that do not traverse the tubule cells 1n esther direction, such as
glucose after phlorizination manntol, or inulin, present 1denttcal
unine plasma concentration ratios when they are determined simul
taneously or at the same sate of unine flow (31) This means that
each substance 15 concentrated to precisely the same extent n the
unine and mmplies that each appears in the glomerular filtrate 1n
the same concentration as in the plasma water despite the wide
range of physical properties The dynamics of filtration though
not entirely understood appear also to indicate the operation of
filtration under pressure since unne flow ceases in experimental
animals or the perfused hudney when the renal arterial pressure
1s reduced below what has been calculated to be the minimal filtra
tion pressure (32)

A knowledge of the volume of filtrate formed each minute
tn the hidney 1s essential 1n 2 quantitative evaluation of tubular
function Gtven this datum the load of any filtered material
reaching the tubules for reabsorption may be calculated Like
wise the amount of any substance excreted by the hidneys may
be estimated by subtracting that which has been filtered, from the
total amount appearing i the bladder each mimute As pointed
out above, an analysis of the volume of filtrate 1 relatton to the
volume of plasma flow through the kidney may yield information
regarding renal hemodynamics

The Volume of Filtrate The clearance method has also been
used 1n estimating the glomerular filtration rate (33) In this
1nstance compounds are used that are filtered and neither excreted
nor reabsorbed by the tubules The total amount appearing 1n the
bladder urine each minute divided by the concentration n the
plasma (which 1s equal to the concentration in the filtrate) gives
the volume of filtrate (UV/P when U 1s the unine concentration
per milliliter, V' the unine flow in mulliliters per munute and P
the concentration per milliliter of plasma) Inulin, mannutol, and
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sotbitol, have proved suitable measuting matersals tn man (6 34)
Their clearances are rdentical and equal to that of glucose when
phlorizination prevents the tubular reabsorption of glucose The
question whether these clearance values are valid measures of
filteatton rate during disease 15 important On the basis of animal
studies 1t appeats that damage to the tubules may permt the
diffusion of mannitol from the lumen mto the blood (35) How
ever even if this occurs tn man the value of the clearance relative
to the normal (about 130 m! per min ) provides an approximate
measure of filtration Moreover simultaneous determination of
mannitol and ulin clearances during shock and glomerulonephr:
tts with renal msufficiency reveals equality of the values despite
differences 1n diffusibility of the two compounds (7, 20) Hence
it seems likely that glomerular filtration rate can be measured
with satisfactory accuracy 1n man during renal disease

The determinants of the volume of filtrate are still incom
pletely known The hemodynamic factors discussed above prob
ably constitute the most important forces usually involved How
ever 1n disease the area and thickness of the filter bed itself be
come of ncreasing importance 1n determuning the rate of filtra
tion Early 1n glomerulonephritis the gl 11 are the chief seat
of the disease process ‘The basement membrane 15 d-uckened
capillaty loops thrombosed and adh fl
appear Hence as expected filtration decreases (20) Thns charac
teristic of glomeruloneph persists throughout most of the
course of the discase whereas wterference with filtration appears
later 1n nephrosclerosts and 1s app ly secondary 1n part to
hemodynamic changes With progression howeser 1 every type
of chronic Brght s disease the area of the filter bed shenks as
glomeruls are destroyed This process 1s ultimately the chief cause
of reduced filtration

The posstbility that 2 certtun number of glomerul remain
tnactive at any one time and constitute as 1t were 2 reserve that
can be called upon to supply deficencies ansing 1n disease has
been widely discussed (36) The 1dea has rceerved support n the

o
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discovery of alternation of glomerular actvity 1n amphibian kid
neys (27) Indirect evidence has been advanced n favor of the
claim that mammalian kidneys show a simular actraty since only
a fraction of the glomeruls mn the hidneys of rabbits are filled
with hemoglobin or dyed with vital stains shortly after mjection
of the renal artery (37, 38) Later work (39) has cast doubt on
these findings since 1t has been shown that failure to fill glo
merular capillaries with hemoglobin or dyes may be attributed to
washing out before examnatian or to the character of streamline
flow 1 large vessels that may direct the dye away from large areas
of the vascular bed Other evidence obtained i studies of man,
based on the fact that the glucose reabsorption at high plasma
levels 15 constant despite wide changes 1n renal blood flow, has
been 1nterpreted as showing continuous activity of all glomerult
and nephrons n the formation of urine 1n man (40) Recently
direct examination of glomerult in mammalian kidneys has failed
to disclose intermittency (28) Hence, the 1dea of a glomerular
reserve 1n terms of wmactive glomeruls available for use during an
emergency must be abandoned although the fact that the hidney
1s capable of handling with ease a large increase in the excretory
load cannot be dented This capacity is revealed in the fadlure of
unilateral nephrectomy to produce obvious renal mnsufficiency
It should be noted however, that all tests of filtration rate renal
blood flow and maximal tubular capacities under these ctrcum
stances reveal 2 diminution prior to hypertrophy of the remaining
kidney proportional to the loss of tissue (41) In disease also
marhed destruction of parenchyma precedes the appearance of
renal msufficiency and uremya But the loss of tissue 15 readily
demonstrable by approprate functional studies

Relation of Glomerular Dysfunction to Changes m the
Unine and Plasma Composion Dunng Uremia  Before closing
this section 1t 15 necessary to examme some of the manifestations
of defective filtration, first 1 tegard to the urmne second (and
mote mmportant from the standpont of uremia) i regard to the
plasma compositton No change m filtration rate occurs nde
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pendently There are always allied alterations mn tubular function
that exaggerate or modify s effect Thus protesnuna cybindruna,
hypoproteinemia and azotemuz arsse lasgely as a result of dis
ordered filtration but tubulacr dysfunctson contributes to each

Changes n the Unne  Urine flon dunng uremta may vaty
widely from marked polyunia to anuna without reference to the
rate of filtration because the volume of utine 1s determined tn the
main by the extent of tubular reabsorption of water Even when
filtration 1s reduced to an extreme degree 1t exceeds by a signdf
cant volume the rate of unne flow This fact requires emphasts
because 1t 15 often erroncously assumed that an estimate of tenal
function can be made from the dady output of urine

Cylindrunia depends upon the rate of glomerular filteation and
urine flow as well a5 upan the presence of selatively large amounts
of protein 1n the tubular urine It 15 generally conceded that a
small amount of protemn may be present i normal glomerular
filtrate possibly due to sts passage from the capillaties through
small rents or pores i the glomerular membran~ If it attaned
{and 1t certamly never exceeds (42)) 25 mgm per 100 ml of
filtrate theosetscally st could nise to 163 per cent i the bladder
usine after tubular reabsorption of water from 130 m! of filtrate
to yield 2 m! of unine However since proten fails to appear
1 the urine in health 1t must be assumed to be reabsorbed by the
tubules There 1s evidence that thss can occur When gelatin a
filteable protem of low molecular wesght 1s sjected into animals
st 15 found both n the tubular urme and within the cells of the
proximal convoluted tubules (42 43) Vutal dye tightly bound to
the plasma protemn also enters the cells from the tubtlar none
presumably as a result of the activaty of reabsorptive mechanisms
1)

If protemn s nosmally present in the glomerular filtrate 1t 15
probably filtered 1n amounts much less than the 325 mgm per
runute posited above so that the appearance of protemuna im
plies augmented filtration of protemn due to pathalogy of the
glomerulus rather than defectone tubular seabsorption This fact
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1s demonstsable 1n the uninary excretion of prote up to suxty
grams per day following the admuustration of albumen concen
trates to patients with chronic Bright's disease (45) Assuming
a fifty per cent reduction of filtration rate 1n these patients such a
protein excretron demands a filtrate protetn concentration 1n excess
of sixty mgm per cent

When proten s precipstated from solution withm the tubules
casts ate formed  Cast formation 1s enhanced by reduced filtzation
and/or obstruction to unne flow These factors appatently stimu
late water reabsorption and mncrease protemn concentration Al
though concentration 1s one factor sesponsible for the predilection
for cast formation in the dustal segment where tubular urine be
comes hypertonic other mfluences are at work  An mcreise i
hydrogen ton concentration causes casts to become more abundant
whereas the dispersive effect of urea and other solutes teads to
counteract this effect Olver (42) suggests that chondrostin sul
phuric acid or some protemn precipitating agent sumilar to it 15
secreted by tubular cells 1n disease He places the possible site
of this actrvity 1n the mtercalated cells at the junction of the
distal segments and the collecting tubules In support of this
hypothess he ctes the metachromasta of toluidine blue (2 change
m the color of the dye from blue to reddish violet in the presence
of sulphutic acd complexes of large molecular size, such as
chondrostin sulphuric acsd) by casts

It 15 likely that blochage of tubules by casts contributes to the
reductton of renal fuaction in disease (15) Tubules are often di
lated proxtmal to an obstructing plug of precipitated protein con
tatning other matersal such as red cells cellufar debus and amor
phous precipitates of morganic compounds Filtration ultimately
ceases 1n the attached glomerulus and the nephron becomes in
active In time destruction of the stretched tubule occuts as its
walls disrupt and sts cells dre

Hematunia occurs not mfrequently duting uremia as a result
of lesions within the kidney or the urmary dramage tract Tubular
destruction may be associated with local hemorrhage from which
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blood 1n small amounts may find 1ts way into the urine Defec
tive glomerular membranes may permut the escape not only of
large molecules but also of cellular elements from the blood
The total amount of blood thus lost 1s very small Gross hematursa
oceurs very rarely durmng uremia and 15 usually the result of acute
exacerbattons of inflammatory renal disease or of bleeding from
purpuric lestons 1n the mucosa of the calyces pelvis ureter or
bladder The usual microscoptc hematurra mnvolves the loss of no
more than a few mlltliters of blood per day

Changes n Plasma Compositton Duning uremta the plasma
protemn concentration 1s very varable tending usuzlly to be some
what below, and on occasion greatly below the normal (46 47)
In the nephrotic state p 1a and hypopr are marhed
and ate associated with lipemia and hypescholesterolemta and
massive edema At thrs stage azotemia and other evidences of
renal insufficiency are absent but as the disease advances and
uvremia develops the nephrotic syndrome usually recedes This
phenomenon s associated with diminished protemuria and a mise
:n the plasma proteins As a rule the edema 2nd other manifesta
tions clear altogether when the plasma albumin level rises above
25 grams per cent Occasionally the nephrotic syndrome persists
through the course of urema The cause for the diminshed loss
of protein may be traced to the reduction 1a glomerular filtration
rate  As the filter bed shunks the area through which protein
leakage can occur 15 dimmished

The factors govermung these changes 1n plasma protens are
not completetly understood Even when marked the loss of
protein 1n the unine usually does not exceed twenty grams per
day an amount far below the theoretical capacity of proten
synthests 1n normal man (48) The fact that the plasma protein
level nses only when proternuna duntnishes and tends to con
tinue to be low even when proteinuria has virtually ceased seems
to imply that protein synthesis 1s greatly reduced Furthermore
this disturbance of proten metsbolism may be attnibuted i part
to anorexi2 and insufficient mtake of proten A 4
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metabolic pool s also undoubtedly implicated Certamly the
proten pool 15 affected (49) since protemn reserves are de
pleted and since wasting and tissue breakdown are evident clin
really It 1s extremely teresting that a relative icrease in globultn
occurs (45) Alterations mn volume of total body water and of
plasma water resulting from urinary loss or retention may be m
volved tn sudden changes i protemn concentration Often such
shifts ase mnexplicable
The mantfestations of a disturbance in fat metabolism Jipemsa
and hypercholesterolemta assoctated with the nephrotic syndrome
also tend to regress as uremia develops (50) However they may
persist 1f hypoprotetnemia and edema continue to be present  Siace
Heymann (51) and Winkler and hus co worhers (52) have shown
that hyperliperma develops followmng bilateral nephrectomy of
ureteral ligation 1t seems mprobable that renal tasufficiency per
se corrects the derangement of fat metabolism The fact remamns
however that lipemia disappears and the serum lipds fall to or
below normal with the onset of renal msufficiency and uremiz in
chrontc Bright s disease, provided there 1s simultaneous cleating
of the nephrotic syndrome
Azoterna 1n uremua ss a result chiefly of dimnsshed filtration
All the components of the non protemn nitrogen in the blood
cluding urea amuno acids, unic acid creatine creatine and va
rious futrogenous compounds preseat i very low concentration
are highly diffusible pass the glomerular membrane readily, and
are then subjected to tubular action to an extent depending upon
the spectes concerned  Urea s by far the most important 1n terms
of the contubution to the total NPN and with azotemua its
position becomes even more promunent Of the others only
creatintne and uric aced mccease 1n the blood to a significant degree
Urea creatioe and unc aad are the end products of the
metabolism of proten creatine and purine and pyrimtdine bases
respectively Urea can participate 1n no manner in further metab
olic processes and must be removed from the body by renal ex
cretron almost exclustvely There ss evidence (53 54) that small
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amounts of creatinme and uric acid may be utilized m other ac
twvities and excreted through other portals but the greater pro-
portton of these substances also must be removed from the body
via the kidney Since the renal excretion of each depends for the
most part upon filtration glomerular damage dunng chronc
Brght s disease results tn their retention and accumulatson i the
blood The remaming components of the NPN are relatrvely
unaffected durng uremiz  Ammo acds comprising in health
about 17 per cent of the NPN  pse rarely 1n the blood duning
uremia because their plasma concentration 1s 1n the main a function
of hepatic activity (55 56) the concentrations of the other in
gredients of the NPN are also relatnvely mdependent of renal
function

The plasma concentration of urea 1s determined by the bal
ance between the rate at which urea 1s remaved by the hrdney and
the rate at which 1t 1s added to the body fluids The latter 1s
based upon the catabolism of protein and amino acids mncorporated
1 cell structures and dernved from ingested food Hence the
plasma urea duning uremia may change m a manner that cannot
be predicted on the basts of what 1s known about the kidney func
tion Utea passes the glomerular membrane readily but its clear
ance 1s less than that of manaitol or mulin signifying tubular re
absorption (57) The rate of reabsorption 15 closely related to the
tate of unine flow ncreasing with oliguria and decreasing toward
2 minimum with a diuresis 1n excess of tno ml per munute (a
fact cited 1n support of the view that urea diffuses passiely bach
to the blood through the tubule cells (57 58)) Since 1ts rate
of excretion 15 so largely a function of filtration st 1s not susprising
that the urea clearance falls and the urea lesel sncreases when
Sltration 15 reduced (57 59) But a good corselation 15 not
al\\a)s apparent since the urez concentration may remain within
so<alled normal limits until disease 1s far advanced and the
dlearance values are depressed as much as fifty per cent Gold
nng and Chasis (5) stress the facts that the urea concentration
1s related to the clearance hy perbolically rather than dureetly and
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that the apparent discrepancy depicted 1n Figure 1, 15 to be ex
pected (Figure 2) Mareover, the generally accepted upper lmit
of normal urea concentration forty mgm per cent, 15 too hugh
It 15 possible that a reduced intake of protein afso accounts 1n past
for levels lower than might be predicted from the urea cleas
ance  On the other hand, the negative mitrogen balance of stress
and of wasting probably serves to enhance azotemia late 1n the
disease process Indeed, infection and fever may precipitate
urenua, presumably i part through this mechantsm
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Frgure 1 'The 1el hip between g lae fil tate and the renal
clegamnce and concentration of urea during chromic Brght s discase (based
on the figures of Chasts and Stmsth (57)) It can be seen that the utez
clearance (B) apparently falls more rapidly than the blood urea (C) nises
during the reduchon of fltration sate by disease The difference between the
lines labelled A (fltration rate) and B (urea clearance) sreveals the extent
to which urea 1s teabsotbed from the filtrate It 1s interesting that the urez
clearance (B) tends to approach the filtration rate (A) presumably as 2
result of encroach upon oblig water p
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Creatuune increases i the plasma more slowly than urea as a
sule and when present i concentrations higher than five mgm per
cent bespeaks senous renal damage (60) It appears that ereatin
ine n man at least, 15 excreted to some extent by the tubules (61)
and the associated fall m creatinine clearance denotes tubular
dysfunction as well as tnparred filtration It 15 possible that the
wasting of the body with decreased muscle mass, and reduced
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Tigure 2 The relationshup betecen the utes clearance and the bload area
plotted logarithmically (based on Goldung and Chass (5)) 1t can be
seen that this graph expressmg the hypecbohic refation between the two
vagiables indicates an elevation of the blood urea commensurate with the
{alf 1n urea clearance the vafues plotted sn Nigure 1 (B) falling withun
the shaded area Thes elevation of urea at intermediate values for the
urez elearance g3 less evident i Fagure 1 The belief that the upper hmit
of urea concentration 1s 40 mgm per cent 55 1n part responsible for the
crroncous conclusion that the urea fevel may remain normal despite x large
change m its clearance  Goldung and Chasis pommt out that the avecage
normal blood concentration fies between 15 and 20 mgm per cent.
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activity play a role 1n depressing creatinine formation, thus mask
ing the retentrve effect of the reduced clearance The more rapid
accumulation of creatinine n the blood following urmary ob-
struction and anunia 1s belteved of diagnostic value (62), although
1t seems lihely that the difference between the two types of utemsa
may be a comadental consequence of the dufferences in the active
muscle mass and creatine metabolism

Urnic actd, Iihe urea and creatinine, appears to diffuse eastly
through the glomerular membrane (31) Oaly a small quantsty
1s excreted 1n the urine, however since about 75 per cent 1s actively
reabsorbed by the tubules It may be the first fraction of the
NPN to rise in renal disease as n precclampsia and eclampsia
where decreased filtration and enhanced tubular reabsorption both
appear to have a part (63) Meyer and his associates {64) have
observed ncrements 1n unic acid levels early 1n many cases of
chronic Bright s disease and they suggest that the value may be
of importance 1 prognosis Other workers (47, 65) have since
demonstrated that this phenomenon 1s tnconstant and deceptive
In general, uric acid appears to be retained 1n company with urea
ndicating that 1t accumulates 1n the plasma chiefly as a result of
defective glomerular filtratton Here again metabolic actnities,
not readily susceptible to examunation, probably enter the equa
tion

TupuLArR FUNCTIONS

The renal tubule cells have an amazing range of functional
abtlity They elaborate urine from glomerular filtrate by processes
of selective reabsorption and excretion that are adjusted to the
requirements of chemical regulation They synthesize ammonum
on to aid 1 preventing the escape of base 1n the urtne They
probably also manufacture certan humoral agents of ymportance
1 cardiovascular physiology Thetr rich content of various enzymes
that split amino acids indicates thetr particrpation i ntrogen
metabolism Despite their potentialities the tubule cells cannot
function normally 1n the absence of filtrate nor can they worh
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efficiently when filtration 1s excessne This relationship between
glomerult and tubules must be taken into account in the consid
eration of any tubular function

Processes of Reabsorption In view of the dispasity between
glomerular filtrate and urine with respect to munute volume and
compostion 1t 15 evident that reabsorption of most of the filtrate
and 1ts solutes occurs during passage through the tubules The
processes by which reabsorption 1s effected are not only selective
and discrimmnatory to a remarkable degree but also mvolve work
in producing 2 urine hypotonic or hypertonic to plasma as the
occaston demands (66) This means that each reabsorbed sub
stance 1s treated more or less individually although st appears that
closely related 1ons or molecules may be transferred by a2 common
mechanism The processes mvolved have been subjected to 1n
tensive study during the past ten years but clear cut quantitative
nformation continues to be meager owing to the complexties of
the problem

The chief source of difficulty lies i the analysis of the par
ticapating and hmiting factors concerned 1n the reabsorption of
any substance In the case of non electrolytes hike glucose creatme
vitamin C and amino acids reabsorption 1s limuted chiefly by the
character and size of ntracellular transfer systems Glucose for
example s removed completely from the tubular unne as long
as the total amount of glucose presented for absorption (calculated
from the filtration rate and the glucose plasma level) 1s less than
350 mgm per mmute (40) Amounts 1 excess of this figure are
spiled n the bladder urine A constant maximal reabsorptive
rate or Tm 1s charactenstic of these substances Shannon and
Fisher (67) have pointed out that this phenomenon may be ex
plamed on the basis of the mass action law assuming a constant
quantity of some substance within the cell with which glucose
combines during transfer The value of Tm then depends upon
the quantity of transfer substance present and the rate at which
1t 15 liberated by decomposition to release glucose mto the blood
stream It 15 possible that the rate of combination or the relatne



30 UREMIA IN CHRONIC BRIGHT S DISEASE

values of the equilibrium constants may 1mpose further Limitations
upon the reabsorption of other substances, such as glycine and
creatine at certan plasma levels Mutual depresston of transfer
maxima s exhibited by different serzes of simular substances when
present stmultaneously 1 the glomerular filtrate possibly because
they utilize the same mechanism and compete as 1t were for its
services  Such competing serses are glucose, galactose and xylose
(40, 67 68) or glyane, alanme glutamic acid and arginme (69
70) Another possible explanation for this phenomenon 1s com
petttion for available free energy This factor may be more tm
pottant when reabsorption 1s interfered with by excretory actwvity
as n depression of glucose reabsorption by sodium p-aminohipp
urate excretion (71 72) Finally st seems likely that most of these
processes are actwvated by enzymatic action  Consequently an en
zyme inhibitor such as phlorzin may halt glucose reabsorption

In the case of electrolytes the limiting factors are far more
complex In addition to the operation of finite chemucal trans
posal systems Iimutations are imposed by the demands of romic
equilibria, the influence of hydrogen 1on concentration and the
barrter of osmotic gradients These conditioning factors are very
difficult to assess and to determine quantitatnvely A clearcut Tm
mechantsm has been described only for phosphate (73) A fail
ute to find similar systems available to other tons may be ascribed
to the need for unphysiologically high plasma concentrations to
assure saturation and to the probability that several routes of
transfer are employed i the reabsorption of such important 1005
as sodum chloride and bicarbonate (74) In addition endocrine
actwvaty has been found to have an important influence The hor
mones of the adrenal cortex pitustaty and gonads are actve 1
promoting tubufar conservation and regulation of the sodum and
potassium content of the plasma (75 77)

These difficulties atise also in the case of water The reabsorp
tion of water 15 most mmportant 1 view of the quantity 1mvolved
and 1ts relation to reabsorption of other matemals The larger
portion of water reabsorption occurs tn connection with the re
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absorptton of electrolytic and non electrolytic solutes This actvity
takes place chiefly in the proximal tubular segment as a result of
the 1s0-osmotic Withdrawal of glucose and salts accounting for
approxtmately 100ml of the 130 m! of glomerular filtrate formed
each minute  Smuth (31) refess to this type of water reabsorptron
as obligatory 1n contrast to the facultatwe reabsorption of
water 1 the distal segment In the latter region the unine may be
concentrated by the selective reabsorption of water agamnst an
osmotic gradient a limuted process requining energy production
and utrlzation 1n the performance of work The character of these
processes 15 entitely unknown The antt duretic hormone of the
posterior pituttary 1s necessary for efficient operation although
even 1n 1ts absence concentration of the urine may occur dunng
dehydration (76)

The Tm concept 55 smportant 1 thes discussion because the
value for Tm affords a measure of the mass of functioning tubular
tissue The transfer mechanisms are apparently quite stable since
salues for Tm are reproducible 1n 20y individual over a long
period of time and are affected chiefly by disorganization and de
struction of tissue (40) Glucose 15 a particularly valuable sub-
stance n assaying functional tubular mass Its rate of reabsorption
at any plasma level 1s not significantly limited by the rate of com
bination with the transfer substance Turther 1t may be used not
only to measure functioning reabsorptive tissue but also function
ing glomeruls Obviously glucose 1s not avaslable for reabsorption
unless 1t 1s filtered Hence a reduction of glucose Tm will occur
if esther tubular or glomerular tissue 15 disturbed sufficiently In
connection with other methods of study glucose Tm 1s an excellent
tool for evaluating renal damage duning disease

Processes of Excretion and Synthesis The thesss that the
tubule cells can actively transfer certam substances from the blood
tato the tubular urine has been conclusively proved during the past
fifteen years by studies of the renal excretton of phenol red dio
drast hippuran and sodium p-aminohippurate (78) It 1s nterest
ing that none of these substances occur naturally 1n the body  Of
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substances natmve to the blood 1n man only creatinme (61) and
hydrogen 1on (79) have been shown to appear 1n the bladder utme
n amounts greater than can be accounted for on the basis of
filtration alone  But 1t 15 probable that the highly efficient tubular
mechamisms of excretton subserve some such useful purpose as
rdding the body of dangerously tovic forergn substances and
unknown products of cataboltsm

The transfer systems involved 1n the excretion of drodrast
sodum p-ammnohtppurate, and pencillin, exhibit limitations sim
dar to those described for glucose, possibly dependent upon the
avatlable quantity of some transfer substance Like glucose also,
drodrast heads a series of competitrve compounds which show vary
ing degrees of affimty for the transfer system Creatinine has
proved more difficult to study because of the presence of mter
fering substances 1n the blood and attendent d:fficulties of accurate
analysts but 1t 1s evident mn man that the creatinine clearance
ordinarily higher than the inulin or mannito! clearances, 1 de
pressed toward the latter values as the plasma level rises, OWIng
to the saturation of a transfer mechanism Shannon (68) has
shown that phlorizin will inhibit the excretory transfer of creat
mnine

Maximal diodrast and sodium p-ammohippurate excretory rates
have proved of value in the study of the mass of functioning ex
cretory tissue 1n much the same fashion as glucose Tm Excretory
Tm considered 1n relation to senal blood flow provides mnforma
tron regarding the distrsbution of blood to the renal parenchyma
When compared with glucose Trm 1t affords 2 means of assessing
the relative importance of activation ot destruction of entire
nephrons as opposed to localized dysfunction of intracellular
transfer systems

The tubular excretion of hydrogen ton ts much more complex
resembling in this respect electrolyte reabsorption since Iimuta
tions are apparently imposed by factors extraneous to the mass of
transfer substance 1tself such as the concentration and charactes
of buffer ansons, and the availability of basic and hydrogen 1ons
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RENAL BASE LOSS IN CHRONIC BRIGHT’S DISEASE
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Frgure 3 Renal acid base regulation in the normal and in uremia, These
duagrams 1llustrate the basic mechanisms concerned 1o base consenation
In the normal base (B+) 15 reabsorbed 150 osmatically chuefly as bicar
bonate and phosphate 1a the proximal segment (PT) Thus reabsorption
continues 1n the distal segment (DT) although 1t 15 probable that little
bicarbonate remains 1y the tubulas unine at this point during acidosts In
the distal segment hydrogen 1on 1s exchanged with base 2and ammontum
1on 15 manufactured for 2 similar purpose Very litle base remans
the unine when it reaches the bladder During disease vatious smbalances
occur Here glomerulo tubular wsbalance 15 indicated by a smaller seduc
tion 1 the size of the glomerulus (G) than in the size of the tubule Base
13 teabsorbed 1 smaller amounts by proximal segment teznsfer mechan
1sms because of impairment by disease 2nd a relative increase n filtration
of bise Hence a larger quantity enters the distal segment, the Iarger
arrow denoting the intersegmental imbalance However base salvage s
still further disturbed by the absence of ammonia synthesis and possibly
by dimumished hydrogen son exchange In consequence 2 larges total
mass of base appears in the unne duting uremta than in the normal
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The beltef that hydrogen 10n 1s actrvely excreted probably mn the
distal tubular segment 1s based upon convincing evidence that
the amount of hydrogen 1on appearing in the filtrate during acd
osts 15 less than the amount 1n the bladder urne (79) Further
more, 1t has been shown that hydrogen son excretion 1s mashedly
reduced by sulfanilamide a well known mhibttor of carbonec
anhydrase Pitts (79) suggests that the high concentration of
carbonic anhydrase 1n the hidney provides hydrogen son for ex
cretion by enhancing carbonie acid formation

Acid base regulation involves many renal activsties 1n additton
to hydrogen ton excretion (Figure 3) Base 1s conserved by actine
reabsorption apparently as bicarbonate and phosphate It seems
likely that excreted hydrogen 1on s exchanged for sodum 1n the
tubular urine and excreted largely as primary phosphate, which
has long been recogmized as the chief constituent of unnary

titrable acid  (80)  Putts and Lotspeich (81) have shown that

increased avarlability of a weak acid buffer such as phosphate 1s
more efficacious 1n promoting hydrogen ton excretion than in
creased amounts of a somewhat stronger acid, such as creatimine
But the ramufications of this complex activity are just begnning to
be unravelled since the reabsorption of such antons as bicarbonate
and chlortde and of water 15 closely related to acid base excretion
When excess base 1s present all these processes are reversed hydro
gen 1on 1s no longer excreted bicarbonate reabsorption diminishes
while chlonide may be removed from the tubular urine more
efficiently depending upon the plasma electrolyte pattern

Another impostant tubular activity that aids in the conservation
of base 1s the synthesss of ammonia Indeed during acidosts i the
absence of renal disease ammonum 1on may account for a saving
of at least seventy per cent of reabsorbed base in contrast to
twenty per cent spared by exchange with hydrogen ron and ten
per cent by immediate tubular reabsorption as bicarbonate, phos
phate or other salt It has recently been proved (82) that seventy
per cent of unnary ammonia 1s derived from enzymatic break
down of the plasma amino acid glutamne to glutamic acsd and
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ammoma Ovwidauve deamnation of other ammo acids accounts
for the remainder (83) In general ammonia synthesis 15 mobil
1zed slowly m response to the need to reduce urinary base loss and
tends to outlast the need for st
Glomerulo tubular Balance Perhaps one of the most m
portant facts brought to light through measurements of glucose
Tm and glomerular fitration rate 15 the balance of function be
tveen glomerult and their attached tubules Swnce glomeruls and
tubules vary considerably mn size they might be expected to vary
as much mn functional capactty Random distribution of tubules
among the glomeruls should result m a certan proportion of
imbalanced nephrons tn which tubules of farge capacity are
attached to small glomerult and small tubules to large glomeruls
Such an mbalance would cause glycosuna to appear at selatsvely
low blood levels of glucose due to saturation of small tubules
associated with large glomeruli On the other hand it v ould cause
glucose saturation of the kidney as a whole (Tm) to occur only
after very high plasma concentrations of glucose had been at
tamed owing to the attachment of tubules of large reabsorptive
capaaty to glomerul: of low filtration capacity In the normal
hidney however such a dispanty between the plasma glucose
concentrations at which glycosuria occurs and Trm 15 attamned has
not been observed  All the nephrons have been found to become
saturated at the same plasma level mmplying a balance of glo
merulo tubular capactty for handling glucose (40) It seems
probable that such a balance obtains for other constituents of the
filtrate  In the diseased hudney this functional balance 15 upset
Tubular Dysfunction and Glomerulo tubular Imbalance
Dunng Urenmua of Chronsc Bright s Disease  Stnce the diffuse
damage of chronic Bright s disease 1nsolses every anatomical ele
ment 1 the kidney the resulting biocherical changes cannot
usually be attributed to any single discrete dysfunction This fact
has already been noted 1 connection with the factors underlying
azoterma The distucbances of water balance and plasma electrolyte
pattern are even more complex  Reduced filtration withholds
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water and salts from the tubules while the quantities that are
filtered may be mishandled by the tubules i such a manner as to
cause either excessive retention or loss The balance betwcen renal
excretion and intake or loss through extrarenal channels 15 also
upset by disorders of metabolism and gastromtestinal function
All these factors must be constdered 1n the analysis of the changes
mn unne formation and plasma composttion during uremia

Hyposthenurta  Renal disease per se gives sise chiefly to
gensto-urinary symptoms and signs  Protesnuria, eylindruria and
hematuria have been discussed above as attributable largely to
glomerular disease These changes are associated with various dis-
orders of the volume of unine flow in the genesss of which both
glomerular and tubular lesions are concerned

Polyurra with attendant changes 1 the relative volumes of
urinary output dunng the day and night 1s 2 well known manifes
tation of chronic Brght s disease It 1s often referred to as com
pensatory 1n nature since it has been belteved that the mability
of the hidney to produce hypertonic urine (hyposthenuria) ehicts
a compensating tncrease in the volume of urne flow so that the
total quantity of solids excreted does not change Although 1t 15
true that polyurta 15 useful 1n this respect 1t seems more lihely that
it 15 incidental rather than corrective, since polyura, per se, may
result m dangerous losses of water and salts

Hyposthenuria and polyursa develop 1n expenimental antmals
followng subtotal nephrectomy despite the fact that the residual
tissue 15 structurally normal (84) Reduction of the renal artenial
pressure restores the concentrating power under these circum
stances, presumably by reducing the filtration pressure and thus
correcting a glomerulo tubufar imbalance mn which filtration ex
ceeds the tubular capacity to reabsorb water A simular imbalance
during chronic Bright s disease may be expected to result in hypos
thenuria  Hyposthenura anses also as a sesult of disturbances
confined to the tubules An imtersegmental functional balance 15
evident 1n the great dufferences between the volumes of water re
absorbed by proxumal and distal tubular segments If the prox
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mal segment fails to reabsorb its proper share of the glomerular
filtrate a larger quantity of filtrate passes through the distal seg
ment and the resultant increased rate of flow reduces the time
during which water reabsorption and concentration of the filtrate
can occur  In consequence urine volume mcreases and urine con
centraton diminishes Finally a reduced capacity of the distal
segment cells to perform work 1n reabsorbing water against an
osmotic gradient may be implicated However 1t 1s difficult to
assess this factor in the absence of data relating to the water load
mmposed upon these mechanusms It seems likely that in some
patients the distal segment cells may be capable of performing
woth provided the filtrate flow 1s sufficrently slow Thus one
occastonally sees individuals with far advanced chrome Boght s
disease 1n uremia who excrete highly concentrated utine when
other factors such as cardiac failure supervene that tend to reduce
the filtration rate still more

Anuna or oligura appear when filtration ceases altogether
or becomes so small that water reabsorption 1s almost complete
In this situation retention 15 the chef effect although even here
extrarenal losses of water and salt may lead to dehydration and
demneralization  Often a so-called cntical duurests will term:
nate 2 pcnod Of olxguna or anura This phcnomcnan 1§ rafre i
the uremua of chrontc Brght s disease and when st does oceur 1t 1s
usually followed by icreased seventy of the uremic syndrome and
death It 1s possible that tesminal collapse of tubular activity and
almost complete loss of the small volume of glomerular filtrate
as urne 1s the basis of thrs effect

Derangements of Plasma Flectrolytes Disturbances of urne
flow and of electrolyte conservation affect plasma compesition 1n
vanous ways  Dehydration may develop independently or
company with loss of electrolytes and water and electrolytes may
be retained together of separately with resultant changes in the
osmotic pressure of body fluids

The plasma electrolyte pattern differs from patient to patient
and at vanous stages during the course of uremua 1n the same pa
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PLASMA ELECTROLYTE PATTERNS IN UREMIA
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Figure 4 Vanous disturbances of plasma electrolyte patterns dunng ut
emia  (Diagrams 1 to 4 are based upon values given by Peters et al (85)
Hypothetscal values for substances not determined by these worhers have
been inserted for purposes of illustration  Diagram 5 1s based m part on
values obtained 1n a study of a case of salt losing nephnitis observed in this
clime) The normal electrolyte pattern 1s presented at the left of the
figure

1 In this patient a severe acidosts has developed largely on account
of loss of sodwm Hypochlosemia 15 matked and the place of chlotde
usucped by various organic acid radicals (A=) and phosphate Thus picture
1s associated with a reduction of plasma protewns below notmal In ths
instance  flurd retention as a result of hypoprotemnemia may account 1
part for hypotonicity

2 This patient presents similar changes although the CO, combining
power (bicarbonate) 15 lower than 1n 1 chiefly as a result of an mcrease
1n orgamc aads

3 Although the total base in the plasma of thss case 15 almost normal
a more severe acidosis than 1n 1 and 2 has developed Both phosphates
and organic acids contribute to this change It should be noted that
potassum 15 1ncreased to a dangerously high level Calerum s greatly
teduced as in patient 1 (Comtinued at botiom of next page)
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tient (85) This variabihity, depicted graphucally n Figures 4 and
5 is a consequence of the rrregular mvolvement of the senal
parenchyma by a disease process charactertzed by fluctuating ac
tivity  Dustusbances of osmoregulation of acid base adjustment
and of the maintenance of balance betw een various 1ons 1s evident
1 these distortions of the chemical structure of the plasma and
extracellular fluid The tons most affected are sodum chlorde
bicarbonate calcum and phosphate  Although changes in the
concentrations of the other tons do occur they are of munor 1m
portance as a rule and they will be considered at this pomt chiefly
i relation to acid base balance

1 Defects in Osmoregulatton  The plasma may become hy
pertonic because water 1s lost o because clectrolytes are retained
re with or without dehydration Both types have a sumlar effect
upon the cells Water leaves the cells and passes into the nter
stitial spaces 1n the mamtenance of the osmotic balance across cell
membranes It seems likely that electrolytes move 1nto the cell
while water moves out (86) However cellular dehydration
1s probably minmmized to some extent by protoplasmc alteration
of intercellular asmotsc pressure through as yet unexplored mech
anisms  Dehydration leads ultimately to a reduction 1n plasma
volume and penpheral circulatory collapse  As noted sbove
further renal functional abnormality ensues ntensifying the
symptomatology and signs of usemia with the ciical syndrome
of shock generally overshadowng the effects upon cellular phys:
ology Dunng hypertonicity without excessive loss of total body
water the effects of the relative dehydration of cells are more
prominent  Sudden death due to respiratory arrest presumably

7

4 4 In this instance hyp 1ty d with 2 p d acrdosis
has developed  An increase 10 sodium chlonide and orgamic aad content
1s assocrated with a fall 1 potassium

3 This 1 an mstance of salt losing nephrtis with a stilung reduction
of both sodum and chlonide In additton the bicarbonate coneentration
has ancreased and alkalosis s present

1t must be emphasized that these examples illustrate but a few of the
possible permutations of the electrolyte pattern seen 1n urema
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15 renat Joss of sodium The usual mechamisms by which base 15
conserved fail for several reasons Furst glomerulo-tubular m
balance with tubular diuresis shortens the ime of contact between
the filtrate and tubular cells 1 the proximal segment and, as a
result sodwm reabsorption 15 tnadequate Thus a heavter load 15
placed upon salvaging mechanisms in the distal segment, but these
are already disturbed by disease and they prove unequal to the
tash Ammonia production ceases (89) possibly because of enzyme
mactivation  Moreover, 1t has been found that the glutamtne con
tent decreases in the nephritic Aidney (47) Hydrogen 1on evcre
tion has not been studsed i this state but st seems ldhely that this
tubular function 1s Ithewsse impaired  As a result of these changes
sodium conservatton farls and the plasma sodum level falls

Cations other than sodium may also be lost but the quantities
mvolved are very small celateve to sodium  Potassum usually re
matns within normal limuts (90) though occasionally st may show
marhed changes Hypopotassemsa ss vety rare and hyperpotassemia
occurs only when anuria ss present or filtration reduced to an ex
treme degree (91) The mamtenance of more or less normal
potasssum levels 1n uremia 15 apparently based on the relatnely
small mobrlization of potasssum for excretion Normally, reab-
sorption of potassium by the tubules 1s very effcient only a small
amount escaptag 1 the ute Ductng disease duninushed reab-
sorption tends to compensate for reduced filtration Most of
the potassium 10 the body 1s found within cells and the posstbility
remawns that alterations of potasstum levels 1n uremra anse pri
martly from change m mobrlization from cells rather than the dis
order of excretion (90) Magnesum 15 generally elevated but to
a small extent contributng little to the acid base imbalance Cal
cwm usually falls as a result of (1) the sse of morganic phos
phate concentration and (2) a decrease 1 absorption from the
gastroatestinal tract (1v)

Since sodium lass 15 assoctated with loss of bicarbonate and
chloride there 1s a relative mcrease mn strong antons The most
prominent change 1s the reductson of bicarbonate (CO. combiing
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power) Hypochlotemia 1s often striking because loss of chlonde
equivalent to that of sodm produces a greater percentile reduc
tion 1n plasma chlonde concentration As 2 rule the reduction
of bicarbonate and chlorde 1s associated with an expansion of 1ons
dernved from vanous orgamc acids These substances apparently
increase 1 concentration because of widespread disorders in
metabolism that result from the alterations 1n the mternal en
vironment Many patients in uremia present extreme anorexia
the subsequent tissue breakdown and wasting of stanation lead
ing to excessive mobrlizatron of organic acids

Other anuons are of relatively little importance although both
sulphate (92) and phosphate mcrease i the blood and contribute
to the acid hase imbalance encroaching upon and dwsplacing bt
carbonate  Both 10n1c species wncrease because of the reduction of
filtration  Both are normally reabsorbed but there 1s no evidence
that increased reabsorption may be a factor in retention duning
urerna  Sulphate 1on also increases during uremua because of
protein catabolism and the mobilization of excessive sulphur Tt 1s
equally probable that a similar mobilization of phosphate from
the large stores of organic phosphate 1n the cells and plasma con
tributes to hyperphosphatemua since 1t has been shown that stress
causes such a mobilization due to the use of energy derned in the
breakdown of energy nch organic phosphates (93) The higher
concentratton of phosphate mn the glomerular filtrate provides
a larger quantity of buffer for the excretion of hydrogen ton and
probably plays a role 1n  compensating to some extent for the
farlure of tubular base saving mechanisms In this manner 1t 15
possible that mcreased reabsorption of phosphate relative to filtra
tion may occur but satisfactory q ¢ studies of phosph
excretion durmg uremia have not been made

Alkalosts may occur but 1t 15 quite rare (94) This 15 the more
surpusing in view of the frequency of excessive vomiting 10
uremia Occasionally chlonde foss 1n the vomitus may result
alkalosis but usually gastnic acid formation ss halted and 1n
sufficient chlotide 1s lost by this route to have a scrious effect=
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upon the chemical structure of the plasma (95) Tubular di
urests occasionally leads to excessive loss of sodium chloride and
the production of a clinical state simular to the crsis of Addt
sons disease Thorne and his co workers (96) have shown that
desoxycorticosterone 15 neffective m preventing the loss of salt
1n these cases This rare condition may be assocrated with a variety
of plasma electrolyte patterns, usually characterized by acidosts
but alkalosts may develop

3 Calesum Phosphorus Imbalance  The altered relationship
between the plasma concentrations of calcium and 1norganic phos
phate require further comment since these two 1ons play an 1m
portant role 1 the metabolism of bone and in neuromuscular
physiology apart from their small contribution to actd base regu
lation  Usually at some time in the course of uremia the calcum
phosphorus ratio s reversed norganic phosphates increasing 10
the blood while 1onized calicum dimmishes The reciprocal re
lation between the two sons 1s not well understood, although 1t 1s
evident whenever the concentration of one 1s selectwvely altered
Why phosphate increases preferentrally 1n uremsa 1s not clear since
the renal excretton of both sons 1s depressed It 1s possible that
the setention of phosphate 1s more raprd, leading to rectprocal
depression of calcium because the diet normally contamns some
what more phosphorus than calclum because morganic phosphate
mobulizatron 15 speeded and because calctum absorption from the
mtestine falls Decreased calcum uptake has been attributed to
farlure of the gut wall to respond to vitamn D as a specific effect
of uremua (97) and to prectpitation of calcium as soluble phos
phate  Although a few patients may respond to very large doses
of vitamin D with a slight ncrease of calclum transfer from the
gut, most do not Precipitation of caleium would also enhance
the fecal exeretion of phosphorus but since phosphorus 1s avatl
able to the plasma from the other sources the effect upon the
plasma phosphorus level would be expected to be less than that
upon the calcium level Calcrum s available in the bone, but
mobiltzation 1s slower and probably does not equal phosphate
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recronment  Consequently 1t seems reasonable to beleve that
phosphate setention exceeds calomm accurnulation and ultmately
counteracts 1t insofat as plasma concentration 15 concerned pri
marily because of gastro-intestinal dysfunction that leads to loss
of calcum 1n excess of phosphorus The resulting alteration of
plasma composition sets in train a sertes of biochemical changes
that mav have serious consequences climcallv

Derangements of Plasma Non electrolytes The fate of the
nitrogen-contaming compounds and of proten duning uremsa have
been described above chieflv in terms of defectn e glomerular filtra
ton It was evident at that potnt that other elements of function
demanded consideration Tubular activity 1n reabsorption or excee
tion was mentioned 1n regard to every substance discussed Thete
arte a vast numbet of other organtc non electrolytes m plasma con
cermuing which hittle 15 known but that are probably subjected ta
filtration and possibly tubular excretion or resbsorption  Among
those that are recognized are the phenol denvatives creatine and
creatine dernatsves such as guamdine and vartous carbohydrates
(98 101)

Very little 1s known about the fate of these substances during
uremia or about the manner in which disturbed renal function may
affect them It has been shown that both phenols and guanidine
may mcrease n the blood and since these are very toxic great
emphasis has been gien this finding by those who regard uremia
asatoxemia However the evidence that toxic levels are attained
durtag uremia or that any of the mamfestations of uremua can be
attnbuted to these agents 15 unsausfactory and 1ncomplete

The plasma level of glucose 1s not affected n uremta because
1 independent of fudney function However glycosuna may
occur as a tesult of the depression 1n renal threshold probably an
effect of glomerulo-tubular imbalance and the glucose tolerance
may be decreased It has been sungested that the latter effect may
denote a disturbance of carbohydrate metabolism ( 102)

Maximal Renal Tubular Reabsorpuve and Excrctosy Ca
paaties As renal dusease progresses tubules are destroyed or
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rendered impotent by glomerulo tubular ymbalance or by local
cellular alteration Consequently the Tm svalues for all sub
stances show a progressive diminution  Glucose Trm 15 less affected
than diodrast Tm early m the course of nephrosclerosis although
later the two are more or less equally disturbed (25, 40) Diodrast
Tm falls n a manner roughly parallel to the reduction i filtra
tion rate duning glomerulonephritis though filtration tends to
increase relative to the excretory rate wn the terrmnal stages pos
sibly owmng to the formation of impotent tubules and/or the
development of hypertension  Glucose Trm has not been follon.ed
duning the course of glomerulonephrtis Durng uremia it 13
Likely that these functional measures of tubular mass are 1nvalt
dated by the severe tubular damage that may permut diffusion
of tubular unne back mto the blood
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CLINICAL MANIFESTATIONS OF UREMIA

HE SYMPTOMATOLOGY of utemua 1s based primanly upon the
Tchangcs 1n the chemical structure of body fluids resulting from
the faituce of renal regulation  Certain symptoms and signs such
as polyuria noctunia proteinuria cylindrunia and rarely backache
may be traced directly to renal dysfunchion The remainder may be
attributed to faulty systemic phystology secondary to the altered
mternal environment An integral part of this environment 1n
equilibrrum with and composed tn part of the plasma and other
body flurds s the so called metabolic pool It has trecently been
shown that metabolism is @ continuing process (83 103 104)
Stability of any structure in the body 1s stmply evidence of 2 bal
ance betw eent constructss e and disintegrative processes rather than
of constancy of structural elements These balanced processes are
1 equihibrium with and environed by the metabolic pool any
abnormality of which mught be expected to produce a wide
spread distutbance despite the operation of a host of compensat
ing mechanisms It seems reasonable to assume that the chemical
distortions of renal msufficiency have such an effect thus pro
ducing changes 1 organ systems outside the hidney Toxemia
secondary to renal retention of such substances as phenols or
guanidine or unknown substances 1s often evoled as a cause
of symptomatology The evidence for this pomnt of vien 15 not
commemng  Agents that have been ancriminated have not been
conclustvely proved to appear in toxic quantities i the blood
duning uremia The derangement of total chemical structure of
the plasma convincingly shc\\n to be present an every case seems
to provide an adeq for the ve array of
symproms 3wl be cudcm 1n Yhe discussion that follows how
ever that the mtimate mechanisms by which most symptoms and
signs ate produced are almost entirely unknown and the pos
sibility that toxins of some hund are operatine cannot be sl
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CONSTITUTIONAL SYMPTOMS

Non spectfic complaints of weahness, easy fatiguability, dizz:
ness, and famtness ate common throughout the entire course of
uremia Their origin 15 often difficult to trace Often they constt
tute the sole clinical evidence of severe renal damage One fre
quently sees patients who are well except for such symptoms
despite renal insufficiency of a degree sufficient to produce an
azotemia of more than 200 mgm per cent moderate and persistent
actdosis noctunia and polyuria

The most common and obvious cause 1s anemia A normo-
cytic normochromic anemia 1s an almost inevitable development 1n
uremia The bone marrow may be normal or hypoplastic n appear
ance and tn many cases maturation artest occurs It 1s possible
that the depression of red cell production usually attubuted to

toxic factors, 1s simply one aspect of the general metabolic
disorder  As renal function 15 progressively tmpasred the anema
becomes more severe and responds only to replacement of blood
by transfusions or to improvement 1n renal function There 15 no
evidence that increased hemolysts 1s tmportant Indeed, the red
cells are less fragile than normal (105, 106) Studies of sron
metabolism are Jacking but 1n view of the character of the cells
and marrow tron defictency as such seems unlikely Nonetheless
this may be a factor, since 1ron 1s poorly absorbed from the gastro
intestimal tract owing to precipitation as an insoluble phosphate
and since there 1s a bleeding tendency It 1s nteresting that
achlorhydria develops as the anemra and renal msufficency pro
gress A relationship has been suggested (106) but it 15 probably
cotncidental rather than causal Other blood elements may also
show abnormalitres There 15 usually a moderate neutrophilic
leucocytosts, although leucopenta and lymphocytopenta may occur
The erythrocyte sedimentation rate 1s usnally increased, probably
as a result of the change in plasma protemn pattern (106)

A bleeding tendency often contributes to the development of
anemta by favoring excessive bleeding from wounds, the gastro
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intestinal tract or the uterus Blood lost tn hematuna 1s of little
importance since such a small volume 15 mvolved Bleeding mto
the stomach, with hematemesss or into intestines with melena
may be settous Menorrhagia 1s not uncommon and may necesst
tate sterlization to prevent an immeduately fatal outcome Occa
stonally diffuse purpuric and petechial rashes appear (107 109)
The cause for the bleeding diathesss of ugemta 1s unlnown
In some cases a definite reduction 1n platelet count has been ob
served but in others severe bleeding may occur despite 2 normal
thrombocyte count There 1s often a strihing increase 1 capillan
fragility accounting 1t part for purpura and easy brutsability

Changes 1n the skin atise not only from the bleeding tendency
with purpura and petechiae 2nd from anemta with pallor but
also from local changes 1a pigment and water content Pigmenta
tion 1s common affecting chuefly the exposed surfaces the arms
face and hands It 1s dirty brown in hue resembling the prgmenta
tion of chloasma but appacently nat assocated with increased
local deposit of melanin The chemical nature of the pigment has
not been studied thoroughly however It has been suggested
that the deposition of retained urtnary pigments may be at fault
(110)  Often stching 15 2 sertous and extremely annoying com
plication which causes the production of eczematord lestons with
secondary hyperpigmentation ‘The etiology of itching 1s unknown
though 1t 15 possibly related to other more prominent neuromuscu
lar disorders  One cause 15 found in poor hygiene with a farlure
to keep the shun scrupulously clean This 1s important in advanced
uremia since the high urea content of sweat results 1n the deposit
of urea cnystals on the shin (so-called urea frost ) that may
prove trsitating and prurtic

Edema 15 evident climeally by the altered character of the skin
and general appearance as well as by an tncrease 10 body weght
Occult edema 15 a frequent cause of constitutional symptoma
tology  Fhuid first accumulates in areas where the tissue tension 1s
relatnely low such as the loose skin and subcutaneous tissue about
the gerutalia and orhits and 1n the retropentoncal spaces A
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though 1t 15 often stated that edema due to renal nsufficrency
differs an distnbution from that of cardiac farlure, the apparent
difference 1s fortwitous  In decompensatron a reduced vital ca
pacity and orthopnea enforce mantenance of the upright position
so that the face and upper portion of the body remans relatnvely
free of excess flurd while the dependent portions become grossly
swnollen as a result of the difference 1n hydrostatic pressures In
renal edema on the other hand orthopnea does not usually occur
unless congestive heart fatlure supervenes As a result, facial
edema 1s mote promnent at bed rest and tends to clear sometime
after assuming the upright position  Renal edema 1s not common
1n urema and when it does occur 1t 1s not usually severe Two
factors operating separately or 1n concert may be discerned  Hypo
protememua 15 conducne to edema formation as a result of the
smbalance of forces across capillary walls everywhere in the body
Although reduced plasma protern 1s common in urema, 1t 1§
usually not marked, possibly as noted above, because protemn
loss 1n the urne 1s diminished Another factor, usually more
prominent 1n acute diffuse glomerulonephritis but occastonally
encountered dutrng uremua of chronic Bright s disease 1s the renal
retention of water and salt Marked reduction of filtration rate,
erther 1n absolute amounts or relative to the reabsorptive capacity
of restdual functioning nephrons, will result m mncreased volume
of body fluds particularly when mgestion of water and salt con
tinues and water loss through other portals does not occur

It was pointed out above that dehydration 1s the most frequent
disorder of the water balance mn uremia This too may give rise
to lassitude weakness and other symptoms of 2 general constt
tutronal disturbance It 15 marked clincally by drying of the
mucosal surfaces by coating and crusting of the tongue by
fetor orzs and by the melastic and doughy texture of the skin

Body weight during uremta then 1s a function of the effects
of water retention water loss, or tissue wasting The latter occurs
as a result of anorexta and predommance of catabolism over
anabolism Anorexia seems chiefly tmportant, though the second
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factor 1s dufficult to assess Wasting of all tissue occurs and the
ensuing state of quast starvation s associated with the usual me
taboltc disorders which contrbute 1n turn to the chemical de
rangement of uremta If the diet 15 carefully adjusted one may
stay this process for a time but even then weight loss continues in
some degree The causes of anorexia are obscure though it 1s
probable that the gastrc 1 disturbances and anemia are
chiefly responsible

GASTROINTESTINAL SYMPTOMS

Vomuting and diarthea are common and often the sole symp-
toms of uremta Nausea and vomuting usually occur 1n the morn
g As arule vomting 1s not excessive but 1n some mstances a
more serrous state characterized by repeated vomiting with flud
and electrolyte loss may develop Since achlorhydua 1s common
duting urernia alkalosis does not usually develop Hjdrochlornic
acd s not secreted 1n response to histamine in these patients and
it has been suggested that the usually associated acidosss may be
related to this phenomenon possibly through the reduction of
plasma bicarbonate and diminished availability of hydrogen son
denved from carbontc actd  Diarrhea 1s somewhat less common
than vomiting and tt usually appears later wn the course of uremia
Constipation often precedes or alternates with diarrhea The stool
or vomitus may contain vanable amounts of blood derned from
mucosal ulcerations  Cases of death due to perforation of ulcers
i the duodenum or colon believed to be uremic 1n orgin have
been reported (1) The mouth pastakes in the pathology of the
gastromntestinal tract since ulcerative stomautis 1 occasionatly
obsened These manifestations are believed to indscate a specific
inflammatory involvement of the G I tract attnibutable to urema

One school of thought mawmtans that these signs of gastro
tntestinal irnatation may be caused by the presence of trrtating

toxic substances i the bowel Urea has been implicated as
such a substance 1t 15 thought to have ts action mdrrectly through
breahdown by urea sphitting organisms to ammonia The ammonsa
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thus formed 1s believed to cause ulceration of the gastric or imntes
tinal musoca and to provohe increased motdity  As evidence for
this view pont Willtams and Dich (111) claim that the ammonia
content of the stools 1s increased, but it has been shown that this 1s
not a constant finding and that ammonta 1s not present 1n sufficrent
amounts to cause tissue damage Jaffe and Laing (112) found
slight to moderate edema of the submucosa especially involving
the large intestine 1n 27 per cent of 136 patients dying 1 uremta
In 53 per cent there were hemorrhages into the intestinal mucosa
obviously leading to ulceration 1n many cases No relation be
tween the degree and duration of azotemia was noted Hence
these worhers believe that the gastromtestinal mamfestations of
uremia anse from the hemorrhagic dathesss, tather than formation
of ammonia Certamly poor hygtene and dehydration must be
considered as important contributory factors Indeed, 1n the ab-
sence of renal insufficiency these factors may excite many changes
usually attributed to uremia  Moreover 1t 15 possible that the
disturbances of bowel motility are related to the general neuro
muscular derangement

NEUROMUSCULAR SYMPTOMATOLOGY

Disorders of meatation and of consciousness occur commonly
muremma Asa rule most patients think clearly until shortly before
death, having too frequently, a lnely awareness of their predica
ment Others become apathetic, somnolent, and sink at last into
2 comatose state in which they die The comatose state which
generally terminates uremsa may be marked by varations m
depth, by convulssse setzures and by all the other manifestations
of ureruz  Convulsions usually are a consequence of hyperten
sion but they may occur independently i1n uremia

The state of the nervous system in uremsa rescmbles that
which may develop with other types of serious dehydration and
metabolic disturbance, and 1s probably related to the changes in
the local environment of nerve cells Attempts have been made
to implicate various toxicsubstances as possible causes Harrison
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and his coworhers (100) were smpressed by the evidence of
stmultancous exctation and depression of the nervous s, stem
They suggested that antagonsstic effects of sesveral toxic substances
might produce such a picture Thus hypocalcemia would stimu
late while a high plasma concentration of phenols would depress
the central nervous system  Although the possible actity of such
agents can not be disregacded satisfactory evidence on which to
base an opinton 1s lacking

Among the components of the nternal environment that have
great influence upon neuromuscular irntability are the hydrogen
caleum magnessum and potasstum tons  Dimunished concentra
tion of the first two enhance and of the last two diminish trre
tability Tetanic convulsions are uncommeon n uremia possibly
because an augmented hydrogen ton concentration 1s offset by
hypocalcemia  However manifestations of latent tetany are
common as one might expect in view of the change in concentra
tion of all these substances Muscle cramps occur commonly and
are very annoying and pamful An mcreased mtake of calaum
usually brings relief The cause of fibrllary twitching of muscles
1n uremia remans obscure though it 15 evident that the tetanic
tendency plays a role

Several instances of flacaid paralysis occutring 1n urema asso-
cated wath reduced plasma potassium concentration and changes
tn the electrocardiographic tracings simular to those produced
the experimental aumal by hypopotassemia have been reported
recently (113) Since 1t 15 behieved that attacks of famuly pertodic
paralysis may be caused by sudden mexplicable withdrawal of
potassium from the blood the paralytic episodes 1 uremsa were
considered to have a similar cause The apparent remussion of
symptoms following potassum therapy gres strong support to
this view but since by popotassemsa may develop without paralysis
n uremia and since famdy penodic paralysis may occur without
hypopotassemia (114) this hypothes:s must be accepted cau
tiously Morcover tendon reflexes are not abolished as they are
in famibial persodic palsy  Nonetheless potassrum defiait may be
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at fault since potassum loss and the replacement of potassium in
cells by sodum following adminustration of desoxycorticosterone
acetate to expenimental ammals leads to the development of a
syndrome of profound muscle weakness and apparent paralysis
without loss of reflexes (115) It should be remembered that
paralysis due to hysteria or other causes 1s as apt to develop m pa
tents with uremia as m other individuals

CHANGES IN BONES AND SYNOVIA

The derangement of calcium phosphorus balance may cause
serrous bone damage 1n growing children and young adults The
bony changes in childhood are assoctated with maldevelopment
retarded growth, and deformity generally referred to as renal
rickets  (116) This condition resembles richets radiologically as
well as clinically since decalcification swelling of the epiphyseal
dishs fraying of the metaphyseal margins slipped epiphyses and
failure of epiphyseal closure are characterstic of both (117 118)
Histologically the bony leston 1n uremia 1s similar to that of

osteitss fibrosa cystica caused by hyperparathyrosdism It 15
claimed that about forty per cent of adults who dte 1n uremnt
have mucroscopic bone lesions characterized by decaledfication and
osteoclastic activity (119) Some observers believe (120) that
the osteotd seams are widened (evidence of osteomalacia or adult
ruckets) A further similarsty to rickets ts found in the poor
testinal absorption of calcum (121) However vitammn D has
little or no effect m correcting this abnormality

1t 1s well known that hyperparathyrordism causes renal damage
as a result of increased urinary excreton of calcum with renal
or ureteral lithtasis (122) Contrarmwise, renal isufficiency asso
crated with acidosts hy perphosphaturia and hypocalcemia has been
found to evoke parathyroid hypertrophy and hyperplasia These
changes differ from those of hyperparathyroidism i affecting the

water clear cells rather than the chief cells (123) Since 1t ss
now generally believed that parathormone may act directly upon
bone to mobilize calcum and since the bone pathology resembles
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that of hyperparathyroidism (124) some nvestigators mamtan
that renal rickets should nightfully be designated renal hyper
parathyrosdism  (125)

There 1s accumulating evsdence m favor of the opinton that
acidosts 15 a necessary element 1n the production of bone changes
(126) In fact acidosis alone has been shown to produce similar
pathology n anumals Calcwum thus 1s mobilized as an adjunct 1n
correction of acid base balance as well as i response to hypo-
calcema 1t 15 not knosn whether hyperphosphatemia or hy pocal
cemia are factors 1n evohing parathyroid hypetplasia or whether
excessive production of parathormone occurs It seems likely that
acdosss 1s of chief importance 1n causing bone changes 1 uremia
and that the parathjroids play a lesser role since parathyrord
hy perplasta does not resemble that of hypesparathy roidism

The mobilization of calerum from bone and the mnversion of
the calaium phosphorus ratio are conducn e to deposits of calcrum
salts i regtons outside the bones  Metastatic  calaification of
subcut:.\neous tissues  arteies pleum and FCH‘O’ICum 1s common
when these alterations are marhed

Synovial tissues 1n addition to serving as sites for calemm salt
deposit are also the seat of obscure mflammatory processes during
urermuia These eprsodes of synositis —mvolung jomts bursae
and tendon sheaths — resemble gout 1 many respects since they
are characterized by local swelling pam tendemess erythema
heat and limutation of movement of sudden onset and rapid dis
appearance Howeser there 1s no obvious relationship to hyper

uricernia and depostts of uric acid crystals or tophi have not been
obsened
CARDIOVASCULAR SYMPTOVMATOLOGY

Cardiovascular nvolvement 1s usually traceable to an asso
cuated hypestension  Hypertension 1s common 1 uremea and st 15
caused by condirons that eventually produce renal msuffcieney
But except snsofar as hypertensive disease 1s a cause of senal funce
tional smp no causal rel hp between the two con
ditions has been proved
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In stself, however renal insufficiency may promote the de
velopment of circulatory pathology It 15 possible that water re
tention with secondary expanston of the plasma volume may
tnduce congestwve heart farlure Thes possibility has not been thor
oughly vestigated and may indeed be mashed by the concurrence
of other causative factors Inadequate peripheral circulation 15
more eastly discerned and occurs frequently mn uremra  Sooner
or later dehydration reduces plasma volume and if prolonged
and untreated may terminate mn shock Penpheral circulatory
collapse under these cireumstances differs in no important par
ticular from that seen with blood loss Flud replacement before
trreversible damage takes place 1s therapeutically speaific

The abnormality of the internal environment 1s as detrimental
to the activity of heart muscle as to the function of other tissues
This 1s evident i electrocardiographic abnormalities conssting
of vanable changes in T waves and QR S complexes and abnor
malities of thythm A fibrinous pericarditis develops 1n about
one third of patients with uremia shortly before death (112) and
1t 15 2 possible cause of the manifestations of myocardial disturb
ance that ate usually attributed to uremsa The extent of mvolve
ment of the pericardium varies widely at times being limited to
a few patches of fibrinous tags at others affecting both visceral
and partetal layers with a thick shaggy exudate, well organized
with fibrous tissue producing tight and thick set adhesions Ac
cumulation of flurd 1s very uncommon Clintcal evidence of this
process 1s slight Generally the diagnosss 1s made on the basts
of an audible friction rub rarely local pain with reference to the
shoulders may be observed The electrocardtographic changes are
varable and nonspecific Pericarditss usually appears shortly
before death but 1t may clear completely Fishberg (1) refers to
one nstance 1n his experience in which death was delayed for more
than a year The cause of perscarditss 1s entirely unknown Bac
tertologic investigation has been frintless One can only speculate
on its posstble relatton to other mflammatory processes of uremia
such as synovitts and gastroenteritss
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Anomalies of cardiac conduction may appear i uremua as a
result of p I As a rule p does not a¢
cumulate 1n the blood but with anuna or marked oliguria ex
cretion may be so greatly reduced that retention of potassum
results When the concentration exceeds ten M eq /hiter serious
and eventually fatal interference with myocardial activity 15 evt
deat The QR S complexes wden, the T waves are exaggerated
and death occuts as a result of cardiac arrest  Several instances of
this phenomenon have been studted very carefully and the fact
that st may occur 1n man during uremua of chronic Bright s disease
15 well documented (127, 128) Some i estigators (99 100) be
lieve that uremic blood contatns other cardiotoxic substances pos
sibly related to catechol and phenol compounds because the 1s0-
lated frog heart when bathed by uremic serum shows unusual
contractithity which 1s absent when bathed by salt solution or
normal sera  Unfortunately these expeniments have not been
controlied by the use of normal sera 1n which the electrolyte con
centrations hase been changed to resemble those obsened m
uremsa

RESPIRATORY SYMPTOMATOLOGY

One of the most stnhmg manifestations of the disturbance
of plasma electealyte pattern with acdosis 1s hypespnoea The
chatactersstic breathing (Kussmaul) 1s decp and raprd We have
seen unstances wn which it was the only sertous complamnt The
lowered pH of the flud bathing the respiratory center ts appar
ently responsible lncreased tonsctty of the blood and sterstitisl
flwed may cause dehydration of these cells and 1n expenimental ant
mals has been found to cause death by respiratory areest It ss
possible that certarn faralihes 1n urenua are based on this effect

Inflammatory rnvolvement of the mucosa of the respirators
passages and Janynx has been descnbed (1) It s possible that
this factor ¢ b to the high snadence of pulmonany infec
tion although the loss of the cough reflex during coma 1s prob-
ably of equal 1mportance
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IT CAN 8L SLLN that uremua 1n chronic Bright s disease 15 extza
ordmanly complex Beginnung with dysfunction at the renal
level physiological maladjustments and metabolic disorders ultt
mately appear everywhere in the body The agency through which
these disturbances are medtated 1s the mternal environment The
flurds of the body are first affected by the nability of the ktdney
to regulate efficiently the chemical structure of the plasma Later
the altered character of extracellular water affects mntracellular
flurds and ntracellular activities These changes are only partrally
sequential since cyclic phenomena accelerate and perpetuate the
disturbances of metabolism and produce fusther renal dysfunction
It 1s evident 1n the discusston above that as the effects of Brght's
disease unfold they become more and more complex, mvolving
an ncreasing number of simultaneous and terloching reactions
At every stage our hnowledge 1s inadequate but 1t seems prob
able that recognized derangements of the body fluids provide an
adequate cause for the symptomatology of uremia Although un
known toxic substances may indeed be important it 1s necessary
to mamtain an attitude of cautious and friendly scepticism re
garding their presence until unequivocal evidence 1s available
This account of the pathological phystology of uremua Is
necessartly ncomplete not only because our information s in
complete but also because each patient presents specific problems
that must be nterpreted 1n individual rather than general terms
Management 15 aided by a recognition of the usual changes 1n
phystology and by 2 basic understanding of the normal Although
specific therapeutic measures are laching disorders of phystology
may be corrected and life prolonged Since the loss of the renal
regulatory mechanisms entails the loss of ability to withstand
changes these patients are balanced without buffers upon a knife
58
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edge of secunty from which they may be thrust at any time by
neglect or by over zealous and thoughtless therapy The responst
bility and the opportunity for maintaung normal physiology s
1 the hands of the physician
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