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PREFACE 

This b o o k is wr i t t en primarily for t he underg radua te s tuden t and t h e 
postgraduate preparing for t h e MRCP examina t ion . I h o p e it will also 
provide a quick ready reference to aU interested in renal disease. 

Nephrology has n o w ' come of age ' and is a growing and excit ing 
specialty. Because the k idneys are of p r ime impor t ance m main ta inmg a 
stable internal env i ronment there is n o sys tem free from involvement in the 
pat ient wi th renal disease. The re is a t endency t o consider nephrology as 
dialysis and t ransplanta t ion and I h o p e tha t in this b o o k I have dispelled 
this t hough t by describing the wide range of diseases affecting t he k idney . 
In the past there has been considerable confusion regarding the te rminology 
of r e n d diseases and in this vo lume I have tried t o use the cur ren t generally 
accepted nomenc la tu re . 

I am very grateful to a n u m b e r of colleagues for their helpful advice 
during the prepara t ion of this t e x t ; in par t icular Professor G. R. Giles, 
Drs Hugo Mascie-Taylor, Vic S t andmg and David T h o m s o n . T h e illus
t rat ions are the work of T h e D e p a r t m e n t of Medical I l lus t ra t ion, St James ' s 
University Hospi ta l . 

My thanks are due to Mr R o y Baker and Mr Adr ian S y m o n s of J o h n 
Wright & Sons L td for t h e k help and encouragement over the past year . I 
am mdeb ted to Miss Gilhan Best w h o typed the manuscr ip t s wi th such 
enthusiasm. Fmal ly I owe mos t to Marion, Andrew , Pamela and Iain for 
t h e k suppor t , encouragement and forbearance dur ing the prepara t ion of 
this book . 

A.M.D. 
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Chapter 1 

ANATOMY 

Gross ana tomy - Blood supply - L y m p h a t i c drainage - Nerve supply -
T h e neph ron - T h e glomerulus - T h e jux tag lomerular complex -
Embryo logy - Ana tomica l relat ions - T h e ure ters - T h e bladder 

GROSS ANATOMY 

The k idneys are paired s t ructures which lie on t he poster ior abdomina l wall 
behind the pe r i toneum. In t he adul t the bipolar length is approximate ly 
13 cm b u t in view of the variat ion in b o d y size a useful rule is tha t the 
bipolar length is approximate ly tha t of th ree lumbar ver tebrae . In t he child 
the size is relatively larger. 

Cortex 

Papilla 

Medulla 

Ureter 

Fig. 1.1. Coronal section of kidney. 

The external surfaces of t he k idney are s m o o t h and covered by a 
capsule. The lateral surface is convex and the medial surface is concave 
( the h i lum). Through the hi lum the renal a r te ry , vein, nerves and the renal 
pelvis pass. If the k idney is bisected coronally t w o dist inct par t s may be 
identified {Fig. 1.1). The cor tex has a granular appearance and is s i tuated 
in the area immediate ly under the capsule. T h e medul la has a striate 
appearance which shows radiat ions from the t ip of t h e papillae to the 
cort icomeduUary junc t ion . This is due to the s t ruc ture of the n e p h r o n wi th 

1 



2 A SYNOPSIS O F R E N A L DISEASES 

Venous drainage from 
peritubular and 
medullary capillaries 

IVC Aorta 

Renal artery 

Medullary branch 

Interlobular artery 

Interlobar artery 

Arcuate artery 

Afferent arteriole 
Glomerulus 
Efferent arteriole 
Peritubular 
capillary plexus 

Fig, 1,2. Vascular supply of the kidney. 

arteries, from which branches pass o u t in to the cor tex to form the inter
lobular arteries, while o thers b ranch in to t he medulla . 

The interlobular arteries as they pass th rough the cor tex give branches 
which form intralobular arteries. These vessels t hen divide in to afferent 
arterioles which enter the g lomeruh where they form a capillary p lexus and 
then converge in to an efferent arteriole which t h e n forms a secondary 
capillary plexus a round the tubules {Fig. 1.2). 

T h e b lood supply to the upper one-third to two-thirds of the ure te r 
arises from the renal ar tery as it passes th rough the h i lum. 

its g lomerulus and convoluted tubules being in the cor tex while the straight 
loop of Henle and collecting duc t are s i tuated in t he medulla . 

BLOOD SUPPLY 

T h e renal arteries arise from the aor ta at the level of the second lumbar 
vertebra. T h e right ar tery passes poster ior to the inferior vena cava. A t t he 
hi lum the arteries divide in to anter ior and poster ior divisions which in t u r n 
divide in to inter lobar arteries. These arteries then divide at t h e cor t ico
meduUary junc t ion and t u r n th rough a right angle t o form the arcuate 
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Efferent 
arteriole 

Glomerulus 

Proximal 
tubule 

Loop of Henle 

Distal 
tubule 

Cortex 

Medulla 

Collecting 
duct 

Fig. 1.3. Structure of the nephron. 

THE NEPHRON 

Each kidney is composed of abou t one million nephrons . T h e n e p h r o n is 
the functional par t of the k idney and is composed of the g lomerulus , a 
proximal convoluted tubule , the loop of Henle , the distal convolu ted 

There is considerable variat ion in arterial supply and mul t ip le renal 
arteries are c o m m o n (present in a b o u t one-third of normal people) . 
Aberrant arteries to t he lower pole are twice as c o m m o n as those t o t h e 
upper pole . 

The venous drainage is essentially a mirror of t he arterial supply . 

LYMPHATIC DRAINAGE 

T h e lympha t ic drainage follows the course of t h e renal arterial supply . 

NERVE SUPPLY 

Sympathe t i c fibres arise from the spinal segments T i l and L I and pass to 
the k idney by the coeliac and aort ico-renal ganglia. 

Parasympathe t ic fibres arise from the vagus and pelvic splanchnic nerves. 
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THE JUXTAGLOMERULAR COMPLEX 

T h e juxtaglomerular complex consists of the juxtaglomerular appara tus , 
the macula densa and the mesangium of the vascular pole of the g lomerulus 
(Fig. 1.5). 

The juxtaglomerular appara tus consists of highly granula ted cells which 
are derived from the smoo th muscle layer of the afferent ar teriole. T h e 
granules are considered t o be secretory granules and are probably a pre
cursor of renin. Within the juxtaglomerular appara tus are also nerve fibres 

tubule and the collecting tubu le leading in to the collecting d u c t (Fig. 1.3). 
T h e glomeruli and the convolu ted tubules are s i tuated in t he co r t ex while 
the loop of Henle and collecting duc t s are in t he medul la . T h e r e is con
siderable heterogenei ty in the s t ruc ture of nephrons . T h e n e p h r o n s at 
the cor t icomeduUary junc t ion have long loops of Henle while those in t h e 
ou te r par t of the cor tex may have very short loops. 

T h e tubular cells vary considerably in their s t ruc ture along the nephron . 
In the prox imal tubu le the epi the l ium consists of low co lumnar cells 
containing many mi tochondr ia . T h e luminal surface consists of a b rush 
border of microvilli which project in to the lumen while t he basal surface is 
deeply inden ted . T h e descending l imb of the loop of Henle has fairly th in 
and flat cells while soon after the t ip of the loop the ascending l imb 
consists of cuboidal cells. Similar cells are seen in the distal tubu le which is 
shorter than the proximal . In the collecting duc t the cells are of a low 
cuboid t ype . 

THE GLOMERULUS 

T h e glomerulus is the funct ioning filtering uni t of t he neph ron . It consists 
of a un ique type of capillary p lexus suppor ted by a stalk k n o w n as t he 
mesangium. As the afferent arteriole enters the g lomerulus it divides i n to 
numerous capillary loops . These loops consist of finely fenestrated e n d o 
thelial cells which sit on a basement m e m b r a n e which has a homogeneous 
appearance and is composed of mucopolysacchar ide . Sur rounding the 
membrane are the epithelial cells which have n u m e r o u s project ions which 
interdigi tate with adjacent cells. These project ions are k n o w n as podocy t e s 
and they lie on the ou te r surface of the m e m b r a n e (Fig. 1.4). 

T h e stalk or support ing f ramework of the glomerular capillaries is the 
mesangium. This consists of a mat r ix which appears t o offer con t inu i ty 
be tween the subendothel ia l space of the capillary wall th rough to the 
juxtaglomerular complex . T h e mesangium conta ins cells and in add i t ion 
material which appears similar to the basement membrane . 

Bowman 's capsule consists of a layer of parietal epithelial cells which 
are squamous in type . 
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Basement membrane 

Fig. 1.4. Ultrastructure of the glomerulus. 

Macula 
densa 

Distal tubule 

Juxtaglomerular 
cells 

Mesangium 

Glomerulus 

Fig. 1.5. Structure of the juxtaglomerular apparatus. 
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E M B R Y O L O G Y 

Prior to the development of the pe rmanen t k idney from the me tanephros 
two o ther s t ructures arise and disappear in the e m b r y o . All th ree s t ruc tures 

Pronephros 

Mesonephros 

Mesonephric 
duct 

Metanephros 

Metanephric duct 
Cloaca 

Fig. 1.6. Development of the kidney. 

originate from the nephrogenic cord which develops from the in te rmedia te 
mesoderm (Fig. 1.6). 

The pronephros is found during the 4 t h and 5 th weeks of deve lopment 
and arises in the cervical region. It is p robably functionless. 

T h e mesonephros is found from the 4 t h t o abou t the 9 th week. It 
ex tends from the upper thoracic t o t he lower lumbar segments. Tubu les are 

and ordinary arteriole smoo th muscle cells which appear to conta in micro-
vesicles. A th in layer of endothel ia l cells separates t he juxtaglomerular cells 
from the lumen of the afferent ar ter iole . 

The macula densa is a specialised par t of the distal tubule where it 
comes in to close apposi t ion to the vascular pole of t h e glomerulus . T h e 
distal tubule hes be tween the afferent ar ter iole , the efferent arteriole and 
the mesangium. T h e cells are similar to o the r distal tubular cells b u t t hey 
have project ions which pene t ra t e the mesangium. 
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formed and open in to the mesonephric duct, which in tu rn opens in to the 
cloaca. Branches from the abdomina l aor ta form primit ive glomerul i . T h e 
tubules in their p roximal par t are lined by tall co lumnar epi the l ium and are 
probably funct ional in an excre tory capaci ty . Degenerat ion of this system 
starts in t he 5 th week and proceeds caudal ly . 

T h e metanephros forms the definitive k idney and develops from the 
mesonephr ic d u c t and from the caudal undifferent ia ted tissue of t he 
nephrogenic cord which is t e rmed the *metanephrogenic cap ' . F r o m t h e 
mesonephr ic duc t an o u t g r o w t h , the ureteric bud, develops and forms t h e 
ureter , pelvis and collecting tubules of the k idney . T h e metanephrogenic 
cap forms the rest of the k idney . Tubula r funct ion p robab ly starts at a b o u t 
10 weeks a l though format ion of new nephrons cont inues unt i l b i r th . At 
b i r th a n u m b e r of nephrons are no t fully differentiated and so funct ion is 
no t fully ma tu re unt i l short ly after. The k idney first develops in the pelvis 
and migrates upwards . T h e b lood supply is originally ob ta ined from the 
c o m m o n iliac ar tery b u t during migrat ion a series of vessels develop which 
involute once the renal ar tery is formed. 

T h e bladder is formed from the cloaca by the deve lopment of a coro
nally arranged sep tum which splits the cloaca in to t w o par t s , t he dorsal 
r ec tum and a ventral urogenital sinus from which the b ladder is fo rmed. 

Developmental Abnormal i t ies 
KIDNEYS AND U R E T E R S 

1. Congeni ta l cyst ic disease: d u e t o failure of t h e un ion of t h e 
ureter ic b u d wi th the metanephrogen ic cap or persis tence of 
tubules which normal ly involute . 

2. Horseshoe k idney : due to fusion of the two metanephr ic masses. 
3 . Pelvic k idney : from failure to ascend from the pr imary develop

menta l posi t ion. 
4 . Double u re te r : due to the fo rmat ion of two ureter ic b u d s . T h e 

ure ter may fuse at any po in t in its length or b o t h may enter the 
b ladder separately. 

5. Hypoplas t ic k idney: due t o poor differentiat ion in t he meta
nephros . May be unilateral or bilateral . 

6. Aber ran t renal a r t e ry : d u e to persis tence of t he early develop
menta l arteries. 

7. Absence: F r o m failure of deve lopment of a me tanephros o n one 
side. 

BLADDER 
1. Persistent cloaca: failure of the urorec ta l sep tum. 
2. Ec topia vesicae: failure of deve lopment of the infra-umbilical 

anter ior wall. 
3. Abnorma l opening of t he ureter in to the u re th ra , seminal vesicle 

or vagina. 
4 . Abnorma l opening of the u re th ra : hypospadias . 
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Fig. 1.7. Anterior relations of the kidney. 

DIAPHRAGM 

TRANSVERSOS 4-^ 

DIAPHRAGM 

TRANSVERSOS 

PSOAS 

Fig. 1.8. Posterior relations of the kidney. 

ANATOMICAL R E L A T I O N S 

The anter ior and poster ior relat ions of the k idneys are shown in Figs. 1.7 
and 1.8. 

THE U R E T E R S 

The collecting duc ts of the nephrons open at the t ip of the papillae and 
drain in to the calyceal system. Normal ly there are six minor calyces in each 
k idney and these open in to t w o or three major calyces which in tu rn jo in 
to form the renal pelvis, the enlarged upper end of the ure ter . 

The ure ters are two muscular tubes which connec t the renal pelvis to 
the bladder . The upper par t of the ure ter receives its b lood supply from the 
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renal ar tery while t he middle and lower pa r t s receive b lood from lumbar 
vessels and the arteries of the b ladder . 

T h e ure ters enter t he bladder b y passing obl iquely th rough t h e muscular 
wall. This peculiar a r rangement prevents ur ine passing u p the ure ter on 
bladder con t rac t ion and evacuat ion . 

THE BLADDER 

T h e bladder is a ho l low muscular organ which stores ur ine which is sub
sequent ly voided in te rmi t t en t ly th rough the u re th ra . 

T h e nerve supply t o t he b ladder involves b o t h a u t o n o m i c and somat ic 
nerves. T h e a u t o n o m i c nerves consist of pa rasympa the t i c fibres of t h e 
pelvic splanchnic nerves from the 2nd , 3rd and 4 t h sacral segments and 
convey the sensat ion of the desire to mic tu ra te . T h e sympa the t i c nerves 
are f rom the hypogast r ic p lexus b u t p robab ly play l i t t le par t in no rma l 
mictur i t ion . T h e pudenda l nerve conta ins fibres from the 2nd, 3rd and 4 t h 
sacral nerves and provide efferent nerves to the ex terna l sphincter and 
afferent nerves from the poster ior u re th ra . 

Mictur i t ion is basically a spinal reflex which is facilitated and inhibi ted 
from higher centres . O n mic tur i t ion t he per ineal muscles and the ex terna l 
sphincter relax and the muscle of t he b ladder wall con t rac t s . 



Chapter 2 

PHYSIOLOGY 

In t roduc t ion - Rena l b lood flow - Auto regu la t ion of renal b lood flow -
Glomerular filtration - Tubula r funct ion - Urine concen t ra t ion and 
di lu t ion - Sod ium excre t ion - Potass ium excre t ion - Chlor ide excre t ion 
- Urea excre t ion - Regula t ion of acid-base - A m i n o acid metabol i sm -
R e n i n - a n g i o t e n s i n system - E ry th ropo ie t i n - Ant id iure t ic h o r m o n e -
Disorders of mic tur i t ion 

I N T R O D U C T I O N 

T h e k idneys are excre tory organs b u t , in addi t ion , t hey perform metabol ic 
funct ions and have endocr ine activi ty. T h e p r ime funct ion is t h e ma in t enance 
of t he internal env i ronment b y control l ing t he q u a h t y of t he extracellular 
fluid. T o achieve this a large vo lume of filtrate is fo rmed which is modif ied 
as it passes along the neph ron so tha t essential nu t r i en t s are re ta ined , was te 
p roduc t s are el iminated and water is conserved depend ing o n the needs of 
t he b o d y . It is for this reason tha t t he k idneys are ex t remely metabol ical ly 
active requiring a high b lood flow. T h e metabo l ic funct ion includes the 
format ion of cer tain amino acids and t h e de toxi f ica t ion of drugs. T h e 
endocr ine activity is in t he format ion of renin and e ry th ropo ie t in and t h e 
hydroxy la t ion of cholecalciferol. A firm knowledge of the physiology o f 
t he k idney affords the best basis for unders tand ing the consequences of 
disordered funct ion. 

R E N A L BLOOD FLOW 

T h e b lood flow to the k idneys is in the region of 1300 ml /min . This high 
flow rate accounts for 25 per cent of the cardiac o u t p u t and p roduces a 
flow of approx imate ly 4 - 5 ml /g /min . T h e d is t r ibut ion wi thin t h e k idney is 
uneven with the cor tex receiving five t imes as m u c h b lood per gram of 
tissue as the medulla . 

The renal plasma flow can b e measured by t h e Fick pr inciple , i.e. b y 
measuring the a m o u n t of a given substance t aken u p in uni t t ime and 
dividing this value by the ar ter iovenous difference for t h e substance in t he 
renal ar tery and renal vein. I t is c o m m o n l y measured b y infusing para-
aminohippur ic acid (PAH) because of t he high renal ex t rac t ion b y f i l t rat ion 
and secret ion. T h e value ob ta ined by this m e t h o d is an underes t ima te of 
the t rue renal plasma flow because a percentage of t he b lood enter ing t he 
k idney is d is t r ibuted to such non-excre tory areas as the renal capsule. It 
does , however , provide an effective renal plasma flow and from the haema-
tocri t t he renal b lood flow can b e calculated. 

T h e renal b lood vessels are under the influence of vasoconstr ic tor 

10 



PHYSIOLOGY 11 

sympathe t i c nerves and t hey also respond to adrenal ine , noradrenal ine and 
angiotensin. N o vasodilator nerves have been d e m o n s t r a t e d . Adrenal ine and 
noradrenal ine in small doses p r o d u c e cons t r ic t ion of t he efferent arterioles 
and so glomerular f i l trat ion is no t significantly a l tered. Larger doses, 
however, p roduce cons t r ic t ion of b o t h efferent and afferent arterioles wi th 
a subsequent d iminu t ion of f i l trat ion. 
Fac tors influencing Renal Plasma F low 

Increase Decrease 
Supine position Upright posture 
Pregnancy Hypoxia 
Pyrogens Haemorrhage 
High protein diet Salt and water depletion 

Pain 
Vigorous exercise 
Emotion 

A U T O R E G U L A T I O N O F R E N A L B L O O D FLOW 

T h e renal b lood flow is main ta ined fairly cons tan t over a wide range of 
b lood pressure. As the arterial mean pressure is increased t o a b o u t 70 m m H g 
there is a direct increase in renal b lood flow, b u t as t he pressure is increased 
from 70 to 200 m m H g there is l i t t le increase in flow. T h e mechanism is 
p robably media ted by a direct effect of t he increased pressure on the 
s m o o t h muscle of the afferent ar ter iole . By this means t he glomerular 
flltration ra te is mainta ined cons tan t over a wide range of systemic b lood 
pressure. 

G L O M E R U L A R F I L T R A T I O N 

T h e p roduc t ion of ur ine begins wi th t h e fo rmat ion of an ul t raf i l t rate of 
plasma by the g lomerulus . This fil trate passes along the n e p h r o n and its 
compos i t ion is adjusted so tha t by t he t ime it is discharged from t h e 
collecting duc t in to the pelvis of t h e k idney it has t h e compos i t ion of 
urine. 

T h e ul trafi l t rate of plasma is formed b y t h e passage of fluid and solutes 
from the glomerular capillary l umen th rough t h e capillary wall and in to 
Bowman ' s space. T h e fil trate is a lmost p ro te in free b u t is iso-osmotic wi th 
respect to plasiria and conta ins urea , crea t in ine , glucose and e lect rolytes in 
similar concent ra t ions to those present in plasma. T h e force responsible for 
flltration is the hydros ta t i c pressure wi th in t h e capillaries. This is opposed 
by the colloid osmot ic pressure of t he p lasma and t h e pressure wi th in 
Bowman ' s space. T h e effective filtration pressure is there fore : 

capillary hydros ta t i c pressure — (colloid osmot ic pressure + 
Bowman ' s space hydros t a t i c pressure) , 

and a m o u n t s to approx imate ly 25 m m H g . 
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T h e glomerular f i l tration ra te remains remarkab le cons tan t over a wide 
range of b lood pressure. This is achieved b y the au toregula t ion of renal 
b lood flow (vide supra) and by con t ro l of t he t o n e of the afferent and 
efferent arterioles to compensa te for changes in systemic pressure. 

Glomerular flltration ra te can be measured b y inulin clearance. This is 
because inulin is soluble, freely filterable b y the g lomerulus and is ne i ther 
secreted nor reabsorbed by the tubules . T h u s the a m o u n t of inulin excre ted 
in the urine in a given t ime will equal the a m o u n t filtered b y the glomerul i 
in the same t ime . T h e a m o u n t excre ted divided by the plasma concen t ra t ion 
gives the volume of plasma fil trate formed in this t ime and this is k n o w n as 
the glomerular fi l tration ra te ( G F R ) . 

T h e clearance of a substance is t ha t vo lume of plasma tota l ly cleared of 
the given substance in uni t t ime . For inulin t he clearance is equal to t h e 
glomerular f i l trat ion ra te b u t for substances reabsorbed the clearance will 
be lower than the G F R and for substances secreted by tubular cells t h e 
clearance will b e greater t han the G F R . T h e inulin clearance of a n o r m a l 
adult is 120 ml /min . 

A n es t imat ion of t he G F R can b e m a d e b y measu remen t of t he creat inine 
clearance (see Chap te r 3). Creat in ine is convenient because unUke inulin it 
is endogenous . I t is excre ted by glomerular f i l trat ion and a l though small 
a m o u n t s may b e secreted by the tubules it affords a useful es t imate of 
G F R for clinical purposes , 

T U B U L A R F U N C T I O N 

T h e g lomeruh p roduce approx imate ly 180 1 of fi l trate dai ly. T h e funct ion 
of the tubule is t o modify this filtrate so tha t there is an efficient excre t ion 
of waste p roduc t s and a r e t en t ion of those substances required for no rma l 
metabol ism. T h e tubules are able to reabsorb mater ia l from the fil trate and 
t o add substances by a process of secret ion. 

T h e vo lume of fil trate is greatly reduced as it passes along the tubule . 
Approx imate ly 80 per cent is iso-osmotically reabsorbed b y t h e p roxhna l 
tubule so tha t only 35 1 daily enter t he loop of Henle . During passage 
through the loop further d iminu t ion in volume occurs d u e t o t h e diffusion 
of water in to the hype r ton i c medul lary in ters t i t ium. In this way some 
1 5 - 2 0 1 daily are dehvered to the distal tubu le . T h e final ad jus tments t ake 
place in the distal tubu le and part icularly t he collecting duc t where water is 
reabsorbed in the presence of ant id iure t ic h o r m o n e (ADH) t o p roduce a 
concent ra ted urine of approx imate ly 1-5 1. T h u s the k idney normal ly 
reabsorbs in the region of 178-5 1 daily. 

Tubular Reabsorp t ion . T h e glomerular f i l trate conta ins large quan t i t i es of 
material which are essential for the b o d y and these mus t be reabsorbed to 
prevent dep le t ion . In m a n y instances t h e a m o u n t filtered daily far exceeds 
the to ta l b o d y stores , e.g. sod ium. Reabsorp t ion can b e active or passive. 

Active reabsorpt ion has ei ther a t ranspor t m a x i m a (Tm) or a gradient-
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REABSORBED 
¿ ^ y T ' 

Plasma Concentration (mmol/l) 

Fig. 2 .1 . Relationship between plasma concentration and urinary 
excretion for a substance with a tubular reabsorption which has a 
transport maxima (Tm). 

Passive reabsorpt ion occurs by the diffusion of solutes d o w n concen
t ra t ion or electricad gradients . Fo r example water diffuses passively o u t of 
t h e p rox imal tubu le d o w n the o smot i c gradient crea ted by t h e active 
t ranspor t of sodium. Similarly, chloride flows d o w n the po ten t ia l gradient 
created by the same mechanism. 

Tubular Secret ions . T h e tubu le can secrete cer tain substances from the 
extracellular fluid t o the tubular fluid. T h r e e types of secretory mechanism 
exis t : 

1. TIME-LIMITED SECRETION. T w o appear to be i m p o r t a n t , one 
secretes organic acids and certain drugs ( thiazides, penicillins), while 
the second secretes organic bases such as h i s tamine , guanidine e t c . 
T h e substances secreted by each of these t w o mechanisms c o m p e t e 
with each o the r for a c o m m o n t ranspor t sys tem. 

t ime l imita t ion to capaci ty . Subs tances wi th a t ranspor t max ima (glucose, 
phospha te , su lphate , lac ta te , certain amino acids, etc.) are reabsorbed u p to 
a fixed a m o u n t of solute m a given t ime. If the tubule is presented with 
more than this a m o u n t the excess will be excre ted in the ur ine . T h e renal 
threshold is tha t concen t ra t ion of solute above which the solute spills over 
and appears in the ur ine (Fig. 2 .1) . Gradien t - t ime l imited reabsorp t ion is 
dependen t u p o n the gradient which can be established across t he tubular 
wall wi thin the t ime interval tha t the fil trate is in con tac t wi th t he tubular 
cells. T h e reabsorpt ion of sodium is l imited in this way. 
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2. GRADIENT-TIME LIMITED MECHANISM. Hydrogen ions are p r o 
bably secreted by this means . 

3. PASSIVE SECRETION. This involves the mechanism of diffusion 
t rapping, e.g. ammonia diffuses in to t he tubular l umen and becomes 
' t r apped ' as it forms a m m o n i u m which is m u c h less diffusible. 

U R I N E C O N C E N T R A T I O N A N D D I L U T I O N 

In comparat ive physiology the abil i ty to form a concen t ra ted ur ine is 
associated wi th the presence of loops of Henle and in general t e rms the 
longer the loops the greater the ability t o concen t ra t e t he ur ine . T h e loop 
of Henle thus seems to be impor t an t in the concen t ra t ion of ur ine and its 
special anatomical configurat ion has given rise to the countercurrent 
multiplier hypothes is . 

In the loop of Henle there is an active pumping of chlor ide o u t of the 
ascending Umb in to the medul lary in ters t i t ium. This is accompanied by t h e 
passive diffusion of sodium ions. T h e descending l imb is relatively pe rme
able to sodium and chloride and thus as t he fil trate passes d o w n the l imb 
its concen t ra t ion of sodium and chlor ide increases so tha t t he max imal 
concent ra t ion occurs at t he t ip of the l oop . As t he fil trate passes u p the 
ascending Hmb chloride is actively p u m p e d o u t followed passively by 
sodium so tha t by the t ime filtrate en ters the distal t ubu le it is relatively 
hypo ton i c . This hypo ton ic i ty only occurs because t he ascending Umb is 
impermeable t o water . This system provides the medul lary in ters t i t ium 
with increasing osmolal i ty from the cor t icomeduUary j u n c t i o n to t he t ip of 
the papilla. This system is a coun te rcu r ren t multipUer {Fig. 2 .2) . 

Concen t ra t ion of the ur ine occurs b y t h e reabsorp t ion of water as t he 
filtrate passes through the distal tubu le and the collecting d u c t . Under t he 
influence of ADH the cells b e c o m e more permeable to water and thus as 
the collecting duc t passes th rough the medul la to t h e t ip of the papilla t h e 
osmolal i ty of the filtrate equil ibrates wi th t ha t of the sur rounding inter
s t i t ium. In this way the k idney under t he influence of ADH can form 
urine as concen t ra ted as t he extracellular fluid in t he in ters t i t ium of t he 
medulla . In a heal thy individual the osmolar i ty of t he ur ine can b e increased 
t o a m a x i m u m of approx imate ly 1200 mosm/1 . InabiUty t o form a concen
t ra ted ur ine is therefore found in those condi t ions where there is des t ruc t ion 
of the medulla , e.g. severe pyelonephr i t i s , medul lary cystic disease, n e p h r o -
calcinosis. As the main tenance of the h y p e r t o n i c medul la is d e p e n d e n t o n 
the cont inual pumping of chloride o u t of t he ascending l imb any process 
which s tops t he flow of fil trate will cause dissipation of t he gradient and 
therefore resuhs in an inabili ty t o form concen t ra ted u r ine , e.g. in o b 
structive u r o p a t h y , acute tubular necrosis. In these condi t ions , following 
the res tora t ion of renal funct ion there is a d iure t ic phase which lasts unt i l 
t he medul lary hyper tonic i ty is re-established. 

A di lute urine is formed by the h y p o t o n i c fluid which enters t he distal 
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Proximal Distal 
tubule tubule 

Fig. 2 .2. Countercurrent multiplier system of urinary concentration. 
Chloride is actively pumped out of the ascending limb into the 
interstitium, sodium follows passively. Sodium chloride diffuses into 
the descending limb and so the osmolality increases to a maximum 
at the tip of the loop. Urine in the collecting duct is concentrated 
by the reabsorption of water in the presence of ADH. 

SODIUM E X C R E T I O N 

The glomerular fil trate presents the renal tubules wi th approx imate ly 
25 0 0 0 m m o l of sodium daily which represents an a m o u n t in t he region of 
six t imes the to ta l b o d y s tore . T h e average daily ur inary excre t ion is in t he 
range of 1 0 0 - 1 5 0 m m o l and t hus over 99 per cen t of t he fi l tered load 
must be reabsorbed by the tubules . T h e daily ur inary excre t ion is close t o 
the daily in take . 

Sodium reabsorp t ion occurs a t various sites in the n e p h r o n . In t he 
proximal tubu le 65 per cent of t he filtered load is reabsorbed isotonical ly. 

tubule passing th rough this tubu le w i t h o u t any reabsorp t ion of water . 
Fu r the r d i lu t ion may occur if solute is reabsorbed in the distal t ubu le . In a 
normal person the osmolar i ty of t he ur ine can fall t o a b o u t 5 0 mosm/1 . 
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In the loop of Henle chloride is actively p u m p e d o u t of the ascending l imb 
and sodium follows passively (see p . 14). Twenty-five per cen t of sodium 
reabsorpt ion occurs in the l oop of Henle. In t he distal tubu le some 8 - 9 per 
cent of reabsorpt ion takes place and m the late par t of this sect ion it is 
under the mfluence of a ldos terone . T h e collectmg d u c t is responsible for 
the final 1 - 2 per cent . Sod ium excre t ion can occur over a wide range, less 
than 5 m m o l daily in severe deple t ion to over 4 0 0 m m o l daily in excessive 
in take . 

The cont ro l of sodium excre t ion has been the subject of in tense s tudy 
b u t there are still many unanswered ques t ions . T h e factors involved a re : 

1. Glomerular flltration rate, as the glomerular filtration ra te increases 
there is no t a concomi t an t increase in sodium excre t ion . This has 
been described as glomerular tubular balance of reabsorp t ion such 
tha t an increased or decreased filtered load of sodium is accompanied 
by an increased or decreased reabsorp t ion so tha t t h e a m o u n t 
excre ted remains fairly cons tan t . T h e mechanism whereby this can 
be achieved is n o t k n o w n . 

2. Aldosterone, which cont ro ls t he ra te of reabsorp t ion of sodium in 
the distal t ubu le . In h y p o v o l e m i a a ldos terone secret ion is increased 
due to the ac t ion of the r e n i n - a n g i o t e n s i n system. Distal tubu la r 
sodium reabsorp t ion is mcreased and water follows passively and t h e 
net effect is an a t t e m p t to res tore t he extracellular vo lume. 

3 . Natriuretic Factor (third factor) is responsible for t he increased 
excre t ion of sodium which occurs in vo lume expans ion . This sub
stance is p robab ly a po lypep t ide b u t its site of p roduc t i on and 
secret ion is u n k n o w n . 

4 . Plasma Sodium Concentration; in hyperna t raemia there is increased 
excre t ion which is n o t j u s t d u e to an increased filtered load. T h e 
mechanism of this is u n k n o w n . 

POTASSIUM EXCRETION 

T h e majori ty of t h e potass ium filtered b y t h e g lomerulus is reabsorbed 
actively by the prox imal tubu le . T h e distal tubu le secretes potass ium in an 
a m o u n t approx imate ly equal t o t he die tary in take so t ha t balance is 
mainta ined . 

T h e distal tubular K* secret ion is closely l inked to Na+ reabsorp t ion and 
H* secretion. In condi t ions of increased sodium reabsorp t ion K* secret ion 
and excre t ion are increased. However , w h e n t h e delivery of sodium t o t h e 
distal tubule is low excre t ion is d iminished. T h e distal tubular cell H* 
concent ra t ion is impor tan t in K* secret ion. In potass ium deple t ion there is 
an extracellular alkalosis b u t an intracellular acidosis. This results in 
increased H* secretion by the distal tubu le and an associated decrease in K* 
secret ion; conversely when to ta l b o d y potass ium is high there is a d im
inut ion in H* secretion and an increase in K* secretion and excre t ion . 
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C H L O R I D E E X C R E T I O N 

T h e chloride anion follows sodium dur ing reabsorp t ion . In chlor ide de
ple t ion there is an increase in the a m o u n t of sodium reabsorbed in exchange 
for H* wi th t he consequen t genera t ion of HCO3" b y t he tubular cells. 
Chlor ide deple t ion thus p roduces an alkalosis b u t in this way the to ta l 
anion concen t ra t ion is kep t relatively cons tan t . Conversely the adminis
t ra t ion of large a m o u n t s of chloride diminishes the s o d i u m - h y d r o g e n 
exchange and there is a consequent alkaline ur ine and decrease in plasma 
b icarbona te . 

U R E A E X C R E T I O N 

Urea is the m o d e in which the waste p roduc t s of p ro te in metabol i sm are 
excre ted. There is n o evidence for active secret ion or reabsorp t ion of 
urea in the h u m a n nephron . Urea is a freely diffusible substance and its 
concen t ra t ion in the in ters t i t ium of t he medul la increases from t h e cor t ico
meduUary j u n c t i o n to the t ip of the papiUa. In this way , unde r the influence 
of A D H , the urea concen t ra t ion of t he ur ine in t he coUecting d u c t can 
equi l ibrate wi th the urea in the meduUa. T h u s there is an efficient concen
t ra t ion of ur inary urea w i t h o u t an active urea p u m p . T h e ma in tenance of 
this m e t h o d of concent ra t ing urea is, however , ent i rely d e p e n d e n t o n the 
con t inued ac t ion of t h e meduUary coun te rcu r ren t sys tem. 

R E G U L A T I O N O F ACID-BASE 

In t roduc t ion . A normal diet results in the p r o d u c t i o n of approx imate ly 
5 0 - 8 0 m m o l of hydrogen ion daüy and if a stable pH is t o b e main ta ined 
then these ions mus t be excre ted . T h e role of t h e k idney in acid-base 
balance is t o : 

1. Mamta in a normal plasma b ica rbona te concen t ra t ion . 
2. Excre te hydrogen ion. 
T h e excre t ion of hydrogen ion is achieved b y th ree m e t h o d s : 
1. Reabsorp t ion of b ica rbona te from glomerular fü t ra te . 
2. Acidification of buffers in the tubular ur ine . 
3 . P roduc t ion of a m m o n i a and excre t ion of a m m o n i u m . 

Bicarbonate Reabsorp t ion . Approx ima te ly 5 0 0 0 m m o l of b ica rbona te are 
filtered by the g lomeruh and t hus en te r t he renal tubu les daüy . Clearly this 
mus t be reabsorbed o therwise deple t ion wou ld occur rapidly. T h e reabsorp
t ion of b ica rbona te involves t he exchange of sod ium for hydrogen across 
the luminal surface of t he tubular ceU. T h e hydrogen is p roduced in 
the tubular ceU by the p roduc t i on of carbonic acid from ca rbon d ioxide 
and water and the subsequent ac t ion of carbonic anhydrase producing 
hydrogen and b ica rbona te . T h e b ica rbona te and sodium pass th rough the 
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tubular cell and in to t he interst i t ial fluid effectively re turn ing t h e filtered 
b icarbona te t o t he extracellular fluid. T h e hydrogen in t he tubular l umen 
combines with b ica rbona te and again unde r the influence of carbonic 
anhydrase p roduces carbon dioxide and water . T h e carbon d ioxide en te rs 
the tubular cell and is thus available for t h e p r o d u c t i o n of m o r e b ica rbona te . 
This process cont inues as long as b icarbona te is present in t he tubu la r 
lumen. 

L u m e n T u b u l a r ce l l E C F 

HCO3-

I 
Hj O + CO2 CO2 + H2 O 

Na* 

HCO-

T h e reabsorpt ion of b icarbona te depends on the plasma b ica rbona te 
concen t ra t ion . If t he plasma b ica rbona te is 24 m m o l / l or less then effec
tively all the filtered b icarbona te is reabsorbed and n o n e appears in t he 
ur ine . When the plasma b ica rbona te is greater t han 25 mmol / l the a m o u n t 
reabsorbed is cons tan t and the a m o u n t excre ted increases directly wi th 
increasing plasma concen t ra t ion . In this way t h e k idney is able to regulate 
the extracellular b ica rbona te concen t ra t ion . T h e majori ty of filtered 
b icarbonate is reabsorbed in the p rox imal tubu le . 

Acidification of Buffers. Hydrogen ion secreted b y the tubular cells can b e 
buffered b y disodium p h o s p h a t e , h y d r o x y b u t y r a t e and creat inine . T h e 
secreted hydrogen is t aken u p b y bases present in t h e glomerular fil trate 
and their conjugate acids are formed. T h e a m o u n t of hydrogen ion excre ted 
is l imited b y the capaci ty of t he buffers b u t is in the region of 2 0 - 4 0 
m m o l daily. 

L u m e n T u b u l a r ce l l E C F 

Na* H P O 4 -
N a * -

N a H j P O ^ 

. Na*-

t 
O + COj 

N G O , 
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T h e excre t ion of hydrogen ions p robab ly occurs t h r o u g h o u t t he length 
of the n e p h r o n b u t t he buffering b y p h o s p h a t e p redominan t ly o t c u r s in 
the prox imal tubu le . 

Excretion of Ammonium. A m m o n i a is freely diffusible across cell m e m 
branes and tha t p roduced in the tubular cells diffuses in to t he tubular 
lumen where it conjugates wi th hydrogen ion t o p roduce t h e a m m o n i u m 
ion. This ion is relatively non-diffusible and so is *trapped' in the lumen . 
A m m o n i a is secreted t h roughou t the n e p h r o n b u t mos t ly in t he collecting 
ducts . I t is formed in t he tubula r cell from glu tamine a l though alanine, 
glycine and glutamic acid m a y also con t r ibu te . T h e major s t imulus t o t he 
p roduc t ion of ammon ia is acidosis. 

Hydrogen Ion Secretion. T h e k idney is responsible for t h e excre t ion of 
hydrogen ion by the secret ion of ions from the tubular cells as ou t l ined 
above. In renal disease this abili ty is impaired and metabol ic acidosis 
develops. In the neonata l k idney the t i t ra table acid excre t ion and a m m o n i a 
p roduc t ion are low and metabol ic acidosis may occur more readi ly. There 
are several factors which influence this ra te of hyd rogen ion secret ion. 

1. PCO^. As P C O 2 rises the p lasma b ica rbona te rises due t o an in
creased reabsorp t ion of b ica rbona te b y the k idney and an increased 
excre t ion of t i t ra table acid and ammonia . This is presumably due t o 
the increased p r o d u c t i o n of hydrogen ion in t he tubula r cell due t o 
the mcreased P C O ^ . Conversely as the PCOj falls there is a r educ t ion 
in hydrogen ion secret ion and a consequen t r educ t ion in b ica rbona te 
reabsorp t ion . 

2 . Potassium. In h y p o k a l e m i a t h e intracellular hydrogen ion con
cent ra t ion increases and thus secret ion increases. This results in 
increased b ica rbona te reabsorpt ion and a mild extracel lular metabo l ic 
alkalosis develops. In hyperka laemia t h e converse occurs . 

3 . Chloride. Sod ium is reabsorbed e i ther wi th t h e an ion chlor ide or in 
exchange for potass ium or hydrogen . In chlor ide deple t ion a larger 
a m o u n t of sodium will be reabsorbed in exchange for hydrogen and 
thus there is increased b ica rbona te reabsorp t ion wi th a consequen t 
increase in extracellular concen t ra t ion , and t h e deve lopment of 
metabol ic alkalosis. 

4 . Carbonic Anhydrase Inhibitors. Drugs such as ace tazolamide inhibi t 
the ac t ion of carbonic anhydrase and t h u s r educe the hydrogen ion 
p roduc t ion in tubula r cells. This reduces hyd rogen ion secret ion and 
b ica rbona te reabsorpt ion . 

AMINO ACID METABOLISM 
T h e k idney is involved in amino acid metabol i sm b y : 

1. Conservat ion of amino acids b y reabsorp t ion f rom t h e glomerular 
fi l trate. Three pa thways exist , t he first reabsorbs cys t ine , o rn i th ine , 
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arginine and lysine (COAL) , the second reabsorbs g lu tamic acid and 
aspart ic acid while a th i rd reabsorbs t he remainder . 

2. Transamina t ion to p roduce certain amino acids such as alanine and 
serine. 

3 . Metabohsm, by the ac t ion of glutaminase on g lu tamine t o p r o d u c e 
glutamic acid and a m m o n i a . 

RENIN-ANGIOTENSIN SYSTEM 
Renin is an e n z y m e which is synthesized, s tored and secreted mainly b y 
the k idney . Renin-hke substances can be ex t rac ted from u te rus , p lacenta , 
brain and adrenals b u t these p robab ly have n o physiological role in t h e 
r en in -ang io t ens in system. 

Renin is a highly specific p ro teo ly t i c e n z y m e which , as ye t , has n o t 
been fully character ized. I t acts on an -globulin t o p roduce angiotensin I. 
This is converted to an oc tapep t ide , angiotensin I I , b y a convert ing e n z y m e 
which is found in lung, plasma and k idney . Angiotensin II is t h e main 
effector substance of the r e n i n - a n g i o t e n s i n system and a l though it is 
rapidly des t royed it is a p o t e n t vasoconstr ic tor and s t imulus t o a ldos te rone 
p roduc t ion . 

Renin is synthesized and s tored in the modif ied smoo th muscle cells of 
the afferent arteriole which are par t of t he jux tag lomeru la r sys tem. T h e 
s t imuh to renin release are : 

1. The tone in the afferent arteriole - a d iminu t ion in t o n e increasing 
release and vice versa. T h u s decrease in renal perfusion d u e to 
h y p o v o l e m i a and /o r hypo tens ion is a p o t e n t s t imulus to renin 
release. Impa i rmen t of renal perfusion from renovascular disease 
also s t imulates renin release as th is s imulates h y p o v o l e m i a . 

2. T h e sodium con ten t of t h e distal t ubu le . I t is n o t k n o w n whe the r 
the concen t ra t ion or ra te of delivery of sodium to t he tubu le in t h e 
region of t he macula densa is the s t imulus b u t it is possible tha t 
b o t h are of impor t ance . 

3 . Mediat ion by the sympa the t i c nerves. S t imula t ion of t he nerves 
s t imulates renin release while /3-blockers inhibit this response. 

4 . Potassium appears t o have a slight direct effect wi th potass ium 
deprivat ion st imulat ing release while excessive adminis t ra t ion in
hibi ts release. 

T h e secretion of renin is under the cont ro l of cer tain feedback l oops : 
1. Renin release results in angiotension II p roduc t ion and this s t imu

lates the secretion of a ldos terone from the adrenal . This increases 
sodium reabsorp t ion from the distal tubu le result ing in an expans ion 
of the extracellular fluid and a consequent increase in renal perfusion 
wi th the subsequent d iminu t ion of renin release. 

2. T h e angiotensin II p roduced has powerful vasconstr ict ing effects 
and the rise in b lood pressure will cause an increase in renal per
fusion. 
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E R Y T H R O P O I E T I N 

This is a h o r m o n e p roduced b y the k idney and which has a regulat ing role 
in the p roduc t ion of red cells b u t n o t whi te cells or platelets . I t is mainly 
p roduced b y the k idney a l though o the r sites exist as small concen t ra t ions 
can be de tec ted in anephr ic pa t i en t s . I t s site of p r o d u c t i o n wi thin t h e 
kidney is n o t k n o w n b u t the s t imulus to p r o d u c t i o n is hypox ia . I t may be 
ext rac ted from plasma or ur ine and it has a molecular weight of 4 6 0 0 0 . In 
spite of considerable research no satisfactory m e t h o d has been devised for 
extract ing or synthesizing this h o r m o n e in sufficient quant i t i es t o provide 
for its use in treat ing the anaemia of chronic renal failure. 

A N T I D I U R E T I C H O R M O N E (ADH) 

This h o r m o n e is a po lypep t ide containing 9 amino acids. I t is synthesized 
in the anter ior h y p o t h a l a m u s by neurosecre tory cells and passes along t h e 
axons t o be released in the neu rohypophys i s . Ant id iure t ic h o r m o n e 
(arginine-vasopressin) is very similar in s t ruc ture and amino acid sequence 
t o oxytoc in . Syn the t i c analogues of vasopressin are available. 

T h e ac t ion of the h o r m o n e is t o increase t h e permeabi l i ty t o water of 
the epithelial cells of the collecting ducts . In this way water will pass f rom 
the l umen of t he collecting duc t t o t h e hype r ton i c medul lary in ters t i t ium. 
T h u s t o be effective there must be a medul lary gradient (see p . 14) . 

T h e con t ro l of secret ion is b y : 
1. PLASMA O S M O L A L I T Y . A n increase in plasma osmolal i ty is 

accompanied by an increase in ADH secret ion. This will p roduce 
water re ten t ion by the k idney and so effect a r educ t ion in plasma 
osmolah ty wi th a res tora t ion t o normal . 

2. PLASMA VOLUME. A reduc t ion in plasma vo lume ei ther wi th 
or wi thou t a reduc t ion in b lood pressure causes an increase in 
secretion. 

3. BLOOD P R E S S U R E . Baroreceptors are s i tuated in the carot id sinus 
and aor t ic arch. A decrease in pressure is associated wi th an increase 
in secretion and vice versa. 

4 . P O S T U R E . Changing from the supine to the upright pos tu re is associ
a ted wi th an increased secret ion. 

3 . Angiotensin II has a direct effect on t he jux tag lomeru la r appara tus . 
4 . Increase in renal perfusion will increase t h e glomerular f l l trat ion 

ra te and therefore the delivery of sodium t o t he macula densa , 
the reby diminishing renin secret ion. 

T h e effect of t h e r e n i n - a n g i o t e n s i n system is therefore a feedback 
mechanism to main ta in b lood pressure and renal perfusion. 
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D I S O R D E R S O F MICTURITION 

T h e disorders of mic tur i t ion can b e considered to b e of th ree different 
types : 

1. In te r rup t ion of t he afferent nerves as in tabes dorsahs , results in 
aboUtion of reflex con t rac t ion . T h e b ladder becomes d is tended and 
th in walled. T h e only con t rac t ions which occur are d u e t o t h e res
ponse of t he smoo th muscle t o s t re tch and are tota l ly inadequa te t o 
e m p t y t he bladder and large residual vo lumes result. 

2. In te r rup t ion of t he afferent and efferent nerves as in a t u m o u r of 
the cauda equina. T h e bladder is initially ñacc id and d is tended b u t 
t hen some activity t ends t o r e tu rn and the bladder wall becomes 
hyper t roph ied with a resulting shrinkage of the bladder vo lume. 

3 . In te r rup t ion of t he facil i tatory and inhib i tory pa thways from higher 
centres as in spmal t ransec t ion . T h e b ladder becomes flaccid and 
unresponsive, it is overfilled and overflow incont inence develops. In 
such pa t ien t s a voiding reflex may b e developed and some para
plegic pa t ien ts learn t h a t voiding m a y be ini t iated b y s troking or 
pinching the inner aspect of the thighs. 



Chapter 3 

INVESTIGATION OF F ENAL FUNCTION 

In t roduc t i on - Urinalysis - Urine microscopy - Blood urea and serum 
creat inine - Se rum elect rolytes - Glomerular f i l t rat ion ra te - Renal b lood 
flow and renal plasma flow - Prote inur ia - Urinary ac id iñca t ion test 
(Wrong and Davis) - Urinary concen t ra t ion test - Sph t func t ion studies -
Renal biopsy - Invest igat ion of renal s t ruc ture . 

INTRODUCTION 

The investigation of renal funct ion and t h e de t e rmina t ion of t he ex t en t of 
funct ional impa i rmen t is i m p o r t a n t in t h e assessment of t h e pa t i en t wi th 
renal disease. I t is i m p o r t a n t t o c o n d u c t carefully urinalysis and t h e n t o 
assess systemetically renal funct ion b y a series of p lanned investigations. 
F requen t ly it is necessary t o repea t investigations a t intervals so t h a t t h e 
progression of a disease or its response t o t he rapy can b e fol lowed. 

URINALYSIS 

This has been greatly simplified b y t h e deve lopment of sui table *stix' tests 
which emp loy papers impregna ted wi th appropr i a t e reagents a n d indica tor 
dyes suppor ted on a plastic strip. T h e c o m m o n l y used *stix' tests give 
prote in , b lood , pH and glucose. 

URINE MICROSCOPY 

Careful microscopy of t he ur ine is a vital par t of t h e investigation of a 
pa t ien t wi th renal disease. Microscopy is best pe r fo rmed o n a fresh mid
stream sample. Normal ly some tubular epitheUal cells and squamous 
epithelial ceÜs can b e seen. A b n o r m a l findings a re : 

1. Red cells. These m a y arise f rom any site in t h e renal t rac t b u t if 
de tec ted as rbc casts t h e n a glomerular lesion is present . This simple 
test may prevent unnecessary investigations such as cys toscopy or 
re t rograde pye lography. 

2 . White cells, e i ther as single cell or whi te cell casts. These are markers 
of in f lammat ion in t h e renal t r ac t b u t n o t necessarily bacter ia l in
flammation. Sterile pyur ia raises t h e poss ibihty of tuberculosis or 
anaerobic infect ion b u t may also b e found in rad ia t ion nephri t i s and 
drug-induced n e p h r o p a t h y . 

3 . EpitheUal ceUs. Tubular epithelial ceUs are c o m m o n l y seen and are 
of n o cUnical impor t ance . Similarly, squamous epithelial ceUs m a y 
b e de tec ted , more c o m m o n l y in females, and are of n o impor t ance . 

2 3 
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4 . Casts. These arise from the distal t ubu le and t h e collecting duc t s . 
Cellular casts are formed from the aggregation of cells in a mat r ix of 
t h e high molecular weight T a m m - H o r s f a l l mucop ro t e in . Hyal ine 
casts are of l i t t le significance. 

5 . Bacteria, in an unsta ined centrifuged sample, are best seen by phase-
cont ras t microscopy. T h e finding of greater t h a n 20 organisms in a 
high-power field indicates significant infect ion. A Gram-sta ined un-
centrifuged prepara t ion is also of value and t h e presence of a single 
organism per high-power field is significant. Significant infect ions 
are usually accompanied b y pyur ia b u t th is is n o t absolu te . 

6. Crystals. Many crystals such as ura tes are a m o r p h o u s b u t some have 
characteris t ic appearances such as calcium oxala te (oc tahedra l ) and 
cyst ine (hexagonal) . 

BLOOD U R E A A N D SERUM CREATININE 

T h e b lood urea may b e used as an indica t ion of renal excre to ry funct ion . 
However , t h e b lood urea concen t ra t ion depends o n a ba lance b e t w e e n t h e 
ra te of p roduc t ion and t h e ra te of excre t ion . T h e ra te of p r o d u c t i o n can b e 
greatly increased in tissue damage , high p ro te in in take and sepsis and t hus 
t he plasma concen t ra t ion will rise a l though renal funct ion may b e un
changed. T h e plasma concen t ra t ion of creat inine is m u c h less affected 
b y such changes and therefore is a be t t e r indica tor of renal exc re to ry 
funct ion. Creat inine is formed mainly from the metabol i sm of muscle and 
the daily p roduc t i on ra te is relatively cons tan t in any individual. 

The relat ionship be tween plasma creat inine and glomerular filtration 
ra te is n o t linear (Fig. 3.1). 

SERUM ELECTROLYTES 

T h e serum electrolytes are n o t affected t o any major e x t e n t b y renal 
funct ion unt i l the re is severe impa i rment . T h e plasma sod ium depends t o a 
major ex t en t on hydra t ion a l though it may b e low ( 1 1 5 - 1 3 0 mmol / l ) in 
such states as salt-losing n e p h r o p a t h y , medul lary cystic disease and terminal 
renal failure. T h e plasma potass ium may b e low in renal tubu la r disease and 
is f requent ly elevated in renal failure a l though normal values are found 
unt i l r emarkably late in declining funct ion . T h e plasma b ica rbona te con
cent ra t ion depends t o a major e x t e n t o n t he funct ion of t he tubular cells. 
In many forms of renal disease t h e b ica rbona te falls and this is a universal 
finding in chronic renal failure. 

GLOMERULAR FILTRATION RATE 

There are a n u m b e r of tests available for t he measurement of glomerular 
filtration ra te b u t t h e creat inine clearance is t h e only one convenient for 
rou t ine use. 
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Fig. 3 . 1 . Relat ionship be tween serum creat inine and glomerular 
fi l tration ra te . 

The clearance of a substance is t he vo lume of plasma comple te ly 
cleared of tha t substance in un i t t ime . This is normal ly expressed as müli-
litres of b lood cleared per minu te . 

Creat inine clearance gives a good a p p r o x i m a t i o n of glomerular f i l t rat ion 
ra te as creat inine is a lmost exclusively excre ted b y glomerular f i l t rat ion 
and only insignificantly reabsorbed or excre ted b y t h e tubula r cells. 
Creat inine has t he advantage of having a fairly un i form p r o d u c t i o n ra te in 
any individual and its plasma concen t r a t ion is n o t significantly affected b y 
dietary pro te in in take . The creat inine clearance can b e calculated b y the 
following formula: 

^ U V 

where C = the clearance of creat inine 
U = ur ine concen t ra t ion of creat inine 
Ρ = plasma concen t ra t ion of creat inine 
V = vo lume of ur ine excre ted per minu t e 

Test 

1. Collect 24-hr ur ine sample. 

2 . Collect b lood sample, usually o b t a m e d a t t h e end of t h e col lect ion. 
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3. Es t imate concen t ra t ion of creat inine in ur ine and plasma. 
4 . Calculate clearance from above formula. 
Normal value: 120 ml /min (normal adul t male) . In females t he clearance 

is slightly lower, presumably due t o their lower muscle mass, since it is in 
this tissue tha t most creat inine is formed. T h e clearance is f requent ly 
adjusted to a ' no rmal ' surface area of 1-73 m^ b u t this is unnecessary for 
the majori ty of pat ients . 

T h e disadvantages of this test are : 
1. T h e need for accurate t imed ur ine collect ions. This makes values 

ob ta ined o n an ou tpa t i en t basis part icularly suspect . 
2 . In the presence of heavy prote inur ia the clearance may b e falsely 

elevated. 
There is a close relat ionship be tween the plasma creat inine and the 

creat inine clearance and thus for everyday purposes t he plasma creat inine 
gives a good indicat ion of glomerular f i l t rat ion. This avoids t he need for 
accura te t imed ur ine collect ions and the error in t roduced from measuring 
b o t h plasma and ur ine creat inine is reduced t o t ha t of t he plasma es t imat ion 
alone. 

The glomerular f i l tration ra te can also b e measured b y : 
1. Single shot Cr-labelled EDTA. This utilizes the fact tha t t he 

excre t ion of E D T A is directly related t o t he glomerular f i l trat ion 
rate and t hus t he ra te of decline of plasma ^* Cr activity can b e used 
t o calculate t h e G F R . A single i.v. injection of Cr E D T A is given 
and serial plasma samples ob ta ined t o calculate ra te of fall in plasma 
activity. No urine samples are necessary and so this is a part icularly 
useful t echn ique for chi ldren and ou tpa t i en t s . 

2 . Inulin clearance. This requires an infusion of inulin t o main ta in a 
cons tan t p lasma concen t ra t ion . I t is only of use as a research too l . 

3 . " C o - l a b e l l e d vitamin B^^. 

R E N A L B L O O D FLOW A N D R E N A L PLASMA FLOW 

T h e renal plasma flow can be calculated from the renal clearance of p -
aminoh ippura te (PAH) as t h e clearance is high and independen t of plasma 
concen t ra t ion over a wide range of values. If it is assumed t h a t all t h e PAH 
is removed from b lood in passing th rough t h e k idney , t h e n the renal 
clearance of PAH will b e equal t o the renal plasma flow. F r o m t h e haema-
tocr i t it is possible therefore t o calculate t he renal b lood flow. 

The most accurate m e t h o d of detec t ing t rue renal plasma flow is b y 
measuring the concen t ra t ion of PAH in t h e renal arterial and venous b lood 
b u t this requires vascular ca theter iza t ion and this is impract icable for 
rou t ine use. T h e effective renal plasma flow is measured b y PAH clearance 
and this gives a value a b o u t 9 2 per cen t of t rue b lood flow. T h e difference 
is d u e t o t he fact t ha t a b o u t 8 per cent of t h e renal b lood flow passes 
th rough non-excre tory tissue such as t h e capsule and pelvis. 
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Normal values: 
Renal b l o o d flow 1200 ml /min 
Renal plasma flow 6 5 0 ml /min 

PROTEINURIA 

There is normal ly a small a m o u n t of p ro te in present in ur ine , u p t o 300 mg 
daily is accepted. A m o u n t s in excess of this are pathological . 

Rou t ine test ing is wi th Albust ix or a ' s t ix ' tes t employ ing mul t ip le 
reagents. These tests are semiquant i ta t ive and are ex t remely sensitive. I t is 
advisable t o test t he ur ine o n f requent occasions as this may give valuable 
in format ion o n t he natura l h is tory and progression o f t h e under ly ing 
condi t ion . 

Selectivity of pro te inur ia is a t e rm used t o descr ibe t h e size of t h e p ro te in 
molecules being excre ted . In selective pro te inur ia t he re is excre t ion of low 
molecular weight p ro te ins while m unselect ive pro te inur ia the re are p ro te ins 
of all sizes, reflecting t he range of p ro te ins present in plasma. I t is bes t 
r emembered b y considering tha t in selective pro te inur ia t h e k idney has 
'selected* only t o excre te small p ro te ins while in unselective t h e k idney 
has been 'unselect ive ' in t h e pro te ins it passes. T h e selectivity can b e 
assessed b y determining t he concen t ra t ion of a low molecular weight 
p ro te in (e.g. t ransferr in) in ur ine and plasma and compar ing it wi th t h e 
ra t io of a high molecular weight p ro te in (e.g. IgG) in ur ine and plasma. A 
m o r e accura te m e t h o d is t o es t imate a range of p ro te ins of varying size b u t 
this gives l i t t le addi t ional in format ion . Selectivity can also b e judged f rom 
urinary p ro te in e lectrophoresis . 

Bence Jones proteinuria is found in pa t ien t s wi th m y e l o m a and is d u e t o 
the presence in ur ine of t he m y e l o m a pro te ins . I t can b e de tec ted b y 
heat ing ur ine and observing a precipi ta te at approx imate ly 4 0 - 5 0 °C 
which redissolves at 8 0 - 9 0 ° C . O n cooUng the reverse occurs . Bence 
Jones prote inur ia can be more accurately defined o n ur inary p ro te in 
electrophoresis . A monoc lona l b a n d can be fur ther character ized b y 
Immunoelec t rophores i s using specific ant isera t o heavy and light chains. I t 
is i m p o r t a n t t o b e aware of t h e presence of this t y p e of pro te inur ia as 
dehydra t ion , such as in prepara t ion for surgery or in t ravenous pye lography , 
is dangerous and may be associated wi th acu te renal faüure , usually 
irreversible, f rom depos i t ion of t h e p ro te in wi th in tubu la r lumina . 

Tamm-Horsfall protein is a higher molecular weight m u c o p r o t e i n secreted 
by tubular cells. I t is t he p r o t e m which b inds toge ther t he cells which are 
seen in red cell casts and whi te cell casts. 

Orthostatic proteinuria is t he presence of pro te inur ia re la ted t o pos tu re . In 
such pa t ien ts there is a small b u t significant increase in ur inary p ro te in 
excre t ion when upright . I t is insignificant b u t there have been minor 
glomerular abnormaht i e s described o n renal b iopsy . T h e significance of 
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these is n o t k n o w n and long-term follow-up studies are requi red . I t is 
confirmed b y failing t o de tec t p ro te in in a sample of ur ine ob ta ined after 
overnight supine rest and the de tec t ion of p ro te in in t w o consecutive 
samples ob ta ined after ge t t ing u p and abou t . A similar, b u t less c o m m o n , 
condi t ion exists where pro te inur ia is de tec ted after s t renuous exercise, 
while it is absent dur ing no rma l activities. 

URINARY ACIDIFICATION TEST (WRONG AND DAVIS) 

T h e ability of t he k idney t o excre te hydrogen ion can be tes ted b y the 
adminis t ra t ion of an acid load. Usually a m m o n i u m chlor ide is used. T h e 
a m m o n i u m ion is metabol ized t o urea giving rise t o o n e hydrogen ion for 
each molecule of a m m o n i u m chlor ide: 

N H ^ C l ^ N H / + Cr 

2 N H / + C O j ^CO(NH2)2 + H ^ O + 2H*. 

T h e hydrogen ions so p roduced are excre ted b y t h e k idney . 

Test 
1. A m m o n i u m chlor ide, in capsular form, in an a m o u n t of O l g / k g 

b o d y weight is ingested over 3 0 - 4 0 min . I t is advisable t o give 
p len ty of fluid and an ant i -emet ic is f requent ly requi red . 

2 . Hour ly ur ine samples are collected over t h e nex t 6 hours . T h e ur ine 
should be voided in to conta iners which conta in enough mineral oil 
t o cover t h e surface of t h e ur ine and prevent CO^ loss. 

3 . In a satisfactory test t he plasma b ica rbona te should fall b y 2 - 3 
mmol / l indicat ing adequa te hydrogen ion p roduc t ion . 

4 . In no rma l subjects t he ur ine pH should fall be low pH 5-4. Fai lure of 
the ur ine pH to fall be low this value indicates renal tubular acidosis. 

In clinical pract ice it is f requent ly sufficient t o test a morning ur ine 
sample. If t he pH is 5-5 or less t hen there is n o advantage in proceeding t o 
a formal acidification test as out l ined above. 

URINARY CONCENTRAΉON TEST 

T h e ability to form a concen t ra ted ur ine depends u p o n an in tac t medul la 
in which a concen t ra t ion gradient is mainta ined b y the loops of Henle (see 
Chapter 2) and t h e presence of ADH. This sys tem can b e tes ted b y a water 
deprivat ion test wi th or w i t h o u t t he add i t ion of vasopressin. 
Test 

1. T h e pa t ien t is given a no rma l lunch b u t thereaf ter n o fluid is al lowed 
a l though a ' d ry ' meal may b e given in t he evening. 

2 . The following morn ing (i .e. 18 h later) t w o samples of ur ine are 
ob ta ined and the osmolal i ty es t imated . 
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3. I t is also useful t o ob ta in a plasma sample for osmolal i ty a t th is t ime . 
4. T h e test can be repea ted b u t wi th the add i t ion of vasopressin t o 

distmguish be tween nephrogenic d iabetes insipidus and diabetes 
insipidus d u e t o lack of ADH. 

Warning 
Care must be t aken with this test and a close wa tch mus t b e k e p t o n t he 
pat ient . In t he presence of d iabetes insipidus it may b e necessary t o t e rm
inate the test if t he weight loss exceeds 4 per cent of b o d y weight or 
the plasma sodium concen t ra t ion rises above 150 mmol / l . Care mus t also 
b e t aken wi th t he adminis t ra t ion of vasopressin in elderly pa t ien t s or those 
suspected of myocardia l insufficiency. 

Normal Values 
1. After 18 h fluid depr ivat ion the ur ine osmolal i ty should be 1000± 

150 mosm/kg . 
2 . In diabetes insipidus values of less t h a n 5 0 0 m o s m / k g are expec ted . 
3 . In pa t ien ts wi th central d iabetes insipidus vasopressin should res tore 

t h e concent ra t ing ab ih ty b u t it m a y t a k e several days of t r e a t m e n t 
before a satisfactory improvemen t occurs as it will t ake this t i m e t o 
re-estabhsh t he medul lary gradient . 

In pract ice it is of ten valuable t o ob ta in t he osmolaUty of t h e first 
sample of ur ine passed in t h e morning . This will usually have an osmolah ty 
of 7 0 0 - 9 0 0 m o s m / k g and if so t hen the re is no need t o proceed t o a 
formal water depr ivat ion test . 

SPLIT FUNCTION STUDIES 

These are described in Chapter 6, p . 4 7 . 

RENAL BIOPSY 

Renal tissue can b e ob ta ined b y pe rcu t aneous or o p e n b iopsy . T h e per
cu taneous m e t h o d using ei ther a V i m - S i l v e r m a n needle or Tru-cu t 
(Travenol L td ) disposable needle is mos t widely used. 

Local izat ion of t h e k idney is b y : 
1. Surface marking from a s tandard i.v. p . 
2. Visualizat ion b y cont ras t injection and X-ray screening. 
3. Ul t rasound, which has the advantage of avoiding radia t ion . 
In only except iona l c i rcumstances should soUtary k idneys b e biopsied. 

I t is advisable t o have a platelet coun t in excess of 100 X 10^ and a no rma l 
coagulat ion screen. 

T h e indicat ions for b iopsy are : 

1. T o de te rmine t h e na tu re of t h e under ly ing disease process. 
2 . T o d o c u m e n t t h e na tura l h is tory of t h e pathological process. 
3 . T o examine t h e effect of t he rapy . 
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T h e compHcat ions of biopsy are : 

L Bleeding, usually mild and clearing spontaneous ly . In some instances 
may be severe enough t o p roduce clot cohc and require transfusion. 
A perirenal h a e m a t o m a may develop and this occasionally p roduces 
hyper tens ion . 

2 . Pain, usually a mild t ransient d iscomfor t b u t in some cases severe 
enough t o require analgesia. This should always raise t h e suspicion 
of bleeding. 

3 . Infection, which may occur in t h e k idney or needle t rac t and is 
usually due t o skin organisms in t roduced b y t h e needle . 

4 . Arteriovenous aneurysm fo rmat ion , a rare and late developing 
comphca t ion . 

ΙΝΥΕβΉΟΑΉΟΝ OF RENAL STRUCTURE 

In t ravenous Urography. This is of par t icular value in de te rmining t h e size, 
shape and posi t ion of t he k idneys . T h e k idneys are visualized b y giving an 
in t ravenous injection of rad io-opaque cont ras t , mos t c o m m o n l y an organic 
iodine c o m p o u n d . This is filtered b y t h e g lomerulus a n d acts as an o s m o t i c 
diuret ic in t h e tubules . T h e cont ras t becomes concen t ra t ed in t h e tubu les 
wi th in 5 - 1 0 min of injection and this provides a nephrogram. As t h e 
contras t passes th rough t h e renal t rac t t h e renal pelvis, u re ters and b ladder 
can b e visuahzed. T o m o g r a p h y can b e added t o ob ta in a m o r e satisfactory 
view part icularly in impaired renal funct ion or in obese and poor ly p repared 
pat ients . 

G o o d visuaHzation is dependen t , t o some e x t e n t , o n renal funct ion . If 
t he renal funct ion is k n o w n t o b e impaired t h e n a doub le dose or infusion 
of contras t can b e given. 

T h e compl ica t ions of this t echn ique inc lude: 
1. Hypersensit ivi ty reac t ions t o t h e cont ras t media . 
2 . Precip i ta t ion of acu te renal failure in pa t ien t s wi th impaired renal 

funct ion. 
3 . Precipi ta t ion of acu te renal failure in pa t ien ts wi th mul t ip le m y e l o m a 

part icularly if dehyd ra t i on has been employed . 
Some c o m m o n radiological findings are : 

Acute Renal Failure: poor u p t a k e contras t b u t a persisting dense nephro 
gram. 

Chronic Glomerulonephritis: small, s m o o t h , regularly con t rac ted k idneys . 
Chronic Pyelonephritis: small, irregularly con t rac ted k idneys wi th c lubbing 

and di la ta t ion of t h e calyces and irregular narrowing of t h e cor t ex . 
Pregnancy: d i la ta t ion of the upper ur inary t rac t , f requent ly m o r e marked o n 

the right side and occasionally persistmg for m a n y m o n t h s after delivery. 
Polycystic Renal Disease: large irregular k idneys with mul t ip le filling 

defects and stretching of t he calyces a r o u n d t he cysts. 
Renal Artery Stenosis: on the affected side the k idney is smaller, t he 

contras t appears later, becomes m o r e dense and persists longer. 
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Micturating Cys togram. T h e bladder is ca theter ized and cont ras t media is 
instilled so t ha t t h e b ladder m a y b e visualized. Voiding can t h e n b e observed 
o n screening and t h e degree of vesico-ureteric reflux can b e assessed. This is 
t h e reflux of ur ine from t h e bladder in to t h e ure te r from incompe tence 
of t h e vesico-ureteric valve. T h e severity of reflux m a y be graded: 

Grade I: cont ras t flows in to t h e ure ter b u t does n o t reach t h e k idney . 
Grade I I : contras t flows in to t h e ure ter and reaches t h e k idney b u t 

does no t cause dis tens ion of t h e calyces. 
Grade I I I : cont ras t flows in to t h e ure te r , reaches t h e k idney and causes 

dis tension of t h e pelvis and calyces. 
The value of accura te grading is t h a t it affords a means of documen t ing 

t h e ex t en t of t h e reflux and allows compar i son wi th follow-up examina t ions , 
part icularly if surgical c o n e c t i o n has b een unde r t aken . 

Retrograde Pyelography. This is t h e visualization of t h e ure ters , pelvis and 
calyceal system b y the in t roduc t ion of cont ras t t h rough ure ter ic ca the ters . 
These are inserted under direct vision at cys toscopy and so it also affords 
t he o p p o r t u n i t y of looking direct ly at t h e in ter ior of t h e b ladder . I t is of 
part icular value in obstruct ive u r o p a t h y and also in t h e clear visualization 
of t h e ur inary t rac t in pa t i en t s wi th p o o r renal funct ion . 

T h e major disadvantage is t he poss ibihty of in t roducing mfec t ion t o the 
urinary t rac t . I t also requires considerable skill as it is possible t o over-
dis tend t he system and so give t he impression of hydronephros i s . 

Arteriography. This is used t o examine t h e arterial supply t o t h e k idney 
and is of part icular value in t h e invest igat ion of renal ar tery stenosis. I t 
requires femoral p u n c t u r e and t h e i n t roduc t i on o f an arterial ca the ter to 
the level of the renal arteries. Selective renal a r te ry ca the ter iza t ion m a y 
also be performed. 

I t can be used t o define t h e vascular supply t o a space occupying lesion 
to differentiate be tween a simple cyst and a mal ignant neoplasm. 

Venography. This is used t o identify t he pa t ency of t h e renal veins in 
pa t ien ts wi th suspected renal vein th rombos i s . I t can b e per formed b y a 
mids t ream inferior vena cava injection accompanied by a Valsalva 
manoeuvre o r by selective venous ca the ter iza t ion . 

Renography. This is unde r t aken by t he in t ravenous injection o f ***I-
h ippuran and the subsequent measurement of t he radioactivi ty over 
b o t h k idneys . This provides: (1) a measure of t he renal funct ion , (2) a 
compar ison of one k idney with t h e o ther , and (3) useful in format ion 
especially in obs t ruct ive u r o p a t h y . 

T h e h ippuran is rapidly cleared b y the k idney by fi l tration and secret ion. 
A normal renogram shows: 

1. A vascular phase as t he radioactivi ty enters t he k idney . 
2 . A secretory phase as t he radioact ivi ty becomes concen t ra t ed . 
3 . An excre tory phase as the radioact ivi ty diminishes d u e t o urine flow. 



32 A SYNOPSIS O F R E N A L DISEASES 

In significant vascular disease t he first phase is slower in t h e affected 
side when compared t o normal . In obs t ruc t ion t h e th i rd phase is prolonged 
and the decrease in radioactivi ty is slower. 

Renal Scanning. In this t echn ique a radio- isotope is injected mtravenously 
and b o t h k idneys are scanned s imultaneously wi th a gamma camera. T h e 
mos t c o m m o n l y used isotopes are ' ' ' ' H g or ^°^Hg-chlormerodr in or ' ^ T m -
ascorbic acid complex . 

I t provides good del ineat ion of renal size, shape and pos i t ion . If com
puter ized facilities are available useful informat ion concerning renal 
funct ion can b e ob ta ined . 

Ul t rasound. This is a non-invasive t echn ique which is part icular ly useful for 
de termining the size and pos i t ion of t h e k idneys . I t is capable of d e m o n 
strating hydronephros i s and is of considerable value in screening t h e 
families of pa t ien ts k n o w n to have polycyst ic renal disease. I t requires 
skilled in te rpre ta t ion b u t is safe, non-invasive and can b e used repea ted ly 
w i t h o u t risk t o t h e pa t ien t . 



Chapter 4 

ACUTE GLOMERULONEPHRITIS 

In t roduc t ion - Acute g lomerulonephr i t i s - Recur ren t haematur ia 

INTRODUCnON 

T h e te rminology in glomerular disease is confusing as it combines clinical 
and pathological findings indiscr iminately. Cer ta in clinical syndromes are 
recognizable b u t there is no good corre la t ion b e t w e e n t h e under ly ing 
glomerular pa tho logy and the clinical findings. This chap te r deals wi th t h e 
clinical syndromes of acu te nephr i t i s and recur ren t haematu r i a . Nephro t i c 
synd rome (Chapter 5) and glomerular diseases, b o t h pr imary (Chapter 9) 
and secondary (Chapter 10) will b e deal t wi th separately. I t mus t b e 
remembered tha t t he clinical s y n d r o m e does n o t provide a diagnosis of t h e 
under lying pa thology a l though certain associat ions are well recognized. 

A C U T E G L O M E R U L O N E P H R I T I S 

Definition. A clinical synd rome character ized b y t he acute onset of 
haematur ia , pro te inur ia , hype r t ens ion and oliguria usually following an 
infective illness b y some 1 0 - 2 0 days . N o t all these findings are present 
s imultaneously m all cases. 

CUnical Features. T h e synd rome may occur a t any age b u t is mos t c o m m o n 
m chüdren and young adul ts . The re is f requent ly a h is tory of a preceding 
infective iUness of ten involving t he upper respira tory t rac t . This may b e 
st reptococcal due to infect ion with a G r o u p A /J-haemolytic s t rep tococcus 
t y p e 1, 4 , 12 or 4 9 a l though t he incidence of this seems t o b e decUnmg. 
Other causal organisms may b e found - viral, s taphylococcal or p n e u m o 
coccal b u t in m a n y instances n o n e are isolated. The clinical p resen ta t ion is 
wi th : 

H A E M A T U R I A . T h e ur ine appears smokey d u e t o t h e presence of red 
ceU casts. OccasionaUy it may appear red coloured if haematur ia is 
heavy. 

P R O T E I N U R I A . T h e a m o u n t is variable b u t is usuaUy less t h a n tha t 
required t o p roduce a neph ro t i c s y n d r o m e . I t is usuaUy unselective. 

H Y P E R T E N S I O N . Variable m severity. 
O L I G U R I A . This depends t o a large e x t e n t o n t he severity of t h e 

glomerular lesion. 
Other cUnical features include o e d e m a d u e t o salt and water r e t en t ion 

in t h e oUguric phase. Encepha lopa thy m a y occur and this is d u e t o hyper 
tension, e lec t ro ly te disorders (e.g. hypona t r aemia ) or t he depos i t ion of 
complexes m the arachnoid of t h e bra in . 
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Laboratoiy Findings. Haematur ia in the form of red cell casts (de tec t ion 
requires t he examina t ion of fresh ur ine) , prote inur ia variable in a m o u n t 
b u t usually unselective. In t he acute phase there may b e t ransient elevation 
of b lood urea and serum creat inine d u e t o impaired renal funct ion. Plasma 
pro te in concent ra t ions usually normal . C o m p l e m e n t (C3) concen t ra t ion 
t ransient ly depressed in acute stage. T h e ASO t i t re may b e elevated in cases 
wi th a preceding s t reptococcal infect ion {Note, no t all s t reptococci s t imu
late p roduc t ion of anti-streptolysin O) . It may be possible to isolate 
t he initiating organism. Tests for circulating i m m u n e complexes may be 
positive b u t in a significant n u m b e r of cases are negative. This is p robably 
due t o the relatively insensitive m e t h o d s and the t ransient na tu re of t h e 
complexes . 

Biopsy Findings. There is a wide range of biopsy findings reflecting t h e fact 
tha t a number of pr imary and secondary glomerular diseases may present 
as acute nephri t is . T h e under lying morphological appearances may b e : 

Diffuse proliferative g lomerulonephr i t i s . 
Μesangiocapillary glomerulonephri t i s . 
Focal glomerulonephri t is . 
Crescentic glomerulonephri t is . 
T h e typical lesion of small soluble complex media ted glomerulonephr i t i s 

is t he finding of subepithelial deposi ts , ' h u m p s ' , b y e lectron microscopy. 
These are aggregations of immune complexes and are most c o m m o n l y 
found in early phase of the illness. Immunof luorescence demons t ra tes 
these lesions to be composed of antigen, an t ibody and complement . 

Aet iology. Most cases are due to t he in t roduc t ion of an ant igen wi th t he 
subsequent format ion of an t ibody and the deve lopment of small soluble 
complexes. 

Pathogenesis. The lesion is the consequence of immune-complex depos i t ion 
and the sequence of events is: 

1. I n t roduc t ion of ant igen; 
2. Latent period of an t ibody p roduc t ion ; 
3 . Fo rma t ion of small complexes due to slight antigen excess; 
4 . Deposi t ion of complexes m glomerular capillary wall; 
5 . Activation of the complemen t cascade; 
6. At t rac t ion of po lymorphs ; 
7. Liberat ion of vasoactive amines and kinins; 
8. Increase in vascular permeabiUty; 
9. Endothel ia l swelling and prol iferat ion; 

10. Platelet aggregation; 
1 1 . Fibrin format ion . 

T h e o u t c o m e of such a sequence will depend u p o n t w o factors: (1) the 
ability of the k idney to remove the p roduc t s of inf lammat ion by fibrinolysis 
and phagocytosis , and (2) the cont inued deposi t ion of complexes . If 
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an t ibody p roduc t ion is good the per iod of small complex format ion in 
slight ant igen excess will be shor t and t h e n followed b y p roduc t i on of 
larger complexes with removal by t he re t iculo-endothel ia l system and 
eventual ant igen e l iminat ion. In such c i rcumstances there will b e resolut ion 
of the illness and a r e tu rn to normal i ty . If, however , t h e fo rmat ion of small 
complexes cont inues or there is deficiency in removal of t h e in f lammatory 
p roduc t s t hen a progressive condi t ion will result . 

Natural His tory. This will depend u p o n the under ly ing disease b u t in those 
cases d u e t o s t reptococcal ant igen or o the r *single-shot' c i rcumstances t he 
majori ty have a typical illness of: 

Haematur ia , macroscopic for 1 - 2 weeks , microscopic for a fur ther 1 - 2 
weeks t hen resolut ion; 

Proteinuria , variable b u t generally becoming insignificant after 4 weeks; 
Hyper tens ion , resolving in 7 - 1 0 days ; 
Oliguria, usually for 7 days , followed by diuresis wi th associated reso

lu t ion of any oedema. 
In the majori ty of cases there will b e a comple te resolut ion b y 4 weeks. 
In condi t ions where the acu te nephri t i s is the clinical manifes ta t ion of a 

systemic disease then the na tura l h is tory will depend o n the na tu re of the 
systemic disease. 

Clinical Associations. T h e presen ta t ion of acute nephri t i s may occur in a 
wide variety of condi t ions including: 

H e n o c h - S c h ö n l e m synd rome 
Polyarter i t is (nodosa and microscopic form) 
Wegener 's granulomatos is 
Sys temic lupus e ry thematosus 

Exper imenta l Studies . There are n u m e r o u s exper imenta l models of g lomeru
lonephri t is b u t unfor tuna te ly many have li t t le bearing on h u m a n disease. 
Studies have, however , helped in the unders tanding of glomerular disease 
and in part icular the relat ionship of an t i body response to the subsequent 
deve lopment of glomerular lesions. The in t roduc t ion of an ant igen may be 
followed by : 

1. No an t ibody response and in such c i rcumstances n o glomerular 
lesions develop. 

2. G o o d an t ibody p roduc t ion resulting in only a very short t ransient 
phase of circulating complexes which are rapidly e l iminated b y the 
ret iculo-endothel ial system and again n o glomerular lesion appears . 

3. Poor an t ibody response in which the phase where soluble complexes 
are present is prolonged. If the complexes are small they will be 
depos i ted in t he subepithelial aspect of t he glomerular capillary wall. 
SUghtly larger complexes will deposi t in a subendothel ia l or mesan-
gial posi t ion. In these c i rcumstances a proUferative lesion will 
develop. 
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4 . If the ant igen is in t roduced repeatedly in small a m o u n t s then there 
is the repeated format ion of complexes and the deve lopment of a 
m e m b r a n o u s lesion. 

R E C U R R E N T H A E M A T U R I A 

Definition. Repea ted episodes of macroscopic haematur ia f requent ly 
preceded by or associated with an upper respiratory t ract infect ion. 
Episodes may also occur in association wi th o the r febrile illnesses. 

Clinical Fea tures . I t is i m p o r t a n t t o distinguish this clinical synd rome from 
acute nephri t is . In recurrent haematur ia the re is no la tent per iod b e t w e e n 
the infective illness and the appearance of the haematur ia . Macroscopic 
haematur ia appears wi thin 1 - 2 days of the infective illness, lasts up to 7 
days and microscopic haematur ia is f requent ly persis tent be tween clinical 
episodes. 

It occurs most frequently in children and is rare after t h e age of 4 0 . 
Proteinuria is mild and oedema rare. Hyper tens ion and renal impa i rmen t 
are b o t h u n c o m m o n except when the under lying cause is mesangiocapil lary 
glomerulonephri t is . In a number of instances there appears t o be a familial 
involvement. T h e prognosis is usually good . 

Biopsy Findings. A variety of appearances may be found and these , in order 
of f requency are: 

1. Mesangial IgG/IgA disease. 
2 . Focal g lomerulonephr i t i s . 
3 . Diffuse proliferative g lomerulonephr i t i s . 
4 . Mesangiocapillary g lomerulonephr i t i s . 



Chapter 5 

NEPHROTIC S Y N D R O M E 

In t roduc t ion . The nephro t i c s y n d r o m e is a c o m m o n m o d e of p resen ta t ion 
in a wide variety of glomerular diseases. In itself it is no t a diagnosis b u t a 
descript ion of a clinical syndrome jus t as the te rms ' acu te nephri t is ' , 
' recurrent haematur ia ' and ' renal failure' describe differing modes of 
clinical presenta t ion. 
Definit ion. T h e nephro t i c syndrome is a clinical s ta te which develops 
consequent on prolonged p ro temur ia sufficient to reduce the plasma 
prote in concen t ra t ion to the ex t en t of p roduc ing h y p o p r o t e m a e m i c 
oedema. In the adul t pa t ien t this requires a ur inary pro te in loss of 5 g dauy 
with the reduc t ion of the plasma a lbumin concen t ra t ion to less than 25 g/1. 

Qin ica l Fea tures 
1. Oedem a is the principal feature, and is usually per ipheral , involving 

the l imbs. Facial oedema is more p r o m m e n t in chi ldren t h a n adul ts . In 
severe cases ascites m a y develop. T h e r e is n o good relat ionship 
be tween the plasma a lbumin and the degree of oedema b u t in t he 
adult oedema is u n c o m m o n unless t he plasma a lbumin is less t han 
2 5 - 3 0 g/1. Chi ldren to lera te a lower plasma a lbumin before oedema 
becomes manifest . Pat ients f requent ly complain t ha t their oedema-
tous legs are cold and somet imes n u m b . 

2. Prote inur ia ; pat ients may not ice tha t their ur ine appears f rothy. 
3. Anorex ia and diarrhoea may well be due t o severe pro te in mal

nut r i t ion . 
4 . Lethargy and t iredness are c o m m o n l y present . 
5. Muscle wasting is probably due t o the cataboHsm of muscle p ro te in 

in an a t t e m p t t o mainta in the normal plasma pro te in concent ra t ions . 
6. Infect ions, part icularly celluhtis, septicaemia, per i toni t is and ur inary 

t ract infect ions, p robab ly reflect the impaired cellular and h u m o r a l 
i m m u n i t y due to malnut r i t ion . In addi t ion , cer tain infect ions, 
no tab ly s t reptococcal , spread rapidly t h rough o e d e m a t o u s tissue. 

7. Nail changes. In prolonged severe nephro t i c synd rome the nails 
appear whi te . 

8. Hyper tens ion is variable and is to a large ex t en t d e p e n d e n t on the 
under lying glomerular pa thology . 

9. Renal failure, t oo , is variable and depends on the under ly ing 
aetiology. 

Oedema Fo rma t ion . T h e format ion of o e d e m a occurs due t o the accumu
lat ion of sodium and water in the extravascular space as a direct consequence 
of d iminut ion of the plasma pro te in concen t ra t ion . 

1. Protein loss s t imulates an increased p roduc t i on of p ro te ins by t he 
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Labora to ry Findings 
1. Unne. Proteinuria which may vary from 5 to 20 g daily. The pro te in 

selectivity will depend on the under lying pa thology . Similarly, 
haematur ia may be present depending on the glomerular lesion. 
Urine microscopy m a y show hyal ine casts, oval fat bodies and 
occasionally doubly refractile fat bodies . 

2. Plasma Proteins. There is reduc t ion in plasma a lbumin and to ta l 
prote in . This may be associated wi th an increase in the a^- and 
/[i-globulins. T h e 7-globul ins may be normal or slightly elevated. 
Fibr inogen concen t ra t ion is increased. 

3 . Urea and Creatinine. These are f requent ly normal unless severe 
hypovolaemia is producing a prerenal failure. If the under ly ing 
disease is membraneous or mesangiocapillary g lomerulonephr i t i s 
there is f requent ly renal funct ional impa i rment and thus the plasma 
urea and creat inine will be elevated. 

4 . Lipids. Plasma cholesterol is elevated and its concen t ra t ion appears 
to vary inversely with tha t of a lbumin. Phosphol ipid and triglyceride 
concent ra t ions are increased. High-density hpopro t e in s are reduced , 
probably due to increased urine losses. The β and pre-/? l ipoprote ins 
are increased. 

5. Calcium is low and even correct ion for the low plasma a lbumin 
frequently reveals a t rue hypocalcaemia. 

6. ESR elevated. 
7. Platelets usually elevated and frequent ly their adhesiveness is 

increased. 

liver. However, if the pro te in loss exceeds the ability of t h e liver t o 
increase p ro te in p roduc t ion there will be a r educ t ion in the concen
t ra t ion of pro te in in the plasma. 

2. T h e diminished plasma pro te in concen t ra t ion reduces the plasma 
oncot ic pressure and thus there will be an accumula t ion of fluid in 
the extravascular space. This fluid will originate from the plasma 
and so will result in h y p o v o l e m i a . 

3. The hypovolaemia reduces renal b lood flow and glomerular filtration 
thereby inhibi t ing t he secret ion of na t r iure t ic factor and st imulat ing 
the secretion of renin. T h e renin increases a ldos terone secret ion 
from the adrenal . 

4 . T h e hypovolaemia also s t imulates the secret ion of ADH. 
5. The net effect of (3) and (4) is maximal conservat ion of sodium and 

water by t he kidney in an a t t e m p t to res tore the diminished b lood 
vo lume. 

6. T h e reta ined salt and water , however , pass ou t in to t he extravascular 
space due to t he con t inued low plasma onco t ic pressure and t hus 
leads t o further accumula t ion of oedema. 
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Compl ica t ions of Nephro t i c S y n d r o m e . There are many well recognized 
compUcations of t h e nephro t i c synd rome and t o these can b e added the 
complicat ions of the rapy which may be used in pa t ien ts w h o are nephro t ic . 

1. Subnu t r i t ion s ta te , which develops as a result of ur inary pro te in loss 
and the f requent anorexia and diarrhoea which accompanies many 
instances of nephro t i c syndrome . Clinically this is visible by skin 
changes, osteoporosis and muscle wasting. In addi t ion , the poo r 
nu t r i t ion interferes wi th b o t h cellular and h u m o r a l immurü ty and so 
infections are c o m m o n . 

2. Bacterial infections, part icularly celluhtis, pericarditis , septicaemia 
and urinary t ract infections. 

3. Clot t ing episodes which involve b o t h the arterial and venous systems 
are due to the raised plasma fibrinogen. Fac to r s V, VII , VIII and X 
and the increased platelet coun t and adhesion. Renal vein th rombos is 
is part icularly c o m m o n . 

4. Ischaemic hear t disease is p robably due to the hpid abnormaht ies , 
increased coagulat ion factors, increased platelet adhesion and the 
fact tha t a number of pat ients are hypertensive. 

5. Hypovolaemia may only be manifest as postural hypo tens ion or 
may be sufficient to cause circulatory collapse and acute renal 
failure. 

6. Secondary tubular disease, amino aciduria and glycosuria may 
appear . 

T h e compUcat ions above may be c o m p o u n d e d by compUcat ions arising 
from therapy used t o t reat the syndrome , its compUcations or the under
lying glomerular pa thology. 

1. Diuretics may accentua te the hypovolaemia and also p roduce 
hypona t raemia and hypokalaemia . 

2. Steroids increase the t endency to infection, th rombos is and osteo
porosis. In addi t ion, they may p roduce hyper tens ion , a Cushingoid 
appearance and growth failure. 

3 . Cy to tox ics increase UabiUty to infect ion. In addi t ion, they may 
produce nausea, gastritis, cystitis, hair loss and mar row depression. 

4. Ant ibiot ics should no t be used prophylact icaUy in spite of the 
increased t endency t o infection. 

5. Clofibrate has been suggested as a t r e a tmen t of the Upid abnormaUties 
bu t there is a high incidence of disabUng muscular compUcat ions. 

It mus t be r emembered tha t many drugs are prote in b o u n d and so in 
hypopro te inaemia aU mus t be used wi th caut ion and dosage reduc t ion con
sidered otherwise there wiU be a high incidence of side effects. 

Causes of Nephro t ic S y n d r o m e . A wide variety of glomerular diseases can 
produce nephro t ic syndrome. Approx imate ly 80 per cent are pr imary 
glomerular diseases, 18 per cen t renal involvement from systemic disease, 
and the remainder are due to such condi t ions as infections, drugs. 
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malignancies and rare congenital diseases. Some condi t ions such as minimal 
lesion glomerulonephri t i s are c o m m o n in chi ldhood while o thers such as 
amyloid , membranous g lomerulonephr i t i s and diabet ic glomerulosclerosis 
are much more c o m m o n in adul ts . 
1. Glomerulonephritis 

Diffuse proliferative (5 upwards )* 
Membranous ( 3 0 - 5 0 ) * 
Mesangiocapillary ( 1 5 - 3 0 ) * 
Focal (15 upwards)* 
Minimal lesion ( 1 - 1 2 ) * 
Focal glomerulosclerosis ( 5 - 1 5 ) * 

2. Systemic Diseases 
Systemic lupus e ry thematosus ( 1 5 - 3 0 ) * 
H e n o c h - S c h ö n l e i n syndrome ( 5 - 2 0 ) * 
Diabetes melli tus (30 upwards)* 
Amyloidosis (30 upwards)* 
Sarcoidosis 
Scleroderma 

3. Infections 
Syphilis 
Quar tan malaria 
Subacute bacterial endocardi t i s 
Leprosy 

4. Drug-induced 
Penicillamine 
Gold 
Mercury 
Phenindione 
Tr imethad ione 
Heroin addict ion 

5. Malignancy 
Carcinoma s tomach 
Carcinoma breast 
Chor iocarc inoma 
Multiple mye loma 
Hodgkin 's disease 

6. Renal Vein Thrombosis {see p . 53) 
7. Congenital and Familial Conditions 

M a n a g e m e n t The management of the pa t ien t should be aimed at : 
1. Symptoma t i c relief of oedema. 

a. Diet. A high prote in in take of 1 5 - 2 0 g/kg/day with a restr icted 
sodium intake, less than 30 m m o l / d a y if possible. 

•Indicates most common age at presentation. 
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Diuretics. Initial therapy will require t he so-called *loop' agents 
such as frusemide, e thac ryn ic acid or bumetan ide . In many 
instances the addi t ion of a distal act ing diuret ic such as spiro
nolac tone , amilor ide or t r i amterene will be required. Once the 
oedema clears it is f requent ly possible to mainta in an oedema-free 
state with a reduced dose or a mild diuret ic such as a thiazide, 

c. Albumin. Infusions of a lbumin raise the plasma onco t i c pressure 
and thus draw back the o e d e m a in to t he vascular space. In com
bina t ion with diuret ics this can p roduce a massive diuresis. 
However, much of the infused p ro te in is lost in the ur ine and thus 
a lbumin should be reserved for pa t i en t s with hypovolaemia when 
acute renal failure may develop and for pa t ien ts in w h o m a satis
factory diuresis canno t be achieved by high dose combined 
diuretics. Some pat ients can be k e p t remarkably well wi th weekly 
or fortnightly infusions of 4 0 g salt-poor a lbumin. 

2. Search for k n o w n aetiological agents. Appropr ia te investigations for 
systemic diseases, malaria, syphilis, drugs and malignancies. 

3. Renal Biopsy. It is i m p o r t a n t t o de te rmine the under ly ing pa thology 
so tha t specific t r ea tmen t can be ini t ia ted if indicated. Biopsy is n o t 
w i thou t risk and it may be possible t o reach a satisfactory diagnosis 
w i thou t renal his tology, e.g. a nephro t i c child with n o hyper tens ion , 
n o haematur ia and a highly selective pro te inur ia is mos t likely to 
have a minimal lesion glomerulonephr i t i s . Similarly it should be 
possible to make a diagnosis of drug- induced cases, d iabet ic glomer
ulosclerosis and infect ion-induced cases w i thou t recourse to biopsy. 
In some circumstances, such as systemic lupus e ry thematosus a 
knowledge of the histology is useful in de termining prognosis. 

4 . T rea tmen t of under lying glomerular disease. F o r some condi t ions 
specific therapy is indicated (see Chapters 9 and 10), 

5. Fol low-up. Many pa t ien ts with neph ro t i c synd rome run a relapsing 
and remit t ing course and so careful long-term follow-up is necessary. 
The prognosis is ex t remely variable b u t the presence of haematur ia , 
hyper tens ion and /o r impaired renal funct ion indicates poor prognosis. 



Chapter 6 

HYPERTENSION 

In t roduc t ion - Classification of hyper tens ion - Essential hyper tens ion -
Malignant hyper tens ion - Pathogenesis of renal hyper tens ion - R e n m 
- Saralasin test - Renal ar tery stenosis - Management of hyper tens ion -
Hypotensive drugs - Renal vein th rombos i s - Renal infarct ion 

INTRODUCTION 

Hyper tens ion is c o m m o n and approximate ly 5 per cent of the adul t 
popula t ion have a diastolic pressure in excess of 110 mmHg. The majori ty 
have essential hyper tens ion b u t a significant n u m b e r have some under ly ing 
cause and can therefore be considered as having secondary hyper tens ion . 
T h e approx imate d is t r ibut ion of hyper tens ion is: 

Essential 85 % 
Secondary 

Renal 1 0 % 
Adrenal 2 % 
Miscellaneous 2 % 

Mahgnant 1 % 
Thus of the various secondary causes under lying renal disease is the 

most c o m m o n . In addi t ion, a n u m b e r of pa t ien ts with essential and o the r 
secondary forms of hyper tens ion will have their illness compl ica ted by 
renal damage which frequently will further exacerba te t h e hyper tens ion . 

CLASSIFICATION OF HYPERTENSION 

Hyper tens ion may be classified in t he following way: 
1. Essential: no obvious cause apparen t . 
2. Renal 

a. Vascular 
Athe roma 
Fibromuscular hyperplasia 
Dissecting aneurysm 
Arteri t is 
E m b o h c 
Extrinsic pressure 

b. Parenchymal 
Glomerulonephr i t i s 
Pyelonephri t is 
Polycystic disease 
Irradiat ion injury 
Systemic diseases 

4 2 
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Hydronephros i s 
Segmental hypoplasia 

c. Tumours 
Haemangioper icy toma 
Hype rneph roma 
Wilms's t u m o u r 

3. Adrenal 
a. Medulla 

P h a e o c h r o m o c y t o m a and related neural t u m o u r s 
b. Cortex 

Cushing's synd rome 
Conn*s s y n d r o m e 
Hyperplasia 

4 . Coarctation of Aorta 
5. Pregnancy 

Eclampsia and pre-eclampsia 
Post- toxaemia syndromes 
Pos tpa r tum acute renal failure 

6. Malignant (vide infra) 

Ε88ΕΝΉΑί HYPERTENSION 

The majority of pa t ien ts with hyper tens ion have no obvious under lying 
cause and are thus t e rmed ^essential'. There is modes t evaluat ion of the 
diastolic pressure t o 9 0 - 1 2 0 m m H g and t he incidence increases wi th age. 

Renal involvement is n o t c o m m o n in essential hyper tens ion a l though 
renal arteriolosclerosis may occur. The major compl ica t ion is the develop
men t of left ventr icular h y p e r t r o p h y which may lead t o congestive cardiac 
failure. There is also an increased incidence of vascular disease, part icularly 
a theroma. T h e cause of dea th in essential hyper tens ion is: 

Left ventr icular failure 3 0 - 5 0 % 
Cerebrovascular disease 1 0 - 2 0 % 
Renal faüure 10% 
Unrelated t o hyper tens ion 30% 
T h e high incidence of cardiovascular disease indicates t he impor t ance of 

identifying and control l ing b lood pressure in hyper tensive pat ients . 

MALIGNANT HYPERTENSION (Accelerated Hypertension) 

The term 'malignant hyper t ens ion ' is used to describe a chnical synd rome 
consisting of: 

Retinopathy - haemorrhages , exuda t e s and papi l loedema. 
Severe hypertension - diastolic > 130 mmHg. 
Fibrinoid necrosis - of arteriolar walls. 
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The d in ica l presenta t ion is f requent ly due t o cerebral s y m p t o m s such 
as headache, confusion, s tupor and eventually coma. Many pa t ien ts present 
with visual deter iorat ion. Renal involvement at presenta t ion is c o m m o n 
and is manifest as prote inur ia and impaired funct ion. It is often difficult t o 
de termine whether there is under lying renal disease or whether t he renal 
abnormaht ies are a direct consequence of the severe hyper tens ion . 

Mahgnant hyper tens ion is a medical emergency and the b lood pressure 
should be control led to avoid the risk of subarachnoid haemorrhage and to 
preserve vision. Caut ion must be exercised in lowering the pressure as 
sudden profound reduct ion may precipi ta te arterial occlusion, part icularly 
of the renal vessels, thus producing severe irreversible renal failure. It is 
adequa te to reduce the dias tohc pressure to 1 1 0 - 1 3 0 mmHg in the first 24 
hours and then gradually increase therapy to reduce to 9 0 - 1 1 0 mmHg by 
3 days. The drugs which are mos t useful are: 

1. Hydralazine, 1 0 - 2 0 mg i.m. hour ly p.r .n. 
2. Labetalol , 50 mg i.v. repeated at 5 min intervals increasing to 200 

mg. 
3. Reserpine, 0 5 mg i.m. increasing by increments of 0-5 mg to a 

m a x i m u m of 5 mg or unti l desired effect ob ta ined . 
4. Diazoxide, 300 mg i.v. by rapid infusion (5 min. ) . 
5. Sodium ni t roprusside, 0 -5-0-8Mg/kg by i.v. infusion. 
6. Clonidine, 0 1 5 mg i.m. half-hourly p.r .n. 
It is best to become familiar wi th several of these drugs as n o t all cases 

will be control led by the use of one prepara t ion . 
The prognosis in malignant hyper tens ion is poor n o t only because of 

the underlying cause of the hyper tens ion b u t because of the consequences 
on b lood vessels. Most pa t ients die from ei ther renal or cardiac failure. 
There is also an increased incidence of cerebral compl ica t ions and the rarer 
occurrence of retinal a t rophy . 

PATHOGENESIS O F R E N A L H Y P E R T E N S I O N 

The kidney may be involved in the p roduc t ion and main tenance of hyper
tension. The mechanism of this is still controversial b u t probably consists 
of: 

1. Ren in - ang io t ens in system. The con t ro l of renin p roduc t ion is 
discussed in Chapter 2. In renal ischaemia due to ei ther vascular or 
glomerular disease there is an increased secretion of renin with the 
subsequent generat ion of angiotensin II which has vasoactive effects. 
This is probably the m o d e of p roduc t ion of hyper tens ion in 
unilateral disease, part icularly renovascular disease. 

2. Sodium and water re ten t ion . In parenchymal renal disease, par t icu
larly if renal funct ion is impaired, there is f requent ly salt and water 
re tent ion. Hyper tens ion is present in some 80 per cent of pa t ien ts 
with severe renal failure and a number of these can be control led 
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with diet, diuret ics and somet imes dialysis. The sodium re ten t ion is 
caused by enhanced proximal tubular reabsorp t ion due t o diminished 
perfusion and enhanced distal tubular reabsorpt ion from the second
ary aldosteronism induced by increased renin activity. 

3. Other factors. There are probably many o the r factors responsible 
for renal-mediated hyper tens ion b u t at present these are conjectural . 

RENIN 

The finding of an elevated plasma renin concen t ra t ion may indicate an 
underlying renal cause for hyper tens ion . However, caut ion must be 
exercised in the in te rpre ta t ion of renin values as there are many factors 
which influence renin p roduc t ion such as pos ture , d ie tary sodium and 
drugs. 

Plasma renin may be increased by : 
Diuretics: thiazides, sp i ronolac tone , amilor ide, frusemide 
Hypotensives: hydralazine , d iazoxide 
Antibiotics: gentamicin 
Plasma renin may be decreased by : 
Liquorice 
Carbenoxolone 
Hypotensives: ^-blockers, methyldopa, Clonidine, reserpine 
The mos t satisfactory m e t h o d of obta in ing a reliable result is t o take 

the plasma sample while the pa t i en t is on a fixed k n o w n sodium in take , in 
a fasting s ta te and after overnight r ecumbency . Drugs k n o w n t o influence 
renin p roduc t ion should be wi thd rawn as follows: 

Hypotensives for a t least 2 weeks. 
Diuretics for at least 4 weeks. 
Oral contracept ives and ca rbenoxo lone for a t least 2 m o n t h s . 
Obviously the wi thdrawal of the rapy depends on t he clinical s i tuat ion, 

the impor tance of t he therapy and the impor t ance of the renin es t imat ion . 
I t mus t be r emembered t h a t if femoral vein p u n c t u r e and bilateral renal 
venous sampling are per formed there is n o po in t if the pa t ien t is taking 
drugs which invalidate t he result of t he assay. 

SARALASIN TEST 

Angiotensin analogues which are effective compet i t ive antagonis ts of t he 
act ion of angiotensin II in vivo have been synthesized. T h e mos t widely 
used is 1-sarcosine, 8-alanine-angiotensin II , saralasin. In cond i t ions where 
it is t hough t t ha t the r e n i n - a n g i o t e n s i n sys tem is responsible for t he 
p roduc t ion and main tenance of hyper t ens ion saralasin can b e used t o 
inhibit t he effect of the angiotensin II the reby causing a reduc t ion in b lood 
pressure. 

T w o tests have been described and are best per formed after d ie tary 



46 A SYNOPSIS O F R E N A L DISEASES 

R E N A L A R T E R Y STENOSIS 

In renovascular disease approx imate ly 7 0 per cent of pa t ients have uni
lateral and 30 per cent bilateral disease. 

Aetiology 
1. F ibromuscular hyperplasia (30 per cent of cases). Most c o m m o n in 

young females. In many cases it is unilateral when first de tec ted b u t 
may progress to bilateral involvement in a significant n u m b e r of 
pat ients . In the renal ar tery there is the deve lopment of a fibro
muscular band in the media which bulges in to the lumen causing 
narrowing. T h e band ex tends spirally along the length of the vessel 
and on occasions reaches as far as the in ter lobar branches . 

2. A t h e r o m a (70 per cent of cases). This is most c o m m o n in middle-
aged males. It is f requently bilateral a l though one side may be m o r e 
severely affected than the other . 

3. Dissecting aneurysm. Only rarely causes hyper tens ion . 

Clinical Findings. Pat ients with renal ar tery stenosis as a cause for their 
hyper tens ion are n o different from o ther pa t ien ts with hyper tens ion . In 
approximate ly 5 0 per cen t an abdomina l brui t is audible and careful clinical 
examina t ion wi th auscul ta t ion anter ior ly , in the flank and poster ior ly at 
the level of the second lumbar ver tebra is required. 

Pat ients with renal ar tery stenosis usually have fairly severe hyper tens ion 
and often prove difficult t o bring under cont ro l . 

Investigative Findings 
1. Mild hypoka laemic alkalosis may be present due to the deve lopment 

of secondary a ldosteronism as a result of the increased renin secret ion. 
2. In t ravenous pyelography is of value part icularly in cases due t o uni

lateral renal disease. T h e s tenot ic side shows a delayed appearance 
of the dye which becomes denser and persists longer than in t he 
normal k idney. It is i m p o r t a n t to ask for early films, in part icular an 
immedia te or 1 minu te film. The s tenot ic k idney may be smaller t h a n 
the normal unaffected side. Notching of the renal pelvis and ure ter 
may be seen due t o the deve lopment of collateral b lood supply. 

sodium restr ict ion, frusemide the evening prior t o test with the pa t ien t in a 
supine posi t ion after overnight rest. 

1. Infusion of 10 mg/kg/min for 30 min. 
2. Bolus i.V. injection of 10 mg over 2 min. 
A positive test is indicated by a reduct ion in systolic pressure of a t least 

20 mmHg and a reduct ion in diastolic pressure of 10 mgHg. T h e exac t 
place of this test in the investigation of the hyper tens ive pa t ien t is n o t 
established and it is no t invariably positive in cases of renin- induced 
hyper tens ion . Clearly it requires detailed evaluation. 



H Y P E R T E N S I O N 47 

3. Renography shows the delayed appearance and a reduced peak of 
radioact ivi ty o n the s tenot ic side. 

4. Split funct ion studies are n o w rarely performed b u t they demon
strate the funct ional impa i rmen t of the s tenot ic side. T w o tests are 
described: 
a. Howard test; considered positive if the s tenot ic side demon

strated a reduc t ion in urine vo lume of at least 4 0 per cent 
coupled with a reduc t ion in sodium concen t ra t ion of at least 15 
per cent or a concen t ra t ion of creat inine at least 50 per cent 
greater than tha t from the unaffected side. 

b. S tamey test , considered positive if the re was 3 : 1 difference in 
ur ine flow rates associated wi th a 100 per cen t or greater increase 
in the urinary concent ra t ion of PAH from the affected side. 

These tests are n o t n o w widely used as they require bilateral re t ro
grade ca theter iza t ion and it is n o t possible t o be sure t ha t all the 
ur ine draining from the k idney has been collected. They are also 
ex t remely difficult to in terpre t in the presence of bilateral disease. 

5. Renal vein renin assay is a useful test. Samples are ob ta ined from 
the lower inferior vena cava and b o t h renal veins. T h e rat io of t h e 
concen t ra t ion of renin from the s tenot ic side compared wi th no rma l 
should be at least 1 5 : 1 to indicate stenosis p roduc ing funct ional 
effects. In some cases it is useful t o sample from segmental veins as 
only par t of a k idney may b e ischaemic. 

6. Renal ar ter iography is useful in demons t ra t ing the na tu re and e x t e n t 
of the lesion. In f ibromuscular hyperplasia there is a typical beaded 
appearance of the main renal a r te ry and this may rarely e x t e n d as 
far as the inter lobar arteries. F requen t ly lesions are bilateral a l though 
one side may be more severely affected. Care mus t be t aken with 
radiological appearances as s tenot ic lesions are n o t necessarily a lways 
associated with hyper tens ion and thus should be in te rpre ted in con
junc t ion with o the r findings. 

7. Renal b iopsy per formed on b o t h k idneys shows t h a t in t h e s tenot ic 
k idney the glomeruli appear ' c rowded ' and there is evidence of 
increase in size and cellularity of the jux tag lomerular appara tus . 
This investigation has n o place in the rou t ine investigation of 
pat ients . 

Management 
1. Medical Many pat ients will have satisfactory con t ro l wi th the use of 

diet , diuret ics and hypotens ive drugs. /3-blockers are of part icular 
value. 

2. Surgery, This should only be emp loyed in pa t ien ts w h o canno t be 
control led by medical means. In a t h e r o m a it is possible to perform 
vein bypass , t h r o m b o e n d a r t e r e c t o m y , pa t ch angioplasty or t o insert 
a Dacron prosthesis. In fibromuscular hyperplasia the k idney can be 
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removed, cooled and then bench surgery performed on the fibro
muscular band. The k idney is then implan ted in the pelvis. 
The results of surgery are: 

Cure - 5 0 % 
Improved - 3 0 % 
Unchanged - 2 0 % 

A n u m b e r of pa t ien ts show improvemen t b u t later relapse 
presumably due t o ex tens ion of the disease or th rombos i s of the 
vein bypass, angioplasty or prosthesis . In pa t ien ts wi th bilateral 
disease surgical t r e a tmen t of the mos t involved side can improve t he 
hyper tens ion and result in easier medical management . 

Experimental Studies. T h e exper imenta l work of Goldbla t t in 1934 showed 
tha t const r ic t ion of one renal ar tery p roduced hyper tens ion in dogs. Since 
then a considerable vo lume of work has been published. Exper imenta l ly , 
unilateral renal ar tery const r ic t ion is associated in the acu te phase wi th 
increased renin and consequent ly increased angiotensin II p roduc t ion . This 
p roduces vasoconstr ic t ion and an increase in b lood pressure. If the arterial 
const r ic t ion is sustained there is in t ime a reduc t ion in plasma renin 
a l though t he angiotensin II concen t ra t ion remains slightly elevated. This is 
accompanied by al tera t ions in sodium and water balance the reby cont inuing 
the hyper tens ion . At this stage removal of t he const r ic t ion or t he con
str icted k idney results in a reversal of the hyper tens ion . If the const r ic t ion 
is con t inued longer then the exper imenta l animal proceeds t o a phase 
where b o t h t h e renin and angiotensin II are norma l bu t hyper tens ion is 
sustained and un ineph rec tomy has n o effect on the b lood pressure. I t is 
t h o u g h t t ha t in this phase the hyper tens ion is media ted by factors from the 
contrala teral unres t r ic ted b u t possibly damaged k idney . These studies are 
of interest b u t do n o t explain many of t h e findings in h u m a n hyper tensive 
disease. 

MANAGEMENT OF HYPERTENSION 

Careful management and follow-up is required for all hyper tensive pa t ien ts . 

1. Oinical Examination. The finding of an elevated b lood pressure should 
be confirmed by repeat ing the measurement in a calm and relaxed a tmos
phere. Detailed clinical examina t ion is required paying part icular a t t en t i on 
to peripheral pulses, abdomina l brui ts , hear t size and fundoscopy. Enqu i ry 
should be made regarding oral contracept ives. Enqui ry and examina t ion 
should be unde r t aken t o de te rmine whe the r there is an under ly ing cause, 
e.g. renal disease, Cushing's syndrome . 

2. Initial Investigations. These should consist of: 
Urinalysis 
Serum creat inine and electrolytes 
Urine cul ture 
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ECG 
Chest X-ray 
These should also be repeated as required to de tec t t he occurrence of 

de ter iora t ion in cardiac and /o r renal funct ion. 

3 . Detailed Investigations. The finding of hyper tens ion , part icularly in a 
young person, should raise the possibili ty of an under ly ing cause, par t icu
larly renal disease. Detailed investigation of all hyper tens ive pa t ien ts is 
logistically impossible and thus should be reserved for: 

a. Young adul ts , part icularly females. 
b. Young adul ts with severe hyper tens ion . 
c. Children and adolescents . 
d. Pat ients whose e m p l o y m e n t is at risk. 
e. Pat ients poor ly control led on s tandard hypotens ive regimens. 
/ Pat ients whose clinical examina t ion and /o r l abora to ry findings are 

suggestive of under lying renal or adrenal disease. 
The investigations which are mos t useful are: 
a. In suspected renal disease, i.v.p. looking for pa renchymal disease 

and uni lateral disease, p lasma renin (p . 4 5 ) , saralasin tes t (p . 45 ) 
and the investigations ou t l ined for renal a r te ry stenosis if indicated. 

b. In suspected p h a e o c h r o m o c y t o m a , ur ine for h y d r o x y - m e t h o x y -
m a n d e ü c acid (HMMA) and a Rogi t ine test (5 mg phen to l amine i.V. 
p roducing a fall in b lood pressure of 2 5 - 3 5 m m H g within 5 min) . 

c. In suspected Cushing's disease, ur ine for Cortisol excre t ion and 
diurnal plasma Cortisol concen t ra t ions . 

d. In suspected Conn ' s s y n d r o m e or adrenal hyperplas ia , u r ine for 
potass ium excre t ion (ur inary potass ium loss greater t han 20 m m o l / 
day when plasma potass ium 3 0 mmol/1), ur ine for 24-hour 
a ldos terone excre t ion , a ldos te rone secret ion ra te , adrenal venography 
or ar ter iography t o localize t u m o u r . 

The e x t e n t to which these investigations are u n d e r t a k e n will depend on 
the prel iminary examina t ion and findings and are clearly n o t indicated to 
every pat ient . 

Control of Blood Pressure. Hyper tens ion mus t be b rough t unde r con t ro l if 
compl ica t ions are to be avoided. (The emergency con t ro l of mal ignant 
hyper tens ion has a k e a d y been discussed.) 

The rapy consists of: 
1. D I E T A R Y ADVICE. Excess weight aggravates hyper tens ion and so 

overweight pa t ien ts require weight r educ t ion . Sod ium in take in 
mos t people is de te rmined by hab i t ra ther t han need and is usually 
considerably in excess of requ i rements . A l though t he exact relat ion
ship be tween dietary sodium and hyper tens ion is no t k n o w n it is 
advisable t o reduce excessive in take . 

2. D I U R E T I C T H E R A P Y . Diuret ics by increasing sod ium excre t ion 
reduce to ta l b o d y sodium and lower b lood pressure. Thiazides also 
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have a direct effect on the smoo th muscle of vessel walls. It is 
preferable to use long-acting drugs ra ther than the more powerful 
' l oop ' diuretics. 

3. HYPOTENSIVE D R U G S . There is a wide range of hypotens ive 
drugs (pp . 5 0 - 5 1 ) . I t is advisable to b e c o m e familiar wi th several 
drugs from each g roup of prepara t ions because there is no one drug 
which is universally successful in every pa t ien t . I t is c o m m o n t o start 
t r e a tmen t with a j3-blocker and adding a thiazide if a satisfactory 
reduc t ion does n o t occur . However, a n u m b e r of pa t ients require , in 
addi t ion , a vasodilator such as hydralazine or prazosin. If this 
combina t ion is n o t satisfactory a centrally acting drug, e.g. Clonidine 
or me thy ldopa , or an adrenergic neu rone blocker , e.g. be than id ine , 
should be tried. The majori ty of pat ients will be satisfactorily 
control led with these agents b u t in some unacceptable side effects 
occur and so o ther drugs have to be tried unt i l a satisfactory prepar
at ion or combina t ion is found. For this reason it is essential t o be 
aware of the range of available preparat ions . 

4 . FOLLOW-UP. This is essential to ensure pa t ien t compl iance with 
the regimen and also to mon i to r the deve lopment of cardiac and 
renal complicat ions . Many pa t ien ts require adjus tments to their drug 
therapy due to many factors such as weight change, dietary alter
at ions, change in exercise habi ts and al terat ions in the severity of 
the hyper tens ion . Regular follow-up is therefore manda to ry . Pat ients 
can, of course, be taught to t ake their o w n b lood pressure and keep 
their own records, the reby greatly simplifying medical supervision. 

HYPOTENSIVE D R U G S 

There is a wide range of hypotens ive drugs and a l though many have a 
principal site of ac t ion they may well p roduce their hypotens ive effect b y a 
combina t ion of act ions. Table 6.1 gives a list of drugs, their propr ie tary 
names, dosages and side effects. In view of the cont inuing prohfera t ion of 
drugs it is advisable to have a good working knowledge of only a few drugs, 
preferably one or at the mos t t w o from each g roup , and to differentiate 
be tween those used for emergency and main tenance therapy . 

R E N A L V E I N THROMBOSIS 

Gin ica l Fea tures . The clinical presenta t ion may be ei ther as a sudden onset 
of severe flank pain or as a gradual deve lopment of a persistent , dull aching, 
non-radiat ing flank pain. However, t he pat ient may be entirely a sympto 
mat ic ; one repor ted series found tha t 50 per cent at au topsy had been 
previously unsuspected and ano ther repor t found a significant n u m b e r by 
renography in pa t ients with the nephro t i c syndrome bu t n o clmical evidence 
of renal vein thrombosis . S y m p t o m s probably depend on the speed with 
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which th rombos i s occurs and the ability to develop a collateral circulat ion. 
On examinat ion t he k idney may be tender t o pa lpa t ion . T h e diagnosis 
should be suspected in pa t ien ts w h o have back pain followed by prote in
uria and also pa t ien ts wi th pro te inur ia w h o have a sudden increase in t h e 
a m o u n t of pro te in excre ted. 

Investigative Findings. O n i.v.p. the re is enlargement of t h e affected k idney 
wi th stretching of t he calyces. The re may b e scalloping of t h e pelvis from 
the development of collateral veins. Aor tog raphy is of lit t le value b u t a 
persistent filling defect m a y b e seen in t h e venous phase . 

Venography , e i ther of the inferior vena cava or selectively of t h e renal 
veins, demons t ra tes t he filling defect d u e to t h e t h r o m b u s . Testicular 
renography has been used to d e m o n s t r a t e t h e left renal vein. 

Associations. Renal vein th rombos i s m a y occur in: 
Nephro t i c syndrome 
Dehydra t ion , part icularly children and neona tes 
Amyloidosis 
Diabetes mell i tus 
Malignancy, from compress ion or direct invasion of veins 
Hypercoagulable states 
T r a u m a 

Management 
1. If suspected, confirm by renography. 
2. Ant icoagula t ion, initially wi th hepar in and t h e n indefinitely wi th 

warfarin. 
3 . T h r o m b o l y t i c the rapy by t h e infusion of urokinase m a y b e of value. 
4 . T h r o m b e c t o m y should b e considered b u t t h e results are d isappoint 

ing and re th rombos is m a y occur . 

Renal Vein Thrombosis and the Nephrotic Syndrome. Renal vein th rombos i s 
is a consequence ra ther t h a n a cause of nephro t i c syndrome . Exper imenta l ly , 
renal vein ligation does no t p roduce pro te inur ia unless the re is contra la tera l 
neph rec tomy . It used t o b e considered tha t renal vein th rombos i s p roduced 
a m e m b r a n o u s glomerular lesion b u t bilateral b iopsy in unilateral th rombos i s 
shows m e m b r a n o u s lesions in b o t h k idneys suggesting tha t t h e glomerular 
lesion is p robably unre la ted t o t h e th rombos i s . In addi t ion renal vein 
ligation does no t p roduce a m e m b r a n o u s lesion in exper imenta l animals. I t 
is n o w considered tha t t he th rombos i s is a consequence of t h e hyper
coagulable state tha t accompanies nephro t i c syndrome . 

RENAL INFARCTION 

Infarct ion of t he k idney may b e d u e t o : 
1. Arterial obs t ruc t ion 

Embol i sm 
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Thrombosis 
Trauma 
Arteri t is 
Sickle-cell disease 

2. Venous obs t ruc t ion (usually only m children) 

Clinical Features . The clinical features will, t o a large ex ten t , depend u p o n 
the size of t he infarct. In arteri t is such as polyar ter i t is nodosa or occlusion 
in sickle-ceU disease there may be n o clinical evidence of renal disease. In 
occlusion of the main renal ar tery b y embol ism or th rombos i s there is 
sudden onset of abdomina l or flank pain followed by macroscopic haema
turia, fever and malaise. Transient hyper tens ion may occur . 

Investigative Findings. The int ravenous pyelogram may show loss of 
funct ion of par t or whole of t he affected k idney . Renography may be of 
value in the acu te phase of the illness. The findings will depend on the 
ex ten t of the infarct ion, and ar ter iography is of value in assessing the 
severity of the lesion. In t ime the k idney will cont rac t and b e c o m e shrunken 
and may only b e de tec table b y u l t rasound or C A T scanning. 

M a n a g e m e n t In cases wi th comple te main ar tery occlusion there will b e 
cortical necrosis and n o therapy has been shown to b e of value. If an 
embolus is k n o w n to be the cause of the lesion then e m b o l e c t o m y is of 
value as there is f requent ly enough circulat ion t o mainta in a viable k idney 
ahhough an acute tubular necrosis may develop. In incomple te cases 
infusion of urokinase direct ly in to t h e involved ar tery may result m satis
factory res tora t ion of calibre. In polyarter i t is the rapy is a imed at t he 
underlying disease while in sickle-cell disease there must b e avoidance of 
factors which will precipi ta te sickhng in vivo wi th subsequent vascular 
occlusion. 



Chapter 7 

ACUTE R E N A L FAILURE 

In t roduc t ion . Acu te renal failure is a synd rome complex which includes an 
initiating event , an established per iod of severely impaired renal func t ion , a 
recovery phase and finally a r e tu rn t o norma l . I t m a y b e prec ip i ta ted in 
m a n y clinical and pathological s i tuat ions and it is se ldom tha t t w o cases are 
identical . In most instances it requires detai led nursing and medical manage
men t , f requent ly involving all current ly available intensive care facilities. I t 
is frequently compl ica ted by sepsis b u t providing careful a t t en t ion is paid 
to detai l some 50 per cent of pa t ien ts survive and r e tu rn t o normal renal 
funct ion. 

Definition. Acu t e renal failure is defined as a sudden r educ t ion in t h e 
funct ion of b o t h k idneys wi th t he subsequent r e t en t ion of produc ta 
normally excre ted b y the k idneys and therefore an inabili ty t o main ta in 
the no rma l phsiological in ternal env i ronmen t . I t m a y occur in peop le wi th 
previously hea l thy k idneys b u t it is i m p o r t a n t t o r e m e m b e r t h a t it m a y 
also occur in pa t i en t s wi th pre-existing renal disease. 
Clinical Features. T h e clinical features of acu te renal failure will t o a large 
ex ten t depend o n the na tu re of t h e under ly ing aet iology. Pa t ien ts may b e 
severely ill wi th p ro found hypo tens ion from ei ther mul t ip le t r a u m a or 
sepsis while o the r pa t ien t s m a y have a fairly mild illness wi th l i t t le con
s t i tu t ional upse t . However , the recognized clinical features a re : 

1. Diminu t ion in urine volume. This is n o t invariable as it is possible t o 
have a no rma l ur ine vo lume b u t still have r e t en t ion of t h e p r o d u c t s 
normally excre ted b y the k idney . T h e qua l i ty of t he ur ine is mos t 
impor t an t and if this is poor t h e n t h e excre t ion of was te p r o d u c t s 
will b e impaired. Oliguria is t h e mos t c o m m o n feature and is def ined 
as an o u t p u t of less than 4 0 0 ml of ur ine daily in an adul t pa t i en t . 
Anur ia is a lack of any significant u r inary o u t p u t , usually less t h a n 
50 ml daily. High o u t p u t failure occurs where the re is a loss of 
ur inary concent ra t ing abi l i ty , a ur ine vo lume in excess of 1000 ml 
daily and a rapidly rising b lood urea and serum creat in ine . 

2. Uraemia is no t a feature in t he first few days of acu te renal failure 
b u t it is appa ren t wi th in a relatively shor t per iod o f t ime in t h e u n 
trea ted case. A n impor t an t po in te r as t o whe the r a par t icular pa t i en t 
has acu te or chronic renal failure can be t he s ta te of consciousness 
at a given b lood urea concen t r a t i on . A pa t i en t wi th acu te renal 
failure is more likely t o b e d rowsy w h e n t he b lood urea reaches 
4 0 mmol /1 whereas a pa t i en t wi th ch ron ic renal failure m a y have 
only slightly men ta l impa i rment wi th a b l o o d urea in excess of 
80 mmol /1 . 

3 . Pu lmonary oedema may occur at any stage in acu te renal failure b u t 
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may also b e the presenting feature. This is part icularly the case wi th 
pa t ien ts being t rea ted wi th in t ravenous fluids if a careful wa t ch is 
no t k e p t on fluid ba lance . 

4 . Metabol ic acidosis occurs over t he first few days and is clinically 
manifest by t achypnoea . This of course may b e compl ica ted by t h e 
presence of pu lmonary oedema . 

5 . O the r clinical features will d e p e n d t o a large e x t e n t o n t he na tu re o f 
the precipi tat ing factors which p roduce t he acu te renal failure. 

Aet io logy. I t is usual t o consider acu te renal failure in three g roups , pre
renal , renal and post-renal . This division is based o n whe the r t h e main 
c o m p o n e n t of t he initiating event impairs renal perfusion or impairs t h e 
abili ty of the neph ron t o funct ion satisfactorily or obs t ruc t s the ou t f low of 
urine distal t o t he nephron . This division serves only as a guide and it mus t 
be r emembered tha t many of t h e cases of pre-renal failure, if they remain 
uncor rec ted for any length of t ime , may progress t o intrinsic renal failure. 

P R E - R E N A L ACUTE R E N A L F A I L U R E . T h e causes of pre-renal acu te 
renal failure are : 

1. A low b lood vo lume. This may b e d u e t o severe haemor rhage , e i ther 
in to t he gastrointest inal t rac t or following t r auma . I t may also occur 
in severe d iar rhoea and vomit ing, severe b u m s , t he nephro t i c 
syndrome and following pro longed nasogastr ic aspi ra t ion , par t icu
larly if this is associated wi th excessive fluid loss from an i leos tomy. 
I t is impor t an t t o n o t e t h a t t h e fluid loss may n o t be clinically 
apparen t , as for ins tance in an ileus or following t r auma where 
b lood has been extravasated in to tissue spaces. 

2 . A low effective b lood vo lume. In states of p o o r cardiac o u t p u t t he re 
will b e a r educ t ion in renal plasma flow wi th its consequen t effect 
o n renal funct ion. Sept icaemia is also an i m p o r t a n t cause of a 
low effective b lood volume. 

INTRINSIC R E N A L F A I L U R E . A c u t e renal faüure due t o direct 
damage t o t h e n e p h r o n m a y have m a n y under ly ing causes: 

1. Severe t r a u m a wi th shock. 
2. Sept icaemia, mos t c o m m o n l y Gram-negative sept icaemia, b u t can 

occur in any sepsis. 
3. Nephro tox ins : the re is a wide variety of n e p h r o t o x i c agents including 

meta ls , solvents, d iagnost ic agents , drugs , insecticides, weed killers 
and industr ial chemicals {Table 7.1). 

4 . Postoperat ive , this is part icular ly so if j aund ice is present . I t is im
po r t an t t o n o t e t h a t it may occur in a pos topera t ive pa t i en t w i t h o u t 
o ther evidence of shock. 

5 . Obste t r ic causes include toxaemia of pregnancy, p o s t p a r t u m 
haemorrhage , concealed accidental haemorrhage leading t o disse
mina ted intravascular coagula t ion, t he use of abort i facients and 
puerperal sepsis. 
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6. Acu te pancreat i t is . T h e exact mechanism relating acu te pancreat i t i s 
to acu te renal failure is no t k n o w n b u t is p robab ly related t o t he 
hypo tens ion , hypocalcaemia and f requent sept icaemia. 

7. Acu t e haemoly t i c episodes , incompat ib le b lood transfusions, 
infections in G6PD deficient pa t i en t s , sod ium chlora te poisoning. 

8. Acu t e fulminating infect ions of t h e renal pa r enchyma , such as acu te 
pyelonephr i t i s . This is a part icular p rob lem in pa t i en t s with d iabetes 
mell i tus with analgesic abuse and wi th established chronic pye lone
phri t is . 

9. Glomeru lonephr i t i s , part icularly rapidly progressive g lomerulo
nephri t is , Goodpas tu re ' s s y n d r o m e , polyar ter i t i s nodosa , systemic 
lupus e ry thema tosus and H e n o c h - S c h ö n l e i n purpura . 

10. Vascular disorders. These include embol i t o t h e major renal vessels, 
malignant hyper tens ion , sickle-cell crisis and renal vein th rombos i s . 

1 1 . Disseminated intravascular coagulat ion. 
12. Radiology using cont ras t media , part icular ly if dehydra t ion has been 

involved. 
1 3 . Myeloma, part icularly if t he pa t i en t becomes dehydra t ed as for 

instance in prepara t ion for an i.v.p. 
14. Crush injury and non- t r aumat i c rhabdomyolys i s . 

T h e above list is b y n o means exhaust ive and serves to i l lustrate t he 
many ways in which the n e p h r o n may b e damaged sufficiently to p roduce 
intrinsic acu te renal failure. 

POST-RENAL ACUTE R E N A L F A I L U R E . In this cond i t ion the re is 
obs t ruc t ion t o ur ine flow and this m a y occur anywhere from t h e 
operung of t he collecting duc t in to t h e pelvis of t h e k idney t o t h e 
t ip of t he ure thra . I t may b e p roduced b y obs t ruc t ion wi th in t h e 
lumen of t h e ure ter or ure thra , it m a y b e due t o lesion in t he wall of 
t he ure ter or it may be due t o ex te rna l compress ion of t he drainage 
t rac t . 

1. Renal t rac t calculi may obs t ruc t t h e ure ter and if this is bi lateral will 

Table 7 .1. Some nephrotoxic substances 

Antibiotics: cephalosporins, aminoglycosides, tetracycline, amphotericin, 
polymyxin, sulphonamides 

Analgesics: phenacetin, salicylates 
Therapeutic drugs: quinine, barbiturates 
Insecticides 
Metals: mercury, bismuth, lead, gold, arsenic, uranium 
Solvents: carbon tetrachloride, tetrachlorethylene, methyl cellulose 
Glycols: ethylene glycol, propylene glycol 
Herbicides: paraquat, sodium chlorate 
Miscellaneous substances: potassium chlorate, carbon monoxide , 

phosphorus 
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p roduce acu te renal failure. Calculi , however , may also obs t ruc t a t 
the ure thra l ou t f low from the b ladder and p roduce acu te renal 
failure. 

2 . Lesions w i thm the wall of t he ure te r , tubercu lous glands a t t h e 
vesico-ureteric orifice may p roduce compress ion of t he ure te r and 
subsequent obs t ruc t ion . 

3 . Extr insic pressure on the drainage t ract may arise from re t roper i 
toneal fibrosis or m a y also be d u e t o extens ion of local mahgnancies 
wi th in t h e pelvis. 

Pathogenesis . In spite of considerable work in exper imenta l models and 
numerous observat ions m cUnical s i tuat ions t he pa thophys io logy of oUguric 
acu te renal faüure is stiU uncer ta in . Tubula r and vascular mechanisms have 
been pos tu la ted b u t it is highly likely tha t acu te tubular necrosis does n o t 
result from a smgle factor b u t ra ther t he consequence of several, p robab ly 
mter-rela ted, events . 

Tubula r mechanisms: 
1. Obs t ruc t ion due t o swelling of tubular epithelial ceUs or from 

impac t ion of desquamated necro t ic ceUs. 
2. Tubular ' leak ' or back diffusion of glomerular füt ra te d u e t o des t ruc

t ion of tubular basemen t m e m b r a n e . 
Vascular mechanisms: 
1. Renal ischaemia from reduc t ion in renal b lood flow, part icularly t he 

cortical b lood flow, d u e t o arteriolar vasoconstr ic t ion. 
2. Suppression of glomerular filtration d u e t o afferent arteriolar vaso

constr ic t ion wi th efferent vasodi la ta t ion perhaps media ted b y renin . 
3 . Suppression of glomerular filtration due t o a l tera t ion m glomerular 

capülary waU from endotheUal ceU sweUing and fibrin depos i t ion . 
4 . Shunt ing of renal b lood flow away from the cor tex . 

Diagnosis. T h e diagnosis of acu te renal faüure is made b y the associat ion of 
clinical features together wi th the foUowing flndings: 

1. Decreasing ur ine vo lume, a h e a d y discussed. 
2. Urine sodium, creat inine and osmolaUty changes. In pre-renal acu te 

renal faüure there is a smaU volume of highly concen t ra ted ur ine 
whereas in estabUshed int rmsic faüure there is a low volume of poor ly 
concen t ra ted ur ine . 

Prerenal Established 
Volume low low 
Osmolality > 600 < 4 0 0 
Sodium < 20 mmol/ l > 70 mmol/ l 
Creatinine > X 10 plasma < X 6 plasma 

concentration concentration 

These findings can b e of considerable help in the managemen t of 
the new pa t ien t . 
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3. Blood urea and /o r creat inine concen t r a t ion may n o t b e very helpful 
b u t t h e ra te of increase, de t e rmined b y sequent ia l e s t ima t ion , is o f 
impor tance . 

4 . Radiology may b e of considerable value in establishing a diagnosis 
and also in giving some idea of aet io logy. Several pa t t e rn s are 
recognized: an immedia te dense persisting nephrogram is suggestive 
of acu te tubular necrosis , a slowly developing nephrogram becoming 
increasingly dense wi th t ime is suggestive of obs t ruc t ion or severe 
ischaemia, and t h e absence of a nephrogram suggests renal infarct ion 
or a severe anur ic g lomerulonephr i t i s . In add i t ion , changes indicat ive 
of chronic renal failure may b e de tec t ed . In some pa t ien t s a neph ro 
gram develops very slowly and so it is advisable to ob ta in a 24-hour 
film. 

5 . Pelvic examina t ion is vital in t he initial clinical examina t ion as pelvic 
carc inoma mus t n o t be over looked. 

6. Clinical examina t ion and investigation to de te rmine whe the r the re is 
any evidence of chronic renal failure (pp . 6 6 - 7 2 ) . 

7. A careful and detai led h is tory and clinical examina t ion . This m a y be 
difficult in the uraemic pa t ien t and it may b e necessary t o ob ta in 
corrobora t ive details from relatives. 

Management. T h e managemen t of t he pa t i en t wi th acu te renal failure falls 
i n to four dis t inct pa r t s : t h e emergency resusci ta t ion , t he managemen t of 
pre-renal or incipient failure, t he managemen t of t he established intr insic 
failure and finally t h e care required in t he recovery phase . 
A. Many pa t i en t s wi th acu te renal failure are severely ill a n d p u l m o n a r y 
oedema and hyperka laemia are c o m m o n . T h e first aspect of managemen t is 
therefore t o prevent t he pa t ien t dying from such t rea table condi t ions . 

1. Emergency t r e a t m e n t of shock if present . T h e use of centra l venous 
pressure moni to r ing is f requent ly necessary t o prevent fluid over
load. T h e fluids used will b e d ic ta ted b y t h e clinical cond i t ion , who le 
b lood , plasma or crystalloids. 

2 . Es t imate b lood urea and electrolytes . Treat hyperka laemia b y i.v. 
5 0 ml of 5 0 per cent dex t rose and 10 u soluble insulin. Calc ium resin 
ei ther orally or rectally may also b e of value. If hyperka laemia 
persists t hen dialysis may b e necessary. 

3 . Chest X-ray and b lood gas analysis if ind ica ted . Pu lmonary o e d e m a 
will aggravate t he p rob lems of hyperka laemia and in p ro found cases 
m a y require vent i la t ion. 

B. T h e nex t phase is to establish t h e under ly ing aet iology and de te rmine 
whe ther pre-renal, intr insic, or post-renal failure is present . 

1. Ful l detai led clinical examina t ion and careful h i s tory . If cause n o t 
obvious enqui re a b o u t the ingest ion (del iberate or otherwise) of 
nephro tox ic substances. 

2 . Correct any t rea table cond i t ion , i.e. infect ion, cardiac failure. 
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3 . Urinalysis, if t he re is evidence of pre-renal failure ( N a < 2 0 mmol / l , 
osmolaUty > 6 0 0 mosm/kg , ur ine /p lasma rat io for urea X 10) then 
volume expans ion providing n o evidence of cardiac failure exists . 
Manni to l (100 ml 20 per cent ) may b e infused wi th or w i t h o u t t he 
add i t ion of a diuret ic . A n y diuresis which follows requires careful 
vo lume rep lacement . In pa t ien ts wi th adequa te vo lume expans ion a 
trial of high-dose frusemide may b e of value. U p t o 2 g in 24 h may 
b e used b u t an mfusion ra te should n o t exceed 2 5 0 mg/h or t inn i tus 
m a y b e t roub lesome. I t is n o t advisable t o use such doses m com
b ina t ion wi th cephalosporins . 

4 . If the re is any suggestion of an obs t ruct ive u r o p a t h y then urgent 
cys toscopy and re t rograde ca the ter iza t ion are requi red . Obs t ruc t ion 
m a y be suggested from the de tec t ion of calcuh on a plain film of t h e 
a b d o m e n . If a comple te obs t ruc t ion is reheved t hen there may 
be a considerable diuresis requiring careful fluid and e lect rolyte 
rep lacement . 

5 . If the aetiology is no t obvious this may be because t he pa t ien t has 
an acu te presen ta t ion of t he te rminal phase of longstanding renal 
disease. In such pa t ien t s an X-ray of hands on fine grain film might 
show evidence of subperiosteal erosions, loss of tuf ts of te rminal 
phalanges and /o r vascular calcification. 

6. Urine microscopy should be carried o u t o n all pa t ien ts as the finding 
of red cell casts is highly suggestive of a glomerular lesion such as 
rapidly progressive (crescentic) g lomerulonephr i t i s or microscopic 
polyar ter i t is . 

C. In the estabUshed phase management is d i rec ted a t : 
1. Fluid balance. T h e pa t ien t should be aUowed a volume equivalent 

t o t he u r m e o u t p u t plus 600 ml daüy . However , n o t e mus t b e 
t aken of aU fluid loss from the b o d y b y nasogastric aspira t ion, üeo-
s tomy or co los tomy, d iar rhoea , and /o r from t h e skin b y sweating. 
Addi t iona l losses wiU occur in üeus , severe per i toni t is and in pa t ien t s 
with prolonged pyrexia . There is thus no simple formula for replace
m e n t o the r than a careful and de taüed assessment of fluid loss wi th 
the addi t ion of an a m o u n t of insensible loss. Daüy weighing of t he 
pa t ien t is of considerable he lp . 

2. E lec t ro ly te cont ro l . T h e pa t ien t mus t be mamta ined o n a low sodium 
and low potass ium diet . 

3 . Prote in in take . T h e daüy in take of p ro te in should never be less t han 
20 g. An in take of 4 0 g daüy is to be preferred and if this is no t 
possible d u e t o anorexia or gastrointest inal p rob lems then parentera l 
nu t r i t ion is required. A daüy in take of greater t han 2000 calories 
must be achieved. In cases with severe infect ion or severe t r auma an 
even greater in take wiU be required. 

4 . Dialysis. Peri toneal and haemodialysis b o t h have a place in acu te 
renal faüure. The indicat ions for per i toneal dialysis are a low cardiac 
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o u t p u t , p o o r per ipheral vessels and as a p repara t ion for anaesthesia 
in a pa t ien t requiring surgery for an obs t ruct ive u r o p a t h y . H a e m o -
dialysis is clearly indicated in the case wi th a rapidly rising b lood 
urea , recent abdomina l surgery and severe infect ions. 

T h e disadvantages of per i tonea l dialysis are t h e po ten t i a l hazard 
of punc tu r ing bowe l wi th subsequent per i toni t i s , punc tu r ing b lood 
vessels, t he possibility of developing hypos ta t i c p n e u m o n i a f rom 
immobi l iza t ion and 'spl int ing ' t he d iaphragm, t h e i n t roduc t ion of 
infect ion b y the cannula , and t h e loss of approx imate ly 20 g of 
pro te in daily in to the dialysate . T h e advantages are the rapid con t ro l 
of fluid overload and /o r hyperka laemia wi th m i n i m u m discomfor t 
to the pa t i en t , the simplicity of t he e q u i p m e n t and the effectiveness 
in correct ing t he disordered b iochemis t ry . 

T h e disadvantages of haemodialys is are t he r equ i rement of good 
vascular access, t he need for expensive and highly technical appara tus , 
the need for highly t ra ined staff, t h e rapid fluid shifts which may 
occur and the need for hepar in iza t ion . T h e advantages are t he very 
effective con t ro l of t h e b lood chemis t ry , t he al lowance of a more 
liberal diet t o t he pa t i en t , t h e l imi ta t ion of active the rapy t o 4 or 6 
hours daily and the be t t e r pa t i en t acceptabi l i ty . 

T h e frequency of haemodialys is is de te rmined b y the ra te of rise 
of t he b lood urea , the degree of difficulty in control l ing hyper 
kalaemia and t h e requ i rement for fluid removal . 

5 . F r equen t moni tor ing for infect ion, daily b lood cul ture is advisable 
as t he signs of infect ion may be masked b y the uraemia . 

6. Phys io the rapy , par t icular ly t o chest t o avoid infect ion and to t he 
l imbs t o prevent loss of muscle mass. 

D. T h e recovery phase normal ly occurs after 1 4 - 2 1 days oliguria. However , 
it may occur even after 6 weeks. During t h e phase a t t e n t i o n mus t b e paid 
t o : 

1. Fluid balance. T h e recovery phase is also k n o w n as t he 'd iure t ic 
phase ' d u e t o the fact tha t t he ur ine o u t p u t rises f rom a round 
4 0 0 ml daily t o c o m m o n l y 4 1 or m o r e . Hypovolaemia may therefore 
occur if there is n o t adequa te fluid rep lacement . 

2 . Elec t ro ly te balance. H y p o k a l e m i a is c o m m o n and potass ium 
supplements may be required for a shor t t ime . 

Compl ica t ions . T h e pa t ien t wi th acu te renal failure is u raemic in spite of 
ei ther haemodialysis or per i tonea l dialysis and t h u s is liable t o develop 
compl ica t ions f rom this . In add i t ion , h e is liable t o all t h e compl ica t ions of 
t he under lying illness as well as those of any pa t i en t w h o is severely ill for 
any length of t ime . 

1. Infec t ion , part icular ly p n e u m o n i a , abdomina l sepsis and sept icaemia, 
may occur . This in par t is d u e t o suppression of p o l y m o r p h funct ion 
from uraemia . 
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2. Gast rointes t inal haemorrhage m a y occur f rom platelet def iciency, 
numera l and funct ional , and also from mucosa l damage if p r o f o u n d 
shock has been present . 

3 . Fai lure to heal wounds . 
4 . Deep venous th rombos i s which m a y b e compHcated b y p u l m o n a r y 

embol ism. 
5 . Pu lmonary o e d e m a if strict con t ro l of fluid balance is n o t main ta ined . 

Prognosis . T h e prognosis in acu te renal failure is t o a large ex t en t d e p e n d e n t 
u p o n the cause of the cond i t ion and also on the deve lopment of compH
cat ions du rmg ohguria . Unt rea ted cases have a m o r t a h t y in excess of 9 0 per 
cent . Most un i t s n o w exper ience a m o r t a h t y of a b o u t 5 0 per cen t . Fac to r s 
which appear t o affect prognosis adversely a re : 

1. Age. General ly t he older pa t ien t has a worse prognosis . 
2 . Infec t ion . Whether th is precedes or occurs dur ing t h e illness. 
3. Aet iology. Obs te t r ic cases have a good prognosis , > 8 0 per cent 

survival; mul t ip le t r a u m a and acu te pancreat i t i s have a poor prog
nosis < 2 5 per cent survival. 

4 . Gas t romtes t ina l bleeding. This m a y occur due t o haemos ta t i c 
p rob lems or m a y arise d u e t o mucosa l damage from severe shock. 

5 . Severe under lying or associated disease. 
I t is interest ing tha t the re has been h t t l e change in m o r t a h t y over the 

past flfteen years. This is largely due t o be t t e r managemen t and resusci ta t ion 
of pa t ien ts a t risk, t h e widespread use of cent ra l venous pressure m o n i t o r m g 
wi th consequen t improved con t ro l of t he circulating b lood vo lume and 
be t t e r an t ib io t ic the rapy reducing the n u m b e r of pa t ien t s developing acu te 
renal failure b u t this is offset by t he increasing age of m a n y surgical pa t i en t s , 
the more s t renuous efforts a t resusci ta t ion in severely ill pa t i en t s and the 
emergence of ant ibiot ic-resistant organisms. 

Renal Biopsy in Acu t e Renal Fai lure . T h e indicat ions for renal b iopsy in 
acu te renal failure are : 

1. Acu te renal failure present ing w i t h o u t an obvious cause. 
2. Evidence or suspicion of a sys temic disease such as polyar ter i t i s 

nodosa or o the r connect ive tissue disease. 
3 . A n atypical clinical course . 
4 . A suspicion tha t acu te cort ical necrosis m a y be present . 
T h e biopsy findmgs m pa t ien t s wi th acu te renal failure a re : 
1. Acu te tubular necrosis. T h e appearances will depend u p o n t h e stage 

in the na tura l h is tory of this cond i t ion at which a b iopsy is per
formed. T h e typical appearances o n hght microscopy in t h e 
estabUshed case are relatively no rma l g lomeruh , tubu les di la ted and 
lined by flattened epithelial cells, tubu la r lumina filled wi th des
quama ted cells and casts, tubular epithelial cells wi th mi to t i c figures, 
d is rupt ion of t h e tubular basemen t m e m b r a n e , oedema of t h e 
mte rs t i t ium, mf lammatory cells m the expanded interst i t ial space 
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( lymphocy tes , mononuc lear cells, p lasma cells and occasionally 
po lymorphs ) and the presence of nuclea ted cells in t h e vasa rec ta of 
t he medulla . 

E lec t ron microscopy reveals t he same findings excep t t h a t lesions 
in t he glomerul i , swelling of endothe l ia l cells and fibrin depos i t ion , 
a re seen. Immunof luorescence mic roscopy is un remarkab le apar t 
from generalized staining of t h e in te rs t i t ium wi th fibrin/fibrinogen 
ant i serum. 

2. Cort ical necrosis. This m a y be p a t c h y or e x t e n d t o des t roy pract ical ly 
the whole of t h e co r t ex . O n light microscopy there is necrosis of t h e 
glomerular and tubular cells wi th loss of no rma l intracellular archi
t ec tu re and nuclear lysis, necro t ic b lood vessels which may con ta in 
th rombos i s and interst i t ial o e d e m a wi th occasionally some inflam
m a t o r y cell infi l trate. In long-standing cases of cort ical necrosis 
calcification may occur . 

3 . Glomerulonephr i t i s . A wide variety of forms of g lomerulonephr i t i s 
may present as acu te renal failure: 

Rapidly progressive proliferative g lomerulonephr i t i s 
Goodpas tu re ' s syndrome 
Acu te proliferative g lomerulonephr i t i s 
H e n o c h - S c h ö n l e i n pu rpura 
Microscopic polyar ter i t i s 
Sys temic lupus e ry thema tosus 

4 . Vascular disease: 
Malignant hyper tens ion 
Polyar ter i t is nodosa 
Scleroderma 

DISTINCTION BETWEEN A C U T E R E N A L F A I L U R E A N D C H R O N I C 
R E N A L F A I L U R E 

Many pa t ien t s wi th chronic renal failure have a slowly progressive illness 
which does n o t b e c o m e s y m p t o m a t i c un t i l the re are gross metabo l ic dis
turbances . It is therefore somet imes difficult t o distinguish b e t w e e n acu te 
renal failure and a pa t ien t present ing acute ly in t he t e rmina l phase of 
chronic renal failure. I t is i m p o r t a n t to m a k e the d is t inc t ion because the 
management is different and while all pa t i en t s wi th acu te renal failure 
(with few except ions) require urgent active t r ea tmen t those wi th chronic 
renal failure must satisfy the criteria for suitabil i ty for long-term h a e m o 
dialysis and /o r t ransp lan ta t ion . 

Evidence of pre-existing renal disease is suggested b y : 
1. A family his tory of polycys t ic disease or g lomerulonephr i t i s . 
2. A his tory of analgesic abuse. 
3. A his tory of renal disease, e.g. r epea ted episodes of ur inary t rac t 

infection in ch i ldhood. 
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4 . T h e presence of a n o r m o c h r o m i c n o r m o c y t i c anaemia. 
5 . Evidence of hype rpa ra thy ro id i sm, p robab ly best de t ec t ed b y a fine 

grain film of hands showing erosions , vascular calcification a n d / o r 
metas ta t ic calcification. 

6. Only mild cerebral depression in spite of grossly elevated b lood urea 
and very low b ica rbona te . 

7. Recen t the rapy wi th te t racycl ine . 
8. Fai lure of deve lopment of secondary sex characterist ics and s tunt ing 

of g rowth . 
9. T h e finding of bilaterally small k idneys o n abdomina l X-ray. 

HAEMOLYTIC URAEMIC S Y N D R O M E 

This is a syndrome of acu te renal failure and microangiopathic haemoly t i c 
anaemia. I t was originally recognized as a severe oliguric or anur ic renal 
failure b u t it is n o w recognized to have a spec t rum of severity and mild 
non-oliguric cases have been r epor t ed . I t occurs mos t f requent ly in chi ldren 
wi th a peak incidence in pa t ien ts under 3 years old a l though it is well 
recognized in older chi ldren and adul t s . 

F requen t ly the syndrome is associated wi th a preceding diarrhoeal 
illness, viral or r ickettsial infect ion. There appears to be a seasonal incidence 
wi th most occurring in late spring and early summer . There is of ten geo
graphical clustering suggestive of a localized infective agent such as a virus. 
Clinically there is a wide spec t rum b u t pu rpura and bruising are c o m m o n 
features. In severe cases there is mul t i sys tem involvement wi th neurological 
complicat ions such as coma , convulsions, paresis and ret inal changes, and 
cardiovascular compl ica t ions such as cardiac failure and pericardi t is . 

A microangiopathic haemoly t i c anaemia is present wi th the b lood film 
showing red cell f ragmenta t ion . In severe cases there is a c o n s u m p t i o n of 
coagulat ion factors and a marked d iminu t ion in pla te le ts . T h e renal b iopsy 
demons t ra tes a variable a m o u n t of fibrin depos i t ion in glomerular capillary 
walls depending o n the severity of t he lesion. 

T h e management is tha t of acu te renal failure. There is no ^ o o d evidence 
tha t ant icoagulat ion or fibrinolytic drugs have any par t in the t r ea tmen t of 
the majori ty of pa t ien t s a l though hepar in may have a place in severe cases 
with massive consumpt ion coagulopa thy . T h e prognosis is good wi th b e t t e r 
than a 95 per cent sui-vival wi th a r e tu rn t o no rma l renal func t ion . 



Chapter 8 

CHRONIC R E N A L FAILURE 

Aetiology. Chronic renal failure m a y be caused by any condi t ion which 
des t roys t he normal renal a rchi tec ture . In m a n y pa t ien t s t h e under ly ing 
disease will be c o m p o u n d e d by hyper tens ion which frequent ly occurs in 
renal failure. Condi t ions leading t o end-stage renal failure inc lude: 

1. Congeni tal disease; polycyst ic disease, hypoplas ia , nephronopth i s i s , 
Alpor t ' s syndrome . 

2. Glomeru lonephr i t i s ; prohferat ive, mesangiocapil lary, m e m b r a n o u s , 
focal glomerulosclerosis and secondary condi t ions such as poly
arteri t is and lupus e ry thematosus . 

3 . Hyper tens ion . 
4 . Infect ions; pyelonephr i t i s , tuberculosis . 
5 . Interst i t ial disease; analgesic n e p h r o p a t h y , drug sensitivities. 
6. Systemic disease, d iabetes mell i tus , SLE, polyar ter i t i s , scleroderma. 
7. Urinary tract obs t ruc t ion ; calcuh, re t roper i tonea l fibrosis. 
The above hst is by n o means exhaust ive b u t serves t o provide a frame

work for considering pat ients wi th renal failure. To main ta in satisfactory 
renal funct ion there is a requ i rement for adequa te renal perfusion, g lomeru
lar filtration, tubular reabsorpt ion and secret ion, and drainage of ur ine 
from the k idney by ure ter , b ladder and ure thra . Significant des t ruc t ion of 
any one of these processes will lead t o renal failure. 

Uraemia. This is a synd rome which develops as a consequence of a signifi
cant reduc t ion in renal funct ion and is d u e t o t h e resul tant impa i rment of 
renal excre tory , m e t a b o h c , endocr ine and homeos t a t i c funct ions. T h e 
syndrome complex consists of anaemia, o s t eodys t rophy , n e u r o p a t h y , 
acidosis, and is frequently accompanied by hyper tens ion , suscept ibihty 
to infect ion and generalized de te r iora t ion in organ funct ion. 

Pathogenesis . In spite of very considerable research t h e na tu re of t he 
uraemic tox in or toxins is no t k n o w n . Certa in substances are k n o w n to be 
toxic and m a n y o thers are or have been suspected. Almost any substance 
which is present in abnormal concen t ra t ions in pa t ien ts with uraemia has 
been suspected as the cause of the s y n d r o m e . It is likely tha t uraemia is 
caused by the accumula t ion of a n u m b e r of substances and it is highly 
unlikely tha t any single factor is responsible for t h e many abnormah t i e s 
which develop. 

The suggested toxins are: 
1. Water. 
2. Elect rolytes : sod ium, po tass ium, hydrogen ion. 
3. Phospha te . 
4 . Para thyro id h o r m o n e . 
5. Renin . 

65 
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6. Urea and creat inine (in exper imenta l s i tuat ions urea is only toxic 
in very high concent ra t ions) . 

7. Guanidines . 
8. Phenols . 
9. Indoles . 

10. Middle molecules : these are substances of a molecular weight of 
6 0 0 - 1 3 0 0 da l tons and are p robab ly po lypep t ides . 

T h e search for uraemic tox ins is difficult as the re is n o acceptable 
m e t h o d of assaying the biological toxic i ty of t he substances under in
vestigation. However, t h e identif icat ion of t he toxin(s) is impor t an t as it 
may lead to the deve lopment of be t t e r m e t h o d s of control l ing uraemia and 
perhaps the deve lopment of m o r e selective dialysers designed t o remove 
the tox ic materials . 

S y m p t o m s . Many pa t ien ts remain a s y m p t o m a t i c unt i l they develop severely 
impaired renal funct ion, i.e. a creat inine clearance of less than 10 ml /min . 
Seldom are s y m p t o m s direct ly referable t o t h e renal t rac t and frequent ly 
pa t ien ts will a t t r ibu te their s y m p t o m s to 'gett ing o lder ' or some o the r 
ra t ional izat ion. The mos t f requent s y m p t o m s are : 

1. Loss of energy and weakness d u e t o anaemia. 
2. Breathlessness from anaemia and possible hypertensive cardiac 

disease. 
3. Anorexia and nausea due to uraemia and disordered intest inal 

mot i l i ty . 
4 . Headache and visual d i s turbance due to hyper tens ion . 
5. Prur i tus from metas ta t ic calcification. 
6. Pallor and p igmenta t ion . 
7. Loss of l ibido. 
8. A vague feeling of ill heal th and of ' s lowing-up' . 
It can be seen tha t these s y m p t o m s are non-specific and generally are 

p roduced by the complicat ions of uraemia. They do no t poin t t o disease 
of t he renal t rac t and t hus may be mis in terpre ted . T h e s imul taneous occur
rence of m o r e than one of these s y m p t o m s should alert t he prac t i t ioner t o 
the possibility of renal failure. 

Clinical Fea tures 
ANAEMIA. This is a c o m m o n feature of chronic renal failure. The 

severity follows the degree of impa i rment of renal funct ion b u t in 
some pat ien ts , no tab ly those wi th polycys t ic renal disease, it may 
only appear as a late feature. T h e cause is mult i factor ia l : 
1. Dietary in take of i ron and o the r essential factors may b e impaired 

due t o anorexia or the die tary restr ict ions imposed dur ing 
conservative management . In the lat ter case i ron and vi tamin 
supplements should b e prescribed. 

2. The intest inal absorp t ion of i ron may be impaired, this is con t ro -
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versial b u t some degree of malabsorp t ion p robab ly occurs in mos t 
pa t ien ts . 

3. Diminished erythropoies is in t he mar row. This has been a t t r ibu ted 
t o lack of e ry th ropo ie t in b u t it is m o r e likely due t o t he tox ic 
effects of uraemia o n t he m a r r o w precursor cells. 

4 . Reduced red cell survival. 
5 . Increased b lood loss d u e t o capillary fragility and poo r platelet 

funct ion. 
These factors exist in all pa t ien ts b u t in any given pa t ien t one m a y 

predomina te . 
T h e management of the anaemia is difficult and as ye t the re is n o real 

satisfactory t r ea tmen t . Improvemen t can, however , b e b rough t abou t b y : 
1. Restr ict ing b lood sampling to t he m i n i m u m compat ib le wi th 

good pa t ien t care. 
2. I ron supplements , e i ther as ferrous sulphate 2 0 0 m g t . d . s . or as a 

once daily slow release p repara t ion . 
3 . Vi tamin supplements , par t icular ly Β complex and folic acid. 
4 . Androgens have been used b u t their side effects make t h e m 

unsui table for rou t ine use. 
5 . Cobal t is t h o u g h t t o p roduce mild cellular anoxia wi th sub

sequent increased r .b.c , p roduc t ion . I t is, however , of no proven 
value. 

R E N A L O S T E O D Y S T R O P H Y . This is t he name given t o the b o n e 
disease which accompanies chronic renal failure and it is a m i x t u r e 
of osteomalacia , hype rpa ra thy ro id b o n e disease (osteit is fibrosa 
cyst ica) , os teoporosis and osteosclerosis. In any part icular pa t ien t 
one of these processes may p redomina t e b u t all are likely t o b e 
present t o some ex ten t . 

Osteomalacia is the accumula t ion of osteoid as a result of 
defective mineral izat ion. This is a consequence of vi tamin D 
deficiency which develops due t o r educ t ion in hyd roxy la t i on of 
cholecalciferol. Normal ly t he hyd roxy la t i on takes place in t h e 
k idney by the ac t ion of 1 α-hydroxylase b u t t he activity of this 
e n z y m e is considerably reduced in renal failure. In this way vi tamin D 
deficiency develops and results in osteomalacia and r ickets . In 
addi t ion it is highly hkely t ha t uraemia is accompan ied b y the 
accumula t ion of factors which direct ly inhibi t t h e ac t ion of vi tamin 
D o n b o n e and impair t he calcification of os teoid . T h e na ture of 
these inhibi t ing factors is n o t k n o w n . 

Hyperparathyroid bone disease (osteit is fibrosa cystica) is due t o 
the secondary hyperpara thyro id i sm which develops in renal failure. 
T h e st imulus to this is the r educ t ion in plasma ionized calcium 
which occurs due t o : 
1. Impaired intest inal absorp t ion of calcium as a result of impaired 

vi tamin D activity, and 
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2. Increased concen t ra t ion of complexed calcium as a result of 
increased plasma phospha te . 
The reduc t ion in ionized calcium increases t he secret ion of para

thyro id h o r m o n e from the para thyro id glands and this p r o m o t e s 
b o n e reabsorpt ion in an a t t e m p t t o res tore t he plasma ionized 
calcium concent ra t ion . In some pa t ien ts t he s t imulus t o t he para
thyro id glands may b e so sustained tha t ter t iary hyperpara thyro id i sm 
develops. In such cases t he glands, or more c o m m o n l y single gland, 
hype r t rophy and b e c o m e a u t o n o m o u s secreting h o r m o n e w i t h o u t 
regard to the plasma calcium concen t ra t ion . In these pa t ien ts 
severe b o n e fibrosis and cyst fo rmat ion may occur . 

Osteoporosis occurs in m a n y pa t ien ts and m a y b e due t o t h e 
mild malnu t r i t ion which frequently accompanies chronic renal 
failure and /o r due t o t he endocr ine malfunct ion which is a fairly 
universal finding. 

Osteosclerosis occurs mainly in t he ver tebrae , pelvis, femoral 
heads and humera l heads . It has also been described in t he base of 
the skull. T h e pathogenesis is u n k n o w n . 

T h e management of os t eodys t rophy is a imed a t control l ing t he 
plasma calcium and phospha te concent ra t ions as near normal as 
possible. 
1. Plasma calcium is best mainta ined in t he normal range. This is 

achieved b y con t ro l of the plasma phospha te and b y correct ing 
t he malabsorp t ion of calcium wi th vi tamin D. T h e synthe t ic 
analogue, one alpha, is at present the mos t suitable prepara t ion 
as any induced hypercalcaemia rapidly reverts on s topping the 
drug, unl ike previous prepara t ions with which hypercalcaemia 
persists for m o n t h s . The dose of one alpha is in t h e range of 
0 - 2 5 - 1 Mg daily, can only be de te rmined b y trial and mus t be 
k e p t under cons tant review. 

2. Plasma phospha te is control led by t h e use of phosphate-binding 
agents such as a lumin ium hydrox ide . Care must be t aken to 
avoid hypophospha taemia as this may aggravate t he osteomalacia . 
T h e a luminium con ten t of these drugs may present a p rob lem 
wi th toxic i ty . 

3. Osteomalacia may respond t o vi tamin D b u t there is evidence of 
vi tamin D resistance in such pa t ien t s possibly due t o inhibi tory 
factors in uraemia. 

4 . Hyperpara thyro id ism is managed b y a t t empt ing t o mainta in the 
plasma calcium wi th in t h e normal range. In this way it is hoped 
tha t the st imulus t o t he para thyro id glands will b e normal and so 
excess secretion avoided. In pa t ien ts wi th established hyperpara-
thyro id b o n e disease a satisfactory response is usually ob ta ined 
from vi tamin D or one alpha. In ter t iary hyperpara thyro id i sm it 
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is somet imes necessary to u n d e r t a k e surgical removal of t he 
a u t o n o m o u s gland. This is indicated w h e n t h e plasma calcium is 
persistently elevated, there is evidence of severe hyperpa ra thyro id 
b o n e disease and metas ta t ic calcification becomes a serious risk. 
Plasma para thyro id h o r m o n e concen t ra t ions are difficult t o 
in terpre t due to t h e p rob lems of assay in u raemic plasma. 
Local izat ion of t he hyperplas t ic gland can somet imes be made 
by selective venous sampling from veins draining t h e pa ra thyro id 
glands. 

5 . Osteoporosis responds poor ly b u t it is advisable t o main ta in a 
satisfactory calcium in take . 

6. Osteosclerosis has no satisfactory t r e a t m e n t . 
N E U R O P A T H Y . Neuropa thy involving t h e per iphera l m o t o r and sensory 

nerves as well as t he a u t o n o m i c nerves is c o m m o n in uraemia . T h e 
pathogenesis of the impaired nerve funct ion is no t k n o w n b u t is 
mos t likely to be d u e t o t he accumula t ion of some tox ic me tabo l i t e 
which is normal ly excre ted b y t h e k idney . T h e lesion p roduced is a 
demyel ina t ion and it c o m m o n l y affects t h e longer fibres initially. 
Clinically t he sensory n e u r o p a t h y presents l i t t le p rob lem and it is 
no t unt i l late tha t t he m o t o r n e u r o p a t h y b e c o m e s manifest as a 
weakness of dorsiflexion of t h e ankle wi th t h e associated foo t -drop . 
T h e a u t o n o m i c neu ropa thy m a y in par t explain t he occur rence of 
gastrointest inal mot i l i ty disorders and the occasional marked 
postura l hypo tens ion . 

N e u r o p a t h y can b e quantif ied b y m o t o r nerve conduc t i on velocity 
studies and the progression of t h e lesion can b e fol lowed b y sequent ia l 
studies. Sensory funct ion can also be electrically tes ted . T h e involve
m e n t of t h e a u t o n o m i c fibres can b e measured b y the b lood pressure 
rise to sustained hand grip and the change in the hear t ra te dur ing a 
Valsalva manoeuvre . 

There is no satisfactory t r e a t m e n t of u raemic n e u r o p a t h y 
a l though improvement occurs wi th dialysis and r e tu rn t o no rma l is 
k n o w n after successful t ransp lan ta t ion . 

MYOPATHY. Renal failure is f requent ly accompan ied b y generalized 
muscle weakness. The pathogenesis is no t k n o w n b u t p robab ly 
includes a combina t ion of: 
1. Poor nu t r i t ion . 
2. Hyperpara thyro id i sm. 
3. Vi tamin D deficiency. 
4 . Disorders of e lec t ro lyte metabol i sm, par t icular ly divalent cat ions . 

Clinically t he m y o p a t h y is mos t not iceable in t h e p rox imal 
muscles and there is f requent ly difficulty in cl imbing stairs, lifting 
and get t ing up from chairs. There is n o satisfactory t r e a t m e n t 
a l though the rapy to correct v i tamin D deficiency, hypoca lcaemia 
and improve nu t r i t ion help . 
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E N D O C R I N E MALFUNCTION. The endocr ine disorders associated 
wi th chronic renal failure are complex . General ly there is depression 
of endocr ine funct ion and clinically t he most impor t an t a re : 
Thyro id - b iochemical hypo thy ro id i sm is c o m m o n b u t clinical h y p o 

thyroidism is rare. 
Gonads - loss of l ibido is very c o m m o n . Mild testicular a t r o p h y 

occurs and in females amenor rhoea is usual in severe failure. 
These features may be due t o t he grossly elevated prolact in 
concen t ra t ions which are present in pa t ien ts with uraemia. 
Gynaecomast ia may develop in males. 

Adrenals - funct ion is usually normal . 
Pancreas - endocr ine and exocr ine funct ion grossly normal . 
Pi tui tary - clinically normal . 
Para thyroid - hyperpara thyro id i sm c o m m o n due to low ionized 

calcium concent ra t ions . 
There is no satisfactory t r ea tmen t for t he endocr ine disorders . 

Pat ients with amenor rhoea may be t rea ted wi th an oral cont racept ive 
to p roduce a menst rual cycle b u t there is n o advantage in this and 
the b lood loss is clearly undesirable . The loss of l ibido may respond 
to b romocr ip t ine the rapy . 

SKIN. There are t w o main skin p rob lems in t h e uraemic pa t i en t : 
Pruritus is a c o m m o n and distressing feature. Most c o m m o n l y it 

affects the t runk and is aggravated by w a r m t h . It m a y b e severe 
enough t o prevent sleeping. I t is t h o u g h t t o b e a manifes ta t ion 
of hyperpara thyro id i sm from calcium depos i t ion in t h e skin. 
Certainly there are d o c u m e n t e d repor t s of t h e prur i tus responding 
dramatical ly to pa ra thy ro idec tomy in pat ients with hyper-
calcaemia. Ultraviolet p h o t o t h e r a p y has also been advocated b u t 
is p robably of lit t le value. Ant ih is tamines may give s y m p t o m a t i c 
relief. 

Pigmentation gives the pa t ien t wi th renal failure a characteris t ic 
appearance . It is p robab ly due to re ten t ion of p igments normal ly 
excreted in the urine b u t may also be d u e to increased p i tu i ta ry 
melanocyte-s t imulat ing h o r m o n e . 

C A R D I O V A S C U L A R 
1. Hypertension occurs in approx imate ly 80 per cent of pa t i en t s 

wi th impaired renal funct ion. I t is caused by increased activity of 
the renin angiotensin system, sodium re ten t ion by intrarenal 
mechanisms and secondary a ldos teronism, and possibly also b y 
al terat ions in arteriolar muscle. In many instances it is t h e 
de tec t ion of hyper tens ion which draws a t t en t ion t o impaired 
renal funct ion. I t is impor t an t to cont ro l b lood pressure as the 
hyper tens ion will cause vascular damage in the k idney , part icularly 
in arterioles, and this will lead t o a further reduc t ion in funct ion. 
Frequen t ly this is accompanied b y increased renin secret ion and 
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so a vicious circle is established. (For management of hyper 
tens ion, see Chap te r 6.) 

2. Atherosclerosis is significantly increased in uraemia d u e in 
part t o t h e frequency of hyper t ens ion and in par t t o ab
normali t ies of lipid and ca rbohydra te metabol i sm. The re is 
hyper t r ig lycer idaemia and increased very low dens i ty l ipo
pro te ins from inhib i t ion of l ipopro te in lipase. In add i t ion 
there is increased tr iglyceride synthesis b y t h e liver d u e t o 
hyper insul in ism, increased gluconeogenesis and increased 
mobi l iza t ion of free fa t ty acids. T h e abnormal i t ies of carbo
hyd ra t e metabol i sm are glucose in to lerance , hyper insul inism, 
elevated g rowth h o r m o n e concen t ra t ions and increased gluco
neogenesis. T h e net effect of these complex metabol ic changes is 
an increase in a the roma . 

Clinically this presents as per ipheral vascular disease and 
coronary vascular disease. In some instances, part icularly older 
pa t ien ts , t he peripheral vessels can b e so extensively involved t h a t 
the es tabl ishment of satisfactory vascular access is impossible. 
The re is n o satisfactory t r e a t m e n t b u t clearly t he concep t of 
feeding renal failure pa t i en t s a diet high in fat and ca rbohydra tes 
should b e abandoned . 

3 . Vascular calcification is a manifes t ion of hyperpa ra thyro id i sm or 
a compl ica t ion of the rapy wi th cholecalciferol. I t is a serious 
consequence of a normal or high plasma calcium concen t ra t ion 
in t h e presence of an elevated plasma phospha t e . Clinically the re 
may b e severe peripheral vascular insufficiency wi th skin necrosis 
and loss of digits. Management of uraemic pa t i en t s should b e 
aimed a t avoiding this compl ica t ion by careful con t ro l of p lasma 
calcium and plasma phospha t e as once vascular calcification 
occurs it is virtually impossible t o resolve. 

4 . Subarachnoid haemorrhage has an increased f requency d u e to 
hyper tens ion b u t also d u e t o the increased f requency of ber ry 
aneurysms in pa t ien ts wi th polycys t ic renal disease. 

5 . Pericarditis is a universal finding in pa t i en t s wi th te rminal renal 
failure. I t is of serious prognosis part icular ly in pa t ien t s p ro 
ceeding t o haemodialysis as hepar in iza t ion m a y b e fol lowed b y 
ca tas t rophic t a m p o n a d e . 

SUSCEPTIBILITY T O I N F E C T I O N . In uraemia there is a diminished 
cellular and humora l i m m u n i t y leading to an increased suscepti
bil i ty t o infect ion. Pat ients are part icular ly p rone to oppor tun i s t i c 
infections. 

Urinary t rac t infect ion is a par t icular hazard as t h e deve lopment 
of pyelonephr i t i s will b e accompanied b y further des t ruc t ion of 
renal tissue wi th consequent ly a further de te r iora t ion of t he impaired 
funct ion. There is therefore a need t o mon i to r closely for ur inary 
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infection, no t forgetting tha t sterile pyur ia may mdica te tuberculosis . 
All infections need to b e p r o m p t l y and adequate ly t rea ted . 

ACIDOSIS. Deter iora t ion in renal funct ion is accompanied by a dhn -
m u t i o n in the ability to excre te hydrogen ions. This , therefore , 
results in a m e t a b o h c acidosis. Biochemically this is de tec ted as a 
faU in pH and a reduc t ion in the plasma b icarbona te . In t he com
pensated state there is hypervent i la t ion wi th a consequen t r educ t ion 
m p C O j . 

In the majori ty of pa t ien ts the acidosis is a symptoma t i c . If t he 
plasma b ica rbona te faUs be low 18 mmol / l it is advisable to consider 
the rapy wi th sodium b ica rbona te . However, hyper tens ion may b e 
mduced or worsened d u e to the sodium load, and thus if b ica rbona te 
is used the pa t ien t mus t b e carefuUy watched for hyper tens ion and 
oedema. Generally it is difficult to use b icarbonate supplements in 
pa t ien ts wi th glomerular diseases whereas in pyelonephr i t i s and cystic 
disease there are less p rob lems of overload. 

METASTATIC CALCIFICATION. This occurs primarily from the phos 
pha te r e t en t ion and part icular ly if t h e plasma calcium is no rma l or 
elevated. Calcium depos i t ion is found in b lood vessels, par t icular ly in 
hyper tensive pa t ien ts , skin, dys t roph ic t issue such as surgical scars, 
periart icular tissues and rarely in t endons , fabc cerebri , t e n t o r i u m , 
and per icardium. Corneal calcification is f requent and causes in tense 
irri t iation. Initially it appears as periUmbal deposi ts b u t may ex tend 
across t he cornea t o p roduce a band k e r a t o p a t h y . 

ClinicaUy the p resen ta t ion is wi th prur i tus , j o in t stiffness, 
vascular disease and visual de te r iora t ion and obviously depends u p o n 
the site and ex ten t of depos i t ion . T r e a t m e n t is difficult and manage
m e n t should b e a imed at prevent ing t h e initial depos i t ion occurr ing. 
This is best achieved b y phospha te con t ro l and main tenance of t h e 
plasma calcium in t he low norma l range. 

Management . T h e managemen t of a pa t ien t wi th chronic renal faüure can 
be considered as having th ree pa r t s : 
A. Initial baseline studies to de t e rmine t h e na tu re of the under ly ing 

disease and the ex ten t of t he severity. 
B. T rea tmen t a imed at reheving t h e uraemia , anaemia , o s t eodys t rophy and 

any potentiaUy reversible condi t ion . 
C. Active measures t o remove waste p r o d u c t s b y ei ther per i toneal dialysis, 

haemodialysis or t ransp lan ta t ion . 
A. BASELINE STUDIES 
1. Careful and de taüed clirucal examina t ion , paying part icular a t t en t i on 

to t he cardiovascular sys tem for hyper tens ion , cardiomegaly, peri
carditis, and per ipheral vascular disease and t o the geni to-urinary 
system for renal size and t h e poss ibihty of obs t ruc t ion (rectal and /o r 
vaginal examina t ion essential). 
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2. Determine the na tu re of the under ly ing pa thology by suitable 
biochemical , radiological and b iopsy investigations. 

3. Establish the degree of funct ional impai rment by : 
Urinalysis. 
Blood urea, creatinine and electrolytes . 
Creat inine clearance. 
Urinary electrolyte excre t ion . 
Protein excre t ion and selectivity. 
Urinary acidification. 
Urinary concent ra t ion . 

4 . D o c u m e n t t he ex t en t of systemic complicat ions b y : 
Full b lood count , including platelet count , plasma calcium and 

phospha te . 
Urine cul ture on at least th ree occasions, including ex tended cul ture 

for T.B. if sterile pyur ia present . 
Skeletal survey including specific examina t ion such as fine grain 

films of hands looking specifically for secondary hyper
para thyroid ism. 

5 . Specific investigations looking for possible systemic disease, e.g. 
A N F or ant i-DNA ant ibodies . 
Hepati t is Β antigen. 
Complemen t studies. 
Bacterial and viral ant ibodies . 

B. T R E A T M E N T O F A G G R A V A T I N G F A C T O R S , POTENTIALLY 
R E V E R S I B L E CONDITIONS AND URAEMIA 

1. Relieve any obs t ruc t ion , if present . 
2. Achieve correct fluid and e lec t ro ly te balance, as de te rmined by 

clinical examina t ion , daily weighing and knowledge of urine volume 
and composi t ion . 

3. Treat hyper tens ion , if present (Chapter 6 ) . 
4 . Treat any urinary t ract infect ion appropria te ly and follow-up 

carefully with repeated urine cul tures . 
5 . In t roduce appropr ia te dietary measures : 

Protein. Restr ict ion of dietary pro te in to 4 0 g daily should be 
inst i tuted when the b lood urea is 20 mmol/1 (120 mg per cent) 
or the serum creatinine is 4 mmol/1 (4 mg per cent ) , if this 
fails to hold t he b lood urea s teady or p roduce a fall t hen the 
intake can be further reduced to 30 g daily and even 20 g dai ly. 
In take should never be reduced be low 20 g daily in the adul t as 
this will result in loss of muscle mass due to normal catabol ism. 

Fluid. T h e daily fluid in take will depend to a large ex ten t on the 
na ture of the underlying disease. It should be restricted to a 
volume equivalent to the urine o u t p u t plus an al lowance of 
600 ml daily for insensible loss. This al lowance should be in
creased in ho t weather and if the pa t ien t is pyrexial . Generally 
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pat ients with disease of the g lomeruh and cor tex have low urine 
volumes whereas pa t ients with medul lary disease have high 
volumes. 

Sodium. Restr ic t ion is required in oedema tous and nephro t ic 
pa t ients and this is usually in the form of a ' no added salt ' 
diet . Rarely, more stringent restr ict ion is required. In pat ients 
with salt-losing states there may be a requi rement for sodium 
supplements ei ther as chloride and /o r b icarbona te salts. This 
can be de te rmined from a knowledge of the urinary sodium 
excret ion obta ined as par t of t h e initial assessment. 

Potassium. Restr ic t ion is generally required once the creat inine 
clearance has fallen be low 20 ml /min . High potass ium-containing 
foods should be avoided and if the potass ium remains in excess 
of 5-5 mmol / l then exchange resins can b e used (e.g. calcium 
resin 15 g orally b .d . ) . Sodium containing resins are t o be avoided 
in view of the frequent need to restrict sodium in take . 

6. Os teodys t rophy and anaemia should be managed along hnes indi
cated (see p . 68 ) . 

C. ACTIVE MEASURES. T h e measures available to remove waste 
p roduc t s are per i toneal dialysis, haemodialysis and renal t rans
planta t ion . These techniques each have advantages and disadvantages 
and the success of t r ea tmen t depends t o a large ex ten t u p o n opt ing 
for the mos t appropr ia te form of therapy for any pa t ien t at a given 
t ime. 

Peri toneal Dialysis 
I N T R O D U C T I O N . Per i toneal dialysis is an effective m e t h o d of correct

ing uraemia. I t is based on the fact tha t urea and uraemic tox ins can 
cross the per i toneal membrane . If fluid is in t roduced in to t he 
per i toneal cavity it wiU equihbra te wi th the extracellular fluid and 
removal of t h e in t roduced fluid will therefore result in a loss from 
the pat ient of the substances which have diffused across the peri
toneal membrane . 

The fluid in t roduced in to the per i toneal cavity must be sterile 
and have a composi t ion , wi th respect t o major ions, similar t o tha t 
of extracellular fluid. Normal ly t h e fluid used has a compos i t ion of: 
sodium 140 mmol / l , calcium 1 mmol / l , chloride 100 mmol / l and 
magnesium 1-5 mmol / l . Potass ium, in the form of potassium chlor ide , 
can be added as required. T h e anions are balanced by the ace ta te 
(approximate ly 4 0 mmol / l ) which is me tabohzed in the b o d y t o 
b icarbonate . Isotonic i ty is achieved b y the addi t ion of glucose t o a 
concen t ra t ion of 1-36 per cent . If the pat ient is fluid overloaded 
then fluid may be a t t rac ted in to the per i toneal cavity by t he use of 
hyper ton ic dialysate. This is achieved by the addi t ion of ex t ra 
glucose to achieve a fluid concen t ra t ion of 5 per cent . Commerc ia l 
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Solutions are readily available and mos t suppliers provide a range of 
solut ions suitable for the majori ty of needs . 

INDICATIONS. Per i toneal dialysis m a y be used for b o t h acute and 
chronic renal failure. 
In acute renal failure it may be used in: 
1. Pat ients whose b lood urea is rising relatively slowly. 
2. Pat ients w h o have no t had abdomina l surgery. 
3. Severe fluid overload and /o r hyperka laemia where haemodialysis 

facilities are no t immedia te ly available. 
4 . Post cardiothoracic surgery where t he cardiovascular s tatus is 

unstable and thus unlikely t o sustain the h a e m o d y n a m i c changes 
of haemodialysis . 

5 . Very small children where vascular access is difficult. 
6. Elderly pa t ien ts if cardiovascular p rob lems exist. 
In chronic renal failure it is of value: 
1. Where haemodialysis facilities are absent or inadequa te . 
2. In very young pa t ien ts . 
3. In old pat ients , part icularly if cardiovascular disease is present . 
4 . In pa t ients wi th poor vascular access for haemodialysis due t o 

previous access procedures or hypoplas t ic vessels. 
5 . In pa t ien ts wi th diabetes mell i tus. 
6. In pa t ients whose ar te r iovenous fistula has n o t ma tu red suffici

ent ly to permi t satisfactory haemodialys is . 
7. In any pa t ien t w h o is no t progressing satisfactorily on haemo

dialysis. 
There is t hus no clear indicat ion for per i toneal dialysis b u t it 

should be considered for all pa t ien ts whose renal funct ion has 
declined t o t he po in t where uraemia is becoming s y m p t o m a t i c . 

P R O C E D U R E . Satisfactory per i toneal dialysis requires t he inser t ion of 
a cannula in to t he per i toneal cavity wi th a free flow of fluid in to 
and ou t of t he cavity. Several t ypes of cannula are available and 
choice depends on personal preference and the t y p e of dialysis t o be 
under t aken . 

In the s i tuat ion where only a few dialyses are t o be u n d e r t a k e n 
it is c o m m o n to use a relatively stiff cannula which is i n t roduced in 
the midline approx imate ly half way be tween the symphysis pubis 
and the umbil icus. Local anaes thet ic is in t roduced in to t he skin and 
infil trated d o w n to the pe r i t oneum. A small stab incision in t he skin 
is made and the cannula wi th its t rochar is in t roduced so tha t the t ip 
of the cannula lies in t he mos t d e p e n d e n t par t of t he pelvis. Once 
th rough the pe r i toneum the t rochar is wi thdrawn slightly t o prevent 
the punc tu re of bowel or b ladder . It is essential to ensure tha t the 
pat ient has an e m p t y b ladder before commenc ing the p rocedure . 
The cannula is a t t ached t o t he skin by elastoplast t ape after a 
suitable small dressing has been applied round the en t ry site. The 
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cannula can then be connec ted by a suitable line and three-way t ap 
to the bags containing the dialysate and a suitable drainage bag. 

The dialysate fluid requires t o be warmed prior t o instal lat ion or 
hypo the rmia m a y result . I t takes approx imate ly 10 min t o run 21 of 
fluid in to the per i toneal cavity and it is left t o equi l ibrate for 20 min . 
Drainage takes 20 min and thus each cycle lasts for 1 hour . In this 
way some 4 8 1 are used in a 24 h per iod and this will result in the 
b lood urea falling by approx imate ly one-half. Most dialyses will last 
for about 3 0 - 3 6 h . They are then repea ted as d ic ta ted b y the 
pa t ien t ' s clinical and biochemical s ta tus . 

In some instances pain is exper ienced, part icularly if hype r ton ic 
solut ion is used. This can be overcome by t h e addi t ion of a small 
a m o u n t of local anaesthet ic t o the dialysate. Similarly in some 
pat ients there is considerable difficulty wi th fibrin clots forming in 
the cannula and this can b e overcome by the addi t ion of 600 u of 
heparin to the 21 of dialysate. In t he first few exchanges it is com
mon to have some sUght bloodsta ining bu t this usually resolves 
satisfactorily. If it persists or is heavy it raises t he possibility of 
vessel perforat ion and this requires immedia te a t t en t ion . Only very 
rarely will surgical in tervent ion be required. 

In circumstances where repea ted or con t inued dialyses are t o b e 
performed then the use of a 'soft ' cannula is advisable. This can be 
inserted with a specially designed in t roducer or b y direct vision. T h e 
cannula is f requent ly sited lateral t o the midline and it passes 
through a subcu taneous tunne l to enter th rough the pe r i toneum a 
short distance from the site of skin insert ion. 

Dialysis can be per formed for a fixed per iod of t ime and then 
the cannula closed off wi th a spigot unt i l t he nex t session. This is 
complicated by a high incidence of infection and so a preferable 
m e t h o d is to exchange fluid cont inuous ly . In this way 21 of fluid 
are in t roduced in to the per i toneal cavity and left for 4 hour s wi th 
the pat ient fully mobi le . At t he end of this t ime the fluid is dra ined 
ou t and replaced. Five 21 exchanges are therefore unde r t aken each 
day and the pat ient can very quickly be taught to perform this 
himself at h o m e . This t echn ique , con t inuous ambula to ry per i toneal 
dialysis, provides an al ternative to haemodialysis for certain pa t ien ts . 

A D V A N T A G E S O F P E R I T O N E A L DIALYSIS 
1. Efficient removal of uraemic tox ins wi th the added advantage tha t 

the range of substances removed is greater t han by haemodialysis . 
2 . There are no sudden swings of b lood chemistry and so removal 

of fluid and waste p roduc t s is no t associated wi th disequil ibrat ion 
or hypo tens ion . 

3 . The technique is easy to perform and requires no expensive 
machinery . 

4 . In con t inuous ambula to ry per i toneal dialysis there is stable b lood 
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chemistry and as removal of waste p roduc t s is con t inuous it can 
be said to be more 'physiological ' . 

DISADVANTAGES O F P E R I T O N E A L DIALYSIS 
1. The in t roduc t ion of the cannula m a y p roduce perfora t ion of 

bowel , b ladder or b lood vessel. T h e per fora t ion of a major b lood 
vessel may be associated wi th ca tas t rophic haemorrhage and the 
cannula should only be removed under surgical con t ro l . Perfor
a t ion of b ladder or bowe l rarely p roduces any major p rob lem. 

2. Infect ion is c o m m o n especially if a careful sterile t echn ique has 
no t been used. Most infect ion is in t roduced th rough t h e skin 
incision and it can be ex t remely t roub lesome. It is advisable 
to mon i to r every second dialysis exchange by cul ture so tha t if 
an infection arises appropr ia te an t ib io t ic the rapy can be used. 
Ant ibiot ics can be added t o t h e dialysis fluid b u t this is no t 
r e c o m m e n d e d as a rou t ine . 

3. T h e insti l lation of 21 of fluid in to t h e per i toneal cavity results 
in the elevation of t he d iaphragm and thus m a y lead to hypo
static pneumonia . This is par t icular ly t he case when the hard 
cannula is employed as pa t i en t s are f requent ly immobi le 
during the p rocedure . Fluid m a y also pass from the per i toneal 
t o the pleural cavity and t hus m a y cause further respiratory 
embarrassment . 

4 . Ileus may occur , part icularly if infect ion develops. 
5 . Clot t ing may occur in t h e cannula b u t this is usually rapidly 

corrected by the addi t ion of hepar in . 
6. Pat ients w h o subsequent ly transfer to haemodialysis seem to 

have an increased incidence of ascites. 
7. In con t inuous ambu la to ry per i tonea l dialysis the re may be t h e 

appearance of an accelerated atherosclerosis . T h e mechanism of 
this is no t certain b u t m a y be re la ted to the ca rbohydra te load 
which results from t h e dialysate glucose. 
There are t h u s advantages and disadvantages of th is p rocedure . 

In a pa t ien t the decision to use per i tonea l dialysis can only be 
made after carefully considering these factors. In mos t cases the 
advantages outweigh the disadvantages, and the incidence of serious 
compl ica t ions is low. 

Haemodialysis 
I N T R O D U C T I O N . Haemodialysis is a m e t h o d of removing substances 

from the b lood by employing a semipermeable m e m b r a n e . T h e 
technique of dialysis has been used b y indus t ry for m a n y years b u t 
it was n o t un t i l t he pioneer ing work of Willem Kolff in the 1940s 
tha t it became applied to the removal of u raemic tox ins from b lood . 
Facilities for under tak ing this t echn ique were no t generally available 
prior to 1960 b u t since then there has been a rapid expans ion and 
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haemodialysis is now widely available for the t r ea tmen t of acute 
and chronic renal failure. 

PRINCIPLES. Haemodialysis is based on the fact tha t many of the 
substances which have been suggested as the cause of uraemia are of 
small size and capable of diffusing th rough membranes of specific 
characteristics. The membranes used for haemodialysis are readily 
permeable to low molecular weight substances bu t are impermeable 
to substances of a high molecular weight, i.e. those of a molecular 
weight in excess of 1000 . T h e fact tha t haemodialysis keeps pa t ien ts 
with chronic renal failure reasonably well is remarkable when one 
considers tha t we do no t k n o w the cause of uraemia nor the na ture 
of t he materials removed during haemodialysis . It has been suggested 
that many of the features of uraemia are caused by middle molecules 
and these are only poor ly removed by current haemodialysis tech
niques, so clearly there is scope for improvement in m e m b r a n e 
technology. 

Haemodialysis membranes are relatively unselective regarding the 
material which passes th rough t hem. Waste p roduc t s such as urea 
and creatinine are readily permeable as are amino acids, water-soluble 
vi tamins and sugars. It is uncer ta in whe the r t he comphca t ions of 
long-term haemodialysis are due to the poor removal of high mole
cular weight tox ic factors or the excessive removal and subsequent 
deple t ion of low molecular weight essential nut r ien ts . 

T h e semipermeable m e m b r a n e separates t he pa t ien t ' s b lood from 
a dialysate solut ion. Most current appara tus employs a 'single pass' 
system where the pa t i en t ' s b lood flows across the m e m b r a n e while 
the dialysate flows on the o ther side of t he m e m b r a n e in the o p p o 
site direct ion. Substances can cross the m e m b r a n e in b o t h di rect ions 
and so the composi t ion of the dialysate must be carefully control led 
and usually contains sodium 140 mmol/1 , calcium 1-5 mmol /1 , mag
nesium 1-0 mmol/1 , chloride 100 mmol/1 and aceta te 4 0 mmol/1 . T h e 
aceta te is metabol ized in the b o d y to b ica rbona te . Most dialysate is 
now devoid of glucose. Fluid can be made t o cross the m e m b r a n e by 
increasing the hydros ta t ic pressure in t he b lood c o m p a r t m e n t and /o r 
applying a negative pressure t o the dialysate c o m p a r t m e n t . 

INDICATIONS. Haemodialysis can be used for acute and chronic renal 
failure. 
1. In acute renal failure haemodialysis is of part icular value for 

those pa t ien ts whose b lood urea is rising rapidly and w h o would 
not achieve satisfactory biochemical cont ro l using per i toneal 
dialysis. It is also of value where recent abdomina l surgery makes 
per i toneal dialysis undesirable. 

2 . In chronic renal failure where t he decision is t o offer rep lacement 
therapy , it is always advisable t o have a period of haemodialysis 
prior to t ransplanta t ion as t he pa t ien t is physically improved. 
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The correct t ime t o commence a pa t ien t on regular haemodialysis 
is difficult t o de te rmine b u t it is advisable as soon as t he pat ient 
develops s y m p t o m s of uraemia (anorexia , pericardit is , pu lmonary 
oedema, e lect rolyte disorders no t control led adequate ly by diet , 
neu ropa thy ) . 

HAEMODIALYSIS TECHNIQUES. Since the in t roduc t ion of haemo
dialysis there have been many changes and improvements in the 
techniques employed b u t the basic principles remain unchanged. 
During a haemodialysis session b lood is cont inuous ly removed and 
passed through a device wherein a semipermeable m e m b r a n e separates 
the b lood from the dialysis solut ion (dialysate) . This device, the 
artificial k idney , comprises a c o m p a r t m e n t th rough which the b lood 
flows, a compar tmen t th rough which dialysate flows and a sup
port ing f ramework so tha t t h e internal s t ruc ture , part icularly the 
b lood fihn thickness, is kep t fairly cons tan t . 

The initial design consisted of a doub le layer of m e m b r a n e w o u n d 
a round a d rum which ro ta ted in a ba th of dialysate. This was an 
efficient bu t ra ther cumber some device. Later deve lopments 
p roduced an artificial k idney which was made from membranes 
suppor ted by po lypropy lene boa rds thus greatly reducing the size 
and providing a means of easily renewing the m e m b r a n e after each 
dialysis session. This k idney became widely used and wi th minor 
modif icat ion is still popular . T w o o ther types of artificial k idney are 
available and are in regular use. T h e first is t h e coil- type k idney 
where a t u b e of dialysis m e m b r a n e is w o u n d a round a plastic 
suppor t ing meshwork and the second is where t he m e m b r a n e has 
been spun in to very fine hol low fibres which are t hen packed in to a 
plastic cylinder t o form t h e capillary k idney . T h e performances of 
these k idneys varies considerably b u t is dependen t on the surface 
area of the membrane together wi th the degree of tu rbulence 
p roduced in t he b lood c o m p a r t m e n t , t h e thickness of the m e m b r a n e 
and the m e m b r a n e material . Cur ren t deve lopments involve mainly 
improvements to the m e m b r a n e so tha t more selective dialysis can 
be under t aken . 

In the early stage of dialysis design the artificial k idney was 
ro ta ted in a large ba th of dialysate. T h e first improvement was to 
provide a p u m p which forced the dialysate th rough the k idney 
thereby overcoming t h e difficult p rob lem of coupling static b lood 
lines to a ro ta t ing artificial k idney . T h e nex t major deve lopment 
was the in t roduc t ion of p ropor t ion ing p u m p s which would take 
suitable t reated water and a concen t ra ted salt solut ion t o p roduce 
dialysate of a de te rmined compos i t ion . This abolished the need to 
provide large tanks of dialysate and so greatly reduced the bulk of 
the appara tus . More recently the Redy system has been in t roduced 
where a small volume of dialysate can b e cons tant ly regenerated b y 
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using co lumns which will absorb waste p roduc t s and which will t r ap 
urea after its conversion to ammonia b y t he act ion of urease. Once 
again this has greatly reduced the bulk of the appara tus b u t has 
considerably increased the cost due to t he need for the addi t ional 
absorbing co lumn. Development cont inues and it is highly likely 
tha t the t rend towards more efficient dialysers and minia tur iza t ion 
will con t inue . 

T h e b lood removed during dialysis requires to b e heparinized to 
prevent clott ing. This can be achieved b y giving a dose of hepar in at 
the beginning of a dialysis session and then giving regular bo lus 
injections or a con t inuous infusion over t he dialysis session. If t he 
heparin is s topped approximate ly 1 hour before the end of t r ea tmen t 
then there is seldom any need for reversal wi th p ro t amine . In certain 
circumstances such as after surgery or in t he presence of pericardit is 
it is advisable t o avoid systemic hepar inizat ion. In such s i tuat ions 
dialysis can b e achieved by regional hepar in iza t ion where hepar in is 
cont inuous ly infused to the b lood coming from the pa t ien t while, 
s imultaneously, p ro tamine is added to t he b lood re turning to the 
pat ient . This allows for satisfactory hepar inizat ion of the b lood in 
the dialyser while maintaining the pa t ien t wi th a satisfactory in tac t 
clot t ing mechanism. 

VASCULAR ACCESS. Satisfactory vascular access is an essential 
requi rement for haemodialysis . Three main m e t h o d s are current ly 
available. 

1. Quinton-Scribner Shunt, Regular haemodialysis for chronic 
renal failure did no t b e c o m e widely available unt i l t he develop
m e n t of t he shunt . This device consists of a small hol low piece 
of Teflon to which is a t t ached a length of Silastic tubing. This is 
inserted in a suitable ar tery and a similar inserted in a suitable 
vein. T h e t w o are then connec ted toge ther so tha t t h e b lood 
flowing d o w n the ar tery passes th rough t h e Silastic t o t he vein. 
During dialysis t h e t w o pieces of Silastic are separated, t hus 
providing an ou t f low t o t h e mach ine and a re tu rn t o t he pa t ien t . 

T h e disadvantages of this system are: 
a. Clotting episodes. These can b e t roub lesome, part icularly 

if there is any malal ignment of t h e vessel t ip and the vessel 
or if there has been any int imal damage dur ing insert ion. 
The frequency of clot t ing can b e reduced by t h e use of 
ant iplatelet drugs such as aspirin or d ipyr idamole or anti
coagulat ion with warfarin. 

b. Infection. T h e foreign material passes th rough the skin and 
thus provides a por ta l of en t ry for organisms. Once infect ion 
gains access it can be part icularly difficult t o eradicate . 

c. Extrusion. If sufficient care has no t been t aken t o provide 
a satisfactory covering of skin and subcu taneous fat over-
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lying the Silastic there may be ulcerat ion and eventual 
ext rus ion of the device. 

d. Limitation of activity. Due to t he presence of the shunt 
certain sport ing activities such as swimming are impossible. 
Bathing can prove difficult part icular ly if a leg shunt is 
present . 

e. Restricted use. T h e length of t ime tha t a shunt can be used 
is restr icted. On average a leg shunt can be used for 9 - 1 2 
m o n t h s and an arm shunt for 1 5 - 2 4 m o n t h s . T h u s wi th 
t ime it is possible to r u n ou t of suitable shunt sites. Fai lure 
is usually due to a combina t ion of c lot t ing and infect ion. 

/. Vascular insufficiency. T h e inser t ion of a shunt occludes t he 
vessel distally. This can result in peripheral vascular insuffic
iency which may no t b e c o m e apparen t for several years. 

T h e Tef lon-S i l a s t i c shunt , a l though providing satisfactory 
vascular access, has m a n y prob lems . Its use is n o w restr icted 
t o those pat ients w h o require urgent dialysis and therefore 
canno t wait for a fistula t o ma tu re and for young children 
w h o find it difficult t o accept the needling of a fistula. 

2. Cimino-Brescia Fistula. This is a system where a vein is anast
omosed to an ar tery so tha t arterial b lood enters t h e venous 
system producing di la ta t ion. T h e dis tended veins are easy to 
punc tu re wi th a large needle and b y this means b lood can be 
removed and re tu rned during dialysis. At the end of t he pro
cedure the needles are removed and thus no foreign mater ia l 
pe rmanen t ly enters th rough t he skin. T h e pa t ien t is therefore 
no t at risk from infect ion and clot t ing and is free from t h e 
l imitat ions imposed by a shunt . T h e fistula is no t entirely free 
from complicat ions . 
a. Inadequate dilatation of forearm veins. This may occur 

due to t he small calibre of t he vessels or because the vessels 
have been damaged from previous vascular access procedures 
or in t ravenous infusions. Females frequently have small 
poor ly distensible veins. 

b. Increase in cardiac output. T h e format ion of an arterio
venous fistula may p roduce cardiac failure because of t he 
necessary associated increased cardiac o u t p u t . Fo r tuna t e ly 
for a fistula inserted at the wrist t he flow is unlikely t o be 
sufficient to p roduce this compl ica t ion . 

c. Distal venous stasis. As arterial b lood enters the venous 
system there is a local increase in venous pressure which may 
cause distal venous stasis and even lead t o skin necrosis. 

d. Thrombosis. Thrombos i s of the fistula is u n c o m m o n once it 
has b e c o m e es tabhshed a l though it may occur after surgery 
or any o ther p rocedure causing increased coagulat ion. 
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Fistulae provide very satisfactory vascular access b u t they 
require t ime for satisfactory deve lopment and should thus be 
inserted prior t o dialysis becoming essential. In this way the 
pat ient coming to dialysis can have a good site for vascular 
access and therefore be established with ease on haemodialysis . 

3. Arteriovenous Grafts. In pat ients with poor venous systems or 
mult iple previous vascular access procedures it may be impossible 
to establish a satisfactory fistula or shunt . For these pat ients a 
synthet ic graft can be placed subcutaneously joining a suitable 
artery with a vein. T h e most satisfactory results are ob ta ined by 
joining t he femoral ar tery be low the inguinal l igament with a 
long straight synthet ic graft t o the long saphenous vein above the 
knee . A wide variety of materials are available, expanded poly-
te t ra f luoroe thylene , Dacron velour, au togenous saphenous 
vein, h u m a n umbilical cord vein and bovine carotid ar tery , the 
choice depending t o a large ex t en t on t he preference and ex
perience of the surgeon under tak ing t h e procedure . 

Grafts are associated with a n u m b e r of p rob lems - c lot t ing, 
infect ion, aneurysm format ion and increasing cardiac o u t p u t -
b u t they provide a useful al ternative for t he pat ient who has 
vascular access problems. 

MEDICAL PROBLEMS O F PATIENTS ON HAEMODIALYSIS . There 
are many medical p roblems of pa t ien t s on long-term haemodialysis . 
These p rob lems may be directly related to the dialysis p rocedure , 
o thers are due t o compl ica t ions of uraemia which are no t corrected 
or only partially corrected by haemodialysis while o thers are d u e 
directly to the effects of long-term dialysis. An artificial k idney is a 
simple device which cannot be expec ted t o assume the complex 
excretory and metabol ic funct ions of t he k idney and thus it mus t 
no t be assumed tha t the use of an artificial k idney can correct 
complete ly all the mul t ip le metabol ic abnormal i t ies of uraemia . It is 
remarkable tha t so many pa t ien ts survive and are well for years o n 
thrice or twice weekly haemodialysis . 
1. Problems associated with the Dialysis Procedure 

a. Disequilibrium. This is rare b u t is due t o t he rapid lowering 
of b lood urea. The c.s.f. equil ibrates slowly and thus if the 
extracellular fluid urea concen t ra t ion falls rapidly there will 
be a relative hyper ton ic i ty of the c.s.f. wi th t he subsequent 
a t t rac t ion of fluid th rough the b lood /bra in barrier wi th t he 
development of cerebral oedema. This can be severe enough 
to produce headaches , fits and even respiratory arrest. It 
occurs mos t c o m m o n l y during initial dialyses where t he 
b lood urea is grossly elevated. It is overcome by under tak ing 
a very short first dialysis and gradually increasing dialysis 
t ime as the b lood urea concen t ra t ion comes under cont ro l . 
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b. Hypotension. This is a c o m m o n occurrence during dialysis. 
T h e cause is mult i factorial . It is due t o a combina t ion of 
excessive fluid removal resulting in hypovolaemia , a reduc t ion 
in extracellular fluid osmolal i ty with a subsequent shift of 
fluid to the intracellular c o m p a r t m e n t and possibly even an 
au tonomic neu ropa thy which prevents the adequa te h a e m o -
dynamic correct ion to hypovolaemia . It can be overcome by 
the isotonic removal of fluid in sequential haemofi l t ra t ion-
haemodialysis or by the infusion of saline t o correct t he 
hypovolaemia. Haemofi l t ra t ion is a t echn ique whereby fluid 
is removed by hydros ta t i c pressure a lone prior to haemo
dialysis. In such a procedure there is t he loss of isotonic 
fluid and so there are no shifts be tween the extra- and 
intracellular fluid. 

c. Cramp. This can be part icularly t roub lesome, part icularly 
if a low sodium dialysate is used. It is p robably due to ionic 
shifts across muscles, and can be reduced in intensi ty and 
frequency by using a dialysate sodium of 1 4 0 - 1 4 4 mmol / l . 

d. Pyrogenic reactions. Pyrogens can cross the dialysis mem
brane and give react ions which consist of pyrexia , shivering, 
minor muscle ache and a feeling of cold. It usually signifies 
bacterial con tamina t ion of the water softener or some fault 
in the prepara t ion of dialysis equ ipmen t . 

e. Acetate intolerance. Ace ta te forms a major anion in most 
dialysate solut ions. It is metabol ized in the b o d y to bi
carbonate b u t this is a ra te -dependent s tep . T h e transfer of 
ace ta te from dialysate to b lood may exceed the rate of 
metabol i sm, part icularly when large surface area dialysers are 
used. T h e s y m p t o m s consist of nausea, vomit ing, c r amp and 
hypotens ion . These are, however , no t specific for aceta te 
intolerance bu t when present in a few pat ien ts in a uni t , 
part icularly if the pa t ien ts are small and using large dialysers, 
should raise the possibil i ty. 

/. Fluid overload. This is no t t ruly a compl ica t ion of t he 
dialysis p rocedure b u t it arises because dialysis is in t e rmi t t en t 
and so the pa t ien t spends m u c h of t h e week in t he posi t ion 
of being unable to excre te fluid. Many pa t ien ts exper ience 
intense thirst and find it diff icuh to adhere t o their designated 
fluid al lowance. 

2. Problems of Uraemia uncorrected by Haemodialysis 
a. Anaemia. Fol lowing t he c o m m e n c e m e n t of haemodialysis 

there is frequently an increase in haematocr i t bu t it is rare for 
this t o re turn to normal . Most pa t ien ts on haemodialysis 
have a haemoglobin of 6 - 9 g/dl. There is an inevitable small 
b lood loss during each dialysis session and this con t r ibu tes to 
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the factors already described as being responsible for uraemic 
anaemia {see p . 6 6 ) . Haemodialysis no t only removes some 
of the uraemic factors bu t also usually allows for a be t t e r 
diet and this is probably responsible for the sUght improve
men t . Oral i ron should be used regularly. It is advisable to 
restrict b lood transfusion to a min imum. 

b. Bone disease. Vi tamin D metabol i sm remains deranged d u e 
to inadequa te hydroxy la t ion of cholecalciferol from l a -
hydroxylase deficiency. T h e osteomalacia persists and may 
progress, and hyperpara thyro id i sm may also appear or 
progress. In addi t ion there is evidence tha t a luminium ac
cumula t ion may occur in bones and lead t o a very resistant 
form of osteomalacia . T h e a luminium arises e i ther from the 
phosphate-binding drugs such as a luminium hydrox ide and / 
or a luminium which occurs in t he water supply used for 
dialysis. T h u s b o n e disease is no t improved and may even 
b e c o m e s y m p t o m a t i c during dialysis. It can be helped by the 
adminis t ra t ion of o n e alpha to keep the plasma calcium in 
the normal range to prevent hyperpara thyro id ism developing, 
the restr ict ion of phosphate-b inding drugs to a m i n i m u m and 
the use of de-ionized or reverse osmosis t rea ted water for t h e 
manufac ture of dialysate. 

c. Infection. T h e increased susceptibil i ty of the uraemic pat ient 
to infect ion is no t correc ted by dialysis. 

d. Hypertension. In many pat ients with good dialysis and 
adequa te cont ro l of sodium and fluid in take there is resolu
t ion or considerable improvement in b lood pressure cont ro l . 
In a number of pat ients , however , there are cont inuing 
p rob lems and bilateral n e p h r e c t o m y m a y be required. This 
procedure is no t wi thou t hazard and may only be followed 
by a reduced requ i rement of hypotens ive drugs. This pre
sumably is due to irreversible vascular changes consequent on 
longstanding hyper tens ion . 

e. Calcium metabolism. Calcium malabsorpt ion cont inues and 
this may result in hypocalcaemia and subsequent hyperpara
thyroid ism. It is best control led by using a dialysate wi th a 
calcium concen t ra t ion of 1-5 mmol /1 and a dose of one alpha 
sufficient to mainta in the pre-dialysis calcium in t he normal 
range. 

f Gonadal dysfunction. Amenor rhoea and loss of l ibido are 
uncorrec ted by dialysis. This may be due t o the cont inuing 
high prolact in concent ra t ions . This may be improved by the 
use of b romocr ip t ine . 

3. Complications Of Long-term Haemodialysis 
a. Vascular disease. This is due to the increased incidence of 
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atheroma as a result of hyper l ip idaemia , hyper tens ion and 
the ca rbohydra te load from dialysate glucose. In addi t ion , 
many pat ients , part icularly those who have been on dialysis 
for many years, will have had vascular access procedures with 
a reduct ion in peripheral b lood flow. To this can be added 
the metastatic calcification which occurs in the vessels of 
some pa t ien ts as a result of the elevated plasma phospha te . 
Vascular disease is very variable b u t its incidence increases 
with age and length of t ime on dialysis. Prevent ion is difficult 
bu t the effects can be minimized by avoiding shunts , con-
troUing hyper tens ion , control l ing hyper l ip idaemia and 
avoiding hyperphospha taemia . 

b. Cardiomyopathy. This is observed in a small n u m b e r of 
pat ients and consists of a grossly enlarged heart wi th poo r 
myocardia l funct ion and di lated left ventricle. It may occur 
due to pro longed hyper tens ion or coronary vascular disease. 
It should no t be due to nut r i t iona l deficiency b u t unsuspec ted 
alcoholism may occur . In a n u m b e r of pat ients no cause can 
be found and so it is p resumed t o be due to some unident i 
fied factor related to dialysis. T r e a t m e n t is ex t remely difficult 
b u t cont ro l of b lood pressure and str ingent avoidance of 
fluid overload is m a n d a t o r y . 

c. Psychological disorders. T h e incidence of minor psycho
logical dis turbances , anxie ty and depression, is high and 
is p robably related t o t h e pa t i en t ' s dependency for sur
vival on a machine . Major d is turbances are rare a l though 
suicide p robably has a higher incidence than recognized. 
The lack of major p rob lems m a y b e related to selection 
procedures . 

d. Hypersplenism. This occurs in 1 - 2 per cent of dialysis 
pat ients and may require sp lenec tomy. It adds to the prob lem 
of anaemia and should b e considered in any pa t ien t wi th 
p ro found anaemia, part icularly if requiring repeated b lood 
transfusions. 

e. Dementia. Dialysis dement ia or progressive dialysis encephalo
pa thy is a well-recognized synd rome consisting initially of 
mild speech disorder, s tu t ter ing, per iodic speech arrest and 
anomia progressing to epi lept iform convulsions, m y o c l o n u s 
and dysphagia. T h e speech disorder becomes m o r e severe 
unti l mut i sm develops. T h e majori ty of pat ients die from 
b r o n c h o p n e u m o n i a as a result of inhala t ion from dysphagia. 
T h e cause is t hough t t o be a luminium in toxica t ion from t h e 
a luminium conta ined in dialysis water supplies and phospha te -
binding agents. It can be prevented by the avoidance of 
a luminium bu t once it appears it only rarely improves in 
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spite of all measures. It would appear virtually impossible 
to remove accumula ted a luminium. 

f. Metastatic calcification. Plasma phospha te concen t ra t ions 
remain elevated in spite of adequa te dialysis. If the plasma 
calcium is elevated ei ther due to one alpha or a high dialysate 
calcium then metas ta t ic calcification will occur . It is mos t 
c o m m o n in skin producing prur i tus ; in eyes giving peri l imbal 
calcification and in severe cases a band k e r a t o p a t h y ; in 
vessels giving hyper tens ion and vascular insufficiency; and in 
periart icular tissue presumably due to minor t r auma. It is 
best avoided by careful control of the plasma phospha te 
and strict avoidance of hypercalcaemia. 

RESPONSE O F URAEMIA TO DIALYSIS. Haemodialysis corrects 
some of the features of uraemia b u t does no t replace all the funct ions 
of the k idney. T h e excre tory funct ion can be replaced in a non
selective way while t he endocr ine and metabol ic malfunct ions persist 
unchanged. 
Uraemic Symptoms, These are improved, part icularly the anorexia 

and nausea, a l though weakness and lack of energy may persist. 
Generally within 6 weeks of commencing haemodialysis the 
pat ient not ices considerable symptoma t i c improvement . 

Anaemia. Haematocr i t rises slightly b u t anaemia persists. 
Osteodystrophy. No marked change as t he abnormali t ies of vitamin 

D metabol ism persist. T h e hyperpara thyro id e lement of t he 
os teodys t rophy can be considerably reduced by maintaining 
a satisfactory plasma calcium with a correct dialysate calcium 
and one alpha. The osteomalacia may b e c o m e more severe due 
to the added problem of a luminium and o the r trace e lement 
accumula t ion . 

Neuropathy. Both m o t o r and sensory neuropa thy improve wi th 
adequate dialysis. Motor nerve conduc t ion velocities can be used 
as an index of adequacy of dialysis. A re turn to normal m a y 
occur . Au tonomic nerve function also improves a l though a re turn 
to normal has no t been documen ted . 

Myopathy. Muscle power generally improves with adequa te dialysis. 
Endocrine Malfiinction. Li t t le or n o response to dialysis. Most 

of the abnormal i t ies persist and some, such as l ibido, may 
deter iora te . 

Skin. Pruri tus is c o m m o n in dialysis pat ients and is frequently 
associated with disorders of calcium metabol i sm. Pigmenta t ion 
is generally unchanged by convent ional dialysis and may even 
deepen in some pat ients . 

Cardiovascular. Hyper tens ion is usually more easily control led 
following the ins t i tu t ion of dialysis. With good dialysis cont ro l 
of weight, fluid and sodium in take it is normal ly possible t o 



C H R O N I C R E N A L F A I L U R E 87 

reduce and somet imes s top hypotens ive the rapy . Some pa t ien ts , 
in spite of all measures , con t inue with severe hyper tens ion and 
bilateral n e p h r e c t o m y should be considered if the pat ient 
requires more than three hypotens ive drugs or experiences 
unacceptable side effects from the rapy . Atherosclerosis usually 
is unchanged by dialysis b u t in a significant n u m b e r of pa t ien ts 
becomes m o r e severe and, in addi t ion , may be aggravated b y 
increased calcification. Pat ients managed by con t inuous ambula
tory per i toneal dialysis have exper ienced , in some instances, an 
accelerated atherosclerosis . Pericarditis is virtually a universal 
finding in pa t ien ts with chronic renal failure severe enough t o 
warrant rep lacement the rapy . This responds well t o dialysis and 
usually resolves within t he first 4 - 6 weeks of t r ea tmen t . Peri
carditis appearing after this t ime is ei ther an indicat ion of 
inadequa te dialysis or the deve lopment of some o the r form such 
as viral pericardit is . 

Infection. Al though there is an improvement in ret iculo-endothel ia l 
funct ion there is still impaired resistance t o infect ions. 

Acidosis. Dialysate conta ins ace ta te which is metabol ized to bi
carbonate . T h e acidosis of chronic renal failure therefore resolves 
when dialysis is conduc ted efficiently and regularly. T h e pre-
dialysis plasma b ica rbona te should be in excess of 18 mmol /1 
and preferably above 20 mmol /1 . There are considerable p rob lems 
associated with t he use of a b ica rbona te dialysate b u t t he de
velopment of more efficient appara tus will overcome this problem 
and it is likely tha t aceta te will be replaced by b ica rbona te thus 
producing a m o r e physiological dialysis as well as avoiding t he 
problems of aceta te in to lerance . 

Metastatic Calcifications. This p rob lem may resolve on dialysis if 
t he plasma phospha te concen t ra t ion is carefully control led. In 
some pat ients , even with large doses of phosphate-binding 
agents, it is no t possible t o achieve a satisfactory plasma phos
pha te concen t ra t ion and so metas ta t i c calcification may progress, 
part icularly if a high dialysate calcium concen t ra t ion is used. 

PROGNOSIS . T h e survival of pa t i en t s o n haemodialys is depends o n 
m a n y factors: 
1. T h e under lying na tu re of t he renal failure - pa t i en t s wi th 

systemic disease have a poore r prognosis compared wi th those 
wi th g lomerulonephr i t i s or pyelonephr i t i s . 

2. The age at onset of dialysis - generally older pa t ien ts have a 
poorer prognosis due to t he increased incidence of ischaemic 
hear t disease. 

3. T h e dura t ion of uraemia pr ior t o t h e ins t i tu t ion of haemodialys is 
- t h e longer t h e t ime t he greater t h e incidence of uraemic com
phca t ions and consequent ly t h e poore r t h e prognosis . 
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4 . T h e effectiveness of dialysis and drugs in control l ing hyper
tension. 

5 . T h e degree to which a given pa t ien t adheres t o t he fluid and 
dietary restr ict ions - excessive interdialyt ic weight gain is 
associated wi th a poor prognosis. 

6. The adequacy of t he dialysis p rocedure t o con t ro l uraemia. 
T h u s t h e prognosis depends o n m a n y factors o ther than the 

efficiency of t r ea tmen t and pa t ien t compl iance . H o m e dialysis 
pa t ien ts have a 5-year survival of approx imate ly 80 per cent . Hos
pi tal dialysis pa t ien ts have a 5-year survival of approx imate ly 65 
per cent . T h e difference in these survival figures can be accoun ted 
for b y pa t ien t selection and the fact t ha t the pa t ien t on h o m e 
dialysis is be t t e r rehabi l i ta ted. 

T h e major causes of dea th in dialysis pa t ien t s are : ischaemic hear t 
disease, infections, cerebrovascular disease and malignancy. T h e 
increased dea th ra te from vascular disease is d u e t o t he increased 
incidence of a t h e r o m a and hyper tens ion . T h e increased incidence of 
infections and malignancy is p robab ly d u e t o suppression of t h e 
ret iculo-endothel ial sys tem. 

Survival o n dialysis is improving d u e t o improved dialyser design, 
improved membranes and a r educ t ion in die tary manoeuvres as a 
consequence of improved dialysis. 

SELECTION O F PATIENTS. In t he past considerable emphasis was 
placed o n t h e selection of pa t i en t s for dialysis. This was d u e t o t h e 
fact t ha t this t echruque was in its infancy and the re was a very 
considerable shortage of machines . In such c i rcumstances the re was 
a need t o select pa t ien t s for haemodialysis carefully so t ha t t h e 
l imited facilities were p u t t o m a x i m u m use. F o r t u n a t e l y t h e avail
abili ty of dialysis has marked ly improved and n o w the re is no 
need t o select pa t i en t s d u e t o lack of resources. 

There are , however , certain factors which should b e t aken in to 
account . 
1. Age, at t h e lower end age is n o t considered a cont ra indica t ion 

b u t it is difficult t o u n d e r t a k e regular haemodialysis in a pa t ien t 
of less t h a n 15 kg weight . A t t h e upper end t h e incidence of 
cardiovascular disease increases wi th age and pa t ien t s in excess of 
65 years may have considerable p rob lems wi th respect t o vascular 
access and cardiac stabil i ty. 

2 . Systemic disease; pa t ien t s w h o have renal failure as par t of a 
widespread systemic disease are unlikely t o benefi t from dialysis 
as their systemic disease is likely t o give progressive mul t i sys tem 
failure. In diabetes mell i tus t he pa t ien t wi th severe r e t i nopa thy , 
severe per ipheral vascular disease and n e u r o p a t h y is unlikely t o 
benefi t from dialysis while ano the r pa t ien t wi th diabetes mell i tus 
and only minor compl ica t ions will progress satisfactorily. 
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For tuna te ly in t he vast major i ty of pa t ien t s the re is n o d o u b t 
abou t the advisability of dialysis. All pa t ien t s w h o can expect an 
improvement in t h e qual i ty of their life should be t rea ted . 

HOSPITAL, S A T E L L I T E O R HOME DIALYSIS? It is possible t o 
perform haemodialysis in hospi ta l un i t s , satellite or l imited-care 
units or at h o m e . 

Hospital dialysis has a t t r ac t ions as far as t he pa t ien t is concerned . 
There is staff t o prepare t he mach ine and clear away after t r e a tmen t . 
There is no d is rupt ion t o his h o m e and litt le t o his family. There is a 
reduc t ion in stress as t ra ined staff are a lways at hand to deal wi th 
any p rob lem. T h e disadvantages are t h e travelling t ime t o and from 
hospital and the fact tha t dialysis t imes will be d ic ta ted b y the 
hospi ta l uni t . The major disadvantage, however , comes from t h e fact 
tha t each uni t will only b e able to suppor t a finite n u m b e r of 
pa t ien ts and new pat ien ts will only b e able t o b e accepted following 
removal of an existing pa t ien t b y t ransp lan ta t ion or dea th . Assuming 
each pa t ien t receives t r e a t m e n t for 4 hour s thr ice weekly t hen the 
m a x i m u m number of pa t ien ts a given un i t can suppor t will b e six 
t imes the number of dialysis spaces. 

Satell i te, l imited-care or hos te l dialysis offers a facility which is 
some way be tween hospi ta l and h o m e dialysis. Such uni t s can be 
established near to t he pa t i en t ' s h o m e and t hus reduce travelling 
t ime. They require m i n i m u m staffing as m a n y pa t i en t s are t ra ined t o 
unde r t ake the majori ty of p rocedures una ided . T h e y are cheaper t o 
run than a hospi ta l uni t and they avoid t h e cost of single h o m e 
urüts. The disadvantage is t he con t inued need for travel, t he res t r ic t ion 
of dialysis t imes and the finite n u m b e r of pa t ien t s a c c o m m o d a t e d . 
H o m e dialysis has t he advantage tha t the pa t ien t is free from travel 
and may choose his dialysis t ime t o suit his o w n and his family 's 
convenience. This allows h im a greater chance of full rehabi l i ta t ion 
as he will be free to u n d e r t a k e a no rma l week ' s work and dialyse in 
the evening. The disadvantage is t he cost of instal lat ion and supply 
and the fact tha t t h e equ ipmen t is only used b y one person for a 
relatively short t ime in t he week. 

There is n o best form of dialysis. T h e choice be tween hospi ta l , 
satellite or h o m e depends on geography, f inances, presence of help 
at h o m e and the abili ty to t ra in t h e pa t i en t . T h e mos t satisfactory 
solut ion is t o have t he th ree forms available and t o choose t he mos t 
adequa te for each given pa t ien t . 

HEPATITIS . Ou tb reaks of hepat i t i s have occurred in the pa t i en t s and 
staff of many dialysis uni ts . In t he major i ty of instances this has 
been due to serum hepat i t is which is due t o t he hepat i t i s Β virus 
(Australia ant igen) . It is t r ansmi t t ed b y b lood , serum, b lood p r o d u c t s 
and b o d y secret ions such as tears, saliva and semen. It gains access 
th rough breaks in the skin, from piercing the skin wi th an infected 
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needle and possibly th rough m u c o u s membranes . It can be t rans
mi t ted by b lood or b lood p roduc t transfusion. T h e virulence of t h e 
virus is variable b u t there has been a significant mor ta l i ty among 
pa t ien ts and staff and this has led t o str ingent p recau t ions t o avoid 
the in t roduc t ion of t he virus in to uni ts . T h e precau t ions which have 
been mos t successful a re : 
1. T h e screening of all b lood t o b e transfused for t h e presence of 

hepat i t is Β ant igen and the res t r ic t ion of all t ransfusions t o a 
m i n i m u m . 

2 . T h e avoidance of the use of any b lood p roduc t which is no t 
guaranteed free from virus. A lbumin and P P F are safe as they are 
pasteurized during prepara t ion whereas fibrinogen and coagula
t ion factors are n o t safe. 

3 . T h e to ta l p roh ib i t ion of eating or smoking in dialysis areas by 
staff. 

4 . The regular screening of pa t i en t s and staff for hepat i t is Β virus. 
Pat ients becoming positive mus t be segregated and dialysed in a 
separate uni t . Staff mus t no t r e tu rn to work unt i l t hey are 
negative to ant igen test ing and preferably only after t hey have 
b e c o m e an t ibody positive. 

5 . Reduc t ion in b lood sampling to a m i n i m u m compat ib le wi th 
good pa t ien t management . 

6. T h e careful disposal of all sharp objects such as needles in an 
a t t e m p t to avoid staff accidental ly piercing skin. 

Transplan ta t ion 
I N T R O D U C T I O N . T h e t ransp lan ta t ion of a no rma l k idney t o a 

pa t ien t wi th chronic renal failure is now an established techni
que . In t h e past t w e n t y years it has b e c o m e more c o m m o n and 
the numbers of pa t ien ts being t ransplanted con t inues t o rise year b y 
year. 

There are t w o major p rob lems in t ransp lan ta t ion - t he hand
ling of the d o n o r k idney and the con t ro l of t h e reject ion process. 
The first of these p rob lems has been largely solved. Cadaver 
k idneys are now obta ined wi th as short a warm ischaemia as possible 
and then they are rapidly cooled b y perfusion. It is now possible 
to store these organs for up t o 20 h which allows them to be t rans
por ted a considerable dis tance if necessary and also allows for some 
pre- t rea tment of the po ten t ia l recipient . T h e second p rob lem, 
however, remains t he most difficult aspect of t r ansp lan ta t ion . 
Considerable advances in immunosuppress ion have been made in t he 
past twen ty years b u t there is a significant n u m b e r of k idneys lost 
due to rejection. This will only improve b y improved recipient 
selection and improved immunosuppress ive drugs. 

PRINCIPLES O F T R A N S P L A N T A T I O N . T h e success of t r ansp lan ta t ion 



C H R O N I C R E N A L F A I L U R E 9 1 

depends u p o n careful d o n o r and recipient selection. Kidneys may 
be ob ta ined from living relat ions or from cadavers. 

Live related dono r s are ei ther identical twins , paren ts or siblings. 
In the identical twin s i tuat ion no immunosuppress ion is required and 
so the recipient is freed from all t he compl ica t ions of anti-rejection 
therapy . In non-ident ical twins and o the r relatives i m m u n o s u p 
pression is still required a l though t he dose of drugs required may 
be less than in a cadaver t ransplant . Before accept ing a relative as a 
donor it is necessary t o satisfy the following criteria: 
1. T h e d o n o r and recipient mus t be ABO compat ib le . 
2. T h e donor mus t have t w o norma l k idneys and a no rma l ur inary 

t ract as demons t r a t ed by Lv.p. and ar ter iogram. 
3 . T h e donor , recipient and their respecth^e families mus t be 

agreeable t o t h e t ransplant opera t ion . 
4 . T h e d o n o r should be at n o risk of developing t h e same renal 

disease as t h e recipient . 
Normal ly t he investigation of a po ten t ia l living d o n o r includes: 
1. Ful l b lood c o u n t , urea and e lec t rolytes . 
2. Blood grouping and tissue typing. 
3 . Urinalysis and cul ture . 
4 . In t ravenous pyelogram. 
5 . Creat in ine clearance and pro te in excre t ion . 
6. Arter iogram. 
7. Mixed l y m p h o c y t e cul ture be tween d o n o r and recipient . 
8. De te rmina t ion of t he cytomegalovirus s ta tus of t he d o n o r and 

recipient . (It is inadvisable t o t ransplant a k idney from a d o n o r 
w h o is k n o w n t o have or have had cytomegalovirus infect ion t o 
a recipient w h o has never had the infection. Such transfers are 
associated wi th an increased risk of reject ion.) 
Cadaver k idneys are ob ta ined from pa t ien ts w h o die from such 

condi t ions as t r auma , subarachnoid haemorrhage or pr imary cerebral 
t umours . T h e donor mus t be free from infect ion and have normal ly 
funct ioning k idneys up to the t ime of dea th . 

T h e recipient of a k idney mus t : 
1. Be ABO compat ib le with the donor , 
2. Have a normal lower ur inary t rac t . 
3. Be free from infect ion, part icularly ur inary t rac t infection. 
4 . Be rehabi l i ta ted by dialysis. 
5 . Have b lood pressure adequa te ly cont ro l led . 
6. Be willing t o have a t ransplant opera t ion . 

IMMUNOSUPPRESSION. In the ident ical twin s i tua t ion no i m m u n o 
suppression is required. Fo r all o the r pa t ien ts reject ion is control led 
by : 
1. Prednisolone. Star t ing wi th a daily dose of 100 mg and reducmg 

to 30 mg daily by 30 days . Thereafter the dose is reduced by 
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2-5 mg decrements unt i l a main tenance dose of 15 mg daily is 
reached some 6 m o n t h s post- t ransplant . After a year it should 
be possible to reduce t o 10 mg daily b u t this requires careful 
moni tor ing . 

2. Azathioprine. C o m m e n c e d at day 1 in a dose of 2 mg/kg , i.e. 
150 mg daily for t h e average adul t . This dose is con t inued bu t 
adjusted as required, depending on the whi te cell and platelet 
counts . Azath iopr ine is con t inued indefinitely at 2 mg/kg. 

3 . Cyclophosphamide. This is a useful al ternative to azath iopr ine 
and may be used in pa t ien ts who are sensitive t o azath iopr ine . 

4 . Methylprednisolone. This is used for acute rejection episodes 
and is given 1 g i.v. on th ree consecutive days . This may be 
repeated as required bu t it is inadvisable to give m o r e than 15 g 
to any individual pa t ien t . 

5 . Antilymphocytic Globulin (ALG). This has been used in t h e 
immedia te post- t ransplant per iod and for t h e t r e a tmen t of 
acu te rejection. 

6. Graft Irradiation, This is n o longer s tandard pract ice . 
To avoid u n d u e comphca t ions of immunosuppress ive therapy it is 

necessary to mon i to r all pa t ien ts carefully. This requires daily observat ions 
initially wi th gradually increasing intervals as t h e graft becomes set t led. 
T h e aim of immunosuppress ion is to con t ro l t he rejection process with the 
m i n i m u m of the rapy . 

RESPONSE O F U R A E M I A T O T R A N S P L A N T A T I O N . T h e res tora t ion 
of renal funct ion by a t ransplanted k idney is accompanied b y a 
rapid resolu t ion of t he manifes ta t ion of uraema. Symptomat ica l ly 
t h e pa t ien ts are m u c h improved b u t this is also in part due t o t he 
elat ion at being free from dialysis and the effect of t he steroids. 
Anaemia responds briskly and a re t icu locyte response is one of the 
early indicat ions of success. Vi tamin D metabol ism is rapidly res tored 
to normal a l though this may be masked b y steroids in the first few 
m o n t h s . Many of t h e p rob lems of uraemia and dialysis are satis
factorily resolved b u t replaced by compl ica t ions of t he necessary 
immunosuppress ive therapy . 

COMPLICATIONS O F T R A N S P L A N T A T I O N . There are m a n y p rob
lems, medical and surgical, which can arise in t he t ransplanted 
pa t ien t and it is best t o consider t hem in relat ion t o t he t ime from 
t ransplanta t ion . 
1. Immediate 

a. Anaesthesia. This requires care and experience as the pat ient 
will be anaemic , will have disordered drug metabol ism and 
will no t to lera te m u c h in the way of i.v. fluids. 

b. Rejection. If p reformed ant ibodies are present a hyperacu te 
rejection wül occur which will b e c o m e obvious short ly after 
vascular flow is estabUshed. The kidney swells and becomes 
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very dark. It m u s t be removed . This p rob lem should no t 
occur if adequa te direct cross-match be tween d o n o r and 
recipient has been per formed. 

c. Electrolyte disorders. S tarvat ion preoperat ively toge ther 
wi th prolonged anaesthesia and possible t ransfusion make 
hyperka laemia c o m m o n . This will b e c o m p o u n d e d if there is 
any inadequa te vent i la t ion pos topera t ive ly . T h e serum 
potass ium mus t be carefully m o n i t o r e d after t h e surgery. 

d. Fluid overload. In m a n y instances there is a variable per iod 
of delayed renal funct ion and so considerable care has to be 
taken during surgery and unt i l funct ion is adequa te ly est
ablished to avoid fluid overload. 

e. Bleeding. This m a y present a p rob lem, part icularly if dialysis 
was per formed immedia te ly prior t o surgery. 

Postoperative Problems 
a. Acute tubular necrosis. A significant number of t ransp lan ted 

k idneys do no t have pr imary funct ion . T h e delay in t he onset 
of funct ion is very variable. A n u m b e r will have satisfactory 
funct ion within 3 - 5 days and it is unlikely tha t this short 
delay is due to tubular necrosis. However , a n u m b e r take 
from 2 t o 3 weeks to recover and it is possible in these 
pa t ien ts tha t t h e d o n o r organ exper ienced an insult sufficient 
to p roduce a tubular necrosis. It is frequently difficult t o 
differentiate be tween delayed onset of funct ion and reject ion 
and renal biopsy may be of help in such c i rcumstances . 

b. Refection. This is most likely to appear be tween the 10th and 
14th day . It is character ized by a fall in ur ine o u t p u t accom
panied by a rise in plasma creat inine and urea. F requen t ly 
there is a mild pyrexia and t h e pa t ien t m a y compla in of 
flu-like symp toms . 

On examina t ion t h e k idney is enlarged. It is t r ea ted by 
bolus i.V. infusions of 1 g methy lpredn i so lone for 3 con
secutive days . The predniso lone and aza th iopr ine dosage is 
usually left unchanged. Most rejection episodes can be 
overcome by this regimen b u t many pat ients exper ience 
repeated episodes. 

c. Steroid therapy. In t he first m o n t h after t r ansp lan ta t ion 
the pa t ien t receives a fairly high dose of s teroids and m a y 
therefore develop steroid psychosis and /o r steroid-induced 
diabetes mellitus. A careful watch needs to be kep t for 
glycosuria, part icularly if polyur ia develops. 

d. Immunosuppressive therapy. Pa t ien ts vary in their suscept
ibility to aza th iopr ine and so in the first m o n t h after t rans
p lan ta t ion t he whi te b lood cell and platelet c o u n t require 
daily moni tor ing . Leucopen ia and t h r o m b o c y t o p e n i a are no t 
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u n c o m m o n and are best t rea ted by a suitable reduc t ion in 
the azathiopr ine dose. 

e. Infection. In t he initial stages of immunosuppress ion there is 
an impaired resistance to infection and this requires careful 
nursing and cons tan t moni to r ing . 

f. Venous thrombosis. Deep vein th rombos i s is mos t c o m m o n 
in the leg on the same side as t he t ransplant . This is pre
sumably due t o a l tera t ion to b lood flow in t h e iliac vein 
consequent u p o n t h e anastomosis of t he renal vein. In m a n y 
instances there is mild swelling of the leg with no evidence 
of venous th rombos is and this frequently clears in a few 
weeks. 

g. Renal artery thrombosis. This is for tunate ly rare b u t results 
in loss of t he k idney . It is p robab ly d u e t o a hypercoagulable 
s tate from surgery and steroids. 

3. Long-term Complications 
a. Rejection. This can occur at any t ime following t ransplant 

a t ion b u t it is mos t c o m m o n in the first 6 m o n t h s or following 
any reduct ion in immunosuppress ive the rapy . The longer 
the t ime from t ransplanta t ion t he less the incidence of acute 
rejection. It may occur if, however , the pa t ien t is unable t o 
take his medica t ions as, for ins tance, dur ing an episode of 
vomit ing. 

Chronic reject ion, however , occurs in a n u m b e r of pa t ien ts 
and is due to the depos i t ion of immunoglobul in and inflam
ma to ry media tors in the walls of b lood vessels and glomeruli . 
F requen t ly there is slowly declining renal funct ion accom
panied by increasing pro te inur ia and increasing difficulty in 
con t ro lhng b lood pressure. At present the re is no effective 
t r ea tmen t of chronic rejection. 

b. Recurrent glomerulonephritis. Some forms of g lomerulo
nephri t is such as the dense-deposi t variety of mesangiocapil lary 
g lomerulonephr i t i s recur in the t ransplanted k idney . This is 
frequently impossible to distinguish clinically from chronic 
rejection and biopsy is needed in such circumstances. As yet 
there is n o satisfactory t r ea tmen t for recurrent g lomerulo
nephri t is . 

c. Infections. In view of con t inu ing immunosuppress ive the rapy 
there is a cont inued liability to infect ions. T h e pa t ien t is 
liable t o all forms of bacterial infect ion and tuberculosis 
m u s t always b e remembered . 

T h e viral infections which give problems are herpes 
simplex, herpes zoster and cytomegalovirus (CMV). T h e 
relat ionship of CMV infect ion t o rejection is no t exact ly 
clear bu t it appears tha t if CMV is transferred t o t h e d o n o r 
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in t he t ransplanted k idney there is a considerably increased 
risk of severe rejection. It would seem p ruden t therefore no t 
to t ransplant from CMV-positive dono r s to CMV-negative 
recipients . 

T h e fungal infect ions giving mos t p rob lems are candida 
of the upper gastrointest inal t rac t , aspergillosis of t he lung 
and bra in , and cryptococcosis of t h e central nervous sys tem. 

Protozoal infect ions include toxoplasmosis and Pneumo
cystis carinii. T h e lat ter gives rise t o progressive p n e u m o n i a 
which used t o be t e rmed ' t ransplant lung ' . 

d. Bone disease. T h e two major p rob lems are os teoporosis 
and avascular necrosis. T h e avascular necrosis occurs in t he 
femoral head and may cause sufficient distress as to warrant 
hip rep lacement . It may also occur in the humera l head. T h e 
bony prob lems of uraemia resolve with res tora t ion of satis
factory renal funct ion. 

e. Neoplasia. This is a problem of prolonged graft survival and 
long-term immunosuppress ion . There is an increasing inci
dence with increasing t ime from t ransplant . It occurs mainly 
in ret iculo-endothel ial system and skin b u t o the r organs such 
as breast , lung, s tomach and hver may be the pr imary site. 

/. Immunosuppressive drug problems. In addi t ion t o b o n e 
disease and neoplasia t he re are o the r compl ica t ions of long-
te rm steroid and aza th iopr ine use. Steroids may give rise t o 
a proximal myopathy and /o r cataract. Fo r tuna te ly these 
p roduce Uttle serious p rob lem for t he pa t ien t as they rarely 
progress once the dose is reduced to 15 mg or less daily. 
Azath iopr ine may p roduce a hepat i t is by a sensitivity react ion 
and may rarely be responsible for a pure red cell aplasia. 
Fo r tuna te ly b o t h these respond satisfactorily to a change to 
cyc lophosphamide . 

g. Hypertension. This may con t inue to be a problem after 
t ransplanta t ion or it may appear for t h e first t ime . It may b e 
due to excessive renin secret ion from the pa t ien t ' s own 
kidneys or from the t ransplant consequent on vascular 
problems. This is best resolved by selective sampUng of 
venous b lood for renin assay and investigation of the graft 
b lood supply by isotopes and ar ter iography. 

h. Local effects. T h e t ransp lan ted k idney may p roduce local 
effects as manifest by t he f requency of a hydrocele appearing 
on the same side as the t ransplant and the deve lopment of 
mild leg oedema on the t ransplant side. 

/. Skin. T h e skin may be involved in infect ions: 
Bacterial : acne 
Fungal t inea versicolor 
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Viral : Verrucae 
herpes simplex 
herpes zoster 

and also in neoplasia: 
Ke ra toacan thoma 
Squamous-cell carc inoma 
Basal-cell carc inoma 

PROGNOSIS . T h e life expec tancy has increased in t he past ten years 
due to exper ience in control l ing reject ion, t h e improved selection of 
pa t ien ts and also due t o increased expert ise from the increased trans
p lanta t ion ra te . T h e prognosis depends u p o n m a n y factors b u t 
current figures would indicate t ha t : 
1. In identical twins a greater t han 90 per cent graft survival at 5 

years. 
2. In living related donor s an 80 per cent graft survival at 5 years , 

the results being slightly be t t e r for t ransplants be tween siblings 
and slightly worse when from paren t t o child. 

3. In cadaver grafts a 50 per cent graft survival at 5 years. 
Pat ient survival has improved because of the greater willingness 

to a b a n d o n grafts wi th serious reject ion and poor funct ion. T h e 
pa t ien t is quickly re tu rned t o dialysis and rehabi l i ta ted in p repara t ion 
for a po ten t ia l second t ransplant . This policy has considerably 
reduced t h e number of pa t ien ts dying from excessive i m m u n o 
suppressive the rapy . 

I N T E G R A T E D APPROACH T O T H E M A N A G E M E N T O F CHRONIC 
R E N A L F A I L U R E 

The management of chronic renal failure has changed considerably in the 
past twenty years. There are n o w means of replacing renal funct ion by 
artificial devices and by t ransp lan ta t ion . T h e various techniques all have 
advantages and disadvantages and it is i m p o r t a n t t o have a flexible approach 
to management so tha t t he mos t appropr ia te form of therapy is employed . 
This may mean tha t the therapy has to be constant ly reviewed as a pa t ien t ' s 
c ircumstances may change with t ime. 

The first step in the management of a pa t ien t with end-stage renal 
failure is to decide whe ther replacement the rapy is to be offered. As 
already discussed this will include the majori ty of pat ients . T h e second 
decision is whe ther the initial form of therapy should be per i toneal dialysis 
or haemodialysis . If haemodialysis is favoured then an ar ter iovenous 
fistula should be inserted prior to dialysis becoming essential. If per i toneal 
dialysis is preferred a soft indwelling cannula is inserted at the t ime dialysis 
is required. 

Once the pat ient is s tar ted on replacement therapy an assessment of t h e 
suitability for hospital , satellite or h o m e dialysis should be unde r t aken . 
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Also in this rehabi l i ta t ion phase t h e suitabil i ty for t ransp lan ta t ion should 
be investigated. Thereafter t ransp lan ta t ion should be considered for all 
suitable pa t ients regardless of their m o d e of rep lacement t he rapy . It m a y 
be necessary t o change pa t ien ts from o n e form of t r e a t m e n t t o ano the r d u e 
t o changed ci rcumstances , e.g. a pa t ien t o n c o n t i n u o u s ambu la to ry peri
toneal dialysis (CAPD) may develop compl ica t ions requir ing t h e transfer t o 
haemodialysis while ano the r pa t ien t o n haemodialys is may develop such 
severe vascular access p rob lem tha t t hey requi re transfer t o C A P D . In 
addi t ion , following t ransp lan ta t ion , reject ion may necessi tate a r e tu rn t o 
dialysis which in t he first instance is likely t o b e hospi ta l based wi th a sub
sequent transfer t o satellite or h o m e w h e n possible. This flexible approach 
allows for the best use of all available resources so t ha t t he m a x i m u m 
number of pa t ien ts benefi t f rom t h e available facilities. 

In tegrated Approach , Suggested S c h e m e 
DECISION 1 Advisability of suppor t ive the rapy? 
DECISION 2 If answer t o 1 is 'yes\ t hen per i toneal or haemodialysis? 
DECISION 3 If answer t o 2 is for haemodialys is , t h e n hospi ta l , 

satellite or h o m e based? 
DECISION 4 After initial rehabi l i ta t ion, suitabili ty for t rans

p lanta t ion? 
DECISION 5 Regular review, is the pa t ien t receiving the mos t 

appropr ia te and beneficial form of therapy? 
If answer t o 5 is ' n o ' , t h e n change. 



C h a p t e r 9 

GLOMERULONEPHRITIS 

In t roduc t ion - Diffuse proliferative g lomerulonephr i t i s - Mesangiocapillary 
g lomerulonephr i t i s - Membranous g lomerulonephr i t i s - Minimal lesion 
glomerulonephr i t i s - Focal g lomerulonephr i t i s - Rapidly progressive 
(crescentic) g lomerulonephr i t i s - Focal glomerulosclerosis 

I N T R O D U C T I O N 

Glomerulonephr i t i s can be considered as a pr imary lesion or it m a y develop 
secondary t o some underlying systemic disease. 
Pr imary 

Diffuse proUferative 
Post-s treptococcal g lomerulonephri t i s 
Mesangial IgG/IgA disease 

Mesangiocapillary 
Subendothel ia l t y p e 
Dense-deposit t y p e 

Membranous 
Minimal lesion 
Focal 
Rapidly progressive (crescentic) 

Goodpas tu re ' s syndrome 
Focal glomerulosclerosis 

Secondary 
Systemic lupus e ry thematosus 
Polyarteri t is 

Nodosa t y p e 
Microscopic t y p e 

Wegener's granulomatos is 
H e n o c h - S c h ö n l e i n disease 
Diabetes melli tus 
Amyloid 
The differentiation in to pr imary and secondary is somewhat artificial 

bu t provides a good s t ruc ture for classification. 
The classification of g lomerulonephr i t i s depends in mos t instances o n 

the underlying histological appearances and to unders tand t h e pa tho logy 
a clear unders tanding of t h e normal microscopic s t ruc ture is essential 
{see Chapter 1). In describing the pathological findings t he following 
te rms are used: 

Diffuse: a condi t ion involving all glomeruU. 
Focal : involvement of some glomeruli while o thers appear normal . 
Segmental : involvement of some par ts of a glomerular tuf t while t he 

remaining part appears normal . 

98 
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D I F F U S E P R Q L I F E R A T I V E G L O M E R U L O N E P H R I T I S 

Definit ion. A diffuse increase in t he glomerular cellularity due to a pro
liferation of mesangial cells f requently associated with an increase in 
mesangial ma t r ix . 

Presenta t ion. Ext remely variable bu t typically presents as acute nephri t is 
a l though a significant n u m b e r may present as nephro t i c syndrome . Pat ients , 
particularly mild cases, may also be de tec ted by finding prote inur ia at 
rout ine examina t ion . In a small n u m b e r of cases t he presenta t ion is with 
hyper tens ion and /o r chronic renal failure. 

Age/Sex Dist r ibut ion. May occur at any age and there is no p reponderance . 

Clinical Fea tures . These will depend to a large ex ten t on the severity of 
the condi t ion . Proteinuria is universal and in the vast majori ty of cases is 
unselective. In some pat ients it may b e sufficient to p roduce nephro t i c 
syndrome . Haematur ia is c o m m o n a l though it m a y only be microscopic 
and in t e rmi t t en t ; red b lood cell casts may be present and should always be 
looked for as they will certainly confirm glomerular disease. Hyper tens ion 

Proliferative: an increase in t he n u m b e r of cells in t h e glomerular tuft , 
usually t h e mesangial cells b u t also t h e endothel ia l cells and t h e 
parietal epithelial cells. 

Membranous : a th ickening of t h e glomerular capillary wall by sub
endothel ia l , i n t r amembranous or subepithelial deposi ts . 

Mesangiocapillary: prol iferat ion of cells and th ickening of t he glomer
ular capillary wall. 

Crescents : proliferat ion of the epithelial cells of Bowman ' s capsule. 
These may be small or large enough t o sur round the glomerular 
tuft complete ly . 

The clinical presenta t ion of glomerular disease is variable b u t t he 
hal lmarks are pro te inur ia , haematur ia and hyper tens ion . T h e following 
syndromes are recognized modes of p resen ta t ion : 

Acu te nephri t is 
Nephro t ic syndrome 
A s y m p t o m a t i c prote inur ia 
Recur ren t haematur ia 
Hyper tens ion 
Acu te renal failure 
Chronic renal failure 
Unfor tuna te ly there is n o good correla t ion be tween clinical findings 

and underlying pa thology. For this reason a definitive diagnosis can only 
be m a d e by renal b iopsy . Most informat ion can be ob ta ined by submit t ing 
the biopsy to light microscopy, electron microscopy and i m m u n o 
fluorescence. 
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occurs in approximate ly half t h e cases and will depend on t h e severity of 
t he under lying disease. Renal failure is variable and unpred ic tab le and so 
follow-up of pa t ien ts is to be r e c o m m e n d e d . 

Labora to iy Findings. Urinalysis reveals pro te inur ia in all cases and haema-
turia in most . Evidence of renal failure depends u p o n t he severity of 
t he case. Plasma pro te ins may b e reduced if t h e pro te inur ia exceeds app rox 
imately 3 g daily in t h e adul t pa t i en t . T h e typical b iochemica l findings 
of low a lbumin , raised globulins and raised cholesterol will occur in t h e 
nephro t i c cases. In acu te phases of t he illness t he plasma complemen t 
(C3) may b e reduced a l though in many complemen t studies will b e no rma l . 
The ESR is frequent ly elevated. 

Biopsy Findings. There is a diffuse prohfera t ion of mesangial cells fre
quen t ly associated with an increase in mesangial ma t r ix . Occasionally 
endothel ia l cells are swollen. There is a wide spec t rum of changes from a 
mild or minor prol iferat ion of cells wi th a slight increase in mesangial 
mat r ix , a moderate prol iferat ion where there is a m o r e marked increase in 
cells with some endo theha l swelling t o an exudative lesion where the re is 
proliferat ion associated with t he infi l t rat ion of po lymorphs and the forma
t ion of occasional crescents. This is somet imes described as an active or 
acute nephri t is . A progressive lesion is suggested by the finding of areas of 
hyal inizat ion in glomeruU. 

Immunof luorescence frequently shows t h e presence of immunoglobul ins , 
complemen t c o m p o n e n t s and fibrin in glomerul i . E lec t ron microscopy 
demons t ra tes deposi t ion of mater ia l in glomerular capillary walls and t h e 
mesangium. In cases where there are circulating soluble i m m u n e complexes 
there may be found subepithelial deposi ts of e lec t ron dense mater ial -
' h u m p s ' - t hough t t o b e aggregations of a n t i g e n - a n t i b o d y complexes . 

Diagnosis. This can be suspected on the clinical features, part icularly if 
there has been a d o c u m e n t e d preceding s t reptococcal infect ion, bu t can 
only b e conf i rmed by biopsy and t h e exclusion of systemic diseases which 
may p roduce prohferat ive glomerulonephr i t i s . 

Aet iology. The majori ty of cases are though t to be due to t h e depos i t ion 
of small soluble circulating i m m u n e complexes in glomerular capillary 
walls. Classically this disease is typified by the occurrence of a s t rep to
coccal infect ion, usually of t he th roa t o r skin, followed some 1 0 - 1 4 days 
later by the deve lopment of acu te nephri t is . However, t h e n u m b e r of cases 
which can be a t t r ibu ted t o the s t reptococcal antigen is disappoint ingly 
small and i t is highly likely tha t there are many antigens which can ini t iate 
this react ion. Searches for circulating i m m u n e complexes have also been 
disappoint ing b u t this may reflect t he inadequacy of ou r m e t h o d s for 
de tec t ion rather t han t h e lack of complexes . 

Pathogenesis . Antigens will s t imulate the p roduc t ion of ant ibodies and 
providing the type of an t ibody is right and there are approximate ly equal 
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P O S T S T R E P T O C O C C A L G L O M E R U L O N E P H R I T I S 

Definit ion. This is a g lomerulonephr i t i s which develops consequent on t h e 
format ion of i m m u n e complexes as a result of a s t reptococcal infect ion. 

Presenta t ion . Acu te nephri t i s , a n u m b e r of pa t ien ts present as a s y m p t o m a t i c 
prote inur ia and /o r haematur ia . 

Age/Sex Dis t r ibut ion . Most c o m m o n in children of school age b u t can 
occur at any age. 

amoun t s of antigen and an t ibody there will b e t h e fo rmat ion of small 
soluble complexes . These are depos i ted in t h e glomerular capillary walls 
and result in the act ivat ion of t he c o m p l e m e n t cascade. T h e consequence 
of this is the a t t rac t ion of po lymorphs wi th t h e l iberat ion of kinins and 
o ther enzymes which s t imulate endothel ia l swelling, platelet aggregation 
and fibrin format ion . This in f lammatory response p roduces t he g lomerulo
nephri t is . Providing the antigen is e l iminated and the fo rmat ion of 
complexes ceases then there is a high probabi l i ty t ha t t h e in f lammatory 
lesion will resolve and the glomeruli r e tu rn to normal i ty . However , if the 
deposi t ion of complexes cont inues or t h e g lomerulus is unable t o cope 
with the inf lammatory material then a progressive lesion is likely t o develop. 
Crescent format ion is considered to be a react ion t o t h e ex t rus ion of b lood 
from the glomerular capillary in to t h e ur inary space and therefore m a y 
indicate t h e severity of the capillary wall lesion. 

Natura l His tory . This is ex t remely variable and to a large ex t en t depends 
u p o n the degree of glomerular proHferation, the ex t en t of renal funct ional 
impai rment and t h e presence of hyper t ens ion . T h e majori ty of cases m a k e 
a satisfactory recovery a l though there may be persistent pro te inur ia wi th 
or w i thou t microscopic haematur ia . Pat ients present ing with acu te nephri t i s 
may ei ther resolve comple te ly , improve b u t have cont inu ing minor urinary 
abnormali t ies , die in the acute stage from renal failure or hyper tens ion , or 
progress to chronic renal failure. Pat ients w h o present wi th a s y m p t o m a t i c 
prote inur ia usually have a good prognosis b u t if t he presenta t ion is as 
nephro t i c s y n d r o m e the ou t look is no t as good . 

Poor prognost ic indicators are cont inu ing hyper t ens ion , t h e develop
men t of renal funct ional impa i rmen t , c i rcumferent ial crescents , and the 
presence of areas of segmental hyal inizat ion in glomerul i . 

Management . There is no specific t he rapy . Management should b e aimed a t : 
1. Establishing diagnosis and fully assessing renal funct ion. 
2 . Control l ing hyper tens ion , if present . 
3 . Giving diuret ics if o e d e m a present . 
4 . Searching for focus of infect ion and if present t reat ing with app ro 

priate ant ibiot ics . 
5 . A careful fol low-up. 
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Clinical Fea tures . S t reptococcal infect ion of skin or t h roa t followed some 
1 0 - 1 4 days later b y the deve lopment of oliguria, smokey ur ine due t o 
haematur ia , hyper tens ion and de ter iora t ion in renal funct ion. All four 
criteria need no t b e present as hyper tens ion and renal failure is variable. 
Encepha lopa thy may occur due t o t h e hyper t ens ion , fluid r e t en t ion or the 
s imul taneous deposi t ion of complexes in t he arachnoid of t h e bra in . 
Labora to ry Findings. Proteinuria is usually unselective; haematur ia as red 
b lood cell casts; urea and creat inine variably elevated; complemen t ( C 3 ) 
depressed in acute phase ; ASO t i t re elevated. It m a y b e possible to isolate 
the s t rep tococcus from the th roa t , nose or skin b u t in m a n y instances t h e 
original infect ion will have cleared. 

Biopsy Findings. T h e most c o m m o n finding is of a diffuse exudat ive pro
hferative glomerulonephr i t i s a l though in a smaU n u m b e r of pa t ien ts t h e 
biopsy may show a rapidly progressive (crescentic) appearance . On e lec t ron 
microscopy in the acute phase there m a y be t he presence of e lec t ron 
dense subepithelial deposi ts - ' h u m p s ' . 

Pathogenesis . FoUowing the localizat ion of smaU soluble complexes con
taining s t reptococcal antigen and an t ibody m t h e glomerular capiUary waU 
there is act ivat ion of the complemen t cascade with subsequent p o l y m o r p h 
a t t rac t ion , endotheUal damage , platelet aggregation and fibrin format ion . 

Prognosis. In 8 0 - 9 0 per cent of children the re is a fuU recovery w h ü e in 
a small number there are cont inuing ur inary abnormal i t ies for m a n y years . 
In a very small n u m b e r of pa t ien t s there may b e dea th from hyper t ens ion 
or renal faüure in the acute stage. A smaU n u m b e r m a y progress to renal 
faüure at a later da te . There are current ly some very long-term foUow-up 
studies of epidemic ou tbreaks b u t t he results are no t yet avaüable. T h e 
prognosis is less satisfactory in adul ts wi th pe rmanen t renal impa i rment 
being more c o m m o n . 

Management 
1. Treat underlying infect ions. 
2. Cont ro l hyper tens ion . 
3. Moni tor renal funct ion and treat appropr ia te ly . 
4 . There does no t appear to be any value in long-term ant ibiot ics . 
5 . Long-term foUow-up. 

MESANGIAL IgG/IgA ( B E R G E R ' S ) DISEASE 

Definit ion. A proUferative glomerulonephri t i s character ized by the de
posi t ion of IgG and Ig A in the mesangium. 

Presenta t ion. Recur ren t haematur ia is t he m o s t c o m m o n m o d e of presenta
t ion a l though the syndrome is also frequent ly de tec ted as a s y m p t o m a t i c 
microscopic haematur ia where widespread and rou t ine urinalysis is 
pe r fo rm^! . 
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Age/Sex Dis t r ibut ion. Most c o m m o n l y occurs in the 15-25-yea r -o ld 
pa t ien t . Male p reponderance . 

Qin ica l Fea tures . There are no marked clinical features. Pat ients are 
f requent ly a symptomat i c a l though their macroscopic haematur ia usually 
occurs in immedia te association with some in te rcur ren t infect ion. Hyper
tension and renal failure are u n c o m m o n . 

Labora to ry Investigations. Renal funct ion is usually normal , pro te inur ia 
is variable b u t seldom greater t han 3 g dai ly. Microscopic haematur ia is 
c o m m o n . 

Biopsy Findings. T h e findings are variable b u t include, on light microscopy , 
a mild mesangial proliferat ion with some increase in mesangial ma t r ix , 
or a focal and segmental proliferative g lomerulonephr i t i s . On i m m u n o 
fluorescence microscopy there is mesangial deposi t ion of IgG and IgA 
wi th a striking lack of mater ial in capillary walls. 

Diagnosis. Can only be m a d e with immunof luorescence microscopy . 

Aetiology and Pathogenesis . U n k n o w n . 

Natural His tory . Initial presenta t ion is usually be tween 15 and 20 years. 
Many progress with recurrent haematur ia for up to 10 years and then 
resolve. Some 5 per cent progress t o renal failure requiring dialysis a n d / o r 
t ransplanta t ion . 

Management . There is n o specific t r e a tmen t . Fol low-up is required as the re 
is no way of predict ing those w h o will progress to renal failure. 

M E S A N G I O C A P I L L A R Y G L O M E R U L O N E P H R I T I S 

Defini t ion. A glomerulonephr i t i s character ized b y t h e prol i ferat ion of 
mesangial cells and the expans ion of t h e mesangial mat r ix so t ha t t he 
capillary lumina are reduced to per ipheral slits and t h e g lomerulus de
velops a lobular appearance . 

Presenta t ion . F requen t ly as acu te nephri t i s a l though m a y also present as 
a symptoma t i c prote inur ia , recurrent haematu r i a or hyper tens ion . Some 
cases w h o present wi th acu te nephr i t i s or a s y m p t o m a t i c pro te inur ia may 
proceed to nephro t i c syndrome . Rarely pat ients present wi th chronic 
renal failure. 

Age/Sex Dis t r ibut ion . Most c o m m o n in t he age g roup 1 5 - 2 5 . There is a 
female p reponderance . 

Clinical Fea tures . There are no specific cUnical features. 

Labora to ry Findings. Proteinuria c o m m o n and unselective. Haematur ia 
c o m m o n . Raised urea and creat inine c o m m o n and these increase with t ime . 
In approx imate ly 50 per cent of cases the re is a persis tent h y p o c o m p l e -
mentaemia . T h e plasma C3 concen t ra t ion is low while t he C4 concen t ra t ion 
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is normal indicating al ternate pa thology activation due to the presence of 
the nephri t ic factor. This is t hough t to be an immunoglobu l in . T h e com
plement abnormal i ty occurs in t he 'dense-deposi t ' t y p e of mesangiocapillary 
glomerulonephri t is (vide infra). 

Biopsy Findings. On biopsy two types can be identified, 'dense-deposi t ' 
and ' subendothel ia l ' . In t he subendothel ia l type there is mesangial cellular 
prol iferat ion, an increase in mesangial mat r ix and an interposi t ion of 
mesangial matr ix be tween the endotheUal ceUs and the glomerular capillary 
basement membrane . This gives t he appearance of split t ing of the basement 
m e m b r a n e which on light microscopy gives the capiUary wall a double 
con tour . In the dense-deposit t y p e there is mesangial ceUular proUferation, 
accumula t ion of mesangial mat r ix and , in addi t ion , an irregular th ickening 
of the capiUary basement m e m b r a n e due to the deposi t ion of e lect ron 
dense material . In b o t h types small crescents may be visible. 

Diagnosis. By biopsy a l though persistent h y p o c o m p l e m e n t a e m i a (C3) in 
the presence of a normal C4 is highly suggestive of t he dense-deposi t 
type . 

Aetiology and Pathogenesis . U n k n o w n al though in some cases it appears 
to develop foUowing a bacterial infect ion. 

Natural History. T h e dense-deposit and subendothel ia l types appear 
similar clinically. The majori ty of cases progress to end-stage renal failure 
over a t ime span of about five years. Some pat ients , however , appear t o 
remain in stable renal funct ion for m a n y years. T h e deve lopment of hyper
tension is a poor prognost ic factor. T h e dense-deposi t t y p e may recur in 
a t ransplanted k idney . 

Management . There is no specific t r ea tmen t . 
1. EstabUsh diagnosis. 
2. Obta in base-line renal funct ion studies. 
3. Cont ro l hyper tens ion . 
4 . Fol low-up carefully. 
5 . Counsel against pregnancy as it is frequently a t t ended by deter iora

t ion in renal funct ion. Oral contracept ives should be used with 
caut ion. 

Association. Mesangiocapillary g lomerulonephr i t i s of the dense-deposit 
t y p e frequently occurs in pa t ien ts with part ial Upodys t rophy. This is a 
condi t ion characterized by the symmetr ica l loss of subcutaneous fat from 
the upper half of the body while in the lower half there may be a normal 
or increased amoun t . It usuaUy develops within a year foUowing a febrile 
illness in chi ldhood. It is also associated with diabetes meUitus, hepa to 
megaly and retinitis p igmentosa . T h e majority of pa t ients (90 per cent ) 
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are females and there is a hazard of de te r iora t ion of renal funct ion during 
pregnancy. 

MEMBRANOUS G L O M E R U L O N E P H R I T I S 

Definit ion. Diffuse uniform th ickening of t he glomerular capillary wall in 
all glomeruU. 

Presenta t ion . Usually as nephro t i c s y n d r o m e b u t may b e de tec ted as 
a symptoma t i c prote inur ia . 

Age/Sex Dis t r ibut ion . Most c o m m o n in midd le age ( 3 5 - 5 5 ) and there is 
a male p reponderance (M : F , 3 : 1). 

Qin ica l Findings . Gross haematur ia is rare bu t microscopic haematur ia 
c o m m o n . Hyper tens ion is present in approx imate ly 30 per cent of cases 
at presenta t ion . Renal failure occurs la te . 

Labora to ry Findings. Low plasma a lbumin with associated increase in 
globulins and cholesterol . In early stages serum creat inine and b lood urea 
usually normal . C o m p l e m e n t s tudies normal . Proteinuria usually heavy and 
unselective. 

Biopsy Findings . This depends to a large e x t e n t on t h e t ime at which t he 
biopsy is per formed. In t h e early stages the re is a diffuse th ickening of all 
glomerular capillary walls with l i t t le or no evidence of mesangial cell 
prol iferat ion. On electron microscopy there is subepithelial depos i t ion 
of electron-dense mater ial b u t wi th t ime these deposi ts appear to b e c o m e 
incorpora ted in to t he basement m e m b r a n e , f requent ly becoming electron-
lucent . Immunof luorescence shows t h e presence of immunoglobul ins and 
complemen t in the deposi ts b u t \μ la te stages of t he disease no i m m u n o 
fluorescence may be de tec ted . 

Diagnosis. A m e m b r a n o u s g lomerulonephr i t i s may be associated wi th a 
n u m b e r of condi t ions (vide infra) b u t in t h e majori ty of cases is id iopa th ic . 
T h e diagnosis, therefore , can only be m a d e o n biopsy findings. 
Pathogenesis . T h e deposi t ion of e lect ron-dense deposi ts in a subepithel ial 
posi t ion is highly suggestive of an immune-complex med ia ted disease. This 
is suppor ted by the fact tha t a n u m b e r of cases are associated with con
di t ions where it is possible tha t ant igens are repeatedly released in to t he 
circulat ion, e.g. malaria, syphilis, mal ignant disease. 

Natural His tory . If t he m e m b r a n o u s lesion develops in association with 
a bacterial , viral or p ro tozoa l infect ion t hen t h e prognosis is t o a large 
ex ten t dependen t u p o n the under lying infect ion. In id iopathic cases some 
60 per cent show a slow, steady decline in renal funct ion wi th progression 
to renal failure. (Approximate ly 50 per cent die from renal failure within 
10 years of diagnosis.) A n u m b e r of pa t i en t s (approx imate ly 10 per cent ) 
recover complete ly while t he remainder con t inue with persis tent prote in
uria b u t stable renal funct ion. 
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Management 
1. High pro te in , low sodium diet providing renal funct ion is n o t 

seriously impaired. 
2. Diuretic the rapy . 
3. Regular follow-up to de tec t any change in renal funct ion. 
4 . Various t r ea tmen t schedules including prednisone , aza th iopr ine , 

chlorambuci l or cyc lophosphamide have been suggested b u t at 
present there is no clear evidence tha t these are of value. 

Gin ica l Associat ions. May be found in: 
1. Id iopath ic cases, where n o under ly ing aetiology can be identif ied. 
2. Infections, malaria, persistent hepat i t is Β ant igenaemia, syphilis. 
3 . Drug complicat ions , penici l lamine, gold, heavy metals . 
4 . Neoplasia, part icularly carc inomas of s tomach and breast , Hodgkin ' s 

disease. 
5 . Sarcoidosis, d iabetes mell i tus. 

Renal Vein Thrombos i s and Membranous Glomeru lonephr i t i s . It has been 
suggested tha t renal vein th rombos is will p roduce a m e m b r a n o u s glomerular 
lesion. It is now considered tha t the renal vein th rombos i s is due t o a 
hypercoagulable state which frequently develops in nephro t i c pa t ien ts 
and thus the thrombosis is a result of t he m e m b r a n o u s g lomerulonephr i t i s 
and no t a cause. 

MINIMAL LESION G L O M E R U L O N E P H R I T I S 

Definit ion. This is a synd rome character ized b y severe pro te inur ia , and 
the presence of only minimal abnormaht ies on renal b iopsy . 

Presenta t ion. Most c o m m o n l y as nephro t i c s y n d r o m e b u t on rare occasions 
is de tec ted as a symptomat i c prote inur ia . There may be a his tory of previous 
upper respiratory t ract infect ion, a topic allergy, recent exposure t o ex
trinsic allergens or immuniza t ion . 

Age/Sex Dis t r ibut ion. Affects children (aged 3 - 1 2 ) p redominan t ly wi th 
a slight male p reponderance . It does , however , affect adul ts . 

Qin ica l Findings. Haematur ia and hyper tens ion are b o t h rare. Renal 
failure is u n c o m m o n bu t may occur in severe cases when there is marked 
hypovolaemia . Pat ients frequently have a topic condi t ions . 
Labora to ry Findings. Low plasma a lbumin wi th associated increase in -
globulins and cholesterol . Serum crea t inme and b lood urea usuaUy normal . 
Proteinuria is usuaUy heavy and selective. C o m p l e m e n t s tudies normal . 

Biopsy Findings. On light microscopy the glomeruU appear normal b u t 
may show a slight degree of proUferation of mesangial ceUs and increase 
is mesangial mat r ix . Tubular ceUs m a y show Upid d rop le t s (lipid nephrosis) 
and foam ceUs may be present m the mters t i t ium. Immunof luorescence 
microscopy is usuaUy negative b u t m a y demons t r a t e very smaU a m o u n t s 
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of IgM and occasionally C 3 . On e lec t ron microscopy there is a character
istic loss of epi thehal cell foot processes and a ' smearing ' of t h e cell along 
the capulary basement m e m b r a n e . 

Diagnosis. Depends u p o n : 
1. T h e exclusion of o ther glomerular disease. 
2. The presence of selective prote inur ia . 
3. Typical b iopsy findings. 
4 . Steroid responsiveness. 

Pathogenesis. Presently u n k n o w n b u t there are suggestions of an al tered 
T-cell funct ion. 

Natural His tory . Normal ly follows a remi t t ing and relapsing course . Spon
taneous remission occurs in approx imate ly 30 per cent of children and 10 
per cent of adults . 

Management 
1. Diuretics to reduce oedema. 
2. Biopsy to de te rmine correct diagnosis. 
3. Steroid the rapy , 1 mg/kg /day or 2 mg/kg/a l te rna te day . If t he 

ur ine is free from p ro te in for 2 weeks , or 2 m o n t h s elapse w i t h o u t 
response , p rednisone should b e gradually reduced . When relapses 
are f requent or unacceptab le s teroid toxic i ty develops t h e n cyclo
phosphamide (2 mg/kg) should be used. 

4 . Regular follow-up to de tec t relapses at an early stage. 
Compl ica t ions . In t he un t rea ted pa t ien t compl ica t ions include increased 
incidence of infect ion (part icularly skin) and t h r o m b o e m b o l i s m . 

F O C A L G L O M E R U L O N E P H R I T I S 

Definit ion. A condi t ion character ized by glomerular changes in some 
glomeruli while o the rs appear normal . It is found frequent ly in systemic 
diseases b u t also occurs in t h e absence of any systemic disease. 

Presenta t ion . Most f requent ly as recur rent haematur ia b u t may also present 
as acu te nephri t is or nephro t i c s y n d r o m e . 

Age/Sex Dis t r ibut ion . Occurs mainly in young adul t s , 1 5 - 3 0 years o ld . 
Slight male p reponderance . 

Qin ica l Fea tures . In pa t ients wi th systemic disease t he clinical features 
will d e p e n d entirely on the under ly ing disease. In o the r s macroscopic 
haematur ia frequently immedia te ly follows some febrile illness while 
be tween episodes microscopic haematur ia is present . Prote inur ia is usually 
mild and hyper tens ion or renal impa i rmen t is rare. 
Labora to ry Findings. Usually n o a b n o r m a h t y de tec ted . 
Biopsy Findings. On hght microscopy some glomerul i appear affected 
while the remainder are normal . T h e percentage o f glomerul i affected is 
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RAPIDLY P R O G R E S S I V E (CRESCENTIC) G L O M E R U L O N E P H R I T I S 

Defini t ion. A glomerulonephri t is usually present ing as an acu te reduc t ion 
in renal funct ion, progressing rapidly to uraemia and character ized by 
large circumferential crescents in 70 per cent or m o r e of glomeruli . 
Presenta t ion . Most commonly as acute renal failure wi thou t obvious 
cause. 
Age/Sex Dis t r ibut ion. Can occur at any age b u t is mos t c o m m o n in older 
adul t s . 
Qin ica l Fea tures . Are mainly those of acute renal failure such as oliguria, 
pu lmonary o e d e m a or cardiac failure. Hyper tens ion is variable. Some have 
a non-specific illness and are found to be uraemic dur ing investigation. 

variable. In glomeruli the changes, usually proliferative, are frequently 
confined to one or two lobules and usually found at t he per iphery of t he 
lobule . Small crescents are occasionally found. In some cases, part icularly 
those associated with microscopic polyar ter i t i s , t h e glomerular changes 
may show areas of necrosis. 

Aetiology and Pathogenesis . U n k n o w n . 

Natural His tory. T h e prognosis is usually good . In many instances t he 
episodes of recurrent haematur ia will resolve and renal funct ion is un
affected. In a small number of pa t ien ts progressive renal impa i rment 
occurs. In those associated with systemic diseases the prognosis will depend 
entirely on the underlying disease. 

Management . There is n o specific the rapy . 
1. EstabUsh diagnosis. 
2. Assess renal funct ion. 
3. Exclude systemic disease. 
4 . Careful follow-up t o de tec t the small n u m b e r which may progress 

to renal failure. 

Associat ions. A focal proliferative or necrot iz ing g lomerulonephr i t i s may 
be found in a considerable n u m b e r of condi t ions and these should b e 
confirmed by appropr ia te investigations. Usually evidence of systemic 
disease precedes t he appearance of renal involvement b u t this is no t in
variable. Focal glomerular lesions are recognized in t h e following: 

Systemic lupus e ry thematosus 
Microscopic polyarter i t is 
H e n o c h - S c h ö n l e i n s y n d r o m e 
Bacterial endocardi t is 
Mesangial IgG/IgA disease 
Goodpas tu re ' s s y n d r o m e 
Heroin neph ropa thy . 
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G O O D P A S T U R E ' S S Y N D R O M E 
Defini t ion. This is a variant of rapidly progressive g lomerulonephr i t i s 
where there is t he presence of circulating ant iglomerular basement mem
brane (GBM) an t ibody . 
Presenta t ion . Usually as acute renal failure b u t it may be de tec ted during 
investigation of anaemia or haemoptys i s . 
Age/Sex Dis t r ibut ion . Affects mainly y o u n g adu l t males. 

Clinical Findings. There may be a his tory of recent viral or bacterial 
respiratory infection or exposure to hydroca rbons . Gross haematur ia 
may be the first sign. Haemoptys is is f requent ly b u t no t invariably present . 
Renal s y m p t o m s usually occur first b u t in some pa t ien t s t he lungs appear 
to be involved first. 

Labora to iy Findings. Raised urea and creat inine associated with a meta
bolic acidosis. Haematur ia and pro te inur ia c o m m o n . Complemen t usually 
normal . Plasma prote ins normal . 

Biopsy Findings. There may be Httle or no prol iferat ion of t h e glomerular 
tuft bu t there is parietal epithelial cell proUferation producing large c i rcum
ferential crescents in 70 per cent or m o r e glomeruli . T h e tubules are 
frequently ischaemic and the in ters t i t ium is o e d e m a t o u s and conta ins 
inf lammatory cells. 

Diagnosis. F r o m renal biopsy and exclusion of o the r condi t ions (vide 
infra). 
Aetiology. May rarely follow a s t rep tococcal or viral infect ion b u t in the 
vast majori ty of pat ients n o cause can be found. 
Pathogenesis . As for proliferative g lomerulonephr i t i s . 
Prognosis. Ex t remely poor . 

Management 
1. As for acute renal failure (see Chap te r 7) . 
2. In view of poor prognosis 1 g of me thy lp redn i so lone (Solu-medrone) 

i.V. daily for 3 days followed by high dose steroids. 
3 . If renal funct ion deter iora t ing t hen plasmapheresis may halt the 

decline b u t its use is stül exper imenta l . 
Clinical Associations. A crescentic g lomerulonephr i t i s may b e found in : 

Goodpas tu re ' s s y n d r o m e (see below) 
Systemic lupus e ry thema tosus (p . 112) 
Wegener 's granulomatos is (p . 118) 
Microscopic polyar ter i t is (p . 116) 
Henoch Schönlein synd rome (p . 121) 

and so investigations must b e u n d e r t a k e n t o de tec t these condi t ions . 
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F O C A L G L O M E R U L O S C L E R O S I S 

Defini t ion. This is a synd rome which c o m m o n l y has a nephro t i c presenta
t ion and in which renal biopsy shows focal areas of sclerosis in g lomeruh . 

Presenta t ion. Most c o m m o n l y as nephro t i c s y n d r o m e and in early cases is 
indistinguishable from minimal lesion g lomerulonephr i t i s . 

Age/Sex Dis t r ibut ion. Occurs at aU ages b u t t he re is a peak mcidence of 
onset in t he thi rd decade . 

Clinical Findings. Haematur ia is rare. Hyper tens ion , if present , occurs at 
a late stage. Renal failure is u n c o m m o n a t p resen ta t ion b u t develops as 
t ime progresses. 

Labora to ry Findings. Low plasma a lbumin wi th associated increase in ß^-
globulins and cho les t e ro l Creat in ine and urea m a y b e elevated in late 
cases. Complemen t studies normal . Prote inur ia usuaUy heavy and un
selective. 

Labora to ry Findings. T h e findings are frequently those of acu te renal 
failure, oliguria, rising urea and creat inine. T h e diagnostic finding is the 
de tec t ion of anti-GBM an t ibody in t h e serum. 

Biopsy Findings. In eariy stages there may be a focal necrot iz ing glomerular 
lesion while in later stages t h e appearance is tha t of a rapidly progressive 
(crescentic) g lomerulonephri t i s . Immunof luorescence microscopy leveals 
a linear deposi t ion of IgG and frequent C3 in glomerular capillary walls. 
A similar Unear deposi t ion may be found o n alveolar basemen t membranes . 

Diagnosis. This is made by the de tec t ion of anti-GBM an t ibody and t h e 
clinical findings. 

Pathogenesis . T h e renal and pu lmonary lesions are due t o t he effect of the 
anti-GBM an t ibody . The lung tissue appears to share c o m m o n ant igens 
with glomerular basement m e m b r a n e . 

Natural His tory. Unt rea ted , progresses rapidly t o dea th ei ther from renal 
failure or pu lmonary haemorrhage . 

Management 
1. Diagnosis mus t be es tabhshed as soon as possible. 
2. Acu te renal failure t rea ted along convent ional hnes (see Chapter 7) . 
3 . Plasmapheresis combined with immunosuppress ion (prednisone , 

aza th iopr ine and cyc lophosphamide) . 
4 . High-dose steroids may be required t o con t ro l pu lmona ry haemor

rhage. 
5 . If renal funct ion is des t royed then long-term dialysis and possible 

t ransplanta t ion . It is i m p o r t a n t t o k n o w tha t the re is n o anti-GBM 
an t ibody present at t he tune of t ransp lan ta t ion . 
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Biopsy Findings. This depends u p o n t h e stage of t h e illness at which 
biopsy is per formed. Initially only the jux tamedu l l a ry glomerul i are 
involved b u t wi th t ime t h e lesions b e c o m e apparen t in those m o r e peri
pheral . In glomeruli there are segmental areas of sclerosis w i thou t 
proliferat ion or necrosis. T h e sclerotic areas gradually expand and obl i tera te 
all capillaries in the glomeruU. Focal tubular a t r o p h y wi th some interst i t ial 
inf lammation occurs . Immunof luorescence microscopy of ten shows 
deposi t ion of IgM and C3 in affected glomeruU. E lec t ron microscopy 
shows enlargement of mesangial regions conta ining dense deposi ts in 
sclerotic lobules. 

£>iagnosis. Can only be made on the biopsy findings. 

Pathogenesis . U n k n o w n . 
Natural His tory. T h e nephro t ic presenta t ion may run a relapsing and 
remit t ing course. In m o r e than 50 per cent of pa t ien t s there is a s teady 
decUne in renal funct ion progressing to renal failure. T h e lesion may 
reappear in a t ransplanted k idney. 

Management 
1. High pro te in , low sodium diet . 
2 . Diuretics to reduce oedema. 
3. Regular foUow-up to de tec t declining renal funct ion and take 

appropr ia te ac t ion . 
4 . There is a t present n o convincing evidence tha t s teroids or i m m u n o 

suppressive agents are of any value. 

Qin ica l Associat ions. May be found in associat ion wi th heroin addic t ion . 



Chapter 1 0 

THE KIDNEY IN SYSTEMIC DISEASE 

General in t roduc t ion - Systemic lupus e ry thematosus - Polyar ter i t is -
Wegener 's granulomatos is - Rheuma to id ar thr i t is - Scleroderma (systemic 
sclerosis) - Amyloidosis - H e n o c h - S c h ö n l e i n syndrome (anaphylac to id 
purpura ) - Diabetes meUitus - G o u t - Sarcoidosis - Subacu te bacter ia l 
endocardi t is 

G E N E R A L I N T R O D U C T I O N 

In many pat ients with g lomerulonephr i t i s it is the glomerular disease which 
appears t o be t he pr imary p rob lem, wi th the associated hyper tens ion and 
renal failure as secondary phenomena . There is, however , a group of 
condi t ions in which the glomerular lesion is only one feature of a m o r e 
widespread disease process. In such cases t h e g lomerulonephr i t i s can be 
considered secondary a l though it mus t be r emembered tha t in m a n y cases 
t he renal involvement is of considerable impor t ance and m a y be t he 
u l t imate cause of dea th . 

The majori ty of condi t ions fall in to t he so-caUed 'connect ive tissue 
diseases' g roup , e.g. systemic lupus e ry thematosus , polyarter i t is and 
scleroderma, while o thers are of a metabol ic na tu re , e.g. amyloidosis and 
diabetes mell i tus. 

SYSTEMIC LUPUS E R Y T H E M A T O S U S 

Systemic lupus e ry thematosus (SLE) is a mul t i sys tem disease which may 
present in m a n y ways and affect every system in the b o d y . It is f requent ly 
difficult to differentiate from o ther connect ive tissue disorders and its 
clinical presenta t ions are numerous . Renal involvement occurs in approx
imately 75 per cent of SLE pat ients and carries a poo r prognosis . It 
f requently appears early in the natura l his tory b u t it mus t be r emembered 
that it can occur at any t ime. 

Aet iology. In spite of m u c h research the aetiology of SLE remains un
certain. The possible causes are : 

1. A viral infect ion; there has, however , been no satisfactory isolation 
of a specific virus a l though virus-Uke particles have been visuahzed 
on electron microscopy. 

2. An a u t o i m m u n e s ta te exists b u t this does n o t exp lam h o w or why 
the disease starts . 

3. An inheri ted immunological deficiency; this is suppor ted by t h e 
famihal incidence and t h e increased incidence of HLA-8. 

Pathogenesis . The development of renal disease is due to t he deposi t ion of 
a n t i g e n - a n t i b o d y complexes in the glomerulus . This is associated with 
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complemen t act ivat ion, endothel ia l damage and subsequent fibrinogen 
act ivat ion with t he format ion of fibrin and t h r o m b i . 

Pathology 
G L O M E R U L A R C H A N G E S . T h e glomerular changes can b e divided 

in to several recognizable forms. 
1. Minor changes (30 per cent ) . In a n u m b e r of pa t i en t s t h e 

glomerul i appear relatively normal on light microscopy. There 
may be minor increase in mesangial cells in some segments wi th 
or w i thou t focal th ickening of t h e capillary wall. 

2 . Focal g lomerulonephr i t i s (20 per cent ) . The re is segmental p ro
liferation of cells which in some glomerul i m a y even show focal 
necrosis. Remaining segments of glomerul i and o the r glomerul i 
may appear normal . 

3 . Diffuse proliferative g lomerulonephr i t i s (35 per cent ) . This m a y 
vary in severity from a mild prol i ferat ion of mesangial cells t o 
necrosis and crescent fo rmat ion . O n e lec t ron microscopy sub
endothel ia l deposi ts are seen and on immunof luorescence these 
are f requent ly shown to conta in IgG, c o m p l e m e n t and fibrin. 

4 . Membranous g lomerulonephr i t i s (15 per cen t ) . There is diffuse 
generalized thickening of t h e capillary wall essentially indis
t inguishable from idiopathic m e m b r a n o u s g lomerulonephr i t i s . 
E lec t ron microscopy reveals subendothel ia l deposi ts which can 
b e demons t r a t ed t o conta in IgG and complemen t . 

5 . Haematoxy l in bodies are specific t o SLE and are p robab ly t h e 
disordered nuclei of cells damaged b y auto-ant ibodies . 

6. Wire-loop lesions in capillary walls are highly suggestive of SLE 
a l though they may occur rarely in o ther condi t ions . 

V A S C U L A R C H A N G E S . Thickening of arteriolar walls and fibrinoid 
necrosis are f requent ly observed. 

I N T E R S T I T I A L C H A N G E S . Pa tchy fibrosis is seen part icular ly in 
longstanding cases and probably represents t h e effect of glomerular 
loss and /o r vascular occlusions. 

Qin ica l Fea tures . A characterist ic feature of SLE is its mul t i sys tem in
volvement . It may therefore present in m a n y ways. T h e renal manifes ta t ions 
are: 

1. Proteinuria - t he mos t c o m m o n sign. It may be a s y m p t o m a t i c or 
sufficient to p roduce the nephro t i c synd rome . It is usually greatest 
in cases with a diffuse proliferative or a m e m b r a n o u s appearance on 
microscopy. 

2. Haematur ia is c o m m o n and usually microscopic . 
3 . Hyper tens ion occurs in approx imate ly 20 per cent of pa t ien ts with 

SLE b u t this incidence is greater in those wi th renal involvement . 
4 . Renal failure m a y present as an acu te or chronic illness. 
5 . Renal involvement m a y no t b e manifest when a diagnosis of SLE is 
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established b u t i t may develop at any t ime during the course of t h e 
disease. 

6. SLE is a disease of remission and exacerba t ion and t hus the clinical 
features are liable to change. 

Diagnostic Criteria. The diagnosis of lupus e ry thema tosus can be difficult 
due to the considerable overlap of the various 'connect ive-t issue ' syndromes . 
T h e American Rheumat i sm Associat ion listed four teen manifes ta t ions of 
SLE and suggested tha t a diagnosis could b e m a d e if four or m o r e were 
present . T h e manifes ta t ions are : 

1. Facial e r y t h e m a (but terf ly rash) . 
2 . Discoid lupus . 
3 . Raynaud ' s p h e n o m e n o n , 
4 . Alopecia. 
5 . Photosensi t ivi ty . 
6. Oral or nasopharyngeal ulcerat ion. 
7. Arthr i t is w i thou t deformi ty . 
8. Lupus e ry thematosus cells. 
9. Chronic false positive serological test for syphilis. 

10. Profuse prote inur ia . 
1 1 . Cellular casts on urine microscopy. 
12. Pleurisy and /o r pericardit is . 
13 . Psychosis and /o r convulsions. 
14. Haemoly t ic anaemia and /o r leucopenia and /o r t h r o m b o c y t o p e n i a . 

Since the pubUcation of this list in 1971 improvements in serological 
tests have been made and m a n y would n o w consider a diagnosis established 
on the finding of a high t i t re of ant i -DNA ant ibodies part icularly when 
associated with low plasma C3 concen t ra t ion and a compat ib le renal 
biopsy. 

Indicat ions for Renal Biopsy 
1. To confirm or establish a diagnosis in pa t ien ts considered t o have 

SLE. 
2. To de te rmine the histological t y p e as a guide t o prognosis (vide 

infra). 
3. To de te rmine the effects of the rapy . 

Management . T h e management of any disease which has remissions and 
exacerbat ions is likely to prove difficult. In spite of this considerable 
improvement in prognosis has been m a d e in recent years. 

1. Establish diagnosis. 
2 . Establish baseline s tudies; renal funct ion, pro te inur ia , haemoglobin , . 

WBC, platelet coun t , ESR, c o m p l e m e n t (C3) and D N A binding. 
3. Obta in renal b iopsy t o de te rmine histological t y p e . 
4 . Drug t r ea tmen t depends u p o n t h e severity and chnical manifesta

t ions. In mild disease and where the re is n o renal involvement 
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salicylates, indomethac in and p h e n y l b u t a z o n e are of value. Ant i 
malarials are of value, part icularly for skin manifes ta t ions . 

5 . Steroids mus t be used for pa t ien t s wi th renal disease and for severe 
manifes ta t ions such as haemoly t i c anaemia, t h r o m b o c y t o p e n i c 
purpura , central nervous system mvolvement , acute vascuhtis 
and severe a r t h ropa thy . 

Steroid therapy should be c o m m e n c e d in a dose of 4 0 - 8 0 mg 
daily and main ta ined for t w o m o n t h s . T h e dose can t hen be slowly 
reduced (a useful guide is approx imate ly 10 per cent every 10 days) 
unti l a main tenance dose is de te rmined . During this t ime a careful 
watch needs to be kep t on t he chnical s ta tus , the ESR and plasma 
C 3 . In pa t ients requiring less then 20 mg daily of prednisone the 
addi t ion of an antimalarial may aUow for a r educ t ion in steroid 
dose. In pa t ien ts requir ing m o r e than 20 mg daily of prednisone 
considerat ion should b e given to an al ternate-day regime. In view of 
t he high incidence of side effects, t r e a t m e n t can be s tar ted wi th an 
al ternate-day regimen or pa t ien ts can b e conver ted at a later stage 
in their course. In a l ternate-day the rapy the requ i rement is for 
approximate ly 20 per cent greater t han twice t h e daily dose (i.e. a 
pa t ient requiring 20 mg daily of p rednisone wiU probably need 5 0 
mg in a l ternate days) . 

In very severe cases it may be of value t o c o m m e n c e the rapy 
with in t ravenous high-dose steroids such as 1 g methy lp redn i so lone 
(Solu-medrone) daily for 3 days . 

6. F r e q u e n t and detai led foUow-up is requi red . 
7. Immunosuppress ive drugs such as aza th ioprme and cyclophospha

mide have been used b u t as ye t the re is n o clear indica t ion of their 
value. 

8. Plasmapheresis has been used to remove the an t ibody and /o r com
plexes and may be of value in cases where high dose steroids seem 
to be inadequa te . 

9. In pa t ients with renal involvement hyper tens ion m a y develop and 
in such pa t ien t s a l though b o t h m e t h y l d o p a (Aldomet ) and hydra l 
azine (Apresoline) have been imphca ted in p roduc ing SLE they 
may be used. 

10. If end-stage renal failure occurs dialysis and subsequent t rans
p lan ta t ion should be considered. There is, however , a higher 
incidence of hyper tens ion and infect ion in these pa t ien ts . 

Prognosis. The prognosis is variable and t o a large ex t en t depends u p o n the 
type and severity of the renal involvement . 

1. In those pat ients with normal histology or minor changes t he 
prognosis is very good a l though it m u s t b e r emembered tha t renal 
involvement may develop at any t ime . 

2 . Focal g lomerulonephr i t i s indicates a relatively benign course and t h e 
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P O L Y A R T E R I T I S 

In t roduc t ion . T w o types of polyarter i t is are recognized, polyarter i t is 
nodosa (classic polyarter i t is) where medium-sized muscular arteries are 
involved, and microscopic polyar ter i t i s where capillaries and in part icular 
glomerular capillaries are involved. In b o t h forms renal involvement is 
c o m m o n and of serious prognosis. 
Aet iology. I t is mos t likely tha t this condi t ion is a manifes ta t ion of a hyper
sensitivity react ion. Exper imenta l ly p roduced serum sickness causes 
pathological changes similar to polyar ter i t is . 

Certain drugs - su lphonamides , thiouraci l and penicillin - have been 
repor ted as causing a hypersensit ivi ty react ion with subsequent polyar ter i t is . 
Some repor ts indicate tha t hepat i t is Β antigen (Australia ant igen) can cause 
this synd rome b u t t he evidence is as yet unconvincing. 
Pathogenesis. T h e pathogenesis is no t clear. It is mos t likely d u e t o t h e 
act ion of i m m u n e complexes and the t w o forms of t he syndrome m a y 
represent t h e p roduc t ion of complexes of different sizes. However , in some 

5-year survival is approximate ly 65 per cent . T h e requ i rement for 
steroids is usually low. Most pa t ien ts die from non-renal causes. 
The change to a diffuse histological p ic ture can occur b u t on ly 
rarely. 

3 . Diffuse proliferative appearances have a poor prognosis with approx
imately a 25 per cent 5-year survival. Most pa t ients die from renal 
involvement. The requi rement for steroid is high. T h e severity of t h e 
glomerular appearance , part icularly the a m o u n t of subendothel ia l 
deposi ts , correlates well wi th t he prognosis. 

4 . Membranous forms of SLE have a good prognosis. T h e 5-year 
survival is approx imate ly 85 per cent . T h e requi rement for steroids 
is low. A presenta t ion of nephro t i c syndrome is a poor prognost ic 
indicator . Renal failure, if it arises, usually develops slowly. Death 
is usually due to non-renal causes. 

5 . Pat ients who at t h e t ime of presenta t ion , regardless of his tology, 
have severe hyper tens ion or a creat ine clearance of less t han 20 ml/1 
have a poor prognosis . 

Drug-induced Systemic Lupus Ery thema tosus . A wide variety of drugs 
have been repor ted as causing SLE but t he mos t c o m m o n are: 

Hydralazine 
Procainamide 
Methy ldopa 
Chlorpromazine 
The incidence of renal involvement in drug-induced SLE is low and in 

the majori ty of pa t ien ts t h e clinical and labora tory manifesta t ions regress 
after cessation of t he drug involved. 
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pat ients no immunoglobul ins can be found in the lesions and therefore 
o ther pa thogenet ic mechanisms may opera te . 

Pathology 
A. NODOSA F O R M . Large, muscular arteries are involved and the 

appearances will, t o a large e x t e n t , depend on the stage of t he 
development of t h e lesion. T h e m o s t p rominen t features in the 
acute stage are fibrinoid necrosis and perivascular accumula t ion of 
po lymorphs , mononuc lea r cells and eosinophils . In severe cases 
infarction of tissue distal t o the vascular lesion occurs . Thrombos i s 
of affected vessels may occur . 

B. MICROSCOPIC F O R M . In t h e k idney t h e mos t p rominen t lesion 
is in the glomeruU. The appearances may be variable and in mild 
cases are focal and segmental . F ibr inoid necrosis m a y affect a few 
capiUary loops or a lobule . There is f requently cellular proUferation 
and crescents are c o m m o n . Appearances identical t o rapidly pro
gressive glomerulonephri t i s (Chapter 9) may be found. 

Tubular changes are no t marked except in severe forms and 
b lood vessels are relatively spared. 

Qin ica l Fea tures . T h e clinical features to some e x t e n t depend o n the t y p e 
of polyarter i t is b u t b o t h are: 

1. More c o m m o n in males (male : female, 2 : 1 ) . 
2. More c o m m o n in middle-aged and older pa t ien ts . 
3 . Associated with fever, a r t h ropa thy and generalized malaise. 
4 . Associated with anaemia, high ESR and eosinophil ia. 
A. NODOSA F O R M 

1. Hyper tens ion is a c o m m o n finding and may rapidly progress to 
a malignant phase. 

2. Loin pain may occur due to areas of renal infarct ion. 
3 . Macroscopic haematur ia . 

B. MICROSCOPIC F O R M 
1. Hyper tens ion is m u c h less c o m m o n . 
2. Clinical presenta t ion is usuaUy as ei ther acu te nephri t i s or in 

severe cases, acute renal faüure. 
3 . Haematur ia is usually microscopic . 

Diagnosis. T h e diagnosis can only be m a d e wi th any cer ta in ty o n histological 
grounds . In t he nodosa form renal ar ter iography may b e of considerable 
value in demons t ra t ing mul t ip le small aneurysms in t he muscular arteries 
and /o r associated areas of ischaemia or infarct ion. Biopsy in the nodosa 
form may no t reveal any vascular changes d u e to the pa tchy na ture of t he 
lesion. 

A diagnosis of t he microscopic form is more difficult and is m a d e by 
the combina t ion of a typical cUnical h is tory , mul t i sys tem involvement , 
high ESR, eosinophiUa and a compat ib le glomerular lesion. 
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Management 
1. Establish diagnosis as soon as possible. In pa t ien ts wi th severe 

renal involvement t r ea tmen t is a mat te r of urgency. 
2. Obta in baseline studies of renal funct ion and haemato logy . 
3 . Steroids are essential. The dose will depend upon the severity, bu t 

is usually be tween 6 0 - 1 0 0 mg daily of prednisone . In cases wi th 
severe glomerular changes it may be of value to start t r ea tmen t wi th 
methy lpredniso lone (Solu-medrone) 1 g daily i.v. for 3 days . High-
dose steroids should be mainta ined for 2 m o n t h s and then gradually 
reduced. Maintenance the rapy will vary be tween 10 and 30 mg daily 
of prednisone . If more t h a n 20 mg daily are required an a l ternate-
day regimen should b e considered in an a t t e m p t t o reduce steroid 
toxic i ty . 

4 . F r e q u e n t follow-up to mon i to r progress is m a n d a t o r y . 
5. Hyper tens ion and renal failure should be t rea ted as and when 

required. 

Prognosis. Renal failure is t he c o m m o n e s t cause of dea th in pat ients with 
polyarter i t is . 

Steroid therapy is of u n d o u b t e d value b u t a n u m b e r of pa t ien ts appear 
to relapse after several years in spite of apparent ly successful the rapy . The 
more severe the renal involvement t h e poorer t he prognosis . 

W E G E N E R ' S G R A N U L O M A T O S I S 

This is probably a variant of polyarteritis and is character ized by : 
1. Granu lomatous lesions in t he upper respiratory t ract and lungs. 
2 . F ibr inoid necrosis of b lood vessels. 
3. Focal proliferative glomerulonecrosis . 
T h e clinical presenta t ion is usually initially due t o nasal s y m p t o m s , 

chronic cough, haemoptys i s or pleurisy. Renal manifes ta t ions occur later 
and in many cases t he renal involvement is only de tec ted dur ing t h e course 
of investigation of t he respiratory s y m p t o m s . Renal failure is c o m m o n . 

Diagnosis is m a d e by a combina t ion of chest X-ray, b iopsy of lesion in 
the respiratory t ract and renal b iopsy . 

T h e managemen t and prognosis have al tered considerably. Prolonged 
remission can be p roduced by the rapy wi th ei ther cyc lophosphamide or 
azathiopr ine with or w i thou t t h e add i t ion of steroids. 

The aetiology is u n k n o w n . 

R H E U M A T O I D A R T H R I T I S 

Renal involvement in rheumato id arthri t is is more c o m m o n than one 
would suspect. The lesions which may arise in such pat ients are : 

1. Amyloidosis: This p robably occurs t o some ex t en t in the k idney of 
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approximate ly 20 per cent of pa t ien ts . T h e reason for this high 
incidence is n o t k n o w n , b u t may be related to t he immunoglobul in 
abnormal i t ies and also t h e increased incidence of infect ion. 

2. Mild Proliferative Glomerulonephritis: This has been repor ted in 
several series b u t t h e n m p o r t a n c e is u n k n o w n . 

3. Arteritis: Lesion similar to those found in o the r organs m a y be 
present . 

4 . Interstitial Nephritis: This is mos t likely associated wi th analgesic 
therapy and in severe cases may p roduce papillary necrosis. 

5. Complications of Therapy: Gold has been widely used in rheuma to id 
ar thr i t is and it may p roduce e i ther a p rox imal tubu la r cellular 
damage or a lesion ra ther like m e m b r a n o u s g lomerulonephr i t i s 
a l though the m e m b r a n e involvement m a y be pa t chy . Penicillamine 
has also been used widely and this p roduces a m e m b r a n o u s nephro 
pa thy in approx imate ly 20 per cent of cases. 

S C L E R O D E R M A (SYSTEMIC SCLEROSIS) 

This is an unusual condi t ion of u n k n o w n aet iology in which there is 
widespread vascular disease, which is m o r e c o m m o n in females t han 
males, which tends to occur in middle age and which frequent ly affects 
t he k idney. 

Qin ica l Fea tures . T h e initial manifes ta t ions are usually in t he skin and 
gastrointest inal t rac t . Raynaud ' s p h e n o m e n o n and a th ickening and tight
ening of the skin, part icularly in t h e fingers and a round t he m o u t h , are 
c o m m o n . Dysphagia may occur . 

Renal manifesta t ions may occur early as a mild pro te inur ia b u t more 
frequently present as a te rminal event b y acu te renal failure. Hyper tens ion , 
even t o t he po in t of mal ignant hype r t ens ion , may precede t h e acu te 
episode. 

Pathology. On renal biopsy t h e major changes are in t h e b lood vessels. 
Inter lobular arteries show gross in t imal th ickening wi th marked reduc t ion 
of the capillary lumen , which may even con ta in t h r o m b i . T h e in t imal 
thickening is muc inous with concentr ical ly arranged nuclei . Afferent 
arterioles may show similar changes and , in addi t ion , fibrinoid necrosis. 
Glomerular changes are no t marked . 

Pathogenesis . This is uncer ta in b u t m a y b e related t o a slow generahzed 
intravascular coagulat ion. 

Diagnosis. This can be m a d e from t h e typical skin appearances . Biopsy wiU 
reveal int imal changes in b lood vessels. 

Radiology can be helpful and oji renal ar ter iography there is a con
siderable reduc t ion in the vascular phase with fairly ab rup t s m o o t h taper ing 
of in ter lobular arteries. In t h e nephrograph ic phase the re m a y b e diffuse 
spo t ty lucencies and persis tent fiUing of t he arteries. 
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Management . There is n o satisfactory t r ea tmen t . Management can only 
be symptoma t i c and mus t include care t o t he skin and con t ro l of hyper
tension. Penicillamine has been used b u t is no t of any proven value. 

Prognosis. This is variable b u t if renal failure develops it is ex t remely poor . 
If acute renal failure develops there is l i t t le chance of a r e tu rn of renal 
funct ion. S o m e pa t ien t s appear to remain in a stable state for many years. 

AMYLOIDOSIS 

In t roduc t ion . Amyloidosis may be classified in to several dis t inct groups . 
1. PRIMARY. In which the re does n o t appear t o be any under lying 

precipi tat ing cause. In this g roup depos i t ion is usually found in t h e 
gastrointest inal t rac t , hear t and spleen, a l though the k idney is 
involved in approx imate ly 35 per cent of cases. 

2. S E C O N D A R Y . Due to such condi t ions as chronic suppura t ion 
(e.g. osteomyel i t is or bronchiectas is) , tuberculosis , r heuma to id 
ar thr i t is , Hodgkinson ' s disease, Crohn ' s disease, ulcerative coht is , 
ankylosing spondyl i t is or leprosy. T h e amyloid deposi ts are found 
in t h e liver, spleen, k idney and adrenals . 

3. ASSOCIATED WITH MULTIPLE MYELOMA. Occurs in approx
imately 15 per cent of cases and has a d is t r ibut ion similar t o t he 
pr imary form. 

4 . FAMILIAL. Particularly in famiUal Medi terranean fever ( F M F ) 
where the incidence is approx imate ly 50 per cent and is a major 
cause of dea th . 

5 . L O C A L I Z E D . Localized deposi ts of amyloid can be found in m a n y 
elderly people and are p robab ly of l i t t le consequence . 

Na ture of Amylo id . Amylo id is a p ro te in mater ial which is depos i ted 
extracellularly in tissues. In some cases, part icularly associated wi th 
mul t ip le m y e l o m a and plasma cell dyscrasias, it is composed of fragments 
of immunoglobul ins . However , in m o s t o the r cases t he p ro te in is n o t 
derived from immunoglobul in and its site of p roduc t i on is u n k n o w n . 

Qin ica l Fea tures 
1. Proteinuria is c o m m o n and the re is l i t t le corre la t ion be tween t h e 

a m o u n t excre ted and the severity of t h e glomerular lesions. T h e 
prote inur ia may b e sufficient t o p roduce t he nephro t i c syndrome . 

2 . Renal failure is c o m m o n and is of p o o r prognosis . Pat ients m a y , 
however , remain in a relatively stable s tate for some t ime . 

3. Sudden deter iora t ion in renal funct ion m a y b e associated wi th renal 
vein thrombosis . 

4 . Hyper tens ion is variable and no t c o m m o n . S o m e pat ien ts may 
exhibi t hypo tens ion possibly d u e t o cardiac involvement . 

5 . Renal tubular acidosis may develop and it has been suggested t h a t 
this is due t o per i tubular depos i t ion . 
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H E N O C H - S C H O N L E I N S Y N D R O M E ( A N A P H Y L A C T O I D P U R P U R A ) 

In t roduc t ion . This is a s y n d r o m e character ized by a purpur ic skin lesion 
involving the arms, legs, b u t t o c k s and lower back , associated wi th : 

1. Jo in t pain and swelUng. 
2. Gastrointest inal s y m p t o m s of coUc, vomit ing and b lood loss. 
3. Glomerulonephr i t i s . 
The frequency and severity and combina t ion of these cUnical mani

festations is variable. 

6. Nephrogenic diabetes insipidus may also appear due t o a similar 
mechanism to (5) . 

7. The k idneys are usually enlarged. 

Pathology 
1. The g lomeruh show pa tchy th ickening of t he capiUary waUs due to 

the deposi t ion of eosinophiUc mater ial . These deposi ts enlarge so 
tha t t he capiUary lumina and eventuaUy the whole tuft becomes 
obl i tera ted . On e lect ron microscopy t h e deposi ts are seen t o conta in 
fine non-branching fibrils which have been described as 'Chinese 
characters ' . Amyloid is also found in the mesangium and this m a y 
be t he earliest site of depos i t ion . 

2 . The tubules may have amyloid depos i ted a r o u n d the basemen t 
membrane . 

3 . The b lood vessels, part icularly in ter lobular ar ter ies , may show 
infΉtration in t he media. 

4 . The in ters t i t ium is f requent ly affected b y fibrosis, par t icular ly in 
severe cases. 

Management 
1. In pr imary amyloidosis the re does no t appear t o be any specific 

therapy and so t r ea tmen t is s y m p t o m a t i c . 
2. In secondary types an a t t e m p t mus t be m a d e to remove the under

lying lesion. However, it mus t be recognized tha t improvemen t may 
no t follow a l though there may be stabiUzation of the renal funct ion. 

3 . A correct diagnosis should be established b y renal b iopsy . 
4 . If renal tubular acidosis is present it should b e t rea ted as t h e pa t ien t 

wiU improve symptomat icaUy. 
5 . A n y sudden de te r io ra t ion in renal func t ion war ran t s investigation 

for possible renal vein th rombos is . 
6. FamiUal Medi terranean fever seems to respond to colchicine and 

there are hopes tha t the amyloidosis wiU concur ren t ly improve . 

Prognosis. Once there is biopsy-proven renal involvement t h e prognosis is 
poor . Approx imate ly 50 per cent wiU develop terminal renal faüure wi thin 
one year. 
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Aetiology. Probably of allergic origin and bacterial infect ions, food, 
insect bi tes and drugs have been impUcated. 

Pathogenesis. T h e various clinical manifes ta t ions are due to a n t i g e n -
an t ibody complexes becoming deposi ted in b lood vessels producing a 
vasculitis and inf lammatory response. 

Clinical Features 
1. T h e skin manifes ta t ions usually appear first and may have been 

preceded by an infective illness. There may be s imul taneous jo in t 
and gastrointest inal involvement . 

2 . Renal manifes ta t ions usually appear within 4 weeks of the purpura . 
It m a y vary from a s y m p t o m a t i c prote inur ia , gross o r microscopic 
haematur ia , acute nephri t i s , nephro t i c syndrome t o acute renal 
failure. 

3 . Children are more c o m m o n l y affected than adul ts , and males m o r e 
than females. 

4 . Renal involvement appears to be m o r e severe in adul ts . 
Pathology. The renal biopsy appearances are variable and depend t o some 
ex ten t on t h e severity of the s y n d r o m e . T h e glomeruU may show: 

1. Focal and segmental proUferation with or w i thou t smaU crescents . 
2. A mild diffuse proUferative lesion. 
3 . A proliferat ion associated with m a n y large circumferent ial crescents . 
In severe lesions in ter lobular arteries and afferent arterioles m a y show 

inf lammatory necrot izing changes, and t h e in ters t i t ium extensive tubular 
damage and inf lammatory infi l trate. 
Management. Depends t o a large ex t en t o n the severity of t he iUness. In 
children t he majori ty m a k e a very satisfactory recovery a l though a n u m b e r 
wiU have persistent urinary abnormaUties such as mild pro te inur ia and 
microscopical haematur ia . In pat ients with severe renal involvement 
steroids with or wi thou t immunosuppress ion m a y b e of value. 
Prognosis. T h e skin, jo in t and gastrointest inal manifes ta t ions are usuaUy 
self-limiting. In pat ients wi th focal and segmental g lomerulonephr i t i s o n 
biopsy the prognosis is good , whereas those wi th many circumferent ial 
crescents have a poor prognosis. Children have a good prognosis , b u t 
approximate ly 50 per cent of adul ts wiU progress to renal failure. 

DIABETES MELLITUS 
Introduction. T h e kidney may be involved in several ways in a pa t ien t w h o 
has diabetes melUtus - diabet ic glomerulosclerosis, pyelonephr i t i s , papiUary 
necrosis and vascular changes. 

Diabetic Glomerulosclerosis 
Pathology. There are four weU recognized glomerular lesions. 

1. Nodular glomerulosclerosis (Kimmels t ie l -Wi lson lesion) where 
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there are homogeneous , eosinophi l ic areas s i tuated in t he central 
par t of lobules , part icularly t owards t h e per iphery of t h e tuft . 
There may be several such nodules , usually of different size within 
a glomerulus . 

2. Diffuse glomerulosclerosis in which there is widespread diffuse 
increase in t he mesangial regions, associated wi th capillary wall 
th ickening. T h e diffuse lesion is m o r e c o m m o n t h a n the nodular . 

3 . Fibrin cap . This is an accumula t ion of eosinophil ic mater ia l in t h e 
concavi ty of a per ipheral capillary l o o p . 

4 . Capsular d r o p . This is a localized eosinophil ic mass o n Bowman ' s 
capsule. 

Arteries and arterioles f requent ly show sclerosis. 

Clinical Fea tures 
1. T h e incidence of glomerular lesions increases with age and the 

dura t ion of d iabetes . 
2. It is p robab ly m o r e c o m m o n in poor ly cont ro l led diabet ics b u t this 

is by n o means cer tain. 
3 . Proteinuria is t he mos t c o m m o n clinical manifes ta t ion. This may 

proceed to t h e nephro t i c synd rome . 
4 . Hyper tens ion is c o m m o n . 
5 . Nephropa thy is f requent ly accompanied by re t inopa thy and 

neu ropa thy . 
6. Fol lowing the deve lopment of nephro t i c synd rome progression to 

renal fauure is c o m m o n and fairly rapid, the mean t ime t o end-stage 
renal failure being approx imate ly 3 years. 

Management 
1. G o o d diabet ic con t ro l should be achieved. 
2. T h e nephro t i c s y n d r o m e should be t rea ted with diuret ics b u t a 

careful watch needs t o be m a d e of t h e insulin requi rements as these 
are likely t o b e al tered. 

3. Hyper tens ion mus t b e cont ro l led . 
4 . Renal failure should be t rea ted by convent ional means . 
5 . Haemodialysis is associated wi th a p o o r survival and it may be tha t 

con t inuous ambu la to ry per i tonea l dialysis is of m o r e value. Trans
p lan ta t ion is a t t ended b y m a n y compl ica t ions a l though success has 
been repor ted from some centres . 

G O U T 
In t roduc t ion . G o u t is a s y n d r o m e caused by the depos i t ion of uric acid 
crystals in tissues. These deposi ts occur in jo in t s , subcu taneous tissues and 
soft tissues. T h e raised plasma uric acid concen t ra t ion can b e e i ther : 

1. P R I M A R Y , due t o a defect in in te rmediary pur ine metabo l i sm, or 
2. S E C O N D A R Y , d u e to e i ther overproduc t ion of urates as in myelo

proliferative diseases (part icularly when t r e a t m e n t is c o m m e n c e d ) 



124 A SYNOPSIS O F R E N A L DISEASES 

or in severe chronic renal failure where excre t ion of urates is 
impaired. 

Renal Involvement 
1. I N T E R S T I T I A L N E P H R I T I S . This results from uric acid crystal 

deposi t ion with subsequent in f lammatory changes. It mos t com
monly occurs in the medul la . 

2 . P Y E L O N E P H R I T I S . Infect ion is f requently super imposed o n the 
interst i t ial nephri t is and may result in considerable des t ruc t ion of 
t issue. 

3 . CALCULI . Uric acid s tones occur in approximate ly 1 5 - 2 0 per cent 
of pa t ients with pr imary gout , and 4 0 per cent of those wi th 
secondary gout . T h e s tones are radio lucent and therefore no t seen 
o n X-ray unless they also con ta in calc ium. 

4 . ACUTE R E N A L F A I L U R E . This m a y develop in secondary gou t 
part icularly at t h e beginning of t r ea tmen t of myeloprol iferat ive 
disorders. Uric acid crystals form in the tubules and p roduce an 
obst ruct ive u r o p a t h y . Prophylac t ic t r ea tmen t with b icarbona te and 
a high fluid in take should be unde r t aken , where such a s i tuat ion 
is Ukely to develop. 

5. CHRONIC R E N A L F A I L U R E . Can result from the interst i t ial 
nephri t is , infect ion or t h e increased incidence of hyper tens ion . 
Chronic renal fauure itself will p roduce an elevation in plasma uric 
acid concen t ra t ion b u t this rarely leads t o gou ty symptoms . 

Management 
1. PRIMARY G O U T . Urate format ion can be reduced by the xan th ine 

oxidase inhib i tor (Al lopur inol) . 
2 . URIC ACID S T O N E S . In addi t ion t o AUopurinol a high ur ine flow 

ra te should be main ta ined . Uric acid is poor ly soluble a t pH 6 or 
less and thus an alkaline ur ine should be main ta ined . This m a y 
require considerable b ica rbona te supplements which may be difficult 
for the pa t ien t . 

3 . ACUTE R E N A L F A I L U R E . Most likely to occur early in the cy to 
toxic t r ea tmen t of myeloprol iferat ive disorders . In the established 
case t h e managemen t is n o different from o ther cases (see Chap te r 
7) . It may be prevented by establishing a high flow ra te of d k a l i n e 
urine prior to start ing cy to tox ic the rapy . 

4 . CHRONIC R E N A L F A I L U R E . Trea ted in a convent ional way 
(see Chapter 8) . 

5 . H Y P E R T E N S I O N . This f requent ly complicates gout . T r e a t m e n t is 
along convent ional lines b u t it mus t be r emembered tha t thiazides 
may po ten t i a t e gou t . 

6. INFECTION. C o m m o n l y occurs in gou t b u t may be difficult 
to diagnose due t o the frequent ly occurr ing sterile pyur ia . As 
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infections may p roduce sudden and severe de te r io ra t ion in renal 
funct ion they must be t rea ted p r o m p t l y . 

SARCOIDOSIS 

Renal involvement in sarcoidosis may occur due to the following: 
1. SARCOID G R A N U L O M A infiltrating t he kidney bu t this rarely 

is sufficient t o impair renal funct ion. 
2. I N T E R S T I T I A L NEPHRITIS result ing from calcium deposi t ion or 

sarcoid granulomata . 
3 . NEPHROCALCINOSIS due to t he hypercalcaemia . 
4 . CALCULI which are frequently mul t ip le and bilateral . 
5. G L O M E R U L O N E P H R I T I S may rarely occur . T h e repor ted cases 

have all had a m e m b r a n o u s appearance and have been shown to 
conta in immunoglobul ins . T h e pathogenesis is u n k n o w n . 

Management is b y controll ing the under lying sarcoidosis and dealing 
with t he renal complicat ions as and when they develop. Hypercalcaemia 
and nephrocalcinosis should be t reated by steroids. 

SUBACUTE B A C T E R I A L E N D O C A R D I T I S 

Bacterial endocardi t is may be compl ica ted by renal involvement in the 
following ways: 

1. Focal g lomerulonephr i t i s which may present as an acu te nephri t i s 
or be de tec ted b y rou t ine urinalysis. This occurs in a b o u t 50 per cent 
of pa t ien ts wi th subacute bacter ial endocardi t i s . 

2. Diffuse proliferative g lomerulonephr i t i s presenting as an acute 
nephri t is . T h e severity of this compl ica t ion is variable b u t acute 
renal failure has been repor ted . Both forms of g lomerulonephr i t i s 
are though t to be due to the depos i t ion of an t igen -an t ibody-
complexes derived from the endocardia l lesions. 

3 . Renal infarcts due to obs t ruc t ion of arcuate or large in ter lobular 
arteries by embol ic material from the endocard ium. These are 
frequently a symptoma t i c b u t m a y be associated with macroscopic 
haematur ia . 

The management is a imed primarily at the cardiac lesion and consists 
of appropr ia te ant ibiot ic therapy for at least 6 weeks. Repea ted b lood 
cul ture may be necessary to de te rmine the under lying organism. The 
progress of the valvular lesion can be followed by echocard iography. If 
renal failure develops it is managed along convent ional lines {see Chapters 
7 and 8) . 



Chapter 1 1 

U R I N A R Y TRACT INFECTIONS 

In t roduc t ion - Defini t ion of te rminology - Causal organisms - Normal 
defence mechanisms - R o u t e of infect ion - Predisposing factors - Asymp
toma t i c infect ions (covert bacter iur ia) - S y m p t o m a t i c mfect ions - Vesico-
ureter ic reflux - Renal tuberculosis 

I N T R O D U C T I O N 

Urinary tract infection is impor t an t because of its frequency and its 
association with renal failure. T h e subject is compl ica ted by te rminology 
which is no t s tandardized and which, at first, appears confusing. T h e reason 
for this difficulty is mainly due t o t h e increasing awareness tha t infect ion 
may present clinicaUy in several ways and tha t in certain condi t ions , such 
as 'chronic pye lonephr i t i s ' , identical end-stage appearances may be p roduced 
by widely differing pathological processes. 

In females the incidence of urinary t ract infect ion increases with age 
and some 5 per cent of adul t w o m e n wiU, at some t ime , develop infect ion. 
In males there is a high incidence in the neonata l per iod, a low incidence in 
chi ldhood and adul t life, and a further increase wi th advancing years. 
Urinary t ract infection accounts for abou t 1 - 2 per cent of consul ta t ion 
in general pract ice . End-stage renal failure as a result of urinary t rac t infec
t ion is the cause in 20 per cent of pa t ients requiring long-term haemodialysis . 

D E F I N I T I O N O F T E R M I N O L O G Y 

It is of u tmos t impor tance t o unders tand and to employ correct te rminology. 
In addi t ion , it is of value to refrain from jumping to conclusions regarding 
diagnosis unt i l t he appropr ia te diagnostic criteria are satisfied. 
Urinary Tract Infection: T h e presence of micro-organisms in the urinary 
t ract wi th or wi thou t signs or s y m p t o m s of inf lammat ion . 
Bacteriuria: This is t h e presence of bacter ia in the ur ine. It is considered 
significant if the numbers of bacter ia exceed 100 0 0 0 / m l in a proper ly 
collected specimen examined correct ly . The presence of bacter ia m a y be 
accompanied by clinical s y m p t o m s or may be a symptoma t i c (covert 
bacter ia) . 
Pyuria: This is t he presence of pus ceUs in the urine and is always considered 
significant. It may be associated with bacter ia b u t in cer tam ci rcumstances 
there are n o bacteria identifiable and it is designated as sterile pyuria . 
Dysuria: This is a s y m p t o m of pain or discomfort in the ure thra or meata l 
area on mic tur i t ion . 
Frequency and Polyuria: These t e rms are frequently used synonymous ly 
bu t they mus t no t be confused. F requency refers to frequent e m p t y m g of 
the bladder while polyuria indicates the passage of large a m o u n t s of ur ine. 

126 
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Bacterial Cystitis: A synd rome of dysuria and frequency accompanied by 
bacter iuria , pyuria and somet imes haematur ia . 
Abacterial Cystitis (urethral syndrome): A s y n d r o m e of dysuria and 
frequency in the absence of bacter iur ia . 
Pyelonephritis: In f lammat ion wi thin the subs tance of t he k idney . Acute 
bacterial pyelonephr i t i s is a s y n d r o m e consisting of loin pain, tenderness 
and pyrexia accompanied by bacter iur ia , pyur ia and somet imes haematur ia . 
Chronic pyelonephr i t i s is a t e rm which has fallen in to d isrepute due to 
misusage and t h e t e r m 'chronic interst i t ial nephr i t i s ' is t o b e preferred. This 
is a chronic inf lammatory disease affecting t he in ters t i t ium and tubules 
which leads to scarring due t o progressive shrinkage from interst i t ial 
fibrosis. It may be produced by m a n y causes, including bacterial infect ion, 
bu t in many instances t he aetiology is u n k n o w n . 

CAUSAL ORGANISMS 

T h e organisms responsible for urinary t ract infect ion are : 
Escherichia coli - this is t he mos t c o m m o n bacter ia isolated and 

accounts for infection in approx imate ly 80 per cent of cases. In mos t 
pa t ients t he organism will also be present as normal bowel flora. 

Klebsiella, Proteus, Pseudomonas are m o r e c o m m o n l y isolated from 
pat ients with s t ructural abnormal i t ies of t he urinary t ract or following 
ins t rumenta t ion , ca theter iza t ion or after ant ib io t ic the rapy . 

Staphylococcus aureus - this rarely produces ur inary t ract infect ion 
and if present it should b e isolated in significant n u m b e r s from repeated 
specimens before being considered pathological . If t hough t t o be significant 
careful search should be m a d e to de te rmine the pr imary source of the 
infection, e.g. abscess or os teomyel i t i s . Staphylococcus albus infect ions 
account for 20 per cent of infect ions in sexually active w o m e n . 

Mycobacterium tuberculosis - this should always be considered when 
pyur ia is present b u t no significant bacterial g rowth obta ined on cul ture . 
Early morn ing samples of urine (EMU) on three occasions should be 
examined . 

Fungi (Candida albicans) seldom p roduce infect ion in normal pa t ien t s 
bu t may become a p rob lem in immunosuppressed pa t ien ts (e.g. pa t ien ts 
with renal t ransplants) . 

N O R M A L D E F E N C E MECHANISMS 

Urine provides a satisfactory g rowth m e d i u m for bacter ia b u t t h e normal 
person has several defence mechanisms to prevent infect ions. 

1. MECHANICAL. T h e flow of ur ine is such tha t bacter ia t end t o be 
washed ou t by voiding and the n u m b e r of bacteria in the b ladder is 
constant ly being di lu ted by the flow of ur ine from the kidneys . 
The n u m b e r of organisms in the b ladder therefore depends u p o n 
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the urine flow ra te , t he completeness of empty ing on mic tur i t ion 
and the rate of bacterial mul t ip l ica t ion. T h e rou t e of t he ure ter 
th rough the b ladder muscle is such that on bladder con t rac t ion at 
mic tur i t ion the ureter ic orifice is closed thereby preventing the 
flow of ur ine from bladder to ure ter . 

2. MUCOSAL. T h e b ladder mucosa secretes IgA which is bacter ic idal . 
This is only active close to t h e mucosa and if there is incomple te 
bladder empty ing the re may be an a m o u n t of residual ur ine with n o 
effective cidal ac t ion where bacter ia can mul t ip ly . Prosta t ic and 
urethral secretions also conta in substances which are bactericidal or 
bacter ios ta t ic . Organisms which gain access to the b ladder have villi 
which provide considerable adherence to t he u ro the l ium. Secretory 
IgA, from the ure thra , inhibits t h e adhering ability of t he organisms 
thereby causing their washout during mic tur i t ion . 

R O U T E O F I N F E C T I O N 
Infect ion may gain access to t h e urinary t ract from the b lood or from 
ascent of perineal organisms. 

1. H A E M A T O G E N O U S . This is rare apar t from infections in neona tes , 
in severe septicaemia and in tubercu lous infect ions. 

2. ASCENDING INFECTION. Urinary t rac t infect ion is m o s t com
mon ly d u e to organisms which are present in the pa t ien t ' s bowel 
flora. In t h e female, in t roi ta l colonizat ion precedes b ladder invasion. 
T h e bowel organisms which gain access t o t he renal t rac t have villi 
which give considerable adherence to t h e u ro the l ium the reby 
providing p ro tec t ion from the mechanical effect of mic tur i t ion and 
washing. Infect ion in t he female is more c o m m o n than in the male 
because of {a) t h e short female ure thra , (Z>) t h e tu rbu len t flow in 
the female ure thra allows ascent of organisms against the stream at 
mic tur i t ion , (c) the lack of prosta t ic secretions which are bacter io
stat ic , and id) t he t r auma associated with coi tus and par tur i t ion . 
Urethral secretions conta in IgA which should reduce the ability of 
organisms to adhere t o t h e uro the l ium and if the secretory IgA is 
deficient then organisms will gain access m o r e easily. Infect ion can 
also be in t roduced b y in s t rumen ta t ion such as at ca the ter iza t ion or 
cys toscopy. 

Organisms which gain access to the bladder will normal ly be 
removed by mic tur i t ion and the ac t ion of IgA. However, if b ladder 
empty ing is incomple te the organisms will have the oppo r tun i t y 
to mul t ip ly , and b ladder wall inf lammat ion (cystit is) will occur . If 
the inf lammat ion is severe it m a y interfere with t h e normal valve 
act ion of t he vesico-ureteric junc t ion . In this way urine may reflux 
in to the ureter on mic tur i t ion . Ascent of infect ion to the k idneys 
is t hen possible. Ascent m a y be enhanced by the p roduc t ion , b y 
some bacter ia , of ' t ox ins ' which inhibit ure thral peristalsis. 
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T h e ascent of organisms from the b ladder t o t h e k idney is 
dependen t on the severity of reflux and there is a close association 
be tween reflux and renal scarring. Once bacter ia reach t h e k idney 
they can gain access to t he medul la where they mul t ip ly d u e to 
(a) t he medul lary high osmolah ty inhibi t ing leucocyte mobi l iza t ion , 
(b) the high osmolal i ty allowing t h e deve lopment of L forms, and 
(c) t h e high ammonia concen t ra t ion inhibit ing t h e effect of com
plement . It is likely tha t t h e bacter ia which gain access t o t he 
kidney are in some way 'selected ' as E. coli isolated from pat ien ts 
with kidney infections are less susceptible to t h e cidal effect of 
serum than organisms isolated from infections localized to t he 
bladder . 

PREDISPOSING F A C T O R S 

There are certain factors which predispose to infect ion in t h e renal t rac t . 
1. In t he female, t he short u re th ra (vide supra). 
2. Ins t rumenta t ion . Ca the te r iza t ion mus t b e aseptically per formed 

and any indwelling ca the ter mus t be carefully main ta ined to prevent 
infect ion. 

3 . S t ruc tura l abnormaht ies . Any s t ructura l abnormal i ty confers an 
increased susceptibil i ty to infect ion and this is greatly increased if 
any stasis is present . Pa t ien ts wi th polycys t ic disease and b ladder 
diverticula are therefore p rone to infect ion. 

4 . Pregnancy. Infect ion occurs in abou t 5 per cent of pregnant pa t ients . 
This is due to the effect of oest rogens on t he muscle of t he renal 
tract and the fact that the re t ends to be di la ta t ion of t h e upper 
t ract wi th relative stasis. 

5 . Calculi. No t only d o these increase t he liability t o infect ion, t hey 
make eradicat ion virtually impossible. Infec t ion in t he presence of 
calcuH may well change t he compos i t ion of t h e s tone (see Chap te r 
12, p . 140) . 

6. Analgesic n e p h r o p a t h y . There is damage to the renal papillae and 
this renders the medul la m o r e susceptible t o infect ion. 

7. Obs t ruc t ion . Interference with t h e mechanical effect of urine flow 
increases the risk of infect ion. This p robably accounts for t he 
increasing incidence of infect ion in older men who develop ob
struct ion from pros ta t ic h y p e r t r o p h y . 

8. Diabetes mell i tus. T h e diabet ic ur ine provides an excel lent cul ture 
med ium and, in addi t ion , the re may be medul lary damage and 
interference wi th mic tur i t ion from n e u r o p a t h y . 

9. Spinal injuries. If there is spinal cord damage m o t o r and sensory 
fibres may be affected resulting in a neurogenic bladder , wi th 
incomple te empty ing and stasis. In add i t ion m a n y of these pat ients 
will have indwelling catheters . 
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10. Vesico-ureteric reflux. This is probably the result of infection. 
Renal scarring correlates with the degree of reflux and liability to 
damage is greatest in the first four years of life. 

ASYMPTOMATIC I N F E C T I O N S ( C O V E R T B A C T E R I U R I A ) 

T h e incidence of a symptoma t i c bacter iur ia varies with age and sex. In 
schoolgirls t he incidence is just less than 2 per cent b u t wi th age there is a 
s teady increase to approx imate ly 6 per cent in females aged over 6 0 . In 
schoolboys the incidence is less than 0-2 per cent and this does no t increase 
unti l old age. In females the incidence is greater in marr ied than single 
and greater in parous than nuUiparous pa t ien ts . 

Investigation of schoolgirls with a symptoma t i c bacter iur ia reveals a 
high incidence of urinary tract abnormal i t ies on i.v.p. 

Bladder wall thickening and irregularity 5 per cent 
Reflux 15 per cent 
Reflux and renal scarring 25 per cent 

Scars are m o r e c o m m o n in the upper than the lower pole and are rare 
in the middle calyceal sys tem. They are c o m m o n l y associated with reflux 
and d o no t appear to develop after the age of 5 years. 

Management 
1. Investigate the s t ruc ture of the urinary t ract by i.v.p. and mic tu

rating cystogram in children of ei ther sex and in adult males. 
2. There is no need to t reat except in part icular c i rcumstances (see 3) . 

Spontaneous cure occurs in 10 per cent of pa t ients . Ant ib io t ic 
t rea tment will render the urine sterile in more than 90 per cent of 
cases b u t 30 per cent will recur and those who become reinfected 
are likely to be symptoma t i c . 

3 . The infection should be t reated in : 
a. Early chi ldhood. 
b. Patients with impaired i m m u n i t y . 
c. Pregnancy because spon taneous cure does not appear to occur 

and 4 0 per cent are likely to develop pyelonephr i t i s . 
In such pat ients t r ea tment should be carried ou t with the mos t appro

priate ant ibiot ic and then follow-up to ensure cont inuing sterility of the 
urine. 

SYMPTOMATIC INFECTIONS 

S y m p t o m a t i c infections occur in infants, part icularly females unde r 2 years 
w h o are at risk from perineal soiling. In adult females the re is an increased 
incidence concurrent wi th sexual activity and at late middle age when 
gynaecological p rob lems such as prolapse and vaginitis b e c o m e m o r e 
c o m m o n . In males the incidence is low unti l later in Ufe when pros ta t ic 
obs t ruc t ion becomes c o m m o n . 
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The s y m p t o m s of infect ion confined to t h e b ladder are frequency and 
dysuria with lit t le cons t i tu t ional upset . In acute upper t ract infections 
there is fever, dysuria, urgency and frequency associated with haematur ia , 
loin pain, abdomina l pain and k idney tenderness . In chronic upper t rac t 
infections there is low back pain, noc tur ia , fatigability, weight loss and 
anorexia. While s y m p t o m s may help to localize infect ions they are only a 
guide and are no t reliable. It mus t be r emembered tha t ur inary t ract 
infections can be remarkably a symptoma t i c . 

T h e diagnosis is m a d e by quant i ta t ive ur ine cul ture with the finding of 
greater than 10^ organisms/ml urine. However , significant infection may be 
present if a pure growth of bacter ia is ob ta ined from urine which also 
conta ined pus cells. Some infect ions with low bacterial coun t s are due to 
high urine flow rates , f requent mic tur i t ion and bacter ia adhering t o pus 
cells, thus giving false low coun t s . 

Investigation mus t include cul ture of ur ine collected under satisfactory 
condi t ions . It is no t necessary t o carry o u t an i.v.p. in all pa t ients and 
this should be reserved for: 

1. Males of all ages. 
2 . Females up to t he age of p u b e r t y whe the r s y m p t o m a t i c or no t . 
3 . Adul t females with a his tory of m o r e than three s y m p t o m a t i c 

episodes or a his tory of ch i ldhood infect ions. 
In chronic pyelonephr i t i s t he i.v.p. shows small irregularly con t rac ted 

kidneys with calyceal clubbing and overlying cort ical con t rac t ion . 

Management 
1. Obta in satisfactory ur ine cul ture , twice if possible. 
2. Investigate further if indicated. 
3 . High fluid in take to achieve a high ur ine flow ra te . 
4 . Teach pat ients perineal hygiene. 
5 . Ant ib io t ic the rapy should aim to achieve an adequa te urinary 

concen t ra t ion of the an t ib io t ic to which the infecting bacter ia is 
sensitive. The vast majori ty of infect ions are d u e t o E. coli and 
will be sensitive to ampicil l in, cephalospor ins , t r ime thopr im and 
co- t r imoxazole . Hospital-acquired infect ions are less Ukely to be 
susceptible t o ampicillin. Klebsiella, Pro teus and Pseudomonas 
infections are m o r e likely to require gentamicin , t ob ramyc in or 
carbenicillin. The length of the rapy m u s t be adequa te and, a l though 
the t rend is towards shor ter courses, at least 7 days is required in 
mos t pa t ients . 

6. Al though a 7-day course of an appropr ia te ant ibiot ic will cure 
80 per cent or m o r e some 6 0 per cent will have a recurrence wi thin 
the subsequent 12 m o n t h s . Recurrence is due t o ei ther relapse or 
reinfection. 
Relapse c o m m o n l y occurs short ly after t r ea tmen t , 85 per cent 

within the first m o n t h . The causes of relapse are : wrong choice 
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VESICO-URETERIC R E F L U X 

Vesico-ureteric reflux occurs when the integri ty of the vesico-ureteric 
junc t ion is des t royed so tha t o n bladder con t rac t ion ur ine can flow from 
the bladder back up in to t h e ureter . The ex ten t of t he reflux can be 
graded on a mic tura t ing cys togram. 

Grade I: flow in to ureter b u t no t as far as the k idney . 
Grade II : flow as far as t he k idney b u t n o calyceal dis tension. 
Grade III: flow reaching the kidney and causing calyceal dis tension. 
There is a close association be tween reflux and renal scarring, 85 per 

cent of scarred k idneys have reflux. There also appears t o be a familial 
incidence of reflux. It is no t present in normal pa t ients b u t occurs in 20 

of an t ib io t ic ; inadequa te dura t ion of t he r apy ; non-compl iance ; 
emergence of resistant strain; development of L forms; u ro-
Hthiasis. 

T rea tmen t of relapses is by ensuring an adequa te course of 
appropr ia te ant ib iot ic . 

Reinfect ion accounts for 80 per cent of recurrent infect ions, t he 
majori ty appearing some 1 - 5 m o n t h s after a t rea ted infect ion. 
Reinfect ion is m o s t c o m m o n where there is a failure of t h e 
normal defence mechanisms or t h e presence of some s t ructura l 
abnormal i ty . Reinfect ion can be t rea ted b y t h e pa t ien t inoculat
ing a dip-slide for cul ture and t hen taking a 7-day course of an 
appropr ia te ant ib io t ic . In this way p r o m p t t r ea tmen t can t ake 
place wi th adequa te bacteriological con t ro l . 

7 . Prophylact ic the rapy can b e used for pa t ien ts w h o have frequent 
recurrences, i.e. greater t h a n 4 yearly. T h e mos t appropr ia te sup
pressive drugs are : 

Ni t rofuranto in 5 0 mg 
Cephalexin 125 mg 
Co- t r imoxazole 1 t ab 
Methenamine 1 g 

and they should be t aken at night . 
Methenamine in acid ur ine is hydrolysed t o form fo rmaldehyde ; 

t hus t o be effective t h e ur ine mus t be acid and so a m m o n i u m 
chloride may be required. If t h e renal funct ion is impaired the re 
may be accumula t ion of m a n d e h c acid and so it should no t be used 
if the creat inine clearance is less than 50 ml /min . 

8. If recurrences frequently follow coi tus a satisfactory response m a y 
be ob ta ined by a simple regime of b ladder empty ing and a single 
dose of an ant ib io t ic after in tercourse . 

9. Surgery can be of value in the relief of obs t ruc t ion , t h e removal of 
s tones and the removal of an infected non-funct ioning k idney . 
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per cent of pa t ien ts with a s y m p t o m a t i c bacter iur ia and 35 per cent of 
pat ients with symptoma t i c infect ions. 

The managemen t of reflux is difficult t o de te rmine as there have been 
n o satisfactory large-scale control led studies to evaluate the role of surgery. 
Mild reflux, grades I and II, usually clear spon taneous ly . In severe reflux, 
grade III, surgery can correct the abnormal i ty and reduce t he incidence of 
symptoma t i c infect ions. T h e aim of surgery is to prevent t he deve lopment 
of renal scarring. As scars do no t seem to develop after the age of 5 years 
surgery needs to be considered in pre-school chi ldren. In children in w h o m 
reflux stops spontaneous ly , after conservative t he rapy , or after surgery, 
85 per cent have satisfactory k idney growth while those wi th cont inua l 
reflux only 6 0 per cent grow. T h e progression t o chronic renal failure is 
due to back pressure on t he kidneys from severe reflux. 

The child w h o develops scars is unlikely t o develop further renal damage 
provided infection is control led , t he b lood pressure remains no rma l and 
there is n o obst ruct ive u ropa thy . Upper pole scars, however , increase the 
incidence of hyper tens ion in pregnancy and dur ing oral cont racept ive 
therapy . 

R E N A L TUBERCULOSIS 

Tubercu lous infect ion of t he renal t rac t is n o t rare b u t is frequently 
forgot ten. It should be considered in all pa t ien ts who are found to have 
a sterile pyur ia . 

Pathogenesis . Renal tuberculosis is d u e t o infect ion with Mycobacterium 
tuberculosis. T h e infection is b lood-borne and generally t h e cor tex is 
initially affected and mos t cases are bilateral . T h e papiUae b e c o m e involved 
and caseous lesions develop with subsequent u lcerat ion and calcification. 
Infection spreads d o w n the renal t rac t and str ictures of t he ureters , par
ticularly at t he vesico-ureteric junc t ion are c o m m o n . Bladder involvement 
gives rise to con t rac t ion and consequen t d iminu t ion in capaci ty . In male 
pat ients the epididymis may b e c o m e infected and the caseous lesions m a y 
form a chronic discharging sinus. Thus tuberculosis may involve t he whole 
of the renal t rac t . 

Qin ica l Fea tures . There may be a surprising lack of s y m p t o m s even in 
severely involved cases. T h e most c o m m o n s y m p t o m s are fever, dysur ia , 
f requency, noctur ia , back pain, loin pain , haematur ia and weight loss. 

Rou t ine ur ine cul ture will reveal a sterile pyur ia and to es tabhsh a 
diagnosis early morning urine (EMU) samples should be examined for 
Mycobacterium tuberculosis. Isolation and cul ture m a y be difficult and it 
is advisable to examine at least th ree EMU samples. 

The i.v.p. m a y show t h e foUowing features: calcified caseous lesions in 
the papiUae; gross des t ruc t ion of pelvicalyceal sys t em; hydronephros i s ; 
ureteric obs t ruc t ion ; con t rac ted b ladder ; evidence of calcification in 
caseous mater ial at any point in renal t rac t . 
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Diagnosis of renal tuberculosis depends to a large ex ten t on remember ing 
the possibihty of tubercu lous infection and carefully searching for t h e 
causative organism. 

Management 
1. Establish accurate diagnosis. 
2 . Treat wi th appropr ia te an t i tubercu lous drugs for at least 6 m o n t h s . 

Many pat ients have impaired renal funct ion at t he t ime of diagnosis 
and so the dosage of t he drugs may need to be modif ied (see Chapte r 
15). 

3 . After t r ea tmen t has been s tar ted there may be considerable o e d e m a 
of the lesions and this may p roduce an increased obs t ruc t ion . 
Sequential renogram studies provides a useful means of moni to r ing 
this potent ia l hazard. 

4 . During heaUng there may be t he deve lopment of fibrosis wi th 
s tr icture format ion in the ureter and /o r ure thra . Steroid the rapy 
may alleviate this problem bu t the re is controversy on this po in t . 

5 . Surgery may be required to relieve obs t ruc t ion of the ureter or 
ure thra , or to remove a non-funct ioning k idney. Surgery m a y also 
be of value in enlarging a severely constr ic ted b ladder . In severe 
obstruct ive cases neph ros tomy may prove useful in decompressing 
a k idney and preserving renal funct ion. 

6. In cases progressing to t ransplanta t ion there is a need for careful 
evaluation of the lower urinary t ract to ensure tha t the re is n o 
bladder or urethral involvement which would interfere with normal 
mic tur i t ion . 



Chapter 1 2 

R E N A L CALCULI, NEPHROCALCINOSIS A N D 
HYPERCALCIURIA 

In t roduc t ion - Nephrocalcinosis - Nephrohthias is - Hypercalciuria 

I N T R O D U C T I O N 

Calcification in t h e kidneys and ur inary t ract can be due t o a wide variety 
of causes. T h e calcification may be diffuse or localized, may be due t o 
metabol ic diseases or infect ions and m a y , depending on the aet iology, 
occur at any age. 

The incidence of renal s tone disease appears to be increasing while 
tha t of b ladder s tone disease is decreasing. There are widespread geo
graphical differences in the pa t t e rn of s tone disease, renal s tones being 
m o r e c o m m o n in industrial 'westernized* countr ies while b ladder s tones 
are m o r e c o m m o n , part icularly in b o y s , in poorer agricultural economies . 
It is hkely tha t changes in dietary habi ts are responsible for this changing 
pa t te rn . 

The major condi t ions causing calcification in t he k idneys and renal 
t ract can b e considered as: 

1. Nephrocalcinosis . 
2 . Nephrohthias is . 
3. Infect ions, part icularly tuberculosis . 
4 . MeduUary cystic disease. 
5 . Cortical necrosis and renal infarct ion. 
6. Tumour s . 
7. Bladder s tone disease. 

NEPHROCALCINOSIS 

This is a diffuse deposi t ion of calcium in t h e substance of t h e k idney , 
mos t c o m m o n l y in the papillae of t h e medul la . It does not include local
ized areas of calcium deposi t ion as is f requent ly seen in tuberculosis , as a 
sequelae to necrosis or infarct or associated with certain t umour s . It may 
arise from: 

1. A generalized renal disorder. 
2. T h e deposi t ion of calcium as ca rbona te or phospha te from hyper

calcaemia, hypercalciuria , acid/base disorders or hyperphospha tu r i a . 
3. Congenital oxalosis. 
The s y m p t o m s of nephrocalcinosis are usually mild and are usuaUy 

associated wi th: 
1. S y m p t o m s of the underlying disease. 
2. Subsequent s tone format ion . 
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NEPHROLITHIASIS 

In t roduc t ion . Renal s tone disease is d u e to t he format ion in t h e ur ine of 
crystal aggregates of urinary salts or acids. T h e crystals may form in t h e 
collecting duc t s or in the calyceal system and they grow by a process of 
precipi ta t ion and crystaUization, t o form stones. 

The various types of renal s tone a re : 
Type 

Calcium oxala te 
and calcium phospha te 

Calcium oxala te 

Uric acid 

Cystine 
Xanth ine 

Cause 
Hypercalciuria 
Η y perpara thyroid ism 
Hypercalcaemia 
Hyperuricosuria 
Many u n k n o w n 
Hyperoxalur ia 
Oxalosis 
Persistently acid urine 
Hyperur icaemia 
Myeloproliferative diseases 
Cyst inuria 
Xanth inur ia 

3 . Superadded infection. 
4 . Induced tubular defect, e.g. polyuria . 
T h e diagnosis of nephrocalcinosis is difficult. Radiological evidence is 

no t present unt i l late in the disease b u t t he findings are of small diffuse 
opacities p redominant ly in the papillae. Renal biopsy can be helpful bu t 
as the deposi ts are in t he medul la it is f requently necessary to proceed 
to open biopsy and this is seldom justified. 

The causes of nephrocalcinosis are: 
Hypercalcaemia Hyperpara thyro id ism 

Myelomatosis 
Hypercalciuria Excess vi tamin D therapy 

Milk alkali synd rome 
Id iopa th ic hypercalciuria 
Sarcoidosis 
Carcinomatosis 
Immobi l iza t ion 

Alkaline urine Alkalosis 
Renal tubu la r acidosis 

Oxalosis Primary 
Secondary 

T h e managemen t of nephrocalcinosis is a imed at t h e underlying con
di t ion, p r o m p t t r ea tmen t of any infect ion and correct ion of any abnorma l 
e lectrolyte pa t t e rn with appropr ia te supplements . 
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S tone analysis can be helpful in de te rmin ing the under lying cause of t he 
renal s tone disease b u t it should b e r emembered t h a t t h e presence of a 
s tone predisposes t he pa t ien t to ur inary t rac t infect ion. This m a y lead t o 
the deposi t ion of magnesium a m m o n i u m phospha t e on the already present 
s tone thus making difficult the mte rp re t a t i on of s tone analysis da ta . 
However, the absence of magnesium probab ly means tha t infect ion is no t 
present . 

Qin ica l Fea tures . T h e clinical features of calcuh are (1) those caused by 
the under lying disease and (2) those related t o t h e presence of t h e foreign 
b o d y within the k idney or urinary t rac t . 

T h e s y m p t o m s due to t he presence of a s tone in t he renal t rac t are : 
1. In the renal pelvis - a duU aching loin pain with or w i thou t episodes 

of cohc . 
2. Passage d o w n ureter - in tense cohc , frequently of sudden onset 

and radiat ing to the groin. 
3 . In the b ladder - suprapubic and perineal d iscomfor t associated 

with frequency and dysuria . 
T h e s y m p t o m s are dependen t u p o n the size of t h e s tone b u t it is 

remarkable tha t even large s tones can b e a symptoma t i c . C o m m o n l y pa t ien ts 
only b e c o m e symptoma t i c when the s tone moves within the renal t rac t 
thus precipi ta t ing an episode of cohc . 

At presenta t ion t he site of t h e s tone is: 
Bladder 15 per cent 
Ureter 20 per cen t 
Kidney 25 per cent 
Passed spontaneous ly 4 0 per cent 

Dysuria and frequency are c o m m o n , especially if infection is present . 
Macroscopic haematur ia occurs episodicaUy and is frequently related t o 
s tone m o v e m e n t ; microscopic haematur ia is o t t e n present even in a sympto 
mat ic pa t ients . T h e con t inued presence of whi te cells in t he ur ine in t h e 
absence of any infect ion should raise t he possibility of s tone disease. 

Pathogenesis . S tones develop by t h e fo rmat ion of crystals of salts or acids 
which are present in urine. The crystals aggregate and grow due t o t he 
con t inued apposi t ion of more salt or acid from the urine. T h e initial 
format ion of the crystal may be d u e t o : 

1. The concen t ra t ion of salt or acid exceeding tha t of t he solubili ty of 
the salt or acid the reby resulting in crystal format ion . Urine m a y be 
supersaturated b u t a crystal n idus wiU form when the concen t ra t ion 
exceeds a certain limit of s tabil i ty. 

2. A reduc t ion in inhibi tors of crystal format ion . Certain substances 
such as py rophospha t e and glycosaminoglycans have an inhibi tory 
effect wi th respect to crystal g rowth and so a d iminu t ion in t he 
concen t ra t ion of these agents will al low crystal format ion t o occur 
at a lower salt concen t ra t ion . 
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3 . Changes in ur ine p H . The pH of t h e ur ine can affect t he solubili ty 
of salts. A change in ur ine pH such as in renal tubular acidosis will 
lead to an increased probabi l i ty o f crystall ization and subsequent 
crystal g rowth . 

Calcium Stone Disease. Calcium stones consist of calcium oxala te , calcium 
oxala te and calcium phospha te , and u n c o m m o n l y calcium phospha te by 
itself. Fac tors leading to t he format ion of calcium containing s tones are: 

1. Hypercalciuria. 
2. Hyperoxalur ia . 
3. Increased urine pH. 
4 . Diminished urine volume. 
5. Diminished urinary glycosammoglycans. 
6. Hyperuricosuria . 
T h e major causes of calcium s tone disease are: 
1. IDIOPATHIC. The majori ty of pa t ients with calcium s tone disease 

do no t appear to have any underlying cause. In some there is an 
increased intestinal absorpt ion of calcium leading to hypercalciuria , 
less commonly there appears to b e a renal ' leak' of calcium giving 
rise to hypercalciuria. T h e factors responsible for these abnormali t ies 
are u n k n o w n . 

The majori ty of pa t ients are males and there is a peak incidence 
in middle age. There is frequently a s trong family history b u t the 
m o d e of inher i tance is u n k n o w n . It is most likely polygenic wi th a 
reduced risk in females. 

T h e clinical course is very variable. It c o m m o n l y starts in young 
adult life and some pa t ien ts exhibi t repeated s tone format ion while 
others appear to have long periods of remission. 
Management consists of: 
a. Investigation to exclude secondary causes of calcium stones. 
b. Dietary advice to reduce the ur ine calcium and oxala te concentra

t ions, i.e. low calcium, low oxala te , high fluid^intake. 
c. Thiazide diuret ics - t h e m o d e of act ion is to reduce ur inary 

calcium excret ion a l though the means by which this is achieved 
is u n k n o w n . Side effects include h y p o k a l e m i a and mild hyper
calcaemia. 

d. Sodium cellulose phospha te - this is a non-absorbable ion 
exchange resin with a high affinity for calcium. Thus there is 
intestinal t rapping of calcium with a consequent reduct ion in 
absorpt ion. 

e. Or thophospha t e - this p romote s the ur inary excre t ion of py ro 
phospha te and so reduces the t endency to crystal format ion . T h e 
side effects include soft tissue calcification and b o n e loss. 

/ . Diphosphonates - good theoret ical ly bu t probably p roduce 
osteomalacia. 
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Specific the rapy is no t available and the drugs listed all have t o 
be used o n a long-term basis. T h e condi t ion has a very variable 
natura l his tory and so the rapy is n o t indicated unless t h e pat ient 
is a recurrent s tone former and in such instances careful follow-up 
is essential. 

2. H Y P E R P A R A T H Y R O I D I S M . This is m o r e c o m m o n in females and 
accounts for something less t han 10 per cent of recurrent calcium 
stone formers. T h e factors which prec ip i ta te s tone format ion in 
pa t ients wi th hyperpara thyro id i sm are: 
a. Hypercalciuria due to increased intest inal absorp t ion and b o n e 

reabsorpt ion . 
b. High urine pH due to the inhibi t ion of b icarbonate reabsorpt ion 

by PTH. 
T h e diagnosis of hyperpara thyro id i sm depends on t h e clinical 

findings of nephrol i thiasis , b o n e disease and pep t ic ulcer disease 
associated with hypercalcaemia , hypercalciur ia and a raised plasma 
PTH concent ra t ion . Pat ients may also complain of headache , 
muscle weakness, fat igabihty, polyur ia and thirs t . In m o s t pa t ien ts , 
however , many of these features will b e absent and a correct diagno
sis will only be achieved by careful and of ten repeated investigation. 

Management is by careful assessment and subsequent para
t hy ro idec tomy . Removal of t he abnormal para thyro id tissue stops 
active s tone format ion and f requent ly existing s tones will, wi th 
t ime, break up and be passed spontaneous ly . 

3 . R E N A L T U B U L A R ACIDOSIS. S tones are associated wi th pr imary 
R T A of t h e distal t y p e (Type 1) (see Chap te r 1 3 , p . 152) and 
secondary forms {see Chap te r 14 , p . 154) . 

4 . M E D U L L A R Y SPONGE K I D N E Y . See Chap te r 1 3 , p . 147 . 
5. H Y P E R C A L C I U R I A . Condi t ions associated wi th increased urinary 

calcium excre t ion which may result in t he format ion of s tone : 
Vi tamin D in toxica t ion . 
Sarcoidosis. 
Milk-alkah syndrome . 
Prolonged immobi l iza t ion . 
Cushing's synd rome and pro longed steroid the rapy . 
Paget 's disease. 
Carcinomatosis . 

6. H Y P E R U R I C O S U R I A . Increased urinary uric acid excre t ion can 
lead t o t h e format ion of calcium stones in t h e absence of hyper
calciuria. T h e increased uric acid is p robab ly t h e result of a high 
pur ine diet . The m o d e of ac t ion is p robab ly by diminishing t h e 
inhibi tory effect of glycosaminoglycans on crystal format ion . 
Management is b y dietary reduc t ion of purines and possibly allo-
pur inol . 

T h e management of pa t ien ts with calcium s tone disease is 
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by t r ea tmen t of the underlying condi t ion , the main tenance of a 
high fluid in take , f requent moni to r ing for infection and s tone 
removal if obs t ruc t ion occurs . 

Infected S tone Disease. T h e s tones which form secondary t o urinary t rac t 
infection consist of magnesium a m m o n i u m phospha te and variable a m o u n t s 
of calcium phospha te . They are frequently bilateral and are s i tuated in t he 
renal pelvis where they may grow to fill t he whole pelvis the reby forming 
a staghorn calculus. T h e factors which lead to t he format ion of these 
stones are a high urinary ammonia concen t ra t ion and a high urine pH. T h e 
high ammonia concen t ra t ion is due t o t he ability of certain bacter ia t o 
spht urea to ammonia and carbon d ioxide . 

Infected s tone disease is c o m m o n in s i tuat ions of ur inary stasis and in 
pat ients with s t ructural abnormali t ies . Any factor leading to ur inary t rac t 
infection such as analgesic abuse, ins t rumenta t ion , obst ruct ive u r o p a t h y or 
urinary tract surgery may predispose t o subsequent s tone format ion . In 
addi t ion the presence of any s tone , n o ma t t e r of wha t t ype , m a y b e 
complicated by superadded infect ion wi th a consequent change in t he 
composi t ion of the s tone . T h e presence of magnesium in the s tone is highly 
suggestive of an e lement of infect ion being present . 

Management consists of: 
1. Determining the size and site of t he s tones present in t h e ur inary 

tract . 
2. Assessing the degree of renal impa i rment . 
3 . The surgical removal of the s tone or s tones and the correct ion of 

any underlying abnormal i ty such as obs t ruc t ion or s t ructural 
abnormal i ty . 

4 . T h e sterilization of t he ur ine with t he mos t appropr ia te ant ib io t ic 
regimen. 

5. T h e long-term follow-up of t he pa t ien t to ensure the ur ine remains 
sterile. 

6. Careful repeated examina t ion of the urinary t rac t t o de tec t t h e 
development of any further s tones. 

Uric Acid Stone Disease. Uric acid s tones form when there is a high ur inary 
uric acid concent ra t ion and /o r a persistently low ur inary pH. High ur inary 
uric acid concent ra t ion can be d u e t o a high die tary pur ine in take or gout . 
Uric acid is poor ly soluble in acid ur ine and crystals are likely t o form if 
the ur ine is persistently be low p H 6 . A persistently low urinary pH is 
found in failure of adequa te renal a m m o n i u m produc t ion , an increased 
dietary acid or in i leos tomy pat ien ts from t h e persistent intest inal loss of 
alkaline gut con ten ts . Thus uric acid s tones are found in pa t ients wi th : 

1. Gou t . 
2. Myeloproliferative disorders. 
3 . High dietary pur ine in take . 
4 . Uricosuric drug t r ea tmen t . 
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5 . I leos tomy. 
6. Dehydra t ion . 
7. Increased dietary acid from high animal pro te in in take . 
Uric acid s tones are radiolucent and so will no t be seen on X-ray 

unless they also conta in calcium. They are more c o m m o n in males and 
there appears t o be some genetic predisposi t ion as a family his tory is 
commonly present . In o the r respects t he clinical features d o no t differ 
from pat ien ts with o ther types of s tones . 

Management is b y : 
1. Achieving a ur ine vo lume of greater t h a n 2 1 daily which requires 

an oral in take of a b o u t 3 1 daily. 
2. Maintaining a urine persistently in excess of pH 6 with alkali, 

normal ly this requires 1 0 - 2 0 g sodium b ica rbona te daily and 
m a n y pa t ien ts find this impossible . 

3 . AUopurinol if hyperur icaemia or hyperur icosur ia is present . 

Cystine S tone Disease. This is caused b y an au tosomal recessive condi t ion 
characterized b y abnormal tubular handl ing of cyst ine, o rn i th ine , arginine 
and lysine (cyst inuria) . Cys t ine , being t h e least soluble of these amino 
acids, forms crystals when t h e ur ine concen t ra t ion is high (see Chap te r 
13 , p . 150) . 

Hyperoxalur ia . Hyperoxalur ia occurs as a p r imary condi t ion which is rare 
and is au tosomal recessive. There is a metaboUc defect resulting in t h e 
accumula t ion of g lyoxylate which is a precursor of oxala te . T h e cond i t ion 
becomes manifest in ch i ldhood and usuaUy presents wi th s y m p t o m s of 
renal calcuU. There is nephroUthiasis , nephrocalcinosis and widespread 
tissue depos i t ion of oxala te . Calcium oxala te s tones are marked ly radio-
opaque . T h e prognosis is poor and dea th is usuaUy due t o chronic renal 
failure from nephroUthiasis , ur inary t rac t infect ion and obs t ruc t ion . 

Secondary hyperoxa lur ia has been r epor t ed in: 
Intest inal disease. 
Ileal resect ion. 
Intest inal bypass opera t ion . 
Pyr idoxine deficiency. 
Methoxyf lurane anaesthesia. 
E thy lene glycol poisoning. 

T h e managemen t of calcium oxala te s tones due to hyperoxa lur ia is 
disappoint ing. Var ious drugs such as py r idox ine , choles tyramine and 
medium-chain triglycerides have been tr ied b u t wi th lit t le effect. Dietary 
reduc t ion of oxalate-rich foods such as spinach, asparagus, rhubarb and 
greens should be advised. High fluid in take t o reduce the ur inary oxa la te 
concent ra t ion mus t be main ta ined . 

Xanthinur ia . Xan th ine s tones may form in pa t ien ts wi th xanth inur ia . This 
is a rare au tosomal recessive cond i t ion in which there is a deficiency in the 
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activity of xan th ine oxidase which results in elevated plasma xan th ine 
concent ra t ion . 

Xanth ine stones are: 
1. Rare , even in pat ients with xanth inur ia . 
2 . Brown or ye l low/brown in colour . 
3 . Pure xan th ine in two-thirds of cases and mixed wi th uric acid, 

calcium oxala te or calcium phospha te in the remainder . 
4 . Not radio-opaque, unless of mixed t y p e , and therefore difficult 

to detect radiologically. 
5 . Difficult t o diagnose unless suspected and submi t t ed t o detai led 

chemical analysis. 
Management is b y : 
1. High fluid in take . 
2. Maintenance of an alkaline ur ine. 
3. Surgical removal if causing pain or obs t ruc t ion . 
4 . Careful follow-up. 

H Y P E R C A L C I U R I A 

The normal urinary excre t ion of calcium is less than 250 mg daily in 
females and less than 300 mg daily in males. In t he normal person the 
a m o u n t excre ted in the urine is equal to t he intest inal absorp t ion as a 
balanced state exists. T h e in tes tmal absorp t ion of calcium is only par t ly 
related to in take and a considerable increase in oral in take is required to 
cause a significant rise in urinary excre t ion . 

Hypercalciuria can be caused by : 
1. Increased renal loss by abnormal tubular reabsorp t ion ; renal tubu la r 

acidosis. 
2. Increased intest inal absorp t ion ; as in vi tamin D in tox ica t ion and 

sarcoidosis. 
3 . Endocr ine disease; hyperpara thyro id i sm, Cushing's disease and 

hyper thyro id i sm. 
4 . Bone disease; prolonged immobi l iza t ion , Paget'^ disease, carcino

matosis and mul t ip le mye loma . 
5. Id iopathic hypercalciuria; character ized by increased calcium 

excre t ion , normal plasma calcium and low plasma phosphorus . It 
is t hough t to be due t o ei ther increased intest inal a b s o φ t i o n or a 
failure of the renal t ubu le t o reabsorb calcium normal ly . 

The management of hypercalciuria is: 
1. T o de te rmine if there is secondary cause and t o t reat accordingly. 
2. In id iopathic cases to reduce the die tary in take of calcium and 

mainta in a high fluid in take . Thiazide diuret ics lower the urinary 
calcium b u t the mechanism is no t k n o w n . Sodium cellulose phos
pha te which b inds calcium in t he gut reduces t h e a m o u n t available 
for absorpt ion . 



Chapter 13 

CONGENITAL A N D INHERITED CONDITIONS 

In t roduc t ion - Cyst ic renal disease - Inher i ted glomerular diseases -
Inher i ted tubular disorders 

I N T R O D U C T I O N 

The classification of inheri ted diseases of t he k idney is difficult as a wide 
variety of familial condi t ions affecting the k idney have been described. 
Many of these condi t ions are rare and appear to affect only single families. 
Others are well recognized and the m o r e c o m m o n will be described in this 
chapter . T w o major p rob lems arise. First , m a n y inheri ted condi t ions can 
also arise as secondary disorders, e.g. renal tubular acidosis may be in
heri ted b u t can also arise from vitamin D in toxica t ion . Secondly , several 
systemic condi t ions can exhibi t renal involvement , e.g. oxalosis, familial 
Medi terranean fever and sickle-cell disease. These are no t t ruly inheri ted 
renal diseases b u t inheri ted condi t ions wi th mul t i sys tem involvement. 

In this chapter it is convenient t o consider: (1) t h e various forms of 
cystic disease, (2) inheri ted glomerular diseases and (3) inheri ted tubular 
disorders. 

CYSTIC R E N A L DISEASE 

Qassif icat ion. T h e classification of cyst ic disease of t h e k idney is difficult; 
a l though there are well-recognized clinical syndromes there is also a wide 
variety of rare forms described in t he l i terature . A satisfactory working 
classification is: 

1. Solitary or simple cysts 
2. Polycyst ic renal disease 

A. Adul t t ype 
B. Infantile t y p e 

Congenital hepat ic fibrosis 
3. Medullary cystic disease 

A. Medullary sponge k idney 
B. Medullary cystic disease 

Familial juvenile nephronopth is i s 
Retinal-renal dysplasia 

Solitary or Simple Cysts . Simple cysts are c o m m o n and p robab ly occur in 
as many as 50 per cent of persons aged over 50 years. Occasionally the 
simple cysts may be mul t ip le and bilateral . 

Frequent ly these cysts are found as an incidental finding at clinical 
examinat ion or during pyelography. They are rarely responsible for symp
t o m s a l though haemorrhage or infect ion may occur . 

Most such cysts are cortical in site and of ten bulge th rough the renal 
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capsule. Carc inoma may develop in a simple cyst . T h e appearances in 
pyelography may be difficult to in terpre t and tomography , u l t rasound and 
ar ter iography may be necessary t o differentiate t he simple cyst from a 
carcinoma. 

T h e management is to leave alone unless a carc inoma is suspected. 
Renal funct ion is no t impaired and prognosis is excel lent . 

Polycyst ic Renal Disease. There are t w o main types of polycyst ic disease, 
an adul t t y p e and infantile t ype . 

A. A D U L T TYPE. Adul t t y p e polycyst ic renal disease is a relatively 
c o m m o n familial condi t ion character ized by the presence of mul t ip le 
cysts of variable size producing symmetr ica l enlargement of t h e 
k idneys and mos t c o m m o n l y becoming clinically apparent in 
middle age. 
Pathogenesis. Uncer ta in , b u t is due ei ther t o : 

1. Failure of un ion of branches of t he ureter ic bud with t h e 
metanephrogenic cap, or 

2. Failure of involut ion and subsequent cyst format ion by 
the first genera t ion of nephrons t o differentiate in t he 
me tanephros . 

Genetics. Inher i ted as a simple au tosomal d o m i n a n t with a high 
pene t rance and a somewhat variable expressivity. It does no t 
occur in t he same families as t he infantile form. 

Pathology. T h e k idneys are a lmost invariably symmetr ical ly en
larged and may weigh up t o 2 kg. Unilateral cases have b e e n 
rarely repor ted . T h e cysts are of variable size u p t o 5 cm in 
d iameter and conta in fluid which may b e clear or b loods ta ined . 
T h e cysts are lined by a flattened single layer of epi thel ium 
which may resemble t he epi thel ium of proximal t ubu le , distal 
tubu le or collecting duc ts . 

Clinical Presentation. Most b e c o m e clinically apparen t after t h e age 
of 4 0 years b u t may present at any age from 8 t o 80 years. T h e 
modes of presenta t ion are : 
1. Haematur ia , which may occur after minor t r a u m a and m a y 

even p roduce clot colic. 
2 . Urinary t ract infection. 
3 . A sensation of heaviness in t h e loins or t h e pa t ien t not ic ing 

abdomina l discomfort and distension. 
4 . Hyper tens ion . 
5. Haemorrhage in to a cyst wi th subsequent loin pain. 
6. An unexpec ted finding during a clinical examina t ion . 
7. During investigation because of a s trong family h is tory . 
8. Chronic renal failure. 

Clinical Findings. By the t ime s y m p t o m s develop t h e k idneys are 
usually palpable. 
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1. The kidneys are symmetr ical ly enlarged and the surface 
feels irregular. 

2. Hyper tens ion is present in approx imate ly 30 per cent of 
pat ients at presenta t ion b u t increases in incidence as renal 
failure progresses. 

3 . Renal funct ion may be impaired b u t t h e associated anaemia 
and os t eodys t rophy may be milder than in pa t ien ts wi th 
o the r condi t ions producing a similar r educ t ion in funct ion. 

4 . Urinary tract infect ion c o m m o n . 
5 . T h e i.v.p. reveals a characteris t ic s t retching and d is tor t ion of 

the calyces. 
6. Ul t rasound can confirm t h e diagnosis. 
7 . Splenomegaly may b e present . 
8. There is f requent ly a family his tory of k idney disease. 
9. T h e natura l his tory is of a slow b u t s teady decline of renal 

funct ion. 
Management. This falls in to three categories: 

1. F r o m t h e diagnosis t o t h e onse t of te rmina l renal failure t he 
impor t an t po in ts a re : 
a. Cont ro l of hyper tens ion . 
b. Con t ro l of any ur inary t ract infect ion; this may requi re sup

pressive ant ib iot ics as i t is f requent ly difficult t o eradicate 
infect ion from cysts . Ant ib io t ics k n o w n t o affect renal 
funct ion, such as te t racycl ines , mus t be avoided. 

c. Severe or recurrent haemorrhage is an indicat ion for 
cys toscopy and angiography. 

d. R e m e m b e r carc inoma may develop in a cyst . 
2. T h e managemen t of te rminal renal failure: 

a. By the use of die tary restr ic t ion of pro te in , and sodium 
if hyper tens ion is present . 

b. An unhurr ied assessment as t o suitabiHty for haemo
dialysis. 

c. Avoidance of per i toneal dialysis. 
d. If suitable for haemodialysis the format ion of a fistula 

once t he serum creat inine exceeds 6 0 0 Mmol/l wi th 
subsequent es tabl ishment o n dialysis when sympto 
mat ic and thus the avoidance of long per iods of d ie tary 
restr ict ions. 

e. Transp lan ta t ion ; this m a y require pre- transplant neph
r ec tomy if t he k idneys are excessively large. 

3. CounseUing and screening of relatives: 
a. Most pa t ien ts reques t genet ic counselling. In view of t h e 

very variable progression of t h e condi t ion this is difficult 
b u t po ten t ia l parents should be informed of t he 50 per 
cent chance of any child becoming affected. 
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h. T h e most effective m e t h o d of screening of relatives is t o 
mon i to r b lood pressure and examine the k idneys by 
ul t rasound. 

Prognosis. This is very variable. 
1. T h e younger t he pat ient becomes symptoma t i c t he poorer 

the prognosis. 
2. Once there is evidence of decline in renal funct ion terminal 

renal failure is c o m m o n l y reached wi thin 3 years. 
3 . T h e presence of hyper tens ion or repeated urinary t ract 

infections infers a poorer prognosis . 
4 . Rarely carc inoma develops in a cyst , the frequency of which 

is no t k n o w n . 
5. T h e causes of dea th are approx ima te ly : uraemia 5 0 per cen t ; 

myocardia l infarct ion 10 per cen t ; cerebral haemorrhage 10 
per cen t ; congestive cardiac failure 10 per cent and unrela ted 
causes 20 per cent . 

Associated Abnormalities 
1. Approx imate ly 30 per cent have hepat ic cysts b u t these 

p roduce n o functional impa i rment . 
2 . Cysts in t he pancreas and /o r spleen. 
3 . Some 15 per cent of pa t ien ts have aneurysms of t he cerebral 

arteries and subarachnoid haemorrhage is a cause of dea th in 
approximate ly 10 per cent of pa t ien ts . 

B. I N F A N T I L E TYPE. Infantile t y p e polycyst ic renal disease is a rare 
condi t ion in which there is gross bilateral cystic enlargement of b o t h 
kidneys which may be so severe as to interfere with delivery. It is 
probably inher i ted as au tosomal recessive which is thus manifest 
only in homozygotes . 

T h e kidneys are composed of mul t ip le fusiform or cylindrical 
cysts which appear to b e radially or ien ta ted and frequent ly obscure 
the cor t icomeduUary junc t ion . T h e pathogenesis is u n k n o w n . There 
are probably several dist inct varieties. In some cases there is cyst ic 
proliferation of t he büe ducts in the liver and occasionaUy cysts 
in the lung and pancreas. 

T h e clinical presenta t ion is the obvious renal enlargement usuaUy 
present at b i r th . T h e majori ty of pa t ien ts die from renal faüure in 
t he perinatal per iod a l though some may Uve for several years. 

Congenital hepat ic fibrosis is a form of infantüe polycyst ic 
disease in which there is renal cystic disease and por ta l fibrosis 
leading to por ta l hyper tens ion . T h e majori ty of pa t ien ts present 
wi th s y m p t o m s of por ta l hyper tens ion in their second decade . T h e 
fu:st s y m p t o m is frequently sudden massive upper gas t rointes tmal 
bleeding. Ascites, splenomegaly and coUateral venous circulations 
are features. Hepat ic and renal funct ion are usuaUy good b u t dea th 
occurs from progressive por ta l hyper tens ion . 
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Medullary Cystic Disease. T h e t w o major condi t ions in which cysts are 
present p redominan t ly in the medul la are medul lary sponge k idney and 
medul lary cystic disease. 

A. M E D U L L A R Y SPONGE KIDNEY. An u n c o m m o n condi t ion 
character ized by the presence of mul t ip le small cysts in some or all 
of the pyramids of the k idney . T h e cysts f requent ly conta in small 
calcuH. 
Pathogenesis. U n k n o w n . 
Genetics. Famiüal bu t no t heredi ta ry . It is twice as c o m m o n in 

males as females. 
Pathology. Multiple cyst ic d i la ta t ion of papillary collecting duc t s . 

T h e cysts frequently conta in small calcuH and debris . Cysts are 
not present in the cor tex . 

Clinical Presentation. F requen t ly a s y m p t o m a t i c b u t when s y m p t o m s 
occur it is usually after the four th decade and may present as: 
1. Renal colic d u e to t h e spon taneous passage of small calculi. 
2. Dysuria due to urinary t ract infect ion. 
3 . Haematur ia . 
4 . Bilateral loin pain. 

Clinical Findings. 
1. Kidneys may b e modes t ly enlarged, no rma l or small depend

ing u p o n t h e ex ten t of secondary pye lonephr i t i s . 
2 . Glomerular filtration is usually normal . 
3. Urinary concent ra t ing abui ty is f requent ly impaired. 
4 . Excre t ion of acid impaired. 
5. Hypercalciuria m a y occur . 
6. I.v.p. shows cont ras t media in the cysts in the medul la and 

the pyramids may b e enlarged. O n plain X-ray there may be 
mul t ip le clusters of calculi in calyceal pyramids . 

Management. There is n o curative t r ea tmen t . 
1. Moni tor and treat any infect ion. 
2. High fluid in take . 
3 . Prevent ion of renal calcuh. 

Prognosis. General ly good depending on the ex t en t of pyelonephr i t i s 
and t h e damage from calculi. 

B. M E D U L L A R Y CYSTIC DISEASE. A rare , p robab ly famiüal con
di t ion, in which there are mul t ip le cysts mainly in the medul la and 
particularly at t he cor t icomeduUary j unc t i on . Small cysts may also 
appear in the cor tex . 

It is probably a he te rogeneous g roup of familial nephropa th ies 
which include famiüal juvenile nephronopth i s i s and retinal-renal 
dysplasia. 
Clinical Presentation. Usually becomes manifest in adolescents and 

young adul t s : 
1. Anaemia . 
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2. Polyuria. 
3 . Chronic renal failure. 
4 . 'Salt-losing n e p h r o p a t h y ' . 

Clinical Findings 
1. Small k idneys . 
2. Uraemia. 
3 . Inability to concen t ra te ur ine. 
4 . Metabolic acidosis. 

Management 
1. S y m p t o m a t i c . 
2 . High fluid in take ; d iar rhoea and vomit ing m a y precipi ta te 

reversible deter iora t ion in renal funct ion and frequently 
requires in t ravenous fluid replacement . 

3. Sodium supplements . 
4 . Bicarbonate supplements . 
5 . Considerat ion for dialysis and t ransplan ta t ion as and when 

necessary. 
Prognosis. Poor with eventual de ter iora t ion of renal funct ion t o 

terminal renal failure. 

I N H E R I T E D G L O M E R U L A R DISEASES 

In t roduc t ion . Inher i ted glomerular diseases are no t c o m m o n . There is 
increasing evidence that certain forms of g lomerulonephr i t i s have HLA 
associations and so the m o d e of inher i tance of these condi t ions may wi th 
t ime become more clear. T h e mos t c o m m o n l y recognized inher i ted glom
erular condi t ion is Alpor t ' s syndrome . 

Alpor t ' s S y n d r o m e . A synd rome characterized b y a heredi tary glomerulo
nephri t is , percept ive nerve deafness and , in some cases, eye abnormal i t ies 
(spherophakia , cataracts , lent iconus) . T h e sex incidence is p robab ly equal 
b u t males are more severely affected and carry a m u c h poorer prognosis. It 
is u n c o m m o n for females to be symptoma t i c before the age of 4 0 while 
mos t males have entered terminal renal failure by the age of 30 . It is 
inheri ted as au tosomal d o m i n a n t with variable pene t rance and expressivity. 

Clinical presenta t ion: 
1. Haematur ia : t he mos t c o m m o n presenta t ion and may occur in 

association with upper respiratory t rac t infect ion or spontaneous ly . 
2 . Deafness. 
3 . Hyper tens ion . 
4 . Chronic renal failure. 
T h e clinical findings depend t o a large ex ten t on the age and sex of t h e 

pat ient . T h e deafness is of a percept ive t y p e with initially part icular loss 
of the high tone frequencies. Vest ibular b ranch funct ion is normal . Protein
uria is usually mild and glycosuria has been repor ted in a significant n u m b e r 
of pat ients . T h e natural history in male pa t ien ts is of progressive renal 
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failure while in the females this is u n c o m m o n and when present occurs at 
a much older age. 

The renal lesion is a prohferat ive g lomerulonephr i t i s which in some 
cases has a focal accen tua t ion . On e lect ron microscopy the basement 
membrane shows focal or diffuse spHtting in which lucent areas conta ining 
small modera te ly dense granulat ions appear to separate darker staining 
layers of membrane . In the in ters t i t ium there are pa tchy areas of tubu la r 
loss, in f lammatory cell infi l trate and interst i t ia l fibrosis. 

T h e management is by con t ro l of hyper tens ion and tha t of chron ic 
renal failure. T h e prognosis in males is poo r whilst in females it is m u c h 
bet ter . 

Fab ry ' s Disease (Angiokera toma Corpor is Diffusum Universale). A rare 
condi t ion involving the skin, k idneys , hear t and CNS. T h e skin lesions 
consist of small dark red papules which have some hyperkera tos is . These 
lesions t end to occur on the t runk , part icularly peri-umbilical. The re is an 
X-linked error of glycosphingolipid metabol i sm wi th an accumula t ion of 
ceramide t r ihexoside in cells. T h e skin manifes ta t ions are m o r e marked in 
males t han females. 

The disease usually becomes manifest before pube r ty and renal failure 
is the mos t c o m m o n cause of dea th . T h e glomerul i show a fine foamy 
vacuolat ion of t he epithelial cells and later hyal in izat ion. There is n o 
k n o w n therapy b u t it has been repor ted t h a t t ransp lan ta t ion results in 
considerable improvement in s y m p t o m s wi th a r e tu rn t o no rma l of plasma 
and urine ceramide t r ihexoside and this m a y be due t o correc t ion of t h e 
inborn error of metabol i sm by enzymes in t h e t ransp lan ted k idney . 

Congenital Nephro t i c S y n d r o m e . A rare familial condi t ion which is au to 
somal recessive with an increased incidence in F in land . Affected chi ldren 
are usually b o r n pre- term, have a low b i r th weight and an abnormal ly large 
placenta . Prote inur ia and oedema may be present at b i r th b u t usually 
b e c o m e manifest within the first 2 m o n t h s of life. Pathologically t h e 
k idneys m a y b e normal or increased in size, in t he glomeruli the re m a y be 
pa tchy thickening of the capillary wall and basemen t m e m b r a n e while t he 
proximal tubules show marked cystic d i la ta t ion . 

T h e condi t ion is fatal and the re is n o response t o s teroid t h e r a p y . 
Dea th usually occurs in the first 2 years with only 25 per cent of pa t ien ts 
surviving b e y o n d the first year. T h e cause of dea th is usually infect ion b u t 
may be any comphca t ion of severe nephro t i c s y n d r o m e . 

Nafl-patella S y n d r o m e (Heredi tary Osteo-onychodysplas ia ) . A rare au to 
somal dominan t condi t ion in which there is hypoplas ia o r absence of t h e 
patellae, subluxat ion of the radial heads at t h e e lbow and dysplasia of t h e 
finger nails associated wi th g lomerulonephr i t i s . T h e renal lesion is o f a 
pa tchy thickening of glomerular basement m e m b r a n e leading eventual ly 
t o comple te sclerosis. There may also b e m a r k e d th ickening of t he tubu la r 
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basement membrane . The prognosis is variable b u t a significant n u m b e r 
progress to uraemia. 

I N H E R I T E D T U B U L A R D I S O R D E R S 

In t roduc t ion . Inher i ted renal tubular disorders may affect virtually any 
funct ion of the tubule . T h e majori ty of syndromes are rare and so only 
the more c o m m o n forms will be described. T h e tubular defect may be 
single or mul t ip le and involve (1) ei ther abnormal excre t ion or r e a b s o φ t i o n 
of a substance or group of substances, or (2) the failure of the neph ron to 
respond to circulating ho rmones , e.g. nephrogenic diabetes insipidus. 

Proximal Tubu le 
CYSTINURIA. A syndrome character ized by a d is turbance in t he 

proximal tubular handling of t h e amino acids cyst ine , o rn i th ine , 
arginine and lysine (COAL). Similar t ranspor t defects occur in the 
intest inal mucosa . 

Clinically, these pat ients present with renal calculi. Cyst ine 
s tones account for approximate ly 1 per cent of all calculi b u t are of 
impor tance as the majori ty of such pat ients present before t h e age 
of 30 and frequently have bilateral recurrent s tones. Large a m o u n t s 
of the amino acids (up to 4 g daily) are excreted in t h e urine and 
microscopy may show the presence of typical hexagonal crystals. 
The calcuh are radio-opaque. 

T w o types of cys tmuria are recognized. T h e first and m o s t 
c o m m o n is recessive cystinuria where only those pat ients h o m o 
zygous for the defect excre te abnormal a m o u n t s of COAL. T h e 
second is incompletely recessive where he terozygous pat ients 
excre te in te rmedia te a m o u n t s and the remaining members of t h e 
families excrete normal amino acids. 

T h e management of the homozygous pat ients who are s tone 
formers is: 

1. Maintain a high urine flow ra te , at least 3 1 daily. One should 
ahn to keep a high flow ra te at night . 

2 . Maintain an alkaline ur ine b y t he adminis t ra t ion of bi
carbonate . 

3 . PeniciUamine has been used b u t it m a y b e associated wi th 
unpleasant side effects. 

H A R T N U P DISEASE. A very rare au tosomal recessive condi t ion 
presenting clinicaUy with photosensi t iv i ty , skin rash resembling 
peUagra and a t tacks of cerebeUar ataxia . At tacks occur in ch i ldhood 
and tend to b e c o m e less f requent wi th age. 

T h e amino acid t ranspor t defects involve alanine, g lu tamine , 
asparagine, his t idine, serine, t h r e o n m e , phenyla lanine , ty rosme 
and t r y p t o p h a n . There is an in tes tmal abnormal i ty in t he t ranspor t 



C O N G E N I T A L A N D I N H E R I T E D CONDITIONS 151 

of t r y p t o p h a n and this resuhs m an increased b r e a k d o w n of t r y p t o 
phan in t he gut wi th consequent increased indol fo rmat ion . As a 
result the re is increased excre t ion of mdol s in t h e u rme . Apar t 
from the tubular amino acid t r anspor t a b n o r m a h t y there are n o 
o ther tubular t ranspor t defects . 

CYSTINOSIS ( L I G N A C - F A N C O N I S Y N D R O M E ) . A rare au tosomal 
recessive condi t ion m which there is depos i t ion of cys tme in m a n y 
organs associated with defective proximal tubu la r t ranspor t 
mechanism. 

T h e condi t ion is usuaUy manifest in c h ü d h o o d and t w o types 
are recognized: 

1. An acu te form which is usually recognized b y 6 m o n t h s and 
presents as faüure to thrive, polyur ia and polydipsia. The 
prognosis is ex t remely poor and dea th , usuaUy from in
fection, is f requent before the end of t he first decade . 

2 . A chronic form which usuaUy presents as D-resistant r ickets 
and dea th is usuaUy from chronic renal faüure in adolescence. 

In bo th forms there are mul t ip le p rox imal tubu la r t ranspor t 
defects leading t o : glycosuria; generalized amino aciduria; hyper
phosphatur ia ; acidosis (due to renal b ica rbona te wast ing); h y p o 
kalaemia; tubular prote inur ia ; hypo-ur icaemia; rickets (due to 
vi tamin D deficiency). 

In t h e chronic form the amino aciduria and glycosuria are less 
than in the acute form. 

Cyst ine deposi ts are found in t he ret iculo-endotheUal sys tem, 
leucocytes , fibroblasts, the k idney and the cornea of t h e eye . T h e 
k idney shows sclerotic glomeruU and hexagonal crystals of cyst ine 
can be de tec ted in ceUs b y e lect ron microscopy . There is tubu la r 
a t rophy and t h e prox imal tubu le m a y show a na r row segment which 
has been te rmed the *swan-neck de formi ty ' . 

T h e prognosis in b o t h acu te and chronic forms is poor and 
t r ea tmen t symptoma t i c . 

A simüar condi t ion occurs in adul ts rarely as a famiUal disease 
and more c o m m o n l y as an a c q u h e d condi t ion (see Chap te r 14 , 
p . 158) . I t usuaUy presents as muscle weakness and os teomalacia 
and is associated wi th t h e depos i t ion of cys tme . 

R E N A L G L Y C O S U R I A . A relatively c o m m o n defect in p roxhna l 
tubular handUng of glucose and occurs in approx imate ly 2 per cent 
of the popu la t ion . Glycosuria is t h e only abnormal i ty and is due t o 
decrease in the m a x i m u m tubu la r glucose reabsorp t ion . It is differ
en t ia ted from diabetes meUitus b y finding: 
1. Glycosuria w i t h o u t hyperglycaemia . 
2 . Normal fasting b lood glucose. 
3 . Normal o r flat glucose to lerance test . 

VITAMIN D-RESISTANT R I C K E T S . This unusual condi t ion is a rare 
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X-linked d o m i n a n t condi t ion a l though sporadic cases have an 
au tosomal d o m i n a n t inher i tance. It is characterized by : h y p o 
phospha taemia ; r ickets or os teomalacia no t responsive t o physio
logical a m o u n t s of vi tamin D ; abnormal vi tamin D metabol ism 
associated with diminished intest inal absorpt ion of calcium and 
phospha te ; increased renal phospha te clearance. 

The chnical p resenta t ion is usually as r ickets in ch i ldhood. It is 
no t associated with any o ther renal tubular abnormali t ies . Treat
m e n t is wi th large doses of vi tamin D or its analogues and should 
be s tar ted early to prevent pe rmanen t skeletal deformi ty . 

R E N A L T U B U L A R ACIDOSIS (TYPE 2) . As a p r imary disease this is 
rare (secondary form, see p . 156) . It is d u e t o impai rment of t h e 
proximal tubular sodium-hydrogen exchange with a consequent 
*leak' of b icarbonate so t ha t an inappropr ia te a m o u n t of b icarbona te 
appears in t he ur ine for a given p lasma concen t ra t ion . 

The chnical p resenta t ion is in infancy with failure to thr ive, 
repeated episodes of vomit ing and a hyperch loraemic acidosis in 
t h e presence of an alkaline or very slightly acid ur ine . Unlike 
distal tubu la r acidosis b o n e disease and nephrocalcinosis are rare . 
T h e managemen t is to provide large a m o u n t s of alkali as b ica rbona te 
6 - 1 0 m m o l / k g / d a y , half as the sodium salt and half as potass ium 
salt. The prognosis is good and the b iochemical d is turbances may 
b e c o m e less in later hfe and it m a y b e possible to s top the rapy . 

Distal Tubu le 
FAMILIAL N E P H R O G E N I C DIABETES INSIPIDUS. A rare inher i ted 

condi t ion in which the distal tubu le and collecting duc t are un
responsive t o ADH. T h e affected infants have intense polyur ia and 
severe dehydra t ion m a y result . Early diagnosis is essential as per
m a n e n t men ta l deficiency may result from the prolonged severe 
dehydra t ion . 

T h e defect is in t h e epithelial cells where the re is p robab ly a 
deficiency in cyclic AMP. 

Au tosoma l d o m i n a n t and sex-linked inher i tance pa t t e rns have 
been described. 

R E N A L T U B U L A R ACIDOSIS (TYPE 1). The pr imary form of this 
disease usually presents in t h e first 18 m o n t h s of life (secondary 
form, see p . 154) . T h e clinical features are failure t o thrive, poly
uria, dehydra t ion and cons t ipa t ion . S o m e cases are de tec ted following 
investigation of g rowth failure. T h e pa thophys io logy is a failure of 
distal tubular hydrogen ion secretion ei ther because t he distal 
tubular cells fail to generate H* ions or the re is a failure in t h e 
excre t ion of H* ions in to the tubular lumen . 

In pa t ients with this form of renal tubular acidosis the re is 
invariably nephrocalcinosis and renal s tones , r ickets /os teomalacia 
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Table 13 .1 . Inheritance of renal diseases 

Cystic Diseases 
Adult polycystic AD 
Infantile polycystic AR 

Glomerular Diseases 
Alport's syndrome AD 
Fabry's disease XL 
Congenital nephrotic syndrome AR 
Nail-patella syndrome AD 

Tubular Disorders 
Proximal Tubule 

Cystinuria AR 
Hartnup disease AR 
Cystinosis AR 
Renal glycosuria AD 
Renal tubular acidosis (Type 2) AD 
Vitamin D-resistant rickets XL 

Distal Tubule 
Renal tubular acidosis (Type 1) AD 
Familial nephrogenic diabetes insipidus 

AD, Autosomal dominant. 
AR, Autosomal recessive. 
XL, X-linked. 

and muscle weakness are common. Diagnosis is by finding a failure 
to acidify the urine in the presence of a systemic acidosis or failure 
to drop the urine pH below 5-4 after an ammonium chloride load. 
Treatment is with bicarbonate 1 - 3 mmol /kg/day, potassium supple
ments and vitamin D if bony problems are severe and not responding 
to correction of the acidosis. In acute situations considerable 
potassium supplements may be required. Urinary tract infection 
needs to be treated promptly. Prognosis is good unless there has 
been significant destruction of renal tissue from nephrocalcinosis 
or the development of hypertension or chronic urinary tract 
infection. 



Chapter 14 

R E N A L T U B U L A R DISEASE A N D MISCELLANEOUS 
CONDITIONS 

Renal tubular acidosis - Interst i t ial nephri t is - Balkan n e p h r o p a t h y -
Fancon i syndrome - Metal tox ic i ty - Disorders of ur inary concen t ra t ion 
- Radia t ion nephri t is - T h e k idney in hver disease - T h e kidney in 
pregnancy - Re t roper i tonea l fibrosis - Sickle-cell disease - Bar t ter ' s syn
d r o m e - Segmental hypoplasia ( A s k - U p m a r k k idney) - T u m o u r s 

R E N A L T U B U L A R ACIDOSIS 

Metabolic acidosis develops in renal disease due t o : (1) a reduc t ion in 
renal mass producing an inabiUty t o excre te hydrogen ions, or (2) an 
impa i rment in ei ther p rox imal or distal tubular funct ion resulting in failure 
to mainta in t h e normal plasma b icarbona te concen t ra t ion . In condi t ions 
where t h e glomerular filtration falls be low 20 ml /min the re is impa i rment 
in H* secret ion resulting in metabol ic acidosis as par t of t he s y n d r o m e of 
uraemia. In renal tubular disease, however , the re is frequently lit t le or n o 
reduct ion in renal funct ion, and the metabol ic acidosis which develops is 
k n o w n as renal tubular acidosis (RTA) . T h e major abnormal i ty may occur 
in the distal tubu le producing classic or T y p e 1 R T A or in t h e prox imal 
tubule producing T y p e 2 R T A . 

Distal Renal Tubula r Acidosis (Classic, T y p e 1) . In t h e distal form there is 
failure of urinary acidification, despi te severe systemic acidosis, due t o 
either failure of t he distal tubular cells t o generate H* or failure of t h e 
distal tubu le to excre te H*. T w o forms of this condi t ion have been des
cribed, t he first where there is persis tent hyperch loraemic acidosis k n o w n 
as complete and t h e second, incomplete, where there are no rma l acid-base 
parameters b u t an inabihty to excre te an acid load. 

The clinical presenta t ion is usually wi th anorexia , fatigue, muscle 
weakness, osteomalacia , nephrocalcinosis and nephroli thiasis . 

Associated with t he metabol ic acidosis the re m a y b e : 
1. Renal sodium wasting d u e t o diminished h y d r o g e n - s o d i u m exchange 

in t he distal tubu le . 
2. Potassium deple t ion consequent on s t imulat ion of the r e n i n -

ang io t ens in -a ldos t e rone system by volume deple t ion from sodium 
wasting. 

3 . Hypercalciuria. 
4 . Increased clearance of phospha te . 
5 . Recurren t s tone format ion from the increased ur inary calcium and 

phospha te excret ion. 
6. Nephrocalcinosis (as 5 ) . 
7. Hypocalcaemia from interference wi th vi tamin D metaboUsm. T h e 

154 
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Ι α hyd roxy la t i on by t h e k idney is inhibi ted by the acidosis. Hypo
calcaemia may also be aggravated b y the hypercalciur ia . 

8. Osteomalacia , or r ickets from abnorma l vi tamin D metabol i sm 
(as 7) . 

There are many clinical disorders which can cause T y p e 1 R T A : 
Pr imary (Chapter 1 3 , p . 152) 
Secondary 

Dysprote inaemias 
Hyperglobul inaemia 
Cryoglobul inaemia 
Amyloidosis 

Disordered calcium metabol i sm 
Vi tamin D in tox ica t ion 
Hyperpara thyro id i sm 
Id iopa th ic hypercalciuria 

Immunological ly media ted diseases 
Chron ic active hepat i t i s 
Pr imary biliary cirrhosis 
Sjogren's syndrome 
Systemic lupus e ry thema tosus 

Drug induced 
Li th ium 
Amphote r i c in Β 

Renal diseases 
Pyelonephr i t i s 
Medullary sponge k idney 
Hydronephros i s 
Transplan ta t ion 

Miscellaneous 
Sickle-cell disease 
Wilson's disease 

Management is by , where possible, de termining the under lying cause of 
the R T A . T r e a t m e n t m u s t t hen be di rec ted t o t he pr imary pa tho logy . T h e 
renal tubular acidosis is t reated b y : 

1. Bicarbonate supplements , in the region of 2 m m o l / k g b o d y weight / 
day. T h e exact dose can only be de te rmined by trial b u t t h e aim 
should be to keep the plasma b ica rbona te in excess of 18 mmol / l . 

2. Calcium and vitamin D may be required if b ica rbona te rep lacement 
and correct ion of t he acidosis does no t relieve the b o n e pain and 
hypercalciuria . 

3 . Potassium supplements may be required in t he initial t r e a t m e n t as 
there can be p ro found potass ium deple t ion . 

T h e prognosis is related to t he under ly ing cause of t h e R T A . Correc t ion 
of the acidosis is usually associated wi th a re tu rn t o normal calcium and 
phospha te metabol ism and thus a d iminu t ion of s tone format ion . 
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Proximal Renal Tubula r Acidosis (Type 2) . This usually occurs as par t of a 
complex of proximal tubular disorders consisting of glycosuria, amino
aciduria, phosphatur ia and uricosuria. There is impai rment of p rox imal 
tubular s o d i u m - h y d r o g e n exchange decreasing b icarbonate resorpt ion. 
This results in b icarbona te wasting and a reduc t ion in t h e plasma bicarbon
ate . The filtered load of b icarbonate falls and when this matches t he 
diminished proximal tubular activity a n e w s teady s ta te is achieved. Bi
carbonate wasting then ceases and this allows for acidification of t h e ur ine 
and thus pat ients are able t o excre te their daily acid load. 

T h e R T A is associated w i th : 
1. Hyperch loraemia ; d u e to sodium wasting there is s t imulat ion of 

the r e n i n - a n g i o t e n s i n - a l d o s t e r o n e system wi th re ten t ion of sodium 
chloride. 

2. Potassium deple t ion , due to secondary a ldosteronism. 
3 . Hypocalcaemia , b u t unl ike distal R T A there is seldom b o n e disease 

or nephrocalcinosis . 
Many clinical syndromes are associated wi th prox imal R T A : 
Pr imary (Chapter 1 3 , p . 152) 
Secondary 

Disorders of amino acid metabol i sm 
Cystinosis 
Tyrosinosis 

Heavy meta l toxic i ty 
C a d m i u m 
Lead 
Copper 
Mercury 

Drug induced 
Tetracycl ine 
Carbonic anhydrase inhibi tors 
6-Mercaptopurine 

Renal diseases 
Nephro t i c syndrome 
Amyloidosis 
Transplanta t ion 

Miscellaneous 
Multiple m y e l o m a 
Sjogren's syndrome 
Hyperpara thyro id i sm 
Vi tamin D toxic i ty 

Management is aimed at the underlying cause and at relief of t he 
acidosis. 

1. In adults if the plasma b ica rbona te is greater t han 18 mmol / l t hen 
b icarbonate supplements are n o t required. 

2. If p lasma bicarbonate be low 18 mmol / l then sodium b ica rbona te 
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in an appropr ia te dose, in the range 2 - 1 0 m m o l / k g b o d y weight/ 
day. 

3. In children b icarbonate supp lements are usually requhred and there 
may also be a need for vi tamin D and calcium supplements . 

I N T E R S T I T I A L N E P H R I T I S 

T h e te rm ' interst i t ial nephr i t i s ' is used t o describe a n u m b e r of condi t ions 
where the main react ion appears t o b e in t h e in ters t i t ium and where there 
is frequently tubular damage with h t t l e or n o glomerular abnormal i ty . 

Acute interstitial nephritis f requent ly presents as acu te renal failure and 
is c o m m o n l y d u e to a drug react ion. There is f requent ly an accompanying 
fever, skin rash and eos inophiha . Haematur ia is c o m m o n b u t pro te inur ia is 
seldom greater t han 2 g daily. T h e drugs impUcated have inc luded: 

Methicillin Phen ind ione 
Sulphonamides Penicillin 
Rifampicin AmpiciUin 
Dipheny lhydan to in Analgesics 
Metals Diuret ics 
On renal biopsy there is considerable interst i t ia l oedema and infi l t rat ion 

with l ymphocy te s , plasma ceUs, p o l y m o r p h s and eosinophils . T h e tubules 
may show a variety of changes from normal t o necrosis. On wi thdrawal of 
the drug the renal lesions usually resolve. 

Management is by wi thdrawing t he drug or precipi ta t ing agent p ro
viding this is k n o w n . If t h e lesion is severe enough to p roduce acu te renal 
failure this should be managed along convent iona l lines (Chapter 7) . 

Chronic interstitial nephritis f requent ly presents wi th s y m p t o m s of 
polyuria , noc tur ia , polydypsia , anaemia and hyper tens ion . There m a y be a 
surprising lack of s y m p t o m s even in the presence of severely impaired renal 
funct ion. On investigation, however , there is f requent ly increased ur ine 
volume, renal tubular acidosis, potass ium deple t ion and a sodium-losing 
state . The renal biopsy reveals interst i t ial o e d e m a and infi l t rat ion wi th 
lymphocy tes and plasma ceUs; in longstanding cases the re may b e con
siderable tubular a t rophy and fibrosis. GlomeruU may have varying degrees 
of hyal inizat ion. There are m a n y causes including: 

Drug induced 
Analgesic abuse 
Heavy meta l exposure 

Metabolic disease 
Cystinosis 
G o u t 
Diabetes meUitus 

Immunologica l 
Transplant rejection 
SLE 
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Rapidly progressive g lomerulonephr i t i s 
Sjogren's syndrome 

Infect ions 
Pyelonephri t is 
Leptospirosis 

Miscellaneous 
Sickle-ceU disease 
Balkan n e p h r o p a t h y 
Irradiat ion 

Management is by careful con t ro l of fluid and e lec t ro lyte balance. 
There may be a need for sod ium, potass ium and b ica rbona te supplements . 
Cont ro l of hyper tens ion and uraemia is b y s tandard regimens. 

BALKAN N E P H R O P A T H Y 

This is a part icular form of interst i t ial nephri t is which occurs wi th in a 
fairly weU circumscribed area in Romania , Bulgaria and Yugoslavia. It is 
mos t c o m m o n in agricultural areas and there is a considerable variat ion 
in the incidence from viUage t o viUage. In some communi t i es t he incidence 
is as great as 60 per cent . Males and females are equally affected wi th a 
peak age incidence be tween 30 and 4 0 years. 

T h e clinical p resenta t ion is insidious with bUateral loin pain, anorexia 
and weakness. There is f requently an unusual yeUow skin p igmenta t ion 
part icularly of the palms of t h e hands . Hyper tens ion is u n c o m m o n . Renal 
faüure is slowly progressive and dea th usuaUy occurs some five years after 
initial presenta t ion . 

The distal tubu le appears t o the initially affected wi th subsequent 
involvement of the whole neph ron . There is marked tubu la r loss wi th 
intersti t ial fibrosis and glomerular hyaUnizat ion. There is f requent ly 
mal ignant t u m o u r s of t he urinary t rac t . 

The managemen t is directed mainly at t he underlying renal faüure. 
There is n o specific the rapy . 

FANCON I SYNDROME 

The Fancon i syndrome is characterized b y : os teomalacia ; glycosuria; 
generalized aminoacidur ia ; hypoka laemia ; acidosis; hyperphospha tu r i a . 

It may occur as a famiUal condi t ion {see Chap te r 1 3 , p . 151) in b o t h 
adul ts and chüdren . It occurs m o r e c o m m o n l y in adul ts as an acquired 
disease and it usuaUy presents as muscle weakness and osteomalacia . 

It is due t o dis turbance of t he normal p rox imal tubular t ranspor t 
mechanisms and this leads t o an excessive urinary loss of glucose, a m m o 
acids, potass ium, b icarbona te and phospha te . It may be acquired in a wide 
variety of cUnical s i tuat ions: 

Immunological diseases 
Myeloma 
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Amyloidosis 
Light chain disease 
Systemic lupus e ry thematosus 
Sjogren's s y n d r o m e 
Interst i t ial nephri t is wi th anti-GBM an t ibody 
Connect ive tissue diseases 
Renal t ransp lan ta t ion 

Drugs 
O u t d a t e d te t racycl ine 
6-Mercaptopurine 

Metals 
Cadmium 
Lead 
Mercury 

Balkan n e p h r o p a t h y 
Wilson's disease 
The management of acquired Fancon i s y n d r o m e : 
1. Cont ro l of t he under lying pa tho logy . 
2. Correc t ion of hypoka laemia wi th oral potass ium supplements . 
3. Correc t ion of the metabol ic acidosis wi th sodium b ica rbona te 

supplements . 
4 . Cont ro l of t he osteomalacia with ei ther vi tamin D or o n e of t h e 

newer synthet ic analogues. 

METAL TOXICITY 

A number of metals can give rise to renal damage. C o m m o n l y this is 
tubular , p roduc ing glycosuria, aminoacidur ia and tubula r pro te inur ia b u t 
in some instances (gold and possibly mercury ) the re may also b e glomerular 
lesions. 

Lead. Usually t he systemic manifes ta t ions of intest inal colic, per ipheral 
neu ropa thy , anaemia and encepha lopa thy are m o r e apparen t t han the 
neph ropa thy . In pa t ien ts wi th renal involvement the re is hyper tens ion , 
slowly progressive renal failure and gou ty s y m p t o m s from hyperur icaemia . 
T h e lead is absorbed b y inhala t ion from t h e burn ing of lead paint or lead 
bat ter ies or by gut absorp t ion from lead-contaminated water . T h e renal 
lesion is mainly tubular , leading t o glycosuria, aminoacidur ia and prote in
uria. T h e proximal tubular cells show characteris t ic eos inophihc in t ranuclear 
inclusion bodies containing a lead-protein complex . 

Management is t o (a) cease exposure t o lead, (b) increase excre t ion by 
chelat ion, (c) con t ro l hyper tens ion , s y m p t o m s of gout , and uraemia by 
s tandard means . 

Gold . The clinical manifes ta t ions of gold toxic i ty are cu taneous hyper
sensitivity, mar row suppression and the nephro t i c synd rome . Prote inur ia 
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occurs in some 5 per cent of pa t ien ts receiving therapeu t ic gold. In addi t ion 
there may be microscopic haematur ia and uraemia may develop. T h e renal 
lesion is an irregular thickening of the glomerular basement m e m b r a n e b u t 
in some pat ients there may be only minimal changes. Management is by 
withdrawal of gold therapy and s y m p t o m a t i c t r e a t m e n t of t he o e d e m a and 
renal failure. 

C a d m i u m . Toxic i ty is mainly associated wi th t h e manufac tu re of ba t ter ies 
and con tamina t ion of water supplies. T h e clinical presenta t ion is wi th 
painful osteomalacia , respiratory s y m p t o m s , loss of smell, nephrol i thiasis , 
emphysema and impaired renal funct ion. The renal damage is p r e d o m 
inant ly to t he proximal tubu le and is associated with glycosuria, amino
aciduria, renal tubular acidosis and low molecular weight prote inur ia . 

-microglobulin excre t ion is greatly increased. Interst i t ial fibrosis occurs . 
Management is removal of the source and support ive t r ea tmen t for t h e 
painful osteomalacia , renal tubular acidosis and nephroli thiasis . 

Beryl l ium. Toxic i ty is usually d u e t o exposure t o fumes dur ing fluorescent 
light manufac ture . T h e renal lesion is described as a chronic g ranu lomatous 
intersti t ial nephri t is . 

Mercury. Acu te toxic i ty causes acu te renal failure due to necrosis of 
proximal tubular cells. Chronic exposure results in impaired renal funct ion 
and in the kidney there are minor glomerular changes associated wi th a 
flattening of t he proximal tubular ep i the l ium. 

Arsenic and Bismuth . In acute poisoning changes simuar to t ha t seen in 
mercury toxic i ty are found. 

Copper . In Wilson's disease copper may accumula te in the prox imal tubu la r 
ceUs producing aminoacidur ia . 

D I S O R D E R S O F U R I N A R Y C O N C E N T R A T I O N 
Inabil i ty to concen t ra te ur ine can b e d u e t o a lack of ant id iure t ic h o r m o n e 
(ADH) or an inabihty of t h e k idney t o respond t o chcula t ing ADH. 

A lack of ADH (diabetes msipidus) results from damage t o t h e h y p o 
t h a l a m i c - p i t u i t a r y axis producing a pe rmanen t or t ransient reduc t ion in 
ADH secretion. 

T rauma 
Tumours (pr imary or secondary) 
Pi tui tary irradiat ion 
Inf lammatory lesions 
Granu lomatous lesions 
An inabihty of the k idney t o respond t o ADH (nephrogenic diabetes 

insipidus) p roduces a large vo lume of d i lu te ur ine and m a y b e caused b y : 
Inabihty of loop of Henle t o form an adequa te meduUary solute 
gradient . 

Hypokalaemia 
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Hypercalcaemia 
Osmot ic diuresis (uraemia) 
Malnutr i t ion 

Medullary disease wi th s t ructural damage t o t h e loops of Henle . 
Analgesic n e p h r o p a t h y 
Hydronephros i s 
Chronic pyelonephr i t i s 
Nephrocalcinosis 
Medullary cystic disease 
Sickle-cell disease 

'Washout ' of medul lary solute gradient . 
Acu te tubu la r necrosis 
Urinary obs t ruc t ion 
Sustained excessive water dr inking 

Drug induced. 
O u t d a t e d te t racycl ine 
Demethylchlor te t racycUne 
Amphote r ic in 
The diagnosis of defects of ur inary concen t ra t ion involves a careful 

history and chnical examina t ion followed by tests to de te rmine whe the r 
t he k idney can or cannot respond t o A D H . Overnight concen t ra t ion tes ts 
with and wi thou t ADH are per formed {see Chap te r 3) . 

The t r e a t m e n t has unproved wi th t he i n t roduc t ion of syn the t ic ana
logues of ADH. Other drugs are also of value: 

1. Lysine-vasopressin; admmis te red b y nasal spray, short lasting effect 
is inconvenient . 

2 . Desmopressin (DDAVP, Desamino-D-Arginine Vasopress in) ; twice 
daily nasal adminis t ra t ion usually p roduces effective cont ro l . 

3. Ch lo rpropamide ; of value in diabetes insipidus b u t no t in t h e 
nephrogenic form. It acts by po ten t i a t ing t he effect of ADH on t h e 
collecting duc t and possibly also b y p r o m o t i n g its central release. 

4 . Clofibrate; act ion probably by facihtat ing release of ADH. 
5 . Diuret ics; paradoxical ly reduce ur ine vo lume in diabetes insipidus 

probably by their ab ih ty t o interfere wi th sodium t ranspor t in t h e 
ascending l imb of the loop of Henle and t h u s prevent ing di lute 
urine from passing o n to the distal par t of t h e neph ron . 

R A D I A T I O N N E P H R I T I S 

Irradiat ion injury to t h e k idneys m a y follow rad io therapy t o abdomina l 
organs or l ymph nodes . There is a very considerable variation in pa t ien t 
susceptibili ty to radiat ion injury. T w o clinical syndromes are recognized, 
acute and chronic radiat ion nephri t is . 

Acute radiat ion nephri t is usually occurs 6 - 1 2 m o n t h s after tox ic 
doses, earlier in children. Presenta t ion is wi th oedema , hyper tens ion . 
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dyspnoea , headaches , anaemia and prote inur ia . T h e hyper tens ion is usually 
the first sign and this frequently re turns t o normal as t he episode subsides. 
The prote inur ia is mild and rarely in excess of 4 g /24 hours . T h e anaemia is 
severe, n o r m o c h r o m i c , no rmocy t i c . T h e prognosis is variable wi th a 50 per 
cent m o r t a h t y m the acu te phase . In o the r pa t ien ts recovery is associated 
with an improvement in hyper tens ion and an increase in renal funct ion 
a l though prote inur ia may con t inue for years. 

Chronic radia t ion nephri t is usuaUy appears several years after radia t ion . 
There may have been a preceding acu te radia t ion nephri t is or it m a y appear 
de novo u p t o 15 years later . Presenta t ion is wi th fatigue, noc tur ia , anaemia , 
hyper tens ion , pro te inur ia and uraemia . Hyper tens ion is present in 5 0 per 
cent of pat ients and m a n y have a maUgnant phase . A n u m b e r of pa t ien ts 
wiU also have evidence of i rradiat ion injury t o t he gastrointest inal t rac t 
and /o r pancreas; re t roper i toneal fibrosis may also be present . T h e uraemia 
is usuaUy slowly progressive. T h e k idneys from pat ients wi th chronic 
damage are cont rac ted and show sclerosis of glomeruU, tubular loss, 
fibrinoid necrosis of arterioles and small in ter lobular arteries and inter
stitial fibrosis. 

Management is b y : 
1. Cont ro l of hyper tens ion . Where there is evidence of unüatera l 

disease or involvement of only par t of a k idney removal of t h e 
affected tissue may resolve t he hyper tens ion . 

2. Investigation for possible obstruct ive u ropa thy from re t roper i tonea l 
fibrosis. 

3 . T h e s tandard management of chronic renal faüure {see Chap te r 8 , 
p . 72 ) . 

T H E K I D N E Y IN LIVER DISEASE 

A variety of liver diseases are associated with renal abnormaUties. 
Cirrhosis. T h e hepa torena l syndrome is unexpla ined renal faüure occurr ing 
in pa t ients with cirrhosis. It is mos t likely p roduced b y an al tera t ion in 
renal b lood flow d u e t o ei ther a redis t r ibut ion of t h e extrarenal c i rculat ion 
or t he response t o some humora l factor p roduced or inadequate ly removed 
by the diseased Uver. In cirrhosis the re is also impaired sodium excre t ion 
and an inabiUty to excrete a water load. An increase in glomerular mesan
gium leading to sclerosis is found in a number of pa t ients . 
Hepat i t i s . In acute viral hepat i t i s there m a y be transient pro te inur ia and 
haematur ia during the acute phase of t he Ulness. Renal funct ion is no rma l 
a l though there may b e mud t ransient glomerular lesions. 

In hepat i t is Β ant igenaemia polyarterit is-like lesions m a y be found in 
arterioles whüe in chronic ant igenaemia a m e m b r a n o u s glomerulonephri t i s 
is described. 

Chronic active hepat i t is is associated with renal tubular acidosis and this 
has also been described in chrhosis and in pr imary biUary cirrhosis. 
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Obstruct ive Jaundice . There is a high incidence of acute renal failure and if 
surgery is con templa ted it should be per formed under a mann i to l diuresis. 

Leptospirosis . Associated wi th acute renal failure. 

Cystic Disease. Pat ients with adul t t y p e polycys t ic renal disease frequently 
have hver cysts b u t these never p roduce hepa t ic impa i rment . S o m e pa t ien ts 
with infantile t ype polycys t ic disease have por ta l fibrosis leading to por ta l 
hyper tens ion . 

T H E K I D N E Y IN P R E G N A N C Y 

During pregnancy there are certain changes in renal funct ion and s t ruc ture . 
1. T h e renal plasma flow increases by approximate ly 50 per cent 

during the first t r imester and remains elevated unti l delivery. 
2. T h e glomerular filtration ra te also increases by about 50 per cen t 

during the first t r imester and Ukewise remains elevated unt i l dehvery . 
3 . Glycosuria is c o m m o n due to an increased filtered load from t h e 

increased G F R and to a d iminu t ion in T m G . 
4 . Uric acid and his t idme excre t ion are increased. 
5 . Renin secret ion is increased and there is an increase in t h e a ldos terone 

secret ion ra te . There is an increase in to ta l b o d y sod ium. 
6. There is di la ta t ion of t he renal t rac t , part icularly the ure ters , and 

this is m o r e marked on t h e right side. T h e cause is considered to b e 
pressure from the gravid u terus and the s m o o t h muscle effect of 
progesterone. After delivery t he di la ta t ion regresses over t h e ensuing 
six weeks b u t mild right-sided di la ta t ion may persist for years. 

Renal disease in pregnancy has m a n y causes a l though some are con
di t ions un ique to pregnancy. T h e mos t c o m m o n prob lems are: 

Infect ions 
Pre-eclampsia and eclampsia 
Glomerulonephr i t i s 
Acu te renal failure 
Chronic renal failure 

Infect ions are c o m m o n in pregnancy, occurr ing in approx imate ly 5 per 
cent of w o m e n . A s y m p t o m a t i c bacter iur ia is impor t an t as a b o u t half will 
progress t o pyelonephr i t i s at a later stage in the pregnancy. T h e reason for 
the high incidence is t he di la tat ion of t he ureter and pelvis wi th the con
sequent slowing or ur ine flow associated with t h e increased incidence of 
glycosuria. Infect ions in pregnancy mus t be effectively t rea ted otherwise 
there is an increased chance of pe rmanen t renal damage , hyper tens ion and 
pre-eclampsia. 

Pre-eclampsia and eclampsia are syndromes which are peculiar t o pregnancy. 
Pre-eclampsia is a s y n d r o m e triad consisting of pro te inur ia , hyper tens ion 
and oedema. It is m o r e c o m m o n in pr imípara and those with pre-existing 
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hyper tens ion , or twin pregnancy. T h e majori ty present in t h e thi rd t r im
ester, 95 per cent occur after t he 30 th week. The aetiology is u n k n o w n b u t 
localized intravascular coagulat ion would appear to b e an impor t an t 
pa thogenic mechanism. 

Clinically the re is considerable oedema a l though t h e ur inary pro te in 
seldom exceeds 5 g daily. Hyper tens ion is m o d e r a t e wi th a d ias tohc pressure 
of up to 110 m m H g . T h e severity of pre-eclampsia is variable. Pat ients 
may progress to a m o r e severe illness with d ias tohc b lood pressures greater 
than 110 m m H g associated with oliguria, rising plasma creat inine, cerebral 
and visual d is turbances , hyperb ihrub inaemia and in some pa t ien ts pul
monary oedema. 

Renal biopsy reveals a mild prohfera t ion of mesangial cells and a m a r k e d 
swelling of the endothel ia l cells. On e lect ron microscopy there is obvious 
endothel iosis and in some cases pa tchy thickening of the basement m e m 
brane due to the subendotheha l deposi t ion of finely granular or fibrillar 
material which may be fibrin. 

Management is by cont ro l of b lood pressure and oedema . Pre-eclampsia 
subsides after delivery. 

Eclampsia is where pre-eclampsia progresses to hyper tens ive encephalo
pa thy with convulsions and coma. This is a medical emergency and urgent 
delivery should be under taken . The renal lesion is essentially tha t of 
pre-eclampsia b u t it may b e more severe and accompanied b y glomerular 
capillary th romboses and occasionally acu te tubular necrosis. 

Glomerulonephr i t i s arising during pregnancy is difficult t o distinguish 
from pre-eclampsia and if there is d o u b t renal b iopsy should be per formed. 
In t he presence of a gravid u terus it is preferable t o perform the b iopsy 
with the pa t ien t in t h e sitting posi t ion. 

Pat ients with glomerulonephri t i s who b e c o m e pregnant have a variable 
prognosis. The presence of an existing glomerulonephr i t i s is no t in itself 
grounds for recommending te rmina t ion . Many pa t ien ts with mild pro
hferative lesions will progress th rough their pregnancy wi th no p rob lems 
bu t there is an u n d o u b t e d increased risk of hyper tens ion becoming apparen t 
or more severe. In pa t ien ts with a g lomerulonephr i t i s causing impaired 
renal funct ion, serum creat inine in excess of 200 Mmol/l, and hyper tens ion 
there is an increased risk of (1) de te r iora t ion in renal funct ion, (2) increas
ing severity of hyper tens ion , (3) de te r iora t ion in t h e renal his tology, 
(4) increased fetal loss and (5) increased chance of a low b i r th weight 
baby . Pat ients with mesangiocapillary glomerulonephr i t i s appear to have a 
poor chance of a successful o u t c o m e of pregnancy. All pa t ien ts wi th 
glomerulonephri t is who become pregnant require very careful moni to r ing 
during pregnancy, par tur i t ion and pos t -pa r tum. 

Acute Renal Failure arising in pregnancy may be d u e t o : hyperemesis 
gravidarum; septic abor t ion ; eclampsia; ab rup t io p lacentae ; p o s t p a r t u m 
haemorrhage , and, in addi t ion , t he many o the r causes Usted in Chap te r 7. 
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Many of these pa t ien ts develop acute tubu la r necrosis bu t the re is a high 
risk of cort ical necrosis developing, par t icular ly in ab rup t io p lacentae and 
p o s t p a r t u m haemorrhage . T h e managemen t of t h e acu te renal failure is 
along convent ional lines (see Chap te r 7 , p . 59 ) except t h a t per i toneal 
dialysis is likely t o be hazardous due t o t h e gravid u terus and renal b iopsy 
is probably unde r t aken more frequent ly t o dist inguish tubula r necrosis 
from cortical necrosis. 

A synd rome of postpartum acute renal failure has been described where 
acute renal failure develops one day t o several weeks after delivery. It is 
f requent ly accompanied b y a 'flu-like illness and a microangiopa th ic 
haemoly t i c anaemia. Hyper tens ion is variable b u t the re is f requent ly 
cardiomegaly and cardiac failure. T h e cause is n o t k n o w n . It is usually 
irreversible. 
Chronic Renal Fai lure is associated wi th d iminished fertility and a high 
incidence of fetal loss. A serum crea t inme in excess of 200 Mmol/l especiaUy 
in the presence of hyper tens ion significantly increases t h e mcidence of 
pre-eclampsia, fetal loss, p re te rm delivery and low bir th weight . It is possible 
to have a satisfactory o u t c o m e b u t careful regular moni to r ing of b lood 
pressure, renal funct ion and fetal g rowth is required. 

Pat ients with renal failure sufficient t o require haemodialysis have only 
a very small chance of a normal pregnancy. After successful t r ansp lan ta t ion 
pregnancy frequent ly has a satisfactory o u t c o m e . Immunosuppress ion does 
no t appear to have a harmful effect o n t h e fetus. 

R E T R O P E R I T O N E A L FIBROSIS 

In t roduc t ion . This is an unusual condi t ion of u n k n o w n aetiology which 
produces an obstruct ive u ropa thy d u e to externa l compress ion of t he 
ureters . 

Aetiology 
1. Id iopath ic , where n o causative agent is found. There m a y be an 

a u t o i m m u n e aetiology as m a n y pa t ien t s have R a y n a u d ' s p h e n o m e n a 
and a positive A N F . 

2. Drug induced. Methysergide is the mos t c o m m o n l y associated b u t 
ergotamine , hydralazine and d e x a m p h e t a m i n e have aU been 
implicated. 

Pathology. T h e ureters are encircled and compressed by dense sclerotic 
tissue. The tissue arises from the r e t rope r i t oneum and is composed of 
fibrous tissue which may conta in in f lammatory cells, po lymorphs , p lasma 
ceUs and lymphocy te s . T h e pathogenesis is u n k n o w n . 

Clinical Manifestat ions 
1. It is mos t c o m m o n be tween t h e ages of 30 and 50 . 
2. It is m o r e c o m m o n in males t han females. 
3. Dull low backache is a c o m m o n presen ta t ion . 
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4 . The pa t ien t may complain of polyur ia and /o r noc tur ia due t o a 
diabetes insipidus-Uke syndrome . T h e ur inary back pressure inter
feres with the renal concent ra t ing ab ih ty . 

5 . Oedema of t h e legs may b e present d u e t o involvement of t h e 
inferior vena cava. 

6. Rarely t he first manifes ta t ion may be anuria due to comple te 
ureteric obs t ruc t ion . 

Investigations and Diagnosis 
1. Renal funct ion may be impaired b u t this is variable. 
2 . Urinary concen t ra t ion may b e i m p a k e d . 
3 . Proteinuria of up to 1 g daily. 
4 . The ESR is usually elevated. 
5. In some pat ients t h e A N F is positive w i thou t any signs or o the r 

evidence of SLE. 
6. In t ravenous pyelography m a y show hydronephros i s and megaureter . 

The dilated ureter c o m m o n l y shows tapering towards t he pelvic 
br im and it may also appear t o b e pul led towards t he midl ine . T h e 
lower segment of the ureter fails t o fill. 

7. Re t rograde pyelography reveals similar findings. Usually the cath
eters pass wi th ease. Screening will reveal the absence of any peristalsis 
in the segment of ureter b o u n d b y t h e fibrosis. In m a n y instances 
one side appears to be m o r e involved than the o ther . 

Management 
1. Establish diagnosis b y i.v.p. and re t rograde pyelography. 
2. D e t e r m m e the ex ten t of renal impa i rment . 
3 . Obta in a full drug his tory and wi thdraw any medica t ions which 

may be causaUy imphca ted . 
4 . Steroids, start ing with prednisone 60 mg daily for 4 weeks and 

thereafter gradually reducing. 
5. Regular moni to r ing of renal funct ion. I so tope renography is of 

part icular value. 
6. Surgery to free the ureter from t h e encasing fibrosis (ureterolysis) 

should be unde r t aken : (1) if renal funct ion cont inues t o de te r io ra te 
in spite of s teroids, (2) if the re is evidence of con t inued obs t ruc t ion 
in spite of adequa te the rapy , and (3) if there is any d o u b t as t o t h e 
na tu re of the fibrosis. 

Prognosis. This is good in mos t t rea ted cases, and is to a large par t de
penden t on t h e degree of renal damage present on diagnosis. 

SICKLE-CELL DISEASE 
Patients with sickle-ceUdiseaseor t ra i t may have certain renal abnormaUties . 
1. Urinary Concen t ra t ion Defect. This is p robably t he earliest manifes ta t ion 
of renal involvement and is found in almost all homozygous pa t ien ts and 
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many who are he terozygous . T h e concent ra t ing defect becomes more 
marked with age. In t he early stages t h e defect is reversible following 
transfusion with normal red b lood cells. It is p robab ly p roduced by im
paired medul lary b lood supply. 

2. Medullary Infarcts and Papillary Necrosis may occur due t o sickling 
in t h e medul lary b lood vessels wi th subsequent th rombos i s and ischaemia. 
This may rarely b e prec ip i ta ted b y flying at high a l t i tudes in unpressur ized 
aircraft. 

3 . Haematur ia usually occurs in early adul t life and is frequently uni
lateral and accompanied by cohc . T h e haematur ia may be so severe as to 
require n e p h r e c t o m y . 

4 . Glomerulonephr i t i s of the subendo theha l t y p e of mesangiocapiUary 
glomerulonephr i t i s has been repor ted . This may p roduce a nephro t i c 
syndrome. 

B A R T T E R ' S S Y N D R O M E 

This is a rare synd rome usually present ing as failure to thrive in early child
hood or late infancy. The clinical p resen ta t ion includes muscle weakness , 
polyuria , t h h s t , t e t any and cons t ipa t ion . T h e pa t ien ts are normotens ive . 

The biochemical findings are: 
1. Hypokalaemic metabol ic alkalosis. 
2. Elevated plasma renm activi ty. 
3 . Increased a ldos te rone excre t ion . 
4 . Renal sodium wasting. 
On renal biopsy there is jux tag lomeru la r ceU hyperplasia and p r o m m -

ence of the macula densa. 
The pathogenesis of this condi t ion is u n k n o w n b u t i t is k n o w n tha t 

there is increased prostaglandin p roduc t ion . It is pos tu la ted tha t this 
st imulates renin release from the jux tag lomeru la r appara tus with subsequent 
a ldos terone p roduc t ion . It is t h o u g h t t ha t t he no rmotens ion is d u e to 
resistance of b lood vessels t o t h e effect of angiotensin II. 

T rea tmen t is with ei ther i ndomethac in or Ibuprofen as b o t h inhibi t 
prostaglandin synthe tase activity. The rapy , which mus t be long t e r m , 
produces a p r o m p t re tu rn to b iochemical n o r m a h t y and resolut ion of t he 
CUnical features. 

S E G M E N T A L HYPOPLASIA ( A S K - U P M A R K K I D N E Y ) 

Segmental hypoplasia is a rare cond i t ion where there is severe segmental 
renal a t rophy frequent ly associated wi th hyper tens ion . It is de tec ted m o s t 
commonly in young adul ts and there is a female : male ra t io of 2 : 1 . 

The cause of t h e lesion is no t k n o w n b u t initially it was considered t o 
be a congenital lesion as it is rare to find glomerular tissue in t he h y p o -
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plastic segments . However, recent studies have shown tha t vesico-ureteric 
reflux is c o m m o n and there is a s trong association wi th ureter ic abnormal 
ities and renal lithiasis. It is possible therefore t ha t i t is a consequence of 
infection which has gained access by means of vesico-ureteric reflux. 

T h e lesion consists of a locahzed a t roph ic scar which appears as a deep 
groove on int ravenous pyelography. The a t rophic area involves b o t h 
cor tex and medul la and within this area the re are only r emnan t s of no rma l 
tissue. Blood vessels are numerous and p r o m i n e n t b u t this is p robably only 
due to t h e loss of t he intervening pa renchyma . 

The management consists of: 
1. Control l ing t h e hyper tens ion {see Chap te r 6 ) . 
2. Maintaining sterile ur ine. 
3 . Repea ted assessments of renal g rowth and funct ion. 
4 . Vesico-ureteric reflux with f requent u rmary infect ions m a y r e q u k e 

ureteric re implanta t ion . 
5. Surgical removal of the hypoplas t ic segment m a y be of value if t h e 

b lood pressure is difficult t o con t ro l . 

T U M O U R S O F T H E K I D N E Y 

Primary t u m o u r s of the k idney are n o t c o m m o n . 

Malignant T u m o u r s 
H Y P E R N E P H R O M A ( R E N A L CARCINOMA, A D E N O C A R C I N O M A ) . 

The term ' h y p e r n e p h r o m a ' is accepted by c o m m o n usage b u t it is 
incorrect . It was considered originally tha t t h e t u m o u r arose from 
adrenocor t ica l tissue that had become embedded in t h e k idney 
during embryon ic deve lopment . It is now considered tha t this 
t u m o u r arises from renal tissue and is no t related to the adrenal gland. 

H y p e r n e p h r o m a accoun t s for 80 per cent of renal neoplasms, is 
most c o m m o n in t he fifth and sixth decades , and has a male pre
ponderance ( M : F , 2 : 1 ) . I t occurs equally in t he right and left 
k idney a l though some cases appear t o develop bi lateral ly. T h e pre
senting s y m p t o m s are haematur ia wi th a mass and pain in t h e flank, 
somet imes t he p resen ta t ion is d u e t o s y m p t o m s from metastases . 
Clinical signs include fever, anaemia and an elevated E S R . In abou t 
5 per cent of pa t ien t s the re is po lycy thaemia w i thou t leucocytosis or 
t h r o m b o c y t o p e n i a . T h e pathogenesis of this is u n k n o w n b u t it has 
been suggested tha t t h e t u m o u r or t he surrounding compressed tissue 
produces e ry th ropo ie t in . A second labora to ry finding of interest is 
hypercalcaemia which in some cases is d u e to b o n y metastases while 
in o the r pa t ien ts is present w i t h o u t any evidence of b o n y spread. In 
these cases it is p robab ly due t o t h e secret ion of a pa ra thyro id 
hormone- l ike substance b y the t u m o u r . 

T h e diagnosis of renal carc inoma is m a d e b y the f indmg of a 
space-occupying lesion on i.v.p. and subsequent investigations 
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showing typical abnormal i t ies . A n ar ter iogram can confirm the 
space-occupying lesion and d e m o n s t r a t e a typical t u m o u r vascular 
pa t t e rn wi th , in some cases, t h e venous phase showing t u m o u r 
growing along t h e renal veins. T h e angiographic demons t r a t i on of 
the t u m o u r circulat ion can be improved b y t h e infusion of adrenal ine 
which constr ic ts normal arterioles b u t no t t h e t u m o u r vessels. Ultra
sound can differentiate be tween a t u m o u r and a simple cyst in over 
9 0 per cent of cases. 

T h e h y p e r n e p h r o m a is usually irregularly lobula ted and may b e 
solitary or mul t ip le . In large t u m o u r s necrosis and cyst format ion 
may occur . Calcification f requent ly occurs . T h e t u m o u r spreads b y 
(1) local infi l trat ion th rough t h e renal capsule, (2) along renal veins, 
and (3) metastases t o b o n e , lung and bra in . T h e pu lmona ry lesions 
may regress after removal of t h e pr imary . Bone deposi ts are 
osteoclast ic . 

Management is b y : 
1. Detailed investigation to d e m o n s t r a t e t h e size and degree of 

ex tens ion of t h e t u m o u r . 
2. Investigation t o de te rmine t h e presence and ex ten t of metas ta t ic 

spread. 
3 . Surgical excision possibly after t u m o u r embol iza t ion wi th 

Gelfoam. 
4 . There does no t yet appear t o b e any satisfactory chemothe rapy 

and rad io therapy is no t of proven value. 
The prognosis is poor wi th a 35 per cent 5-year survival following 

neph rec tomy in pa t ien t s wi th no metastases . Pat ients wi th renal 
vein extens ions have a poor prognosis . Metastases may appear 
many years after removal of t h e pr imary . 

N E P H R O B L A S T O M A (WILMS' T U M O U R , EMBRYOMA) . This 
t u m o u r accoun ts for some 20 per cent of malignancies in ch i ldhood. 
It has a peak incidence at age 3 b u t it has been demons t r a t ed in 
neona tes and rarely occurs in adolescents and adul ts . I t has a male 
p reponderance (M : F , 2 : 1). 

It is usually discovered as a mass in the flank b y t h e child 's 
parents . Less c o m m o n l y it presents as pain d u e t o local spread. 

It is normally soUtary, f requent ly has a rapid g rowth and is 
highly malignant . Anaemia is c o m m o n b u t haematur ia is rare. In 
early lesions there is a f ibrous capsule b u t in t ime there is invasion 
th rough this to t he surrounding tissues such as adrenal , liver, 
intest ines and ver tebrae . In addi t ion t o local mvasion t h e t u m o u r 
metastasizes to lungs, liver and brain . 

Management is by surgical excision and rad io the rapy . 
T h e prognosis is variable and pa t i en t s t rea ted during the first 

year of life have t he best prognosis . If the re are no demons t rab le 
metastases then there is an 80 per cent cure wi th combined 
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neph rec tomy , chemothe rapy and rad io therapy . If t h e pa t ien t 
survives t w o years from n e p h r e c t o m y then the overall ou t look is 
good. 

Benign T u m o u r s 
HAEMANGIOPERICYTOMA. This is a rare t u m o u r which has n o age 

or sex predi lect ion. It is a well-demarcated t u m o u r which grows 
slowly. It is richly vascular and is t hough t to arise from perivascular 
tissue. It may secrete renin and therefore p roduce hyper tens ion . 
Diagnosis is by demons t ra t ing renin-mediated hyper tens ion (see 
Chapter 6) and localization can be achieved by selective renal venous 
sampling. Renal ar ter iography usually reveals a small vascular 
lesion. Management is by cont ro l of hyper tens ion and surgical 
excision. 

ANGIOMYOLIPOMATA. These are small, f requent ly mul t ip le and bi
lateral cortical t u m o u r s consisting of fat cells, fibrous tissue, s m o o t h 
muscle and atypical b lood vessels. They are found in associat ion 
with tuberous sclerosis. They p roduce n o functional impa i rmen t 
and are of l i t t le clinical significance. 



C h a p t e r 1 5 

DRUGS A N D THE KIDNEY 

Diuret ic the rapy - Drug therapy in i m p a k e d renal funct ion - Dialysis 
of drugs - Drug nephro tox ic i ty 

DIURETIC T H E R A P Y 

In t roduc t ion . Diuretics are drugs which ac t o n t h e k idney and p r o m o t e an 
increased rate of ur ine flow. T h e major indicat ions for t he use of these 
drugs are: 

1. El iminat ion of excess sodium in o e d e m a t o u s states such as in t he 
nephro t i c synd rome , congestive cardiac failure or cirrhosis. 

2. A s an adjunct in the managemen t of hyper tens ion . 
3. In severe chronic renal failure in an a t t e m p t to increase ur ine 

volume and thus allow a nK>re liberal fluid in take . 
4 . In the early phase of acu te renal failure in an a t t e m p t to m a i n t a m 

an adequa te ur ine flow. 
5. T o increase greatly the rate of turnover of extracel lular fluid in 

in toxica t ion states. 

Site of Act ion . Diuretics can act at various sites in the n e p h r o n . Somet imes 
it is necessary to use a combina t ion of diure t ic drugs and in such s i tuat ions 
it is necessary to prescribe prepara t ions which act at different sites. F o r 
instance in severe nephro t i c s y n d r o m e there is maximal salt and water 
re ten t ion and l o o p ' diuret ics , a l though acting at t he thick ascending 
l imb of the loop of Henle , may n o t p roduce a diuresis because of distal 
reabsorpt ion due to secondary a ldos te ronism. Similarly t h e blocking of 
the act ion of a ldos te rone a lone may be ineffective as h t t l e sodium m a y b e 
dehvered to the late par t of t he distal t ubu le . In such states it is reasonable 
to combine frusemide or e thacryn ic acid wi th sp i ronolac tone . 

1. A F F E R E N T A R T E R I O L E : A m m o p h y l l m e ; Digoxm 
Drugs which cause an increased renal perfusion, and the reby an 
increase in glomerular filtration, f requent ly p r o m o t e a diuresis. T h e 
mechanism of ac t ion is p robab ly by the abol i t ion of in t rarenal 
compensa to ry mechanisms induced b y poo r renal perfusion. 

An increase in renal b lood flow has been demons t r a t ed follow
ing frusemide adminis t ra t ion . 

2. P R O X I M A L T U B U L E 
Osmotic Agents: Manni to l ; Glucose 

Non-resorbable substances which increase t h e osmot ic pressure 
of t h e in t ra tubular fluid diminish iso-osmotic absorp t ion . 

Carbonic Anhydrase Inhibitors: Ace tazo lamide 
Bicarbonate reabsorp t ion m a y be impaired by carbonic anhy-
drase inhibi tors and the increased tubular b ica rbona te acts as a 
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non-reabsorbable anion which induces an osmot ic diuresis. T h e 
effect is self-limiting as once t h e plasma b ica rbona te concen
t ra t ion falls t he filtered load of b ica rbona te falls and therefore 
i ts osmot ic effect is less. 

Frusemide in a high dose ( > 5 0 0 mg) has a p rox imal tubu la r effect. 
3 . THICK ASCENDING LIMB O F T H E LOOP O F H E N L E : F rusemide ; 

Bumetan ide ; E thacryn ic acid 
In the th ick ascending l imb of t h e loop of Henle active chlor ide 
t ranspor t associated wi th a passive sodium flux occurs . T h e so-
called ' l oop ' diuret ics b lock chlor ide reabsorp t ion and are t h e mos t 
p o t e n t diuret ics available. These drugs also act on t h e first par t of 
the distal tubu le . 

4 . DISTAL T U B U L E : Thiazides; Meto lazone ; C h l o r t h a h d o n e 
Sodium reabsorpt ion in the distal tubu le can b e b locked the reby 
producing a diuresis. 

5. LATE DISTAL T U B U L E 
Blocking of Sodium Reabsorption: Ami lor ide ; Tr iamterene 

T h e blockage of sodium reabsorpt ion from t h e lumen at this 
site effectively inhibi ts the ac t ion of a ldos terone . 

Competitive Inhibition of Aldosterone: Sp i ronolac tone 
In t he late distal tubu le sod ium/potass ium exchange takes 
place under the influence of a ldos te rone and thus any inhib i t ion 
of a ldos terone p r o m o t e s a natriuresis . 

Note: Diuretics acting at this site d o no t require t he add i t ion 
of potass ium supplements . 

6 . INHIBITION O F T H E ACTION O F VASOPRESSIN: L i t h i u m ; 
Demethylch lor te t racyc l ine ; Ch lo rp ropamide ; Alcohol 
T h e act ion of vasopressin can b e b locked and thus t he format ion 
of a concen t ra ted ur ine can be inhibi ted . These drugs are n o t used 
as diuretics b u t have an i m p o r t a n t role in condi t ions of excessive 
or inappropr ia te ADH secret ion. 

Dosage of Individual Drugs. T h e choice of a diuret ic will depend t o a large 
ex ten t on the cUnical s i tuat ion. In hyper tens ion and mild cardiac faüure 
those acting o n the distal tubu le are mos t appropr ia te . In emergency 
si tuat ions or severe o e d e m a t o u s s tates the ' l o o p ' diuret ics , possibly com
bined with later acting prepara t ions , are bes t . In resistant cases high doses 
may be necessary bu t care should be taken to de te rmine t h e cause of t he 
so-called ' resistance ' and toxic i ty mus t b e avoided. 

MANNITOL. Normal adul t dosage is 2 0 0 ml of 20 per cent solut ion 
i.V. Care mus t be taken to prevent cardiac faüure. 

AMINOPHYLLINE. 250 mg i.v. or 360 mg supposi tor ies . 
ACETAZOLAMIDE (Diamox) . 2 5 0 - 5 0 0 mg daüy . T h e bes t effect is 

obta ined by an al ternate-day regimen. 
FRUSEM IDE (Lasix). 4 0 mg table ts . There is a wide the rapeu t i c range 
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b u t normally 2 0 - 8 0 mg daily is adequa te . In refractory oedema 
or severe renal failure dosages of 5 0 0 - 1 0 0 0 mg m a y be used (500 
mg tablets are available). A parentera l p repara t ion is available. 

BUMETANIDE (Burinex) . 1 mg table ts . T h e diuret ic response of 
b u m e t a n i d e is similar to tha t of 4 0 - 6 0 mg frusemide. Parenteral 
prepara t ion available. 

E T H A C R Y N I C ACID (Edecr in) . 50 m g tablets . Dosage normal ly 
5 0 - 1 0 0 mg daily. Parenteral p repara t ion available. 

T H I A Z I D E S . There is n o good evidence t h a t one thiazide is clmically 
more effective than ano the r . 
Bendrofluazide (Apr inox , Neo-Naclex) : 5 - 1 0 m g daily. 
Hydrochlorothiazide (Hydrosalur ic) : 5 0 - 2 0 0 mg daily. 
Poly thiazide (Nephri l ) : 1 - 4 mg dai ly. 

M E T O L A Z O N E (Zaroxo lyn) . 5 - 2 0 mg d a ü y . 
C H L O R T H A L I D O N E (Hygro ton ) . 5 0 - 2 0 0 mg daily. T h e site of ac t ion 

is the same as for thiazides a l though t he du ra t ion of ac t ion is m o r e 
prolonged. 

A M I L O R I D E (Midamor) . 5 - 2 0 m g daily. 
T R I A M T E R E N E (Dytac) . 1 5 0 - 2 5 0 m g daily. 
S P I R O N O L A C T O N E (Aldac tone) . 1 0 0 - 4 0 0 mg daüy . 

Side Effects 
1. Potassium deple t ion : p robab ly t he m o s t recognized c o m p ü c a t i o n 

b u t seldom producing p rob lems . Must b e carefuUy avoided especiaUy 
if t he pa t ien t is also receiving digoxin. In any pa t i en t if t he plasma 
potass ium faUs be low 3-5 mmol /1 potass ium chlor ide supp lements 
are indicated. Late distal tubule-act ing diuret ics d o no t need potas
sium supplements . 

2 . V o l u m e deple t ion : this may b e severe, part icularly if hypovolaemia 
was present prior to commenc ing the rapy . May p roduce pos tura l 
hypo tens ion . 

3 . Hypona t r aemia : may develop d u e t o i m p a ü e d free water excre t ion . 
4 . Hyperur icaemia : part icular ly wi th thiazides and ' l o o p ' diuret ics . 
5 . Hypersensit ivi ty react ions: dermat i t i s , pneumoni t i s , vascuhtis , 

p u r p u r a and interst i t ial nephri t is . 
6 . C r a m p . 
7. Deafness: part icularly with in t ravenous high dose frusemide, es

peciaUy in impaired renal funct ion. 
8. Gast rointes t inal upset . 
9. A b n o r m a l glucose tolerance, part icularly with frusemide and 

thiazides. 

Id iopathic Oed ema and Diuret ics . Id iopa th ic o e d e m a is a te rm used to 
describe oedema of u n k n o w n cause and mainly found in young w o m e n . 
These pat ients are frequently associated wi th the medical profession. 
They regularly take diuret ics b u t it is of ten unclear why they c o m m e n c e d 
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their t r ea tment . On s topping the drugs they develop increase in weight and 
oedema probably due to the physiological responses evoked by prolonged 
diuret ic-induced hypovolaemia . If, however , t h e pa t ien t can be persuaded 
to desist from further diuret ic the rapy this oedema and weight gain 
resolves. 

D R U G T H E R A P Y IN IMPAIRED R E N A L F U N C T I O N 
In t roduc t ion . Many drugs and their metabol i t es are excre ted b y t h e k idney 
and therefore it is of ten necessary to alter d rug regimen in pa t ien ts wi th 
renal failure. Unmodif ied dosage leads t o : 

1. High plasma concent ra t ions . 
2. Prolonged activi ty. 
3 . An increased incidence of side effects. 
Pat ients with renal failure usually require a normal initial drug dosage 

schedule to achieve adequa te therapeut ic plasma concent ra t ions . This 
should then be followed by a pro longat ion of t h e t ime intervals be tween 
doses and /o r reduc t ion in dosage to achieve an effective drug concent ra 
t ion. T o ensure tha t adequa te the rapy is being main ta ined it is necessary 
in many instances t o mon i to r plasma concen t ra t ions , and it is best t o 
de te rmine the *peak' value (usually 1 hou r after admins t ra t ion) and the 
'trough* value ( immediate ly prior t o nex t dose) . Caut ion mus t b e exercised 
in uraemia and the nephro t i c synd rome where low plasma pro te in binding 
may be associated with a relatively high 'free* drug concen t ra t ion a l though 
the total plasma concen t ra t ion m a y appear acceptable . A similar s i tuat ion 
may arise in severe acidosis. 
Ant ibiot ics 

A N T I T U B E R C U L O U S D R U G S . Isoniazid and rifampicin are excre ted 
mainly by the liver and n o a l tera t ion in dosage is required. E t h a m -
bu to l , if used, should be given on an al ternate-day regimen while 
PAS should be avoided. 

AMINOGLYCOSIDES (gentamicin, t ob ramyc in , kanamyc in ) . These 
drugs are nephro tox ic and o t o t o x i c and mus t be used with e x t r e m e 
caut ion in renal failure. Normal loading doses are required and 
moni to r ing of plasma concen t ra t ions are required dur ing t he r apy . 
Plasma concent ra t ions in excess of 8 Mg/ml for gentamicin and 
tobramycin are t o be avoided. 

CEPHALOSPORINS. This g roup may be neph ro tox i c , part icularly in 
high dosage and when combined wi th aminoglycosides, d iuret ics 
or in the presence of hypovolaemia . If a cephalosporin is indica ted 
then cephradine (Velocef) should be used. 

CLINDAMYCIN. Dosage unchanged b u t t h e risk of p s e u d o m e m b r a n o u s 
colitis exists. 

E R Y T H R O M Y C I N . Excre ted by the liver, dosage unchanged in renal 
failure. 
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LINCOMYCIN. Mainly excre ted by liver b u t dose mus t be reduced in 
severe renal failure. 

NALIDIXIC ACID. Mainly excre ted b y liver b u t metabo l i t es m a y 
accumula te as they are excre ted b y t h e k idney . 

N I T R O F U R A N T O I N . Accumula t ion of m e t a b o h t e s m a y p r o d u c e a 
peripheral sensory n e u r o p a t h y and t hus its use in severe renal 
failure should be avoided. 

PENICILLINS. Fairly safe b u t m a y cause interst i t ia l nephri t i s (part i
cularly meth ic i lhn) . High plasma concen t ra t ions may p roduce 
encepha lopa thy . Many penicillins are prepared as t he sodium or 
potass ium salt and if high dosage (such as wi th carbeniciUin) is used 
this may p roduce unexpec ted e lec t ro ly te disorders . 

SULPHONAMIDES. Excre ted by the k idney and dosage must be 
reduced in severe renal failure. Early drugs in this g roup , such as 
sulphadiazine, somet imes p roduced acu te obst ruct ive u r o p a t h y due 
to in t ra tubular crystal depos i t ion . 

T E T R A C Y C L I N E S . D o x y c y c h n e and m i n o c y c h n e are the only m e m 
bers of this g roup which may be used in renal failure. Others m u s t 
be avoided as they po t en t i a t e acidosis and raise p lasma urea. In 
severe chronic renal faüure they may p roduce an acu te and of ten 
irreversible de te r io ra t ion in renal funct ion. 

VANCOMYCIN. Moni to rmg of p lasma concen t r a t ion essential m renal 
faüure. 

Analgesics 
ASPIRIN. Side effects such as gas t ro in tes tmal bleeding more p ro -

m m e n t . Protein bmding reduced in severe renal faüure therefore 
dosage m u s t be reduced . 

P A R A C E T A M O L . Excre ted mainly by the hver. Use wi th cau t ion in 
severe renal faüure. Distalgesic ( d e x t r o p r o p o x y p h e n e 32-5 mg plus 
parace tamol 325 mg) is a useful analgesic in renal faüure. 

MOR PHINE. Excre ted by the hver and can b e used in no rma l dosage. 

Hypnot ics and Tranquül izers 
B E N Z O D I A Z E P I N E S . Most m e m b e r s of this g roup are excre ted by the 

hver and can be used in no rma l dosage. In s o m e pa t ien t s excessive 
sedat ion may occur and dosage has to be reduced . Severe neuro 
logical sequelae have been observed in dialysis pa t ien ts and thus 
caut ious use is advised. 

H A L O P E R I D O L . Normal dosage. 
P H E N O T H I A Z I N E S . May cause urinary re ten t ion b u t normal ly n o 

change in dosage regimen requi red . 
TRICYCLIC A N T I D E P R E S S A N T S . Most can b e used in unchanged 

dosage. May decrease t h e hypotens ive effect of be tharüd ine , guane-
th id ine and debr isoquine . 
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Cardiovascular Drugs 
DIGOXIN. Normal loading dose required b u t ma in tenance therapy 

reduced. Plasma concent ra t ions and careful enquiry regarding 
toxici ty essential. Hypokalaemia po ten t ia tes toxic i ty . 

HYPOTENSIVE A G E N T S . Blood pressure response is best guide to 
dosage and frequency. In renal failure there is a theoret ica l ad
vantage in using agents which cause vasodilatat ion such as 
hydralazine and prazosin. Me thy ldopa remains a valuable agent 
a l though side effects more c o m m o n . Beta-blockers are of value 
a l though care mus t b e used in severe failure. 

Miscellaneous Drugs 
IMMUNOSUPPRESSIVE A G E N T S . Should be used wi th caut ion as 

their ac t ion m a y be prolonged. 
C L O F I B R A T E . In nephro t i c s y n d r o m e side effects po ten t i a t ed . 
ANTACIDS. Aluminium-conta in ing c o m p o u n d s may have an adverse 

effect on b o n e metabol i sm and m a y , in dialysis pa t ien ts , b e re
sponsible for encepha lopa thy . Magnesium-containing c o m p o u n d s 
may p roduce hypermagnesaemia . 

DIALYSIS O F D R U G S 

Haemodialysis and per i toneal dialysis are capable of removing drugs from 
the circulat ion. General ly drugs which are water soluble and poor ly b o u n d 
t o prote ins are capable of e l iminat ion b y haemodialysis . Peri toneal dialysis 
is relatively inefficient in drug removal due to low clearance rates . 

Dialysis may be associated wi th : 
1. Removal of drug in an overdose s i tuat ion. There are few drugs 

which fall in to this category and i t m a y well b e t ha t t he charcoal 
haemoperfus ion proves to be m o r e efficient. 

2 . Removal of a drug which is required therapeut ica l ly . This m a y 
require the giving of an addi t ional dose dur ing dialysis, e.g. a pa t i en t 
on ant iconvulsant therapy may have the concen t ra t ion of a drug 
reduced by dialysis and therefore be liable t o have a fit. This can be 
overcome by al terat ion of drug regimen. 

3 . E lec t ro ly te changes, such as a reduc t ion in plasma potass ium, m a y 
po ten t i a t e digoxin tox ic i ty . 

D R U G N E P H R O T O X I C I T Y 

In t roduc t ion . Drug-induced renal disease is of impor tance inasmuch as it 
is avoidable in m a n y cases. It is essential t o b e aware of certain associations 
as pa t ien ts requiring potent ia l ly neph ro tox i c drugs can be m o n i t o r e d in an 
a t t e m p t to de tec t toxic i ty ear ly. In m a n y instances i t is the abuse of a 
drug which has led t o renal damage . 

A wide variety of syndromes can b e p roduced b y drugs. 
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Intersti t ial Nephri t is 
1. ACUTE. This may develop some 7 - 1 4 days after inti t ial exposure 

and pat ients frequently have fever, eosinophil ia and skin rash. 
Methicillin, frusemide, thiazides, r ifampicin and su lphonamides 
have been imphca ted . 

2 . C H R O N I C . Analgesic abuse is the most c o m m o n cause. As many 
analgesic prepara t ions are c o m p o u n d table ts it is difficult to be 
cer tam which agent is responsible b u t phenace t in is mos t hkely . 
Most pa t ients will deny abuse. 

Acute Tubular Necrosis. Many drugs are capable of producing acute 
tubular necrosis b u t a causal effect is of ten diff icuh t o es tabhsh d u e t o t h e 
complex clinical s i tuat ions which are usually present . Aminoglycosides 
(part icularly when combined wi th diuret ics) , cephalosporms, te t racycl ine , 
carbon te t rachlor ide and su lphonamides have all been hnphca ted . Manage
m e n t is by wi thdrawal of t he drug and support ive measures including 
dialysis unt i l renal funct ion recovers. In pa t ien t s wi th chronic renal failure 
acu te de ter iora t ion in renal funct ion may follow hypovolaemia induced b y 
vomit ing a n d / o r diarrhoea. Many drugs m a y p r o d u c e gastrointest inal upse t 
and this again emphasizes the care which mus t be t aken when prescribing 
for pa t ien ts wi th poo r renal funct ion. 

Tubular Damage (not amoun t ing to necrosis) . In t ravenous amphote r i c in 
produces distal tubular damage which can be reversible or pe rmanen t . 

Obstruct ive N e p h r o p a t h y 
1. I N T R A R E N A L . This may result from drug crystal depos i t ion as 

in the rapy with some sulphonamides , or uric acid crystal fo rmat ion 
followmg massive cellular des t ruc t ion durmg chemothe rapy for 
leukaemia. 

2. E X T R A R E N A L . Ureteric obs t ruc t ion from re t roper i tonea l fibrosis 
has been associated with methysergide and rarely following the rapy 
wi th e rgotamine , hydralaz ine and me thy ldopa . 

Nephrot ic S y n d r o m e . This may occur dur ing the rapy with gold, penicil-
l amme, mercurial c o m p o u n d s , ant iconvulsants , levamisole, t o lbu tamide 
and m heroin abuse. The lesion p roduced is f requent ly a m e m b r a n o u s 
glomerulonephr i t i s which in most instances resolves fol lowmg wi thdrawal 
of t he drug concerned. 

Acute Vasculitis. This is rare b u t has been repor ted following penicillin, 
su lphonamide or thiazide therapy . T h e lesions p roduced are similar to 
those found in polyar ter i t is nodosa . 

Drug-induced Lupus Ery thematosus . A syndrome similar to spon taneous 
systemic lupus e ry thematosus has been described following the rapy wi th 
hydralazine, isoniazid and proca inamide . Renal involvement occurs much 
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less than in the spon taneous form and usually resolves following wi th
drawal of the drug. 

Analgesic N e p h r o p a t h y . Excessive analgesic consumpt ion is a weU-recog-
nized and impor t an t cause of chronic renal failure. Phenace tm was 
considered t o be the drug responsible for p roduc ing the renal lesion b u t 
n o w it is considered that o the r agents , such as codeine , aspirin and para
ce tamol may b e impor t an t . 

T h e under lying lesion is vascular damage leading t o papiUary necrosis 
wi th secondary a t rophy of t h e involved nephrons . T h e clinical features are 
polyuria and polydipsia due t o impa i rment of the renal concent ra t ing 
ab ih ty . Renal cohc and haematur ia may resuh from sloughmg of necro t ic 
papiUae. Diagnosis is f requently difficult as pa t ien ts are re luctant to admit 
to excessive analgesic consumpt ion and a l though the i.v.p. may show 
characterist ic changes it may be surprisingly normal . Management is by 
abolishing, if possible, analgesic in take . 
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Abacterial cystitis, 127 
Abortion, septic, 164 
Abruptio placentae, 164 
Acetate intolerance, 83 
Acetazolamide, 171 
Acid base regulation, 17 
Acidosis, 72 , 87, 151, 154 
Acute glomerulonephritis (see also 

Glomerulonephritis, acute), 
3 3 - 6 

Acute renal failure (see also Renal 
failure, acute), 5 5, 124 

Adenocarcinoma, 168 
Alcohol, 172 
Aldosterone, 16, 38 
Alkalosis, 136 
Allopurinol, 124, 139, 141 
Alport's syndrome, 148 
Aluminium, 68 , 85 
Amiloride, 172 
Amino acid metabolism, 19 
Amino aciduria, 151 , 158 
Aminoglycosides in renal failure, 

174 
Aminophylline, 171 
Ammonium excretion, 19 
Amphotericin, 155, 161 
Ampicillin, 131, 157 
Amyloidosis, 118, 120, 155, 156 
Anaemia, 66 , 86 

response to dialysis, 86 
response to transplantation, 92 

Analgesic abuse, 157, 178 
Analgesic drugs in renal failure, 175 
Analgesic nephropathy, 129, 178 
Anaphylactoid purpura, 121 
Anatomy, 1 
Androgens, 67 
Angiomyolipoma, 170 
Angiotensin, 20 , 44 
Antibiotics, modification in renal 

failure, 174, 175 
urinary tract infection, 131 , 132 

Antiglomerular basement . 
membrane (GBM) antibodies, 
109 

Antidiuretic hormone (ADH), 2 1 , 
38 

Anti lymphocyte globulin (ALG), 
92 

Antituberculosis drugs in renal 
failure, 174 

Arsenic, 160 
Arteriography, 31 
Arteriovenous grafts in 

haemodialysis, 82 
Arteritis, 119 
Ask-Upmark kidney, 167 
Asymptomatic bacteriuria, 130 
Atenolol , 50 
Atherosclerosis, 71 
Australia antigen, 89 , 116 
Autoregulation of renal blood flow, 

11 
Avascular necrosis, 95 
Azathioprine, 92 

Bacterial cystitis, 127 
Bacterial endocarditis, 108, 125 
Bacteriuria, 126 
Bacteriuria in pregnancy, 130, 

163 
Balkan nephropathy, 158 
Bartter's syndrome, 167 
Bence Jones proteinuria, 27 
Berger's disease, 102 
Beryllium, 160 
Bethanidine, 51 
Bicarbonate reabsorption, 17 

effect of carbonic anhydrase 
inhibitors, 171 

Biopsy, renal, 2 9 - 3 0 
complications, 30 
indications, 29 

Bismuth toxicity, 160 
Bladder, 9 
Bromocriptine, 70 
Bumetanide, 172 

Cadmium, 156, 160 
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Calcium metabolism in chronic 
renal failure, 67 

Calcium stone disease, 138 
Calculus(i), 57, 124, 125, 129 
Captopril, 51 
CarbeniciUin, 131 , 175 
Carbonic anhydrase inhibitors, 171 
Carcinoma, 106, 168 
Carcinomatosis, 136, 139, 142 
Cardiomyopathy, 85 
Cardiovascular drugs in renal 

failure, 176 
Cephalexin, 132 
Cephalosporins, 131, 174 
Chloride excretion, 17 
Chlorpromazine, 116 
Chlorpropamide, 161 , 172 
Chlorthalidone, 172 
Chronic active hepatitis, 155, 162 
Cimino-Brescia fistula in 

haemodialysis, 81 
Cirrhosis, 162 
Clearance of creatinine, 25 

EDTA, 26 
inulin, 12, 26 

Clindamycin, 174 
Clofibrate, 161 , 176 
Clonidine, 51 
Cobalt, 67 
Complement, in mesangiocapillary 

glomerulonephritis, 103 
in poststreptococcal 

glomerulonephritis, 102 
in proliferative 

glomerulonephritis, 100 
Congenital hepatic fibrosis, 146 
Congenital nephrotic syndrome, 

149 
Congenital renal diseases, 143 
Connective tissue diseases, 112 
Copper, 156, 160 
Cortical necrosis, 63 , 165 
Co-trimoxazole, 131, 132 
Covert bacteriuria, 130 
Creatinine, 24 
Creatinine clearance, 25 
Crush injury, 57 
Cryoglobulinaemia, 155 
Cushing's syndrome, 139, 142 
Cyclophosphamide, 92 

Cystic renal disease, 143 
Cystine stone disease, 141 
Cystinosis, 151 , 156, 157 
Cystinuria, 136, 141, 150 
Cytomegalovirus, 94 

Debrisoquine, 51 
Dehydration, 141 
Dense deposit disease, 104 
Developmental abnormalities, 7 
Dexamphetamine, 165 
Diabetes insipidus, 160 

familial, 152 
nephrogenic, 160 

Diabetes mellitus, 106, 122, 129, 
157 

Diabetic glomerulosclerosis, 122 
Dialysis dementia, 85 
Dialysis disequilibrium, 82 
Dialysis, drug removal, 176 
Diazoxide, 50 
Digoxin, 171 , 176 
DemethylchlortetracycUne, 161 , 

172 
Diphenylhydantoin, 157 
Diphosphonate, 138 
Disseminated intravascular 

coagulation, 56 
Distal renal tubular acidosis, 154 
Diuretic therapy, 171 
Diuretics, in diabetes insipidus, 161 

site of action, 171 
Drug nephrotoxocity, 176 
Drug therapy, modification in renal 

failure, 174 
Drugs, removal by dialysis, 176 
Dysproteinaemia, 155 
Dysuria, 126 

Eclampsia, 163, 164 
Ectopia vesicae, 7 
EDTA clearance, 26 
Embryology, 6 
Embryoma, 169 
Endocrine disorders in chronic 

renal failure, 70 
Endothelial ceU, 4 
Endotheliosis, 164 



INDEX 181 

Epithelial cell, 4 
Ergotamine, 165 
Erythromycin, 174 
Erythropoietin, 21 
Escherichia coli, 127 
Ethacrynic acid, 172 
Ethambutol, 174 
Ethylene glycol, 141 
Experimental hypertension, 48 

Fabry's disease, 149 
Familial juvenile nephronopthisis, 

147 
Familial Mediterranean fever, 120 
Familial nephrogenic diabetes 

insipidus, 152 
Fanconi syndrome, 158 
Fibromuscular hyperplasia, 46 
Fick principle, 10 
Focal glomerulosclerosis, 110 
Frusemide, 172 

Genetic counselling, 145 
Gentamicin, 131 , 174 
Glomerular filtration, 11 
Glomerular filtration rate, 24 
Glomerular tubular balance, 16 
Glomerulonephritis, 9 8 - 1 1 1 

acute, 3 3 - 6 
aetiology, 34 
biopsy findings, 34 
clinical association, 35 
clinical features, 33 
experimental, 35 
laboratory findings, 34 
natural history, 35 
pathogenesis, 34 

crescentic, 34 , 108 
diffuse proUferative, 34 , 36, 6 3 , 

99 
focal, 34 , 36, 107 
membranous, 105, 125 
mesangial IgG/IgA disease, 36, 

102 
mesangiocapillary, 34 , 36 , 103 , 

167 
minimal lesion, 106 
pregnancy, 164 

Glomerulonephritis, primary, 
98 

poststreptococcal , 101 
radiological findings, 30 
rapidly progressive, 63 , 108, 158 
recurrent, 94 
sarcoidosis, 125 
secondary, 112 

Glomerulus, structure, 4 
Glycosuria, 151 
Glyoxylate, 141 
Gold, 106, 119, 159 
Goodpasture's syndrome, 6 3 , 108, 

109 
Gout, 123 , 140, 157 
Guanethidine, 51 
Guanidines, 66 
Gynaecomastia, 70 

Haemangiopericytoma, 170 
Haemodialysis, 60 , 77 

complications, 82 , 84 
drug removal, 176 
indications, 78 
patient selection, 88 
prognosis, 87 
techniques, 79 

Haemolytic uraemic syndrome, 64 
Hartnup disease, 150 
Heavy metals, 106 
Henoch-Schönle in syndrome, 

35, 6 3 , 108, 109, 121 
Hepatitis, 89 , 162 

Β antigenaemia, associated with 
glomerulonephritis, 106 

Heroin nephropathy, 108 
Hodgkin's disease, 106 
Home dialysis, 89 
Horseshoe kidney, 7 
Hydralazine, 50 , 116, 165 
Hydrogen ion secretion, 19 
Hypercalcaemia, 136 
Hypercalciuria, 136, 139, 142 
Hyperemesis gravidarum, 164 
Hyperglobulinaemia, 155 
Hyperkalaemia, 74 
Hypernephroma, 168 
Hyperoxaluria, 136 , 141 
Hyperparathyroid bone disease, 67 
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Hyperparathyroidism, 67 , Í36 , 
139, 142, 155, 156 

Hyperphosphaturia, 151 
Hypersplenism, 85 
Hyperuricosuria, 136, 139 
Hypertension, 4 2 , 70 

classification, 42 
essential, 43 
malignant, 43 
management, 48 
pathogenesis, 44 
renin, 45 

Hypocomplementaemia, 103 
Hypokalaemia, 151 
Hyponatraemia, 173 
Hypophosphataemia, 152 
Hypoplastic kidney, 7 
Hypotensive drugs, 50, 176 

Idiopathic hypercalciuria, 136, 155 
Idiopathic oedema, 173 
Ileostomy, 141 
Immunosuppression, complications, 

95 
in transplantation, 91 

Indoles, 66 
Infected stone disease, 140 
Infections, urinary tract, 126 
Inherited diseases, 143 
Interstitial nephritis, 119, 124, 125, 

1 2 7 , 1 5 7 , 1 7 7 
Intravascular coagulation, 164 
Intravenous urography, 30 

complications, 30 
Inulin clearance, 12, 26 
Isoniazide, 174 

Jaundice, 163 
Juxtaglomerular complex, 4 , 20 

Kanamycin, 174 
Kidney (see also Renal) 

anatomical relations, 8 
anatomy, 1 
investigations, 23 
physiology, 10 
tumours, 168 

Kimmelstiel-Wilson lesion, 122 
Klebsiella, 127 

Labetalol, 50 
Lead, 156, 159 
Leptospirosis, 158, 163 
Light chain disease, 159 
Lignac-Fanconi syndrome, 151 
Lincomycin, 175 
Lithium, 155, 172 
Liver disease, renal involvement, 

162 

Macula densa, 6 
Magnesium-ammonium-phosphate 

stones, 140 
Malaria, associated with 

glomerulonephritis, 106 
Malignant disease, nephrotic 

syndrome, 40 
Malignant hypertension, 4 3 , 63 

management, 44 
Malnutrition, 161 
Mannitol, 171 
Mecamylamine, 5 1 
Medullary cystic disease, 147 
Medullary sponge kidney, 147, 155 
Mercaptopurine, 156 
Mercury, 156, 160 
Mesangium, 4 , 6 
Mesonephros, 6 
Metal toxicity, 159 
Metalazone, 172 
Metanephros, 7 
Metastatic calcification, 72 , 85 , 

86 , 87 
Methenamine, 132 
Methicillin, 157, 175 
Methoxyflurane, 141 
Methyldopa, 5 1 , 116 
Methylprednisolone, 92 
Methysergide, 165 
Metoprolol, 50 
Microangiopathic haemolytic 

anaemia, 64 , 165 
Micturition, 9, 22 
Micturating cystogram, 31 
Middle molecules, 66 
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Milk-alkali syndrome, 136, 139 
Minoxidil, 50 
Mycobacterium tuberculosis, 127 
Myeloma, 27, 57, 120, 136, 142, 

156 
Myeloproliferative diseases, 140 
Myopathy, 69 , 86 

Nadolol, 50 
Nail-patella syndrome, 149 
Nalidixic acid, 175 
Natriuretic factor, 16 
Nephritic factor, 104 
Nephroblastoma, 169 
Nephrocalcinosis, 125, 135, 154 
Nephrogenic cord, 6 
Nephrolithiasis, 136, 154 

calcium stone disease, 138 
cystine stone disease, 141 
hyperoxaluria, 141 
infected stone disease, 140 
uric acid stone disease, 140 
xanthinuria, 141 

Nephron, 3 
Nephropathy, Balkan, 158 
Nephrotic syndrome, 37 

cause, 39 
clinical features, 37 
complications, 39 
congenital, 149 
drug induced, 177 
laboratory findings, 38 
malignancy associated, 40 
management, 40 
oedema formation, 37 
renal tubular acidosis, 156 
renal vein thrombosis, 53 

Nephrotoxins, 56 
Neuropathy, 69 , 86 
Nitrofurantoin, 132, 175 

Obstruction, 129 
Obstructive jaundice, 163 
Obstructive nephropathy, 177 
Oedema, 37 
Oedema formation, 37 
One alpha, 68 , 84 
One alpha hydroxylase, 67, 68 

Orthophosphate, 138 
Orthostatic proteinuria, 27 
Osteitis fibrosa cystica, 67 
Osteomalacia, 67, 152, 154, 158 
Osteoporosis, 68 
Osteosclerosis, 68 
Oxalosis, 136 
Oxprenolol, 50 

Pancreatitis, 57 
Paget's disease, 139, 142 
Papillary necrosis, 119, 167 
Partial l ipodystrophy, 104 
Pelvic kidney, 7 
Penicillin, 106, 157, 175 
Penicillamine, 106, 119 
Pentolinium, 51 
Pericarditis, 71 
Peritoneal dialysis, 60 , 74 
Phenindione, 157 
Phenols, 66 
Phenoxybenzamine, 50 
Phentolamine, 50 
Phosphate, 68 
Physiology, 10 
Plasmapheresis, 110 
Polyarteritis, microscopic, 35 , 6 3 , 

108, 109, 117 
nodosa, 35, 6 3 , 117, 162 

Polycystic renal disease, 144 
adult type, 144 
infantile type, 146 
radiological findings, 30 

Polyuria, 126 
Post-partum haemorrhage, 164 
Postpartum renal failure, 165 
Potassium excretion, 16 
Prazosin, 50 
Preeclampsia, 163 
Pregnancy, 129, 163 

glomerulonephritis, 164 
physiological changes, 163 
radiological findings, 30 
urinary tract infection, 163 

Primary biliary cirrhosis, 155 
Procainamide, 116 
Prolactin, 70 
Pronephros, 6 
Propanolol, 50 
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Prostaglandin, 167 
Proteinuria, 27, 37 

Bence Jones, 27 
orthostatic, 27 
selectivity, 27 

Proteus, 127 
Protoveratrine, 51 
Proximal renal tubular acidosis, 156 
Pruritus, 70 
Pseudomonas, 127 
Pyelonephritis, 124, 127, 155, 158 

chronic, radiological findings, 30 
Pyridoxine deficiency, 141 
Pyrogenic reactions, 83 
Pyuria, 126 

Quinton-Scribner shunt in dialysis, 
80 

Radiation nephritis, 158, 161 
Raynaud's phenomenon, 119 
Recurrent haematuria, biopsy 

findings, 36 
clinical features, 36 
definition, 36 

Rejection, acute, 93 
chronic, 94 
hyperacute, 92 

Renal artery, 2 
Renal artery, aberrant, 7 
Renal artery stenosis, 46 

investigation, 46 
management, 47 
radiological findings, 30 , 46 

Renal biopsy, 29 
Renal blood flow, 10, 26 

autoregulation, 11 
neuronal control, 10 

Renal blood supply, 2 
Renal carcinoma, 168 
Renal failure, acute, 55 , 124 

aetiology, 56 
biopsy findings, 62 
clinical features, 55 
complications, 61 
diagnosis, 58 
distinction from chronic renal 

failure, 63 

Renal failure, acute {continued) 
intrinsic, 56 
management, 59 
pathogenesis, 58 
postpartum, 164 
post-renal, 57 
prerenal, 56 
prognosis, 62 
radiological findings, 30 

chronic, 65 , 124 
aetiology, 65 
cardiovascular complications, 70 
clinical features, 66 
drug dosage alteration, 174 
endocrine malfunction, 70 
integrated management, 96 
management, 72 
pathogenesis, 65 
pregnancy, 165 
skin disorders, 70 
symptoms, 66 

Renal glycosuria, 151 
Renal infarction, 53 
Renal lymphatics, 3 
Renal nerve supply, 3 
Renal osteodystrophy, 67 

effect of dialysis, 84 
effect of transplantation, 92 

Renal plasma flow, 10, 26 
factors influencing, 11 

Renal scanning, 32 
Renal tubular acidosis, 120, 136, 

152, 154 
Rerral tubular diseases, 150, 154 
Renal vein thrombosis, 52 

membranous glomerulonephritis, 106 
nephrotic syndrome, 53 

Renin, 6, 20 , 38 , 45 
Renin-angiotensin system, 2 0 
Renography, 31 
Reserpine, 51 
Retinal-renal dysplasia, 147 
Retrograde pyelography, 31 
Retroperitoneal fibrosis, 58 , 

165 
Rhabdomyolysis, 57 
Rheumatoid arthritis, 118 
Rickets, 151 , 152 
Rifampicin, 157, 174 
Rogitine test, 49 
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Saralasin test, 45 
Sarcoidosis, 106, 125, 136, 139 
Satellite dialysis, 89 
Scleroderma, 6 3 , 119 
Segmental hypoplasia, 167 
Septicaemia, 56 
Sickle-cell disease, 155, 158, 166 
Sjogren's syndrome, 155, 156, 158 
Sodium cellulose phosphate, 138 
Sodium excretion, 15 
Sodium nitroprusside, 50 
Solitary cysts, 143 
Sotolol, 50 
Spironolactone, 172 
Split function studies, 47 
Staphylococcus aureus, 127 
Steroid psychosis, 93 
Subacute bacterial endocarditis, 

125 
Sulphonamide, 157 
Syphilis, associated with 

glomerulonephritis, 106 
Systemic diseases, 112 
Systemic lupus erythematosus, 35 , 

63 , 108, 109, 112, 155, 157 
aetiology, 112 
diagnostic criteria, 114 
drug induced, 1 1 6 , 1 1 7 
glomerular histology, 1Γ3 
management, 114 
pathogenesis, 112 
prognosis, 115 

Systemic sclerosis, 119 

Tamm-Horsfal l mucoprotein, 24 , 
27 

Tetracycline, 161 , 175 
Thiazide, 138, 172 
Third factor, 16 
Tobramycin, 131 , 174 
Toxaemia, 56 
Transplant irradiation, 92 
Transplant lung, 95 
Transplant rejection, 93 
Transplantation, 90 

complications, 92 
immunosuppression, 91 
neoplasia, 95 
principles, 90 

Transplantation, prognosis, 96 
renal tubular acidosis, 156 

Triamterene, 172 
Trimetaphan, 51 
Trimethoprin, 131 
Tuberculosis, 133 
Tubular acidosis, distal, primary, 

152 
distal, secondary, 155 
proximal, primary, 152 
proximal, secondary, 156 

Tubular cell, structure, 4 
Tubular function, 12 

reabsorption, 12 
secretion, 13 

Tubular necrosis, acute, 6 2 , 9 3 , 
177 

Tubular proteinuria, 151 
Tubular reabsorption, 12 
Tubular secretion, 13 
Tumours, 168 
Tyrosinosis, 156 

Ultrasound, 32 
Uraemia, 65 

response to haemodialysis, 86 
response to transplantation, 92 

Uraemic toxin, 65 
Urea, 24 
Urea excretion, 17 
Ureter, 8 
Urethral syndrome, 127 
Uric acid stone disease, 140 
Urinalysis, 23 
Urinary tract infection, 126 

asymptomatic infections, 130 
causal organisms, 127 
normal defence mechanisms, 127 
predisposing factors, 129 
route or infection, 128 
symptomatic infections, 130 
tuberculosis, 133 
vesico-ureteric reflux, 132 

Urine acidification test, 28 
Urine concentration, 14 

disorders, 160 
test, 28 

Urine dilution, 14 
Urine microscopy, 23 
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Vancomycin, 175 
Vascular access, 80 

Cimino—Brescia fístula, 81 
Quinton-Scribner shunt, 80 
synthetic grafts, 82 

Vascular calcification, 71 
Vasculitis, acute, drug induced, 177 
Vasopressin, 161, 172 
Venography, 31 
Vesico-ureteric reflux, 130, 132 
Vitamin D, 68 

Vitamin D, intoxication, 136, 139, 
155, 156 

resistant rickets, 151 

Wegener's granulomatosis, 35, 109, 
118 

Wilms' tumour, 169 
Wilson's disease, 155 

Xanthinuria, 136, 141 


