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RAWLE M. MciNTOSH 

Genius in a hurry 

making new sense out of old problems 

creating directions 
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INTRODUCTION 

Infectious and non-infectious tubulointerstitial nephropathies 
are old subjects but there is enough confusion and disagreement on 
terminology and etiopathogenesis to warrant a new look at these 
problems. We were fortunate in having at the Pediatric Nephrology 
Seminar 6 and as contributors to this volume, the representatives -
or shall I say "originators"? - of each of the three most identifi
able positions: Dr. Renee Habib - congenital anomalies, Dr. John 
Hodson - reflux, and Dr. Robert Heptinstall - infection. Although 
some tend to hold onto one position and exclude others, in this 
case there was overlapping of perception. Dr. Habib accepts a role 
for infection in reflux and for infection in the presence of obstruc
tion; Dr. Hodson accepts infection and congenital anomalies as modi
fiers; and Dr. Heptinstall takes an overall position whicm encompas
ses the three. 

Thus the first part of the book emphasizes the complexity of 
something as seemingly simple as UTI and demonstrates awareness of 
disagreement even among the pros about meanings, interpretations, 
and treatment. 

Drs. Gustavo Gordillo, Jorge de la Cruz and their associates 
emphasize the importance of predisposing factors for UTI; Dr. 
Materson focuses on the workup of the patient, Dr. Zillerueloon 
bacteriological aspects, and Dr. Gorman on treatment approaches. 
Dr. Vaamonde reviews nephrotoxic agents. Finally, Drs. Andres 
and Noble review the immunological aspects of various tubulointer
stitial nephritides. 

Part Two, based on Seminar 7, presents a broad review of nutri
tional and other derangements stemming from chronic renal failure or 
its treatment. Drs. Christakis, Barness, Metcoff and Gordillo review 
specific nutritional aspects. Dr. Gruskin associates the problem 
with antibiotics, aluminum and peritoneal dialysis. Dr. Broyer 
presents hypertension of renal origin, enteral nutrition and amino 
acids, Dr, Bourgoignie, remal osteodystropy and Dr. Guido Perez, 
hyperlipidemia. Finally, Dr. Zilleruelo evaluates water and electro
lyte homeostasis, and Dr. Richard, diuretics. These papers, and the 
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x INTRODUCTION 

discussions in which the above authors and Drs. Miller, Pardo, Peters 
and Yunis participate, provide a rich, up-to-date exchange on the 
subjects chosen. 

For exposure to points of view not often seen in print plus 
current information and theories about urinary tract infection, 
infectious and non-infectious tubulointerstitial nephritis, nutri
tional and other derangements stemming from chronic renal failure 
or its treatment, and related research ideas, this volume is indis
pensable. 

Jos~ Strauss 
December 1980 
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PART ONE 

URINARY TRACT INFECTION 

INFECTIONS AND NON-INFECTIOUS 
TUBULOINTERSTITIAL NEPHRITIS 



IDENTIFICATION AND DOCUMENTATION OF 
URINARY TRACT INFECTION 

Barry J. Materson, M.D. 

Dept. Med., Univ. Miami Sch. Med., and Med. Serv., Miami 
Veterans Adm. Hosp., Miami, Fla. 33125, USA 

Urinary tract infection is one of the most common problems 
of both pediatric and adult practice. It may either be overt 
(symptomatic) or covert (asymptomatic). Overt infections may 
either be self-evident or present with signs and symptoms more 
typical of other common diseases. Covert infections are discovered 
either by serendipity or by screening of asymptomatic populations. 
A working knowledge of populations at risk greatly facilitates diag
nostic effort and planning for intelligent screening methods. 

MAGNITUDE OF PROBLEM 

Incidence of Urinary T~act Infection 

The general incidence of urinary tract infection in neonates 
and children is displayed in Table 1. Urinary tract infection in 
the newborn is uncommon but, when present, is of hematogenous 
origin and is associated with signs and symptoms of generalized 
septicemia (1,2,3). Overt infection in the first month occurs 
mostly in boys at a frequency of 1.4 per 1000 births (1). Covert 
infection occurs in 1 to 1.7% of boy neonates and 0.3 to 2.1% of 
girls and may be diagnostically challenging (4). 

Overt infections are not common in children and covert infec
tions in boys are rare (about 0.04%). However, they are more com
mon in girls with an incidence of 0.5 to 2% from 2 months to 13 
years. There is an incidence of about 1% in later childhood (1-4). 

Thereafter, adolescent boys and men uncommonly have urinary 
tract infection in the absence of obstruction. Older men experi-
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4 B.J. MATERSON, M.D. 

Table 1. Incidence of Urinary Tract Infection 

Neonates 

Covert: Boys 1-3.7% Girls 0.3-2.1% 

Overt: Boys 1.4/1000 births 
(Newborn UTI: Hematogenous origin) 

Children 

Covert: Boys probably rare 
(0.04%) 

Overt: Not common 

Girls 2 mo.,.13 yrs 
6-13 yrs 

0.5-2% 
1% 

ence a rising frequency pari passu with the development of prosta
tic hypertrophy. Women are much more susceptible to infection 
particularly in association with "honeymoon cystitis" and pregnancy 
(2,5). A substantial risk of infection secondary to bladder cathe
terization exists at all ages. 

Relationship to Correctable Abnormalities 

This topic is so chaotic in terms of hard data and so charged 
with emotion that almost any statement made is likely to be sub
jected to vigorous attack. Clearly, my viewpoint is that of a non
surgeon and is likely to conflict with presentations by urolo~ists. 
The major abnormalities identified by urologists for treatment have 
been vesical neck obstruction, ureterovesical reflux and distal 
urethral stenosis. 

Vesical neck obstruction was popularized:fn the 1950 to 1965 
era as a cause for urinary tract infection, particularly in girls. 
Popular opinion held that the prevalence of vesical neck obstruc
tion was high in children with recurring or persistent urinary tract 
infections and that a surgical approach was appropriate treatment 
(6,7). Two papers which were published in 1967 demonstrated that 
vesical neck obstruction was only a rare cause of urinary tract in
fection (8,9) and enthusiasm for surgical correction waned. Stamey 
(3) makes the strong point that " ••• surely from the point of his
tory alone, should not many of those who so strongly believe today 
that ureteral reflux or distal urethral stenosis is the basis for 
childhood urinary infections recall the recent enthusiasm for cor
recting vesical neck 'obstruction'? Indeed, it is of interest that 
several authorities and staunch advocates of ureteral reflux as the 
primary cause of urinary infections today believed with equal con
viction less than a decade ago that the vesical neck was the major 
cause." 
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Vesicoureteral reflux continues to be highly controversial. 
Stamey's excellent discussion (3) and the papers in a symposium on 
reflux nephropathy cover the basic issues. Some of the important 
points are that vesicoureteral reflux in infants can cause some 
renal scarring in the absence of urinary tract infection (10), that 
the serious damage appears to occur very early in life and generally 
is not associated with renal failure, that only severe reflux (22% 
of the total) is associated with renal damage (13% of kidneys ex
amined), and that the prevalence of reflux decreases rapidly with 
age (11-13). These data suggest that surgery for reflux alone 
should be confined to the first two or three years of life. 

Distal urethral stenosis is also a controversial issue. I 
refer the reader to Stamey (3) for the basic discussion. I dis
cuss it further in association with dysuria (vide infra). 

When children with recurrent or persistent urinary tract in
fections are studi~d, roughly 50% will have some type of radio
graphic abnormality (11-13). Hallett et ale (14) studied 73 boys 
with documented urinary tract infection prospectively for three 
years. Radiographic abnormalities were found in 22 (30%) but 6 
of those had "pyelonephritic" changes and one had a cyst. The 
rest were reflux and congenital abnormalities. Three of the boys 
underwent circumcision and only 2 of the 73 required urinary tract 
surgery: pyeloplasty for a horseshoe kidney and reimplantation of 
an obstructed megaureter. ~oteus species accounted for 59% of 
the isolated organisms and was thought to originate from the pre
putial sac and urethra. Recurrence of infection was rare in pa
tients without radiographic abnormalities. 

My personal recommendations for workup searching for correct
able abnormalities are as follows: 

1. Workup patients with recurrent or persistent urinary 
tract infection only. 

2. When structural abnormalities are ident.ified, consider 
most carefully the natural history of the abnormality 
(it may be totally benign) and the data that surgical 
intervention is of value. 

Morbidity and Mortality of Urinary Tract Infections 

Mortality from urinary tract infection is most likely at the 
extremes of age: in neonates because it is associated with sys
temic sepsis and in the elderly where infection is likely to oc-
cur behind obstruction and lead to septicemia. Some mortality and 
morbidity is iatrogenic from procedures and treatment. I see numer
ous patients who develop acute renal failure from aminQglycoside 
antimicrobials. 
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The major questions of morbidity are presented so well by 
Kunin (2) that I will address but a few selected issues. 

Covert bacteriuria in schoolgirls. The important work in 
this area has been summarized by Kunin (15). However, a large 
group of children was followed by Savage (16) who drew the follow
ing conclusions: "The present data suggest that for the majority 
of these children therapy is not essential, and that renal change 
when it does occur is of little or no significance; however, there 
must be a long period of follow-up before these facts can be sub
stantiated. " 

Urinary infection in adults. Freedman (17) has reviewed the 
question of consequences of urinary tract infection in adults. 
His conclusion was that " ••• there is very little evidence to point 
to the ability of bacterial infection of the urinary tract to pro
duce hypertension or renal damage in the absence of actual or po
tential underlying kidney damage." There are ttlo studies which 
do suggest that mortality is increased in hypertensive patients 
with urinary tract infections compared with hypertensive non
infected controls (18), and that there is more hypertension in 
infected patients with radiographic evidence of renal damage as 
compared to those without renal damage (19). Freedman makes the 
major point that bacterial infection superimposed on obstruction 
or renal papillary damage is a totally different disease of cata
strophic potential. The classic U.S. Public Health Service study 
(20) demonstrated that men who did not have obstructive uropathy 
or renal parenchymal disease did not develop renal failure over 
10 years even with persistent bacteriuria. An important note of 
caution based on long-term follow-up of a large number of women 
is posed by Alwall (21) whose data suggest that the final answer 
is not yet in. 

Bacteriuria in pregnancy. This topic has been reviewed nicely 
by Brumfitt (22). While the data bearing on consequences of urinary 
tract infection on pregnant women seem to be clear, those on the 
fetus are less so. His conclusions are that untreated bacteriuria 
leads to acute pyelonephritis in 30% of women; bacteriuric women 
tend to be more anemic than controls and that the anemia tended to 
progress; and that papers published since the 1960's have shown no 
or relatively weak adverse effects of bacteriuria on the fetus. 
However, his own data suggest lower birth weights and more frequent 
prematurity in untreated bacteriuric mothers. 

The Screening Controversy 

This important issue is based on what one expects to find, 
its frequency in the population, the consequences of non-detection 
and the benefits of detection and treatment. Although there is 
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still 'some debate, pregnant women probably should be screened (22). 
Kunin (23,24) argues for mass screening in motivated communities 
and points out that it can be accomplished easily in the private 
practice setting·. McCormick (25) addresses data in support of 
screening, Rapkin (26) takes a neutral stand, and Arbus (27) argues 
against it. I believe that screening can be accomplished in the 
private practice setting but, regardless of the situation, if one 
screens, one must be prepared to deal intelligently with those pa
tients found to harbor infection. 

DYSURIA AS AN INDICATOR OF URINARY TRACT INFECTION 

Dysuria, i.e. painful or difficult urination, is generally 
the most commonly accepted symptom of urinary tract infection. 
Unfortunately, it is not at all specific and may lead to treatment 
of a disease which does not exist and expose patients to unneces
sary risk. True urinary tract infection can be documented as the 
cause of dysuria in 75% of men but in only 50% of women with that 
complaint. It is, therefore, extremely important to be aware of 
the non-infectious causes of dysuria. These are displayed, in 
part, in Table 2. 

Table 2. Non-infectious Causes of Dysuria 

Trauma 

Motor<::ycle or bicycle 
Masturbation 
Self-instrumentation 
Sexual intercourse 

Irritation 

Vaginal tampons 
Vulvovaginitis 
Vaginal deodorants 
Pantyhose 
Bubble baths 
Jalapena peppers 

Fever 

Urethral caruncle 

Psychogenic 
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Urethral trauma must be carefully considered. Some types are 
obvious such as direct injury, but others may be extremely diffi
cult to detect because of their clandestine nature. In mysterious 
cases, a flat plate of the abdomen may reveal a foreign body in 
the bladder. Radiologists frequently have collections of films 
showing objects such as a thermometer, a large nail or even a 
string of beads in the bladder (Fig. 1,2). Vigorous sexual fore
play and intercourse may cause dysuria without infection. Such 
women will not benefit from antimicrobials. 

Dysuria may result from irritative stimuli as diverse as 
vaginal deodorants and jalapena peppers. Infection of the vulva 
or vagina should be ruled out, and urine collection performed with 
extreme care to avoid contamination. Vaginal and bubble bath soap 
may contain sensitizers or irritants which cause dysuria. The 
deodorant can be replaced by simple washing with mild soap and 
water. Pantyhose may be irritating. Sometimes advising that a 
patient wear cotton underpants under the pantyhose may be curative. 
Jalapena peppers are irritating to mucous membranes other than the 

FIG. 1. This pessary caused urinary tract symptoms in the absence 
of infection, presumably by bladder compression. (Courtesy of Dr. 
B. Lieberman) 
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FIG. 2. The metal cylinder is the eraser ferrule of a pencil. 
The patient had inserted the pencil deeply into his urethra. The 
pencil broke off and had to be removed surgically. The blood
engorged penis is clearly visible. (Courtesy of Dr. B. Lieberman) 

oral mucosa. Avoidance may solve the problem of dysuria. Lest 
the latter point be misconstrued, let me emphasize that the peppers 
were eaten. I know of no reports of dysuria due to direct urethral 
contact with a jalepena pepper! 

Fever from non-urinary tract sources may produce dysuria. If 
urinary tract infection cannot be documented, it is essential to 
identify the true source and provide appropriate treatment. 

Urethral caruncles tend to be extremely painful. Simple phy
sical examination is diagnostic. 

The most difficult cases of dysuria to diagnose and treat 
are those of psychogenic or1g1n. This remains a diagnosis of ex
clusion even in patients with obvious psychiatric problems (28). 

The so-called urethral syndrome is so controversial that it 
deserves special comment. Generally, this refers to a symptom 
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complex of burning on urination, feeling of decreased force of 
stream, frequency and urgency. This is further characterized by 
occurring almost exclusively in girls and women about 50% of whom 
have no evidence for urinary tract infection. I have covered the 
various non-infectious causes above. The controversy is focused 
upon the urological procedures which are used to "treat" the dis
order. These are urethral dilation (29), distal urethroplasty (30), 
and internal urethotomy. Even an allegedly favorable paper (31) 
has a 50% failure rate in abacteriuric patients. The concept of 
distal stenosis as a cause for turbulent flow during micturition 
and return to laminar flow after dilatation (32,33) has been chal
lenged by work that shows no difference in mean urethral caliber 
between symptomatic children and controls (34-36). Any t~be with 
an internal diameter of 10F or more should not obstruct flow (37). 
Good studies (38,39) including ab1irlded, prospective one (39), 
have failed to find evidence for obstruction as a cause for urethral 
syndrome or that urological procedures are superior to medication 
alone. I do not believe that there are quality data to support a 
role for urethral interventive procedures in the abacteriuric, dys
uric patient. Such patients deserve a careful workup and only after 
all else fails should urethral dilatation be considered. 

One additional rare cause of alleged urinary tract infection 
should be recalled in unusual or otherwise atypical patients: the 
Munchausen Syndrome. It is possible for patie~ts to claim urinary 
tract symptoms and vitiate their urine with blood or pus from other 
sources. Meadow (40) reports a fascinating case of Munchausen Syn
drome by proxy wherein the patient's mother surrepticious1y mixed 
her own vaginal secretions into her daughter's urine specimens and 
forced the daughter to undergo numerous procedures looking for a 
non-existent source of infection. 

METHODS OF IDENTIFICATION OF URINARY .TRACT INFECTION 

Index of Suspicion 

As with most things in medicine, a high index of suspicion, 
careful history and thorough physical examination are powerful 
tools. Knowledge of specific groups at risk (vide suppa) is help
ful for initial assessment. 

Newborn infants with overt urinary tract infection tend to 
present with life-threatening septicemia and endotoxemia (1). The 
covert infections of infants may present with non-specific signs 
including fever, unsatisfactory weight gain, gastrointestinal symp
toms (including colic) (41), central nervous system symptoms, pallor, 
cyanosis and gray skin, and even jaundice (2,3). 

Common symptoms of urinary tract infection in children in
clude dysuria (56%), frequency, enuresis, abdominal or flank pain 
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and fever. Less COlllIDon findings are hematuria, abdominal tender
ness, vaginitis, vaginal discharge, vomiting and anorexia (42,43). 

Some argtllllent has been made (44) for a correlation between 
allergy and repeated urinary tract infections in children although 
this remains unconfirmed (45). 

Meadow (46) has pointed out that frequency, urgency, perineal 
soreness and dysuria, enuresis, cloudy urine, discolored urine and 
smelly urine may be observed in children without evidence for uri
nary tract infection. 

One brief-word of caution is necessary. The above-mentioned 
symptoms can be related to urinary tract infection only if subse
quent examination of properly collected urine reveals bacteriologic 
evidence of infection. However, there are organisms which may not 
be detected by routine bacteriologic methods, and if the index of 
suspicion is high, more sophisticated methods should be employed 
(47) • 

Many algorithms for diagnosis of urinary tract infection have 
been proposed. Todd (48) presents one for children and adolescents 
but does not provide validating data. Burger and Wolcott (49) de
vised an algorithm for their military population using discriminant 
analysis. Consideration of patients with the combination of dysuria 
and/or frequency with pyuria, bacteriuria, or a history of a pre
vious positive urine culture identified 87% of those with positive 
urine cultures (13% false negative), but also 49% of those with 
negative urine cultures (49% false positive). Their algorithm was 
designed for use by physician extenders, but as constructed, would 
provide a safety factor in that all patients would be cultured and 
a physician consulted for temperature over lOOoF, abnormal abdomi
nal examination or CVA tenderness. 

Komaroff and colleagues (50) devised an algorithm for urinary 
tract versus vaginal infection based on findings in 821 women. 
They found a diagnosis of vaginitis to be twice as likely as a 
diagnosis of urinary tract infection i~ a given patient with dysuria. 
Use of the algorithm permits decision making based on initial evalu
ation of vaginal discharge and irritation plus internal dysuria and 
frequency. 

The Urine Sediment 

Examination of the urine sediment is a time-honored clinical 
test for abnormalities of the urinary tract. Unfortunately, it is 
greatly lacking in both sensitivity and specificity. Pyuria is 
difficult to define because of variatIons in collection, rate and 
time of centrifugation, volume in which the sediment is resuspended 
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and size of the sample observed. Pyuria is indicative only of 
some irritative or inflammatory process and does not necessarily 
indicate infection. Non-infectious causes include urinary calcu
li, bladder neoplasms, interstitial nephritis (including that due 
to analgesic abuse), and effect of recent urological surgery. 
There is also the possibility of false negative response: infec
tion with streptooooc.us faeoaZis is a weak stimulus of pyuria (51) 
and patients who are immunosuppressed may not be able to have a 
pyuric reaction to urinary infection. Granulocytopenic patients 
also lose their ability to mount a pyuric response to infection, 
especially at absolute granulocyte counts of less than 1000/cu mm 
(52). Observation of white blood cell casts localizes the source 
of white cells to the renal parenchyma. Although WBC casts are 
useful indicators of urinary tract infection in a clinical setting 
for infection, they are by no means pathognomonic. 

Musher et al. (53) used a quantitative approach to the evalu
ation of pyuria. They counted WBC's in uncentrifuged urine by 
using a hemocytometer. All of their infected patients save one 
had greater than 104 WBC's/ml while all of those with 103 or less 
were not infected. If one uses uncentrifuged urine and a low 
power (xlO) microscopic field, one WBC per field will represent 
about 3 x 103 WBC's/ml. In contrast, 105 or more WBC's/ml (the 
mean count in their infected patients was 3.1 x 105) are equiva
lent to about 30 WBC's per low power field. The hemocytometer 
method avoids most of the pitfalls of the traditional routine ex
amination, but does require more time and skill. 

A rough guide to predict presence of 105 or greater colony
forming bacteria on subsequent culture is the observation of one 
or more bacteria per high power field in an uncentrifuged urine 
specimen (54). Lewis and Alexander (55) have carried the technique 
further by examining gram-stained urine smears. When no organisms 
were observed by oil immersion microscopy in 1,279 stained smears 
of centrifuged urine, all of the quantitative cultures were nega
tive. When one or more organisms were seen per field, 79% of 900 
specimens grew 105 or more colonies, 13% were between 104 and 105 
and 8% were less than 104• Therefore, no bacteria proved to be a 
good predictor of negative culture and one or more per field pre
dicted 92% of the cultures with 104 or more organisms. 

Localization Tests 

Localization of the site of urinary tract infection is im
portant in investigative models and in some clinical settings. 
The general concept is that infections confined to the bladder 
should be easier to treat (perhaps even with a single injection 
of an aminoglycoside antimicrobial) (56), would be less likely to 
cause serious systemic complications and, on occasion, resolve 
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spontaneously. In contrast, upper-tract infections involving the 
renal parenchyma were assumed to require longer courses of therapy, 
were a potential risk for sepsis and local abscess as well as renal 
functional impairment and would not resolve spontaneously. Upper 
versus lower urinary tract iocalization studies are ,of little cli
nical value in the management of most urinary tract infections 
since the aim of therapy is eradification of bacteria from all parts 
of the system. These tests are generally limited to that minority 
of patients who have otherwise unexplained recurrent infections. 
Furthermore, urin~ry tract infections may shift repeatedly from 
one site to the other so that localization on any given day may be 
incorrect the next (57). The major localization tests are displayed 
in Table 3. 

Ureteral catheterization. Stamey, Govan and Palmer (58) des
cribed a loc'alization test based on comparisons of cultures from 
the catheterized bladder, urine collected after thorough washing 
of the bladder and urine collected by catheterization of each ure
ter. Lower tract infection is defined by bacteria in the catheter
ized bladder sample but sterile urine from the ureters after blad
der washing. A positive culture from one or both ureters denotes 
upper tract infection. The patient must be well hydrated to mini
mize the risk of contaminating the upper tract with infected urine 
from the lower tract. Although this is the "definitive" localiza
tion test, false positive upper tract localization is possible and 
the procedure is obviously interventive. 

Antibody titers. Serum antibody response to infecting orga
nisms tends to be more frequent and of greater magnitude in pa
tients with pyelonephritis than cystitis (59). However, this ge
nerality does not necessarily obtain for the individual patient. 
Delay in titer rise will result in a false negative test for pye
lonephritis and severe cystitis with tissue invasion may give rise 
to serum antibodies thus falsely suggesting pyelonephritis (60). 

Table 3. Tests for Localization of Urinary Tract Infection 

Ureteral catheterization (Stamey) 

High Ab titers, low concentration (Turck) 

Bladder washout (Fairley) 

Fluorescent antibody coating 

"Three Glass Test" (Meares and Stamey) 
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Turck, Ronald, and Petersdorf (61) compared bacterial serotypes 
as indicators of relapse versus reinfection with site of infection 
as determined by ureteral catheterization. In general, patients 
who relapsed with the identical serotype tended to have upper tract 
infections while those who were reinfected with different organisms 
tended to have lower tract infections. 

Renal concentrating ability. Ronald, Cutler, and Turck (62) 
used bilateral ureteral catheterization as a reference for examin
ing the relationship between site of infection and maximum renal 
concentrating ability. Patients with lower tract infection concen
trated better (913.6 + 182.0; range 592-1218 mOsm/kg) than those 
with upper tract infection (771.7 + 122.2; range 545-1002 mOsm/kg). 
Furthermore, while there was no difference between maximum urine 
concentration by each kidney in patients with bladder infection, 
infected kidneys concentrated a mean of 200 mOsm/kg less than the 
uninfected contralateral kidney. One of their most important ob
servations was that the concentrating defect was reversible with 
successful treatment. The obvious overlap in data as well as the 
interventive nature of the procedure prevent this test from being 
clinically useful. 

Bladder washout test. Fairley et a1. (63) described and later 
modified (64) a localization test which does not require ureteral 
catheterization. The basic procedure is outlined in Table 4. Al-

Table 4. Procedure and Interpretation of the Fairley Test 

1. Catheterize bladder (three way Foley) 
culture urine. 

2. Instill 50 ml 0.1% neomycin with two amps 
e~~se. Leave for 30 min. 

3. Wash bladder with 2 liters sterile water. 

4. Collect specimens: IMMEDIATELY 
0-10 min 

10-20 min 
20-30 min 

Fairley Test Interpretation 

Bladder only: all washout samples sterile 

Renal: Samples positive> 1,000 per ml 
Often> 10,000 per ml 
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though this test is interventive in that it requires bladder cathe
terization, it does not require a special operating room or anes
thesia usually associated with ureteral catheterization. In addi
tion, the very procedure of antibiotic instillation may be curative 
for bladder infections. All of the patients were adult women. The 
site of infection did not correlate either with symptoms or with 
serum antibacterial antibody. The Fairley test has become the re
ference standard for other localization tests instead of bilateral 
ureteral catheterization. 

Antibody-coated bacteria (ACB) test. A non-interventive, 
risk-free, in vitro localization test based on fluorescent antibody
coated bacteria in the urine was developed by Thomas, Shelokov, and 
Forland (65). They reasoned that even those patients who did not 
elevate specific serum antibodies to organisms infecting the renal 
parenchyma, should make enough local antibody to coat the bacteria 
and be detectable. That is, bacteria originating from a pyelone
phritic kidney should be antibody coated while bladder bacteria 
causing cystitis should not have elicited an immune response and 
should not be antibody-coated. 

The basic technique is as follows (66). Five m1 of the pa
tient's urine is centrifuged and the supernatant discarded. The 
sediment is washed twice with phosphate buffered saline. The washed 
sediment is then mixed with 0.2 m1 fluorescein-conjugated antihuman 
globulin and incubated for 30 min at 370 C. The mixture is washed 
twice more with phosphate buffered saline. The final sediment is 
then smeared onto a slide and examined with a fluorescence micro
scope. The test is considered positive if at least 25% of the bac
terial cells fluoresce. 

The bladder washout test has been used to validate the ACB 
test. Thomas (65) found excellent correlation in that 34 of 35 
patients with clinical pyelonephritis (only nine had bladder wash
out) had a positive ACB test while only one of 20 patients with 
clinical cystitis had a positive ACB test. However, four of five 
patients with bacterial prostatitis had a positive ACB test with
out evidence of pyelonephritis. This problem of false positivity 
has been confirmed by Jones (67). Of 18 upper tract infections 
defined by direct localization, 17 had ACB in the urine while none 
of the eight lower tract infections was associated with positive 
ACB. Three patients who had positive ACB had equivocable direct 
localization tests (68). 

The sensitivity and specificity of the ACB tests have been 
examined by a number of investigators who either support it en
thusiastically or raise serious questions of its validity, parti
cularly in the routine clinical setting. Papers are difficult to 
compare because the controls and even definition of a positive test 
(69) differ. 
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Janson and Roberts (70) infected monkeys in such away that 
cystitis and pyelonephritis could be controlled. The ACB test was 
positive in 11 of 11 animals with unilateral pyelonephritis, 2 of 
2 with bilateral pyelonephritis and none of the three monkeys with 
cystitis. Under these very well controlled conditions, correlation 
was perfect. 

A group in Barcelona (71) used clinical definitions for upper 
and lower tract infections. The ACB test was positive in 35 of 36 
patients with pyelonephritis and in none of the 11 with cystitis. 
They modified the Thomas method so that the urine did not require 
immediate processing or refrigeration. Curiously, they published 
this paper verbatim elsewhere (72). 

One of the inherent problems of the ACB test is observer in
terpretation. In a study of 253 specimens (73), three independent 
observers agreed on the first reading 88% of the time. When com
pared with the majority opinion, the sensitivity of an individual 
reading was 91% and the specificity 95%. 

Jones and Johnson (74) reported their experience with the ACB 
test under conditions that might obtain in a diagnostic microbiol
ogy laboratory_ In general the results were reproducible and 
consistent. Explanations for inconsistencies included the immune 
response to the infecting bacteria, non-specificity of the antibody 
coating the bacteria, antibody in prostatic secretions and antibody
coated bacteria contaminating the urine specimens. 

Harding et al. (75), using bladder washout as the standard, 
proved the validity of ACB for lower-tract infections in that ACB 
was negative in all 14 such patients. However, six of 37 patients 
with proven upper-tract infection were ACB negative. Of greatest 
importance was the non-correlation of clinical symptoms with actual 
site of infection. Rumans and Vosti (76,77) also demonstrated a 
rather chaotic relationship of positive ACB to clinical symptoms 
but others (78) have somewhat better correlation. 

The ACB test has been studied in different clinical settings. 
The test appears to be reasonably valid in patients with diabetes 
mellitus (79), renal transplant patients receiving immunosuppres
sive agents (80,81), and pregnancy (82). However, questions have 
been raised about false positives in patients with proteinuria (83) 
and false negatives in patients with urinary tract cancer (84). 
None of these studies was rigorously controlled. However, in a 
study (85) of children using bladder washout as a reference, there 
were 4 of 12 falsely negative for upper and 10 of 35 falsely posi
tive for lower tract infection. The authors cannot explain why 
the ACB test correlates so poorly with site of infection in children, 
but plead that it not be used until more data can be acquired. 
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In summary, the ACB test has much to offer as a no risk, in 
vitro tool. However, the evidence that it can be of value in a cli
nical diagnostic setting is incomplete at be.st and there are no 
data validating the test in a pediatric population. 

The "three glass test". Meares and Stamey (86) described a 
simple, non-interventive test which may help to localize infection 
to the urethra, bladder or prostate. Fig. 3 outlines the mechanics 
of the test. After cleaning and drying the glans, the first 10 m1 
of urine are collected in a sterile container, a mid-stream c1ean
catch collection (MSCC) is then made and the patient is instructed 
to stop his stream. His prostate is then massaged and the expressed 
prostatic secretions collected. The next 10 m1 of voided urine are 
then collected. Evidence of infection in the first sample only 
identifies a urethral source. The sample following prostatic mas
sage identifies a prostatic source and MSCC collection suggests 
bladder and/or upper tract infection. This is an easy test to per
form on ambulatory men and permits rapid therapeutic decision making. 
A similar test which includes a vaginal culture can be done on fe
male patients (Fig. 4) (3). 

Other 1eca1ization tests. A number of other localization tests 
have been described. Janson and Roberts (70) employed 1311 hippur-
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E.M. and Stamey, T.A.: Bacteriologic localization patterns in bac
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FIG. 4. Simple localization test for urinary tract infection in 
females. (Redrawn and modified from Stamey, T.A.: Urinary Infec
tions. Baltimore: Williams and Wilkins, 1972, with permission). 

an scintiphotos in the hydropenic state plus 67gallium citrate 
scintiphotos and the ACB test in their experimental monkey model. 
The three tests combined were highly accurate in differentiating 
cystitis, ureteritis, pyelonephritis and renal or perinephric abs
cesses. Hurwitz et al. (87) used 67gallium citrate scintiphotos 
alone in 73 human patients. Accuracy was 86% with 15% false posi
tives and 13% fal'se negatives. Although intravenous pyelography 
(IVP) is very useful for identifying anatomic defects (88), it is 
not useful for localizing sites of infection. 

Beta glucuronidase levels have been proposed (89) as an indi
cation of renal parenchymal infection, but this has not been sub
stantiated (90). 

Chemical Tests for Urinary Infection 

An effective and simple chemical test to replace urinalysis 
for mass screening for urinary tract infection has been sought for 
many years. None thus far described is perfect for this purpose 
although the nitrite test seems to be the best one currently avail
able. 
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Nitrite (Griess') test. The nitrite test is based on the ob
servation in 1914 by Cruickshank and Moyes that the test for nitrite 
developed by Griess could be used to test for bacteriuria (91). The 
test is based on the fact that bacteria reduce nitrate to nitrite. 
The nitrite reacts with sulfanilic acid and alpha-naphthylamine to 
form a red azo dye. It should be performed on a first morning spe
cimen. Griess' test is excellent for detection of gram negative 
enteric bacteria but is poor for- staphylococci. Its sensitivity 
is considered fair and specificity good (23). This test will be 
discussed in greater detail below because of its commercial avail
ability as a combined culture dip-stick. 

Glucose oxidase. Normal people excrete about 2 to 10 mg/dl 
of glucose in their urine. This test is based on the observation 
(92) that bacteria will metabolize this small amount of urinary 
glucose. Therefore, a negative glucose test is positive for in
fection. It must be performed on the first morning specimen and 
cannot be used in diabetic patients. False positives range from 
0.5 to 3.4% (93). Sensitivity is considered good but specificity 
fair. 

Tetrazolium reduction. This test is based on the ability of 
bacteria to reduce triphenyltetrazolium to bright red triphenylfor
mazon (94). Although its sensitivity is good, it has poor speci
ficity (88). In addition, it is basically a laboratory test re
quiring preparation of fresh test solution daily and prolonged in
cubation. 

Catalase test. This test is based on the ability of hacterial 
catalase to act on hydrogen peroxide to yield oxygen (88). Unfor
tunately, red and white blood cells and renal tubular cells also 
contain catalase and the test cannot differentiate between infec
tion and other inflammatory renal disease. Its sensitivity is good, 
but specificity poor. 

Other tests. Giler et al. (95) demonstrated that sterile 
urine has very low levels of xanthine oxidase but that significant 
activity occurred in urine with more than 100,000 bacteria per mI. 
An exception was urine infected with Staph. aul'eus which causes 
much less or no increase. The authors claim high specificity for 
the test. The assay for xanthine oxidase is quite complex, but 
the authors indicated that they were attempting to automate it. 

Lamb, Dalton and Wilkins (96) proposed an innovative electro
chemical test for bacteriuria. The test measures the change in 
potential between electrodes in the innoculum and a reference me
dium. A wide variety of organisms including Sel'l'atia, Aainetobaa
tel' (Mirna and Hel'eZZea), alpha streptococci and Candida aZbiaans 
were easily detected within 10 hours (94% with 4 hours). There 
were no false positives. The method could be useful if adapted 
for mass screening. 
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Hayward and Jeavons (97) reported a technique amenable to 
automation which is based on detection of bacterial metabolic pro
ducts by head-space gas-liquid chromatography. The method has po
tential, but there are still numerous problems to be solved before 
it is ready for screening purposes. 

Screening Culture Methods 

A number of modified culture techniques have been developed 
both for screening purposes and for.permitting culture of urine 
specimens by patients (or their parents) at horne. These are dis
cussed by Gillenwater (88) and Kunin (23). The two which appear 
to be most reported on in the United States are a "dipslide" and 
a stick combining a pad culture with a nitrite test strip. 

The dipslide (UricultR, Medical Technology Corporation, 
Hackensack, N.J.) consists of a slide coated on one side with a 
non-specific nutrient agar and on the other with MacConkey's agar 
which favors enterobacteriaciae. The slide is attached to the cap 
of a sterile vial into which the slide is inserted. The slide is 
briefly dipped into the urine sample or placed directly in the 
urine stream. It is then incubated for 18 to 24 hours at 370C. 
Adelman (98) provides a practical description of its use. Asscher 
et al. (99) argue for more widespread use. The dipslide compares 
favorably with standard techniques (100) and, if used properly, 
has a very high sensitivity and specificity (101). Martin and 
McGuckin (102) sound a note of caution. They suggest that the 
dipslide is not an effective screen in populations with a high 
incidence of urinary tract infection. They also suggest that it 
was necessary for trained laboratory personnel to perform the test 
for useful accuracy. They do point out that there was some resis
tence to performing the,test on the part of their clinic staff. 

A number of features of the chemical tests for bacteriuria 
have been combined with culture media on a single dipslide (Micro
stix, Ames Laboratories, Elkhart, Indiana). The plastic strip has 
a modified nitrite test reaction area (bacteria convert nitrate 
to nitrite which reacts with p-arsonilic acid to form a diazonium 
compound which couples with N-1(1-naphthyl) ethelenediamine which 
turns pink) which indicates the presence of organisms in 30 se
conds. There is one culture area which supports the growth of 
both gram-positive and gram-negative organisms and a second area 
which selects for gram-negative organisms. The stick is dipped 
in urine (first morning specimen) for 5 seconds, the nitrite test 
read in 30 seconds and then incubated at 370C for 12 hours and 
read between 12 to 18 or 24 hours. Laboratory confirmation of 
positive tests was 95.2%, negative cultures 100%, type of organism 
100% and antimicrobial sensitivity 90% (103). 
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Kunin (104) demonstrated how the nitrite portion of the Micro
stix used alone could be applied to mass screening. The false 
positive rate was 0.3% but the false negatives were over 12%. One 
interesting consequence of the screening was that 23 of the 26 
girls with documented infection had intravenous urograms performed 
(two had caliectasis) and 22 had cystograms (three had gross re
flux). One girl subsequently had her ureters reimplanted because 
of gross reflux. Although the authors had no control over the de
cisions, five girls were subjected to urethral dilatation and five 
to urethrotomy. 

A number of other commercial dipsticks use either the nitrite 
or glucose method of detecting urinary infection (105,106). They 
are convenient and have acceptable sensitivity and specificity for 
screening use. 

Radiographic and Radionuclide Methods 

Radiographic and radionuclide methods of indentification of 
urinary tract infections are expensive, interventive, time-consuming 
and not necessarily accurate. Nevertheless they are critical for 
detection of anatomic abnormalities, calculi and other lesions 
which will alter diagnosis, prognosis or therapeutic approach. 
Friedland (107) has reviewed pediatric urinary tract infection from 
the viewpoint of a radiologist. Brock et al. have reviewed some of 
the aspects of radionuclide renography (108) and other methods have 
already been mentioned in comparison with the fluorescent antibody
coated bacteria localization test (vide supra). 

DOCUMENTATION OF URINARY TRACT INFECTION 

The ultimate diagnosis of urinary tract infection depends upon 
laboratory proof of viable colony-forming organisms in the urine. 
Several problems serve to confuse this issue: improper collection, 
prolonged time between collection and culture, improper storage of 
specimens, failure to follow-up with a confirmatory collection 
leading to both over- and under diagnosis, refusal to accept pro
perly documented counts of less than 105 as evidence for infection, 
and lack of appropriate skills in the microbiology laboratory. 

Collection methods will be discussed elsewhere, but the basic 
principles are crucial. The distal urethral orifice must be scrup
ulously cleansed to avoid contamination by preputial or perineal 
flora. This is relatively easy for most men but for women, a cer
tain amount of gymnastic and acrobatic skill is useful. The labia 
must not be permitted to close once the introitus is cleansed. The 
disinfectant must be rinsed out thoroughly to avoid false negative 
cultures. Children, infants and invalids pose special problems for 
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which there must be some practical compromise. However, when the 
patient is ill or diagnosis is difficult, suprapubic aspiration or 
careful, aseptic bladder catheterization may be used. Once col
lected, the specimen must either be cultured within one hour or 
immediately refrigerated for not longer than 48 hours. Positive 
cultures should be followed up with a second culture in asympto
matic patients or in symptomatic patients with equivocal culture 
results. The diagnostic criterion of 105 or more organisms per 
ml was intended to screen out probable contaminated specimens 
(most true infections have over 106 organisms per ml) and thus 
avoid over diagnosis and concomitant interventive procedures, 
including unwarranted treatment (109). However, when collection 
is made by suprapubic aspiration, very low or low counts (102 -
104) may be clinically significant (110). 

The practice of culturing the tip of a Foley catheter upon 
removal from the bladder has been attacked by Gross et al. (Ill, 
112) and by Uehling and Hasham (113) who were unable to find a 
good correlation between the catheter tip organism and subsequent 
infecting organism. These data have been challenged by Burleson 
et al. who claim good correlation in their select population of 
transplant patients (114). The correlation appears to be, in 
large part, a function of the interest of staff in collecting and 
culturing the tips. Institutions probably need to define whether 
correlation is good in their own laboratories if they wish to use 
this technique. 

SUMMARY 

Urinary tract infection (UTI) is one of the most common pro
blems of both adult and pediatric practice. Early identification 
and response is essential to detect correctable abnormalities of 
the urinary tract. Untreated urinary tract infections have mor
bid consequences for the pregnant woman and her fetus, neonates 
and children. Screening is cost-effective only when target popu
lations are carefully defined and when the screeners are prepared 
to follow up infected patients. Dysuria is a poor indicator of 
UTI. Only 50% of women with dysuria actually have UTI. Documen
tation of UTI is therefore crucial to avoid mistreatment. Con
versely, many UTI's are totally asymptomatic and a high index of 
suspicion is required. 

Urine sediment may give useful clues but is not diagnostic. 
Of the many chemical tests available, the nitrite (Griess') ap
pears to be the best. "Microstix" combine a semiquantitative cul
ture method with a nitrite test and can be valuable for office 
practice. 

Many tests have been devised to locate the site of UTI. The 
Fairley bladder washout test has become the research standard and 
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may actually cure cystitis, but is not a routine office practice 
tool. Examination of the urine sediment for fluorescent antibody
coated bacteria correlates reasonably well with the Fairley test, 
but is not useful as an office procedure. 

The ultimate documentation of UTI remains the demonstration 
of significant numbers of bacteria in a carefully collected, fresh 
urine specimen. 
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The diagnosis of urinary tract infection (UTI) in children 
requires laboratory determination of the invasion and active multi
plication of different organisms in the normally sterile urinary 
tract. Kass in 1956 introduced the concept of significant bacteri
aria as a common denominator of all types of UTI (1). Since then, 
emphasis has been made on the need to use strict criteria for the 
interpretation of quantitative cultures in order to prevent over
diagnosing or underdiagnosing of UTI. Unnecessary expenses, medi
cations, irradiation from extensive radiological workup, and even 
urologic surgery, are some of the consequences of overdiagnosing. 
Progressive renal damage could be the result of not detecting in 
time a congenital anomaly associated with UTI. This subject will 
be reviewed here in an attempt to give general guidelines on the 
role played by bacteriology in UTI. 

DIAGNOSIS OF UTI 

First of all, bacteriology is used to confirm or reject the 
clinical diagnosis of UTI. It has been demonstrated that many child
ren with significant bacteriuria may remain asymptomatic (2), and that 
many children with classic UTI symptoms such as dysuria or frequency 
may have sterile urinary tracts (3). 

Diagnosis of UTI should always be based on bacteriologic analy
sis of the urine, including the identifiaation of the etiological 
agent and its quantifiaation. However, urine culture and colony 
count will be useful only if three basic conditions are fulfilled: 
a) adequate collection, b) proper handling, and c) proper interpre
tation of results. 

33 
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Collection of the urine specimen. There are many methods of 
urine collection; all of them have their indications and limitations 
(Table 1). In infants, double chambered urine collectors provide 
reliable results only when used by trained personnel and with care
ful observation of the time of micturiction (Zilleruelo et al., un
published observations). In this age group, percutaneous suprapu
bic bladder aspiration has been shown to be a safe, easy and useful 
method of obtaining urine (4,5); this should be the method of choice. 

In older children (and particularly in boys) mid-stream clean 
catch urine collection is quite reliable. Under special circum
stances (ureterostomy, ileal conduit), specimens obtained by cathe
terization provide the necessary information (6). In addition, 
suprapubic tap or catheterization may be used even in this group 
to obtain bladder urine. 

Handling of urine specimen. The need for proper handling of 
the urine specimen should be constantly emphasized. Urine is an 
excellent culture medium for the common pathogens of the urinary 
tract. If a urine sample containing only 10,000 orgranisms/ml is 
allowed to stay at room temperature, it will easily reach the sig
nificant level of 100,000 organisms/ml after 2 hours. This is due 
to the fact that reproduction and duplication time of certain bac
teria (including E. Coli) is 20-30 minutes. Urine samples must 
be sent immediately to the laboratory. Alternatively, urine may be 
kept in a refrigerator (at 4°C) for 24-48 hours without any changes 
(7) • 

Interpretation of laboratory results. Careful interpretation 
of urine cultures is essential. In samples obtained by clean 
catch, 2:. 100,000 col/ml urine is a good approximation to diagnose 
UTI in symptomatic patients. Three consecutive urine cultures with 
over 100,000 col/ml of the same organism gives a 99% confidence 
when correlated with catheter specimens (8). Less than 10,000 coli 
ml usually means contamination from bacteria in the urethra. Inter
mediate counts of 10,000-100,000 col/ml are suspicious of UTI and 
culture should be repeated. If the urine specimen is obtained by 

Table 1. Methods of Urine Collection 

- Pediatric urine collector 

- Mid-stream clean catch 

Single 
Double chambered 

(U-bag) 

- Percutaneous suprapubic bladder aspiration 

- Catheterization 
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suprapubic aspiration, growth of any number of bacteria in pure 
culture should be considered significant. However, it is important 
to remember that these figures are based on statistical analyses 
and that they may not be applicable to a particular child. Several 
reports have called attention to the finding of low bacterial counts 
in some patients with confirmed UTI (9,10) (Table 2). Conversely, 
there are cases with false positive results (over 100,000 col/ml 
without UTI) due to inadequate urine collection or improper handling 
of the specimen. 

The diurnal variation in bacterial counts has been studied by 
several investigators (Fig. 1)(9,10). The finding of changes in 
colony counts of patients with UTI at different times of the day 
suggests that there may be an optimum time of the day for the col
lection of urine samples for culture. Additional factors to take 
into consideration may be the amount of water ingested and the use 
of bacteriostatic solutions such as zephyrol, iodines, etc. for 
cleansing of the genitalia. 

Identification of the etiological agent is as important as its 
quantification for the diagnosis of UTI. It may modify the initial 
workup and also will serve as a guide in selecting the antimicrobial 
agent. It has been established that infection of the urinary tract 
is most commonly due to bacteria and only rarely caused by other 
microorganisms such as protozoa, viruses, or fungi. 

Table 2. Interpretation of Laboratory Results 

If clean catch: 

< 10,000 col/ml + contamination 

10,000-100,000 col/ml + suspect in
fection + repeat 

3 consecutive urine cultures with 
same organism> 100,000 col/ml + 
99% conf idence 

If suprapubic bladder aspiration: 

Growth of ANY NUMBER of gram negative 
organisms is significant 
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FIG. 1. Influence of the time of urine collection in the colony 
counts of six patients with documented UTI (note that half of 
them had low colony counts in the afternoon). Reproduced from Pryles, 
C. and Lustik, B.:Ped. Clin. of N.A. 18:233, 1971, with permission. 

Most UTIs are due to gram negative bacilli found in the gut 
(Table 3)(11}. The most frequent urinary pathogens include 
E. Coli, Klebsiella, Enterobacter, Proteus sp., Pseudomonas, Entero
coccus, and Staphylococcus. Many studies on the prevalence of 
those agents have demonstrated that E. Coli represents more than 
75% of all isolates in children with UTI. However, the relative 
prevalence of the various species depends on many variables inclu
ding age and sex of the patients, initial vs recurrent infection, 
symptomatic vs asymptomatic bacteriuria, UTI uncomplication vs. 
complication by urological malformations, geographic areas, etc. 
Therefore, it is not surprising that the prevalence rates are not 
uniform from one series to another. As an example, in a study of 
bacteria isolated during the "first" episode of UTI in children of 
different ages and sexes, there was a high incidence of Klebsiella 
in neonates (probably explained by blood borne infection) (12). 
The high frequency of E. Coli infections in girls from one month 
to 10 years was not differertt from that in boys of less than 1 
year of age. In adolescent girls, however, the incidence of E. 
Coli dropped to 60% with an increase in staphylococcal infections. 
In boys from 1 to 16 years the decrease in E. Coli was more signi
ficant with an increase in proteus infections and staphylococcus. 

Figure 2 shows data obtained from Kunin in his classic studies 
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Table 3. Etiological Agents 

Bacteria 

- Common urinary pathogens 

- Rare urinary pathogens 

- L-forms and mycoplasmas 

Escherichia Coli 
Klebsiella 
Enterobacter 
Proteus Sp. 
Salmonella 
Pseudomonas 
Enterococci 
Staphylococcus Aureus 

] Gram 

1 Gram 
-' 

Serratia marcescens 
Hemophylus influenza 
Streptococcus Group B 
Mycobacterium tuberculosis 
Anaerobes (bacteroides) 

(-) 

(+) 

of schoolgirls with recurrent UTI (13). There was a progressive 
decline in the number of episodes due to E. Coli with a correspond
ing increase in those due to other species. In patients with UTI 
associated with congenital anomalies and treated with multiple 
courses of antibiotics, E. Coli is rarely found; instead, pseudo
monas, indole-positive proteus and enterobacter are the main agents 
of infection. Other rare pathogens reported occasionally include 
serratia marcescens, hemophylus influenza, and streptococcus group 
B (Table 3)(14,15,16). Serratia marcescens,for a long t:ilne consid
ered a nonpathogen, has been found to be responsible for outbreaks 
of nosocomial infections (18). It has been associated mainly with 
the use of indwelling urethralcatheters, antibiotic therapy and 
urologic surgery. Mycobacterium tuberculosis may be responsible 
for infection of the kidney but this diagnosis requires special 
procedures. 

Anaerobic bacteria playa minor role in UTI. In one study, 
1.3% of patients with significant bacteriuria had anaerobic bac
teria (mainly Bacteroides) confirmed by suprapubic bladder aspir
ation (17). Most of these patients had significant urologic dis
ease. In routine studies, culture for anaerobes are not indicated. 
Such studies, however, should be done whenever clinical evidence of 
infection exists and conventional cultures yield negative results. 

The role of L-forms or protoplasts in UTI has not been defi
nitely established. These organisms represent bacteria without a 
cell wall, thus requiring special culture conditions. Although it 
does not seem that L-forms account for a significant number of UTI's, 
they may be present in patients with relapsing infections (19). 
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FIG. 2. Distribution of bacteria in each consecutive episode of 
recurrent UTI in schoolgirls. Reproduced from Kunin, C.M.: J. Inf. 
Dis. 122: 382, 1970, with permission. 

Other nonbacterial etiological agents include (Table 4): 

Viruses. They play only a minor role as a cause of UTI al
though viral urinary excretion by children infected with CMV and 
rubella is a serious public health problem (20). Viruria is also 
observed in other entities; adenovirus has been consistently re
ported as a cause of acute hemorrhagic cystitis (21). 

Chlamydia. A unique class of microorganisms characterized 
as large viruses or small bacteria. They are inhibited by anti
biotics, but they are also obligate intracellular parasites. Chlamy
dia have been found to be responsible for a large spectrum of infec
tious diseases in man and other animals (22). They have been des
cribed as causes of nonspecific infections of the urinary tract 
(urethritis) in post-puberal patients (23). However, the role of 
chlamydia in pediatric genito-urinary disease has not been well 
documented (24). 
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Table 4. Etiological Agents 

Non-bacterial 

- Virus (Adenovirus, CMV, Rubella ••• ) 

- Chlamydia 

- Fungi (Candida Albicans) 

- Protozoa 

Fungi. They occasionally cause UTI, but are frequently pre
sent as contaminants. It has been shown that prolonged hospital 
stay, antibiotic therapy, and complicated urological diseases with 
indwelling catheters enhance the patient's susceptibility to candi
da infections. The incidence of candiduria has increased markedly 
in hospital practice during the last 10 years. In one study, this 
increase was from 1.3% to 7-8% of all cultures (25). Not all pa
tients with positive cultures represent a serious problem, and 
possibly 1/3 improve without specific treatment. The criterium of 
colony counting is not valid when dealing with a patient with in
dwelling catheters and candiduria; therefore, other methods for 
diagnosing UTI have been devised. Under these conditions, renal 
involvement may be estimated by the presence of elevated serum pre
cipitation antibodies (26). 

SENSITIVITY TESTS 

Antimicrobial susceptibility tests can be used as guides for 
therapy in a particular patient or as epidemiological information. 
Three basic types of in vitro sensitivity tests are available: 
broth dilution, plate dilution, and disc diffusion (Fig. 3). They 
are semiquantitative tests and reliability of results depends on 
their standaPdization and interpretation. Sensitivity test results 
are usually expressed either as minimal inhibitory concentration 
(MIC) or minimal bactericidal concentration (MBS) in~g/ml. 

The broth diZution method is done using 2-fold dilution of a 
known concentration of an antimicrobial agent. The last tube in 
the series with no growth is usually the MIC for the organism. 
This is a reliable test, but too time consuming for routine use. 
It is reserved for testing of new drugs, standardization of other 
tests or for unusual organisms. 

In the plate diZution method, the antibiotic solution is di
luted in 2-fold increments and placed in a Petri plate. The bac-



40 

ANTIBIOTIC 
DISC 

G. ZILLERUELO ET AL. 

SENSITIVITY TESTS 

BROTH DILUTION 

~ ~ ~ ~ ~ ~ 
12.5 25 50 100 t 200 t 400 UGRlML 

PLATE DI LUTION 

12.5 UGR/ML 

DISC DIFFUSION 

SENSITIVE 
STRAINS 

SENSITIVE 
STRAIN 

MIC MIIC 

100 U(;R/ML 

R STRAINS 

RESISTANT 
STRAIN 

FIG. 3. Schematic representation of antimicrobial susceptibility 
tests: broth dilution, plate dilution, and disc diffusion. 

terium under study is streaked on marked sections of each plate. 
In this manner, up to 16 organisms may be studied simultaneously. 
The absence of growth on a given plate represents the MIC for the 
bacterium. 

In the disc diffusion method, a paper disc is impregnated with 
a standard amount of an antimicrobial agent and applied to agar 
seeded with the bacterium to be tested. Several discs with differ
ent antimicrobials may be used. Sensitivity is judged by the size 
of the clear zone without bacterium growing around the disc, quan
tified in mm. This is the simplest and most accurate routine 
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method for antibiotic sensitivity available at the present time; 
it is especially suited for urine cultures. When the disc diffu
sion method is used. the results are expressed as resistant. inter
mediate. or susceptible strains according to the antibiotic concen
tration in blood and urine needed to inhibit a given bacterium. In 
ordinary therapeutic doses, an antibiotic can be considered effective 
if the reading corresponds to the intermediate or susceptible zone 
(ll) . 

Table 5 compares the usual MIC of the most frequent bacteria 
isolated in UTI with the concentration of antibiotics obtained in 
urine when they are used in therapeutic doses. With these 
values. predictable ranges of effectiveness of the drug may be at
tained. However. it must be remembered that there may be differences 
between their in vivo and in vitro sensitivities. Many variables may 
be involved; the most likely ones are: concentration of the antibio
tic in different body fluids (urine. blood. tissue). action at dif
ferent urine pHs. and host defense factors. 

Regardless of the method used. the sensitivity tests areimpor
tant guides for the use of specific drugs in the treatment of UTI. 
This is especially important in recurrent UTI with unusual organisms. 
or in the interpretation of repeatedly positive urine cultures that 
are thought to be due to contamination. 

In addition to their use as a guide for treatment of a particu
lar patient. sensitivity tests are also valuable in epidemiological 
surveys. They allow the development of charts with recommendations 
of first and second choices of antibiotics for each bacterium iso
lated in certain geographical areas. Based on this experience it 
is possible to treat a first episode of an uncomplicated UTI with
out prior sensitivity testing. 

VIRULENCE FACTORS 

Host-parasite relationships are essential in the understanding 
of why UTI is so common and recurs so often. Two factors seem 
mainly involved: virulence of the infecting microorganism and de
fense mechanisms of the host. E. Coli is the most commonly found 
organism; it can be serologically typed into over 150 different 0 
or cell wall antigens. and into about 50 capsular (K) and flagel
lar (H) antigens. It has been found that more than half the E. 
Coli isolated in either initial or recurrent UTI correspond to a 
few 0 serotypes such as 01, 02' 04-6-7-18-75 (20). 

In general. it seems that the same serotypes of E. Coli appear 
in urine as in stool (27). Some surveys. however. have shown dif
ferent infecting strains in patients with symptomatic "upper" UTI 
when compared to those patients with lower UTI and asymptomatic 
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bacteriuria (ABU) (Table 6){28). Patients with pyelonephritis had 
79.8 % common "0" groups and patients with ABU had a marked increase 
of rough strains with spontaneous agglutination. The finding of a 
rough strain usually sensitive to serum bactericidal activity in 
patients with ABU may suggest a harmless condition in which host 
and bacteria have adjusted to each other (27). 

Other study findings have suggested that the presence of cap
sular polysacharide K antigen may be of special significance to al
low bacterium to invade the kidney. At least 70% of the strains 
from patients with acute pyelonephritis have some K typable E. Coli 
(Table 7){29). In fact, all K typable E. Coli strains should be 
considered potentially invasive, especially those containing K1 and 
K12 (30). Earlier studies have shown that K and 0 circulating anti
bodies are protective against experimental pyelonephritis (31), with 
K antibodies more efficient than 0 antibodies. Since only 5 E. Coli 
K antigens account for about 70% of all acute pyelonephritis in child
ren, vaccines containing those antigens have been proposed to be ad
ministered to high risk populations (29). 

Another interesting finding is the ability of E. Coli to be
come attached to normal epithelial cells from the urinary tract 
(31). This adherence to uroepithelial cells is much greater with 
E. Coli isolated from patients with acute symptomatic UTI than in 
those isolated from patients with ABU (31). The production of hemo
lysis and the fermentation of dulcitol are other in vitro studies 
that seem to correlate well with the ability of E. Coli to produce 
symptomatic upper UTI (32). 

RECURRENT UTI - RELAPSE VS REINFECTION 

According to Kunin, following successful treatment, 80% of re
currences of UTI are due to reinfection with a new serologic type 

Table 6. Serogroups of E. Coli Isolated in Children with UTI* 

Pyelonephritis Cystitis ABU 
(%) (%) (%) 

E. Coli O-Groups 
79.8 58.7 31 .. 3 1,2,4,6,7,16,18,75 

Other Q-Groups 18.5 34.8 23.5 

Spontaneously 
Agglutinating 1.7 6.5 45.2 

*Data from U. Lindberg et al.: Acta Pae<;liatr. Scand. 64: -432, 
1975. 
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Table 7. Frequency of E. Coli K Antigen* 

Source of No. of K-Antigen (%) 
Isolates Isolates K-1 K-12 K-Typable (Total) 

Pyelonephri- 118 39 11 70 
tis 

Cystitis 108 16 3 53 

ABU 120 29 0 42 

Stools 100 26 0 55 
(Controls) 

*Data from Kaijser, B. et al.: Lancet, 1:663, 1977. 

of E. Coli or with new bacteria (11). The major interest in E. 
Coli serotyping rests on the need to differentiate, following a 
period of antibacterial treatment, relapses due to inadequate sup
pression of an organism from reinfection due to a new strain (Fig. 
4). Unfortunately, the serotyping of E. Coli is time consuming, in
volves many steps,and is not used in routine clinical laboratories. 
Another practical though unreliable approach to differentiate re
lapse from reinfection may be the bacterial sensitivity to various 
antimicrobials. An unchanged sensitivity may be due to an unchanged 
bacterial serotype. 

LOCALIZATION OF INFECTION 

The pendulum has been moving from the concept that aZZ UTI 
implies renal involvement, to the concept that there may be local
ized processes which involve either the lower or the upper urinary 
tract. Identification of the area involved may only be of academic 
interest; however, the evaluation and therapeutic approaches could 
be different (33,34). 

Several methods have been proposed to establish the area of 
UTI involvement (Table 8). Some are direct, others are indirect 
(noninvasive) methods. The result of the so-called direct method 
of localization must be interpreted with caution. The washout 
technique either with ureteral (35) or bladder catheterization (36) 
may give misleading results due to intermittent discharge of bac
teria from the kidney or because some bacteria may be carried up 
from the bladder, either by the catheter or by reflux. Some studies 
have shown that patients with the clinical diagnosis of pyelonephri
tis have elevated CRP and serum antibody levels (38). Our own ex-
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REINFECTION RELAPSE 

PRE-TREATMENT 

~ ~ ~ ~ ~ 
. 7 075:H5 :H • I 

IMMEDIATELY STE ILE STERILE STERILE S H. 0 
POST-TREATMENT I I , 

2 MONTHS 4 HONTHS 4 WEEKS 

rSgtgOLfI IESO~\4OLII FOLLOW-UP 

FIG. 4. Differences observed in bacterial cultures after treatment: 
reinfection (left side of figure) vs relapse (right side of figure). 
(From Zilleruelo, G. et al.~ unpublished observations). 

perience and that of others suggest a good correlation between an 
elevated quantitated CRP and a clinically diagnosed upper UTI. 

The presence of antibody coated bacteria in urinary sediment 
has been proposed as a method to diagnose upper UTI (39) (Fig. 5). 

Table 8. Localization of Infection 

Direct Indirect 

Renal biopsy 
Culture 
Histology 
Immunofluores-
cence 

Ureteric catheterization 

Bladder wash-out 

Urine antibody coated bacteria 

Serum antibodies (0 antigen) 

Urine concentration ability 

Urinary enzyme excretion 

CRP 

Erythrosedimentation rate 

Prednisolone stimulation test 

Serum autoantibodies to Tamm
Horsfall protein 
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ANTIBODY COATED 
BACTERIA 

flUORESCENCE + 

\"'A".! ' ......... " 
~O /~6~ 
~~ .-. ~O!.:.~ 

• + /II."~ 
I, \', 

ANTI-HUMAN GLOBULIN 
FLUORESCEIN 
CONJUGATED 

FIG. 5. Schematic representation of an indirect immunofluorescent 
method for detection of antibody coated bacteria in urinary sedi
ments. 

Results are contradictory and possibly depend on the criteria used 
to make the clinical diagnosis. Some results correlate poorly with 
bladder washout but correlate well with symptomatic UTI (40,41). 
Since it is an indirect qualitative measurement of the host anti
body response, it probably depends on age, moment of the collection, 
immunoglobulin response, etc. The measurement of lactic dehydro
genase isoenzym"es has been shown to be a reliable method of dif
ferentiating upper from lower infection, although there is an impor7 
tant zone of overlapping results (42). 

We could 8'ly that probably none of these tests alone can pro
vide sufficient information to make a firm diagnosis of localiza
tion. A combination of tests and thorough clinical evaluations 
should always be followed in order to attain reliable information. 

In summary, we have discussed several ways through which bac
teriology can help in the diagnosis and management of UTI. However, 
the most important is still the simplest one: the identification 
and quantification of the etiologic agent through uri~e culture 
and colony counting. 
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HIGHLIGHTS 
PATHOLOGY AND INTERSTITIAL NEPHRITIS 

Robert H. Heptinstall, M.D. 

Dept. Pathol., John Hopkins Univ. Sch. Med. Baltimore, 
Maryland 21205, USA 

Interstitial nephritis of the primary type is characterized 
by the appearance of inflammatory cells in the interstitium accom
panied by variable degrees of tubular damage but with no primary 
glomerular change. The interstitium is edematous in the early or 
acute stages but fibrosis is the rule in the chronic type. The 
cells are usually of a chronic type - lymphocytes, monocytes, 
plasma cells and eosinophiles - and these appear at an early stage 
in the process. In certain forms of glomerulonephritis there is 
an intense interstitial reaction and this can be referred to as 
secondary interstitial nephritis. 

The acute forms, in which edema is the distinguishing feature 
from the chronic type, are seen either as part of an infective pro
cess or as an adverse reaction to drugs. Polymorphs predominate 
in the infective types until they are replaced by·chronic cells; 
this occurs by the second week of infection in the experimental 
model. Chronic cells appear to predominate from the beginning in 
the drug related types. In the chronic forms there is usually con
siderable tubular loss accompanied by increase in interstitial fi
brosis; chronic inflammatory cells are present in variable numbers 
and glomeruli may become sclerotic in the more long standing cases. 
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ACUTE AND CHRONIC URINARY TRACT INFECTION 

Jorge de la Cruz-Paris, M.D., Ricardo Munoz-Arizpe, 
M.D., and Gustavo Gordillo-Paniagua, M.D. 

Dept. Nephrol., Hosp. Lorencita Villegas de Santos 
BogotA, Colombia and Dept. Nephrol., Hosp. Infantil de 
M~xico, M~xico City, Mexico 

Urinary tract infection (UTI) remains a public health problem 
since its incidence is still high in the pediatric age group. In 
addition, some patients with UTI develop progressive renal paren
chymal damage, mainly those cases associated with obstructive uro
pathy or vesicoureteral reflux (VUR). The prognostic signficance 
of renal parenchymal damage is emphasized by the fact that in 20 to 
50% of uremic children the primary cause of chronic renal failure 
is chronic pyelonephritis (1,2). In our experience, chronic pyelo
nephritis is seen only in cases with UTI and obstructive uropathy 
or VUR, as will be shown below. 

Considerations in this chapter are based on data gathered from 
current literature as well as clinical observations of patients with 
UTI from two pediatric nephrology wards, one at the Hospital Infantil 
de M~xico in M~xico City and the other at the Hospital Lorencita Vil
legas de Santos of BogotA, Colombia. Etiology of the infectious pro
cess, different techniques used to collect urine samples for cultur
ing, interpretation of the urine culture, presence or absence of pre
disposing factors favoring the infection, and progression to renal 
parenchymal damage and chronic uremia will be discussed. 

Definitions of acute UTI, chronic UTI, pyelonephritis and tubu
lointerstitial nephritis used here are as follows. Acute UTI, from 
the clinical viewpoint implies sudden onset of the infectious pro
cess withih the urinary tract, involving any portion of it. Positive 
urine cultures are mandatory to reach the diagnosis, but 1eukocyturia, 
hematuria and proteinuria also may be present. Acute UTI may be lo
calized in the bladder or lower urinary tract structures, without 
risking progression to renal parenchymal damage. However, the infec
ting organisms may reach the kidney either through the bloodstream 
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as in patients with sepsis, or by the ascending pathway through the 
bladder and ureters in cases of obstructive uropathy or VUR (3). 
Acute tubulointerstitial nephritis of bacterial origin may develop 
in the former situation; in the latter, chronic pyelonephritis is 
more likely to occur. Some cases of UTI with renal parenchymal in
volvement may develop acute renal failure, but others may show only 
a transient, slight reduction of renal function (4). 

Chronic pyelonephritis implies permanent renal parenchymal 
damage caused by repeated or constantly present infection. In our 
experience, all patients with chronic pyelonephritis have obstruc
tive uropathy or VUR, and show slow but progressive renal function 
impairment. Polyuria and polydipsia appear usually early in the 
course of the disease due to decreased urinary concentrating capacity. 
Symptoms of chronic uremia develop later, in variable lengths of time. 

Pyelonephritis is a histopathological diagnosis characterized 
by bacterial invasion of the renal parenchymal tissue, renal pelvis 
and calyceal system (3). Acute bacterial interstitial nephritis is 
characterized by the presence of an inflammatory process with micro
abscess formation within the renal parenchyma, as well as intersti
tial edema. Polymorphonuclear cells, plasma cells, some lymphocytes 
and eosinophils may be present, mainly in the interstitium. Tubular 
involvement is characteristic, with flattening of the epithelium and 
even destruction of the tubular structures by the inflannnatory pro
cess. 

Chronic interstitial nephritis is characterized by less edema 
and more fibrosis within the interstitium, as well as the presence 
of more lymphocytes and plasma cell infiltrates. Tubular atrophy 
and the presence of tubular casts are connnon ("thyroid-like appear
ance"). Most cases show glomerular involvement of variable degree, 
mainly thickening of the Bowmans'capsule, peri-glomerular fibrosis 
or hyalinization of the glomerular tuft. 

CLINICAL MANIFESTATIONS 

Suspicion of UTI arises from the clinical presentation. How
ever, signs and symptoms may not be quite characteristic in new
borns and small infants. In them malaise, loss of appetite, fail
ure to thrive, vomiting, diarrhea, jaundice, visceral enlargement 
and febrile or hypothermic episodes (usually associated with sep
sis), may be the clue to the presence of UTI. Sometimes during in
fancy, but more frequently in pre-school and school age children, 
urinary symptoms such as dribbling, interrupted voiding, bladder 
retention, dysuria, frequency and low back pain may indicate the 
presence of UTI. 
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DIAGNOSIS 

Demonstration of the infection should be based on positive 
urine cultures. The presence of leukocyturia, WEC casts, and in
creased leukocyte excretory rate are suggestive, but by no means 
diagnostic of UTI since non-bacterial renal inflammatory diseases 
may give similar urinary findings. Gram-stain of the urinary sedi
ment may be helpful, mainly in newborns, small infants and in quite 
symptomatic patients. In the latter antibiotics ought to be started 
before urine cultures are reported. 

Positive urine cultures are mandatory to reach the diagnosis of 
UTI. This sounds simple but often difficulties arise in daily clini
cal practice, mainly regarding reliability of the technique employed 
to obtain the urine sample and correct interpretation of results. 
Controversy may arise regarding the bacterial count obtained. Ac
cording to Kass, significant bacteriuria is present if more than 
105 col/ml are isolated in a morning, freshly voided specimen ob
tained by mid-stream voiding technique (5). Results should be in
terpreted as contamination of the sample if less than 103 are pre
sent. In-between values are considered doubtful and the culture 
should be repeated. This criterion is based on a study performed 
in adults whose urine samples were taken from the first morning 
voiding sample, thus allowing enough time for bacterial growth in 
the bladder. Interpretation difficulties may arise since a high 
water intake could reduce the number of colonies significantly, as 
pointed out by the same author. Moreover, Cattell studied the ef
fect of fluid loading on bacterial counts in hourly micturition, 
and showed that bacterial count decreases considerably after fluid 
loading (6). This situation resembles that of the newborn and small 
infants who have frequent voidings and diluted urines; it seems rea
sonable not to apply this criterion to these groups of patients. 

METHODS OF URINE COLLECTION 

Occasionally interpretation of the urine culture may be diffi
cult since "false positive" results may occur from contamination 
of the urine sample. Therefore, the technique employed to collect 
the urine for culturing is important and must be taken into account 
when interpreting results. Table 1 shows positive urine cultures 
taken by mid-stream voiding technique and by suprapubic puncture. 
The importance of the technique used is obvious since 13 positive 
urine cultures taken by mid-stream technique showed no growth by 
suprapubic tap. On the other hand, 20 positive results by supra
pubic tap were also positive by mid-stream voiding technique. Un
doubtedly, suprapubic puncture is the most reliable technique to 
collect urine for culturing; when the technique has been performed 
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Table 1. Comparison of Positive Urine Cultures in 33 Cases 
With Suprapubic and Mid-stream Voiding Techniques 

Suprapubic 

20 
o 
o 

Mid-stream 

20* 
o 

13 

*In 3 cases germs were different from those obtained by SP 
technique. From Children t s Hospital, Bogota, Division of 
Nephrology. 

properly any bacterial growth should be considered as significant 
bacteriuria and diagnostic of UTI. However, if midstream voIding 
technique is used to collect the urine sample, serial cultures are 
recommended to avoid mistakes in interpreting results. One culture 
with results different from the other two should be disregarded 
(Table 2). Serial cultures (three samples) compared well with 
samples taken by suprapubic tap (Table 3). 

INFECTING ORGANISMS 

E. Coli was the most frequently isolated bacteria from 167 
patients with UTI in Mexico City, as shown in Table 4. Other orga
nisms, such as proteus, pseudomonas and Klebsiella, may be isolated 
from patients who have undergone urological instrumentation. Gram 
negative as well as Gram positive bacteria also are frequently iso
lated from premature and newborn patients, associated mainly with 
sepsis. 

E. Coli also was the most commonly isolated bacteria from pa
tients studied in Bogota (Table 5). A higher incidence of E. Coli 
was found, almost 93% incidence in the initially diagnosed episode 
and about 95% in the recurrences. In the latter group this could 
be explained by the fact that in this series, a more reliable tech-

Table 2. Bacteria Isolated from 22 Urine Cultures 

Type of 
Culture 

Single 

Serial 

No. of 
Cases 

22 

10 

E. Coli 

12 

10 

Other 
Bacteria 

10 

o 

From Hospital Infantil de Mexico, Division of Nephrology. 
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Table 3. Bacteriological Correlation Obtained by Suprapubic 
Puncture and Serial Mid-stream Voiding Technique 

in 20 Cases with UTI 

Same Germ Different Germ 

Mid-stream 20 o 

Suprapubic 20 o 

From Children's Hospital, Bogota, Division of Nephrology 

nique (suprapubic puncture) was used to collect the urine sample. 
Undoubtedly, E. Coli is the most frequent cause of UTI, indepen
dently of the presence or absence of predisposing factors (ohstruc
tive uropathy, VU reflux, constipation, vaginitis, etc.). Forty
four patients with intra-urinary tract (intra-UT) predisposing 
factors were studied in Bogota and followed with repeated bacteri
ological studies (Table 6). Most of them grew E. Coli in the ini
tially diagnosed episode as well as in the relapses. Other bac
teria were less frequently isolated. Only E. Coli was isolated 
from patients with extra-urinary tract (extra-UT) predisposing 
factors. Nineteen recurrences were documented with the same orga
nism (Table 7). Twenty-six patients without predisposing factors 
were followed. Again, E. Coli was isolated in 25 patients and pro
teus was found in only one case. Recurrences also were due to E. 
Coli (Table 8). 

Table 4. Bacteriological ReBults of 167 Children with UTI 

Bacterial No. of Cases % 

E. Coli 65 40 
Proteus mirabilis 28 17 
Klebsiella 25 15 
Pseudomonas 20 12 
Mixed flora 11 7 
Proteus morgagni 5 3 
Coagulase neg. Staph. 3 2 
Coagulase pos. Staph. 2. 1.1 
Salmonella 2 1.1 
Strep. viridans 1 0.6 
Candida alb. 1 0.6 
Enterococcus 1 0.6 

From Hospital Infantil de Mexico, Division of Pediatric Nephrology. 
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Table 5. Urine Cultures Obtained by Suprapubic Puncture 
in Children with UTI 

Initial Relapses 
Bacteria No. % No. % 

E. Coli 76 92.7 106 94.6 
Proteus 3 3.7 2 1.8 
Pseudomona 1 1.2 1 0.9 
E. Coli + Proteus 1 1.2 2 1.8 
E. Coli + Pseudomona 1 1.2 
Aeromona H. 1 0.9 

From Children's Hospital, Bogota. 

PREDISPOSING FACTORS AND PROGNOSIS 

The prognosis of UTI depends mainly upon the presence or ab
sence of predisposing factors, since several patients with UTI as
sociated with urological malformations developed renal parenchymal 
damage and progressed to chronic uremia. Accordingly, the etiology 
of chronic renal failure of 211 children seen at the Hospital Infan
til de Mexico is shown in Table 9. Other authors have had similar 
findings (2,7). 

The incidence of urological malformations associated with UTI 
is shown in Table 10. One hundred twenty-seven out of 212 patients 
showed VU reflux and upper or lower obstructive uropathy. Predis
posing factors in relationship with the presence of pyelonephritis 
and lower UTI also were studied in the Children's Hospital of 
Bogota. Sixty-eight out of 100 children showed urological malfor
mations; 47 out of the 78 with lower UTI had predisposing factors, 

Table 6. Isolated Bacteria and Predisposing Factors 
in Children with UTI 

Isolated Bacteria* 

E. Coli 
Proteus 
Pseudomona 
E. Coli + Proteus 
E. Coli + Pseudomona 
Aeromona H. 

Intra-UT Predisposing Factor 
Initial (44) Relapse (71) 
No. % No. % 

39 86.6 65 91. 6 
2 4.5 2 2.8 
1 2.3 1 1.4 
1 2.3 2 2.8 
1 2.3 

1 1.4 

*Obtained by suprapubic puncture. From Children's 
Hospital, Bogota. 
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Table 7. Isolated Bacteria and Predisposing Factors 
in Children with UTI 

Isolated Bacteria* 

E. Coli 
Proteus 
Pseudomona 
E. Coli + Proteus 
E. Coli + Pseudomona 
Aeromona H. 

Extra-UT Predisposing Factor 
Initial (12) Relapse (19) 
No. % No. % 

12 100 19 100 

*Obtained by suprapubic puncture. From Children's 
Hospital, Bogot~. 
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whereas 21 out of 22 with pyelonephritis showed predisposing fac
tors associated with infection (Table 11). 

Also important is whether a predisposing factor is localized 
inside the urinary tract (vu reflux or obstructive uropathy), or 
outside (constipation, vaginitis). Regarding this, 100 children 
with UTI were studied in Bogota; 76.5% had intra-UT predisposing 
factors and 23.5% showed predisposing factors outside the urinary 
tract (Table 12). Only patients with intra-UT predisposing factorE 
showed chronic infection, while a few cases with extra-UT predis
posing factors or without predisposing factors, showed recurrences. 
None of them went into chronic infection or chronic uremia; all 
eventually cured. 

Table 8. Isolated Bacteria and Predisposing Factors 
in Children with UTI 

Isolated Bacteria* 

E. Coli 
Proteus 
Pseudomona 
E. Coli + Proteus 
E. Coli + Pseudomona 
Aeromona H. 

No Predisposing Factor 
Initial (26) Relapse (22) 
No. % No. % 

25 
1 

96.1 
3.9 

22 100 

*Obtained by suprapubic puncture. From Children's 
Hospital, Bogota. 
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Table 9. Etiology of Chronic Uremia in Children 
from Three Different Studies 

Diagnosis 

Glomerulopathies 
Obstructive Uropathy 

and UTI 
Renal Hypoplasia 
Hereditary 
Nephropathies 

Vascular 
Nephropathies 

Miscellaneous 

Hospital Infantil 
de M~xico (1) 

211 Cases % 

56.5 

19.5 
5.5 

5.0 

0.5 
13.0 

Habib 
et al. (2) 
270 Cases % 

26 

21 
22 

23 

4 
4 

Holliday 
et al. (7) 
53 Cases % 

45 

15 
10 

13 

4 
13 

From Gordillo-Paniagua, G. et al. Nefrologia Pediatrica. Asoc. 
Med. Hosp. Inf. Mex. 418, 1976. 

SITE OF INFECTION 

Another puzzling problem is the location of the infection. 
Clinical signs and symptoms of UTI are non-specific in many pa
tients. Moreover, some patients with UTI are asymptomatic. Di
verse procedures have been devised to provide a reliable diagnos
tic approach. X-ray studies are not reliable procedures to diag
nose UTI or to localize the infection site. X-rays may disclose 
renal parenchymal alterations (changes in kidney size, scarring, 
etc.), but their real usefulness is to demonstrate the presence or 
absence of obstructive uropathies and/or VU reflux accompanying 
UTI (predisposing factors). Activity of urinary enzymes such as 
catalase (8), lactic dehydrogenase (9), and betaglucuronidase (10) 
also have been assessed to localize the site of infection; they 
are excreted in large quantities upon the presence of renal paren
chymal damage, in contrast to infections localized in the lower 
urinary tract. About a decade ago, Fairley et al. (11) devised 

Table 10. Urologic Malformations in 127 Children with UTI 

Renal parenchymal alterations 8 
Upper urinary tract alterations 101 
Lower urinary tract alterations 68 
Vesico-ureteral reflux 35 

Total 212 

From Hospital Infantil de M~xico, Division of Nephrology. 
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Table 11. Predisposing Factors and Localization 
of the Infection in 100 Children with UTt 

Site No. Cases PF 

Lower UTI 78 47 
Pyelonephritis 22 21 

Total 100 68 

From Children's Hospital, Bogota, Division of 
Nephrology. 
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the bladder washout technique in order to culture urine coming di
rectly from the kidneys; more recently, indirect methods of mea
suring serum antibodies to Tamm-Horsfall protein and to the infect
ing organism (different strains of E. Coli) have been assessed in 
clinical research (12,13). Again, controversial results lead to 
the opinion that none of these techniques is one hundred percent 
reliable, nor in most cases, practical in daily clinical practice. 
Since the original report of Thomas et .a1. (14), numerous others 
seem to confirm the validity of a simple, non-invasive technique 
to detect antibody-coated bacteria in urinary sediment which ap
pears to correlate well with the site of infection. The suggested 
technique consists of treating washed urine sediment with fluores
cein-conjugated antihuman globulin of horse origin. Positive fluor
escence of antibody-coated bacteria is shown when the infecting or
ganisms are located within the renal parenchyma, whereas negative 
results indicate the presence of cystitis (15). However, other 
clinical situations (prostatitis), may make the test positive (16). 

Other more invasive radioisotopic techniques have been used 
to detect alterations in renal uptake of isotopes within cortex 
and medulla (67-gallium citrate) in cases of acute pyelonephritis 
(18,19). All of these techniques are non-specific to localize the 
site of infection. 

Table 12. Predisposing Factors in 100 Children 
with Urinary Tract Infection 

PF No. Cases % 

Intra-UT 52 76.5 

Extra-UT 16 23.5 

From Children's Hospital. Bogota. Division of 
Nephrology. 
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Assessment of renal function is another important matter. 
Clark et al. (17) studied correlations between site of infection 
and maximal concentrating ability in patients with bacteriuria. 
This renal function parameter may be altered early in the presence 
of an infectious process involving renal parenchyma. Other indexes 
of renal function may be altered during the course of the disease. 
However, none of them are specific regarding the presence or ab
sence of infection, nor the site of infection if present. However, 
assessment of renal function may be viewed from another angle. 
Since chronic UTr may lead to far advanced renal failure, frequent 
assessment of renal function becomes quite important. At times, 
doubt arises regarding whether or not a surgical correction should 
be carried out, mainly in the initial urological assessment (for 
instance, in patients with mild or moderate VU reflux). Besides 
the urological assessment, renal function evaluation can be help
ful in deciding upon conservative or surgical management. Routine 
studies such as maximal concentrating capacity after fluid intake 
restriction, fractional excretion of sodium and renal failure in
dex, are easily available. 

TREATMENT 

Antibiotics and surgical procedures used properly and early 
in the course of the disease can prevent renal parenchymal damage 
and progression to renal failure. The choice of treatment with 
antibiotics depends upon in-vitro and in-vivo sensitivity of the 
isolated bacteria. Bacterial sensitivity or resistance, on the 
other hand, may vary according to geographical circumstances. 
Self-prescription and antibiotic abuse may change bacterial sensi
tivity in some areas. Thus we recommend periodic local bacterial 
sensitivity assessment. 

Bolus treatment with a single antibiotic has been recommended 
in uncomplicated cases of UTI (20,21). Long term treatment may be 
indicated in some patients with urological malformations if conser
vative approach has been chosen, or in some of those for whom sur
gical management has to be delayed (22). 

In addition to treatment with antibiotics, an intravenous 
pyelogram and urethrocystogram are recommended to rule out obstruc
tive uropathy and/or VU reflux, once the diagnosis of UTI has been 
reached. This clinical approach stands regardless of age, sex, 
and whether or not the infection is a recurrence or first episode. 
Further diagnostic studies and management of UTr should be planned 
on an individual basis. 
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PANEL DISCUSSION 

Moderator: Jos~ Strauss, M.D. 

Div. Pediatr. Nephrol., Dept. Pediatr., Univ. Miami Sch. 
Med., Miami, Fla. 33101, USA 

QUESTION: Some of the panelists mentioned that the hypersen
sitivity reaction caused tubulointerstitial changes. Is it that 
all the patients who have hypersensitivity reaction to penicillin 
or antibiotics have "a touch" of renal failure or is it that there 
are some kinds of predisposing factors which make that patient 
"special" as compared to others? 

RESPONSE: I'm not really sure. The reason I deferred to my 
colleague here is that I didn't understand the question. I under
stood part of it. Part of the question was, is the clinical pre
sentation or the renal manifestation the same in all these cases? 
I don't think that this is necessarily true. What I think is 
fairly common (and ought to be) is that we do get some elevation 
in the serum urea nitrogen but probably only a minority do go 
along to develop a very severe form of renal failure. Another very 
common feature that I should have mentioned, and this is particular
ly true in the methicillin group, is hematuria. If you look at the 
recorded cases of methicillin hypersensitivity, hematuria probably 
is the single most common feature one encounters. 

The other part of the question was: are there certain people 
likely to be more susceptible than others? I think that would be 
a very difficult thing to test. Clearly, if you have been exposed 
to a certain drug and you are highly sensitive to it, then you are 
going to react adversely. I saw a very dramatic example of this. 
This was a man who was being treated for some sort of convulsions 
with Dilantin. Some evidence came forward that he was sensitive 
to this drug. I can't remember what the circumstances were but in 
the end he was taken off Dilantin. Several years later he came 
into a hospital where he was not known and was put on Dilantin 
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again. Within about 48 hours he ran into very big renal problems. 
I'm not sure really if that answers your question. If it is that 
are there certain people who are more likely to have this trouble 
than others, I really can't answer that. 

RESPONSE: I don't think that anybody has studied the problem. 
There are no kidney biopsies which could answer this question. I 
think that it is very difficult to give you an answer. 

RESPONSE: From the clinical point of view, we have seen 
several cases with this type of problem. We have a wide variation 
of etiological agents and also a great deal of variation in the 
renal functional deterioration. There are some very slight mani
festations of reduced GFR and others with acute renal failure. 
Also, there are many cases with hematuria or proteinuria but with
out acute renal failure. We were unable to find any predisposing 
factors in those cases. 

RESPONSE: You are asking if there are predisposing factors. 
I believe that, from the clinical point of view rather than from 
the laboratory point of view, probably it is difficult to predict 
which patients will progress to chornic renal failure and which 
will recover. In my experience, there are some patients who have 
hypersensitivity to methicillin who develop a very mild, transient 
tubulointerstitial nephritis and others who develop a very severe, 
chronic, progressive tubulointerstitial nephritis and chronic renal 
failure. I think that your question should be phrased in terms of 
what is the predisposition of the patient to develop strong, very 
severe hypersensitivity reactions. If it is an immunological con
dition, certainly you have to go back to the genetic predisposition 
to hypersensitivity reactions. The problem is that we cannot evalu
ate these antibodies. We cannot evaluate the level of pre-existing 
antibodies. We cannot systematically screen the patient for the 
presence of antibodies which are difficult to detect. These are 
antibodies which result as a consequence of an active system. RNA 
is a chemical substance which binds to some proteins, perhaps a 
tubular basement membrane component, perhaps plasma proteins which 
we don't know very well. So, we have no way to screen these pa
tients. In the very few patients in whom it was possible to make 
the screening, we knew from previous episodes that the patients 
made antibodies to methicillin. If we give methicillin again, we 
are going to produce a very severe tubulointerstitial reaction. 
If we take a biopsy exactly at that moment - when the urinary find
ings and the clinical symptoms appear - we can see,by the renal 
biopsy evidence of massive mast cell and basophilic degranulation -
a phenomenon similar to the massive changes of immediate type hy
persensitivity. The outcome of this type of disease certainly de
pends upon the severity of the lesion and the possibility of heal
ing. If we have a patient who has repeated episodes of inflammatory 
reactions he is certainly going to develop interstitial fibrosis, 
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tubular atrophy, progressive loss of nephrons, and, in the long 
range, he is going to develop chronic renal failure. We know this 
on the basis of a few observations and we don't know the whole 
story. There are only a few renal biopsies and we usually take a 
biopsy when it's too late and we don't see the phenomenon of mast 
cell degranulation or presence of antibodies to GBM. We can imagine 
what will happen but, really, we have no solid proof. 

QUESTION: In the tubulointerstitial nephritis due to hyper
sensitivity reaction to different drugs, is there a different histo
pathological reaction in each case? 

Also, is there any particular segment of the tubule that is 
more sensitive to the adverse reaction? 

RESPONSE: In answer to the second part of your question, with 
quite a few of the drugs, if you read the various accounts on this, 
it would appear that the distal part of the tubule seems to be more 
susceptible than the proximal. But I am just giving this informa
tion on the basis of recorded cases. As you know, certain people 
are good pathologists but they are not exactly precise in describ
ing just where the lesion is. Of course it is very often difficult 
to tell which particular segment you are seeing being damaged. 
But the answer is that where this has been precisely pointed out 
in a paper, it is more the distal part of the nephron rather than 
the proximal convoluted tubule. 

As for the first part of your question, "are there any speci
fic histologic findings from one agent to another?",in my own ex
perience, I don't think there is. If you, for example, were to 
give me a biopsy and say, "alright, what is the agent that caused 
this?", I would not be able to tell. I think you would have some 
idea, though, as to whether you were dealing with a hypersensitivity 
reaction or a direct action on the tubules. I think probably eosino
phils would be much more commonly part of the reaction if it were 
hypersensitivity but this is not a very common feature of the gen
tamycin or keflin type of case. I think there would be a more pre
dominant tubular damage although this again would not be absolute 
because the currently accepted concept is that with drugs like 
methicillin the damage occurs through the tubular basement membrane 
which obviously would be affecting the tubular cells. One of the 
members of this Panel has done quite a lot of experimental work on 
this; I wonder if he has seen any sort of patterns coming out of 
all this? 

RESPONSE: It is the hypersensitivity reaction which is medi
ated through antibodies to tubular basement membrane, though I think 
really that it occurs in the minority of cases. The drug reaction 
which we usually use in the laboratory is experimental hypersensi
tivity tubulointerstitial nephritis; it does not have demonstrable 
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anti tubular basement membrane (anti-TBM) antibodies. If there are 
antibodies against tubular basement membrane, it is usually the 
proximal convoluted tubule which is involved. The reason is not 
clear but the antigens which are responsible for this immune re
sponse are present, in both experimental animals and in humans, 
mainly in the proximal convoluted tubule. 

COMMENT: That certainly seems to be true with the sickle cell 
anemia and trait patients who were studied by Strauss, Pardo and 
Kramer in Miami together with McIntosh and Ozawa in Denver. Even 
though the sickle cell anemia cases were all from Miami and the 
trait case was from Denver, all cases exhibited histological, elec
tron microscopic, immunofluorescent and immunological changes. 

COMMENT: The patients with sickle cell anemia developed im
mune-complexglomerulonephritis; the antibodies were against antigens 
localized in the brush border of the proximal convoluted tubules. 
If these patients had developed an antibody against tubular base
ment membrane we would have had combined damage to the tubular base
ment membrane probably due to some cross reactivity. But that was 
not the case. In Hyman's experimental nephritis, a disease which 
is produced by circulating immune-complexes of brush border antigens 
and their antibodies, sometimes there are antibodies against tubular 
basement membrane. 

QUESTION: We work with children and very often we see hema
turia and the clinical picture of methicillin-induced nephropathy. 
We don't usually biopsy them. My question is: is there any rela
tion between the severity of the clinical picture, biochemical 
changes, and renal lesions? Should we biopsy all of them or which 
patients should be biopsied? How long do you follow them? 

RESPONSE: I would not advise to biopsy most of the cases be
cause of simple hematuria or proteinuria. The cases I have biopsied 
are those who have had acute renal fai.lure or nephrotic syndrome or 
something like that. 

COMMENT: I don't know anything about methicillin-induced ne
phropathy but I am very surprised by the results of our colleagues 
that show that some of the cases have antitubular basement membrane 
antibodies and some have not. I really don't know why there are 
those two types of patterns. Of course, in the sense of being able 
to evaluate the prognosis and things like that, I'm not sure that 
the biopsy is going to be very useful; but, in order to understand 
what is going on in this type of reaction to methicillin, I think 
it should be done. The presence of anti tubular basement membrane 
antibodies is not that frequent in human pathology that we can for
get about all the other things we have to learn about. We must 
find a good experimental way of producing antitubular basement 
membrane antibodies. 
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COMMENT: We must be very careful to point out that probably 
the anti-TBM finding would account for only a certain number 
of the methicillin cases. I think it's really a complete mystery 
why so few do have positive immunofluorescence around the tubules. 
There was quite a large series that came out where they had 7 
cases of methicillin hypersensitivity. Immunofluorescence was 
done in each of them and it was negative in the tubules. Then, 
later on, they finally came up with this other case in which 
there was positive immunofluorescence. But on this score I have 
some ideas. After giving adjuvant as 'tubular basement membrane 
to guinea pigs, there is an initial reaction which is rather vio
lent and which could be called acute interstitial nephritis; at 
this time, linear fluorescence around the tubules can be demon
strated. But, if you leave these animals, then you are no longer 
able to demonstrate the linear fluorescence nor the presence of 
circulating antibodies. I just wonder if this possibly could not 
explain some of the cases in man. Maybe it's the time at which they 
are being biopsied. I don't think you can, but I think it would 
be a thought. Perhaps you'd like to comment about how quickly in 
your experimental model you lose the ability to demonstrate posi
tive linear immunofluorescence around the tubules, and the pre
sence of circulating antibodies. 

COMMENT: Well, it's a difficult question which I certainly 
cannot answer in detail but I can summarize what we know on the 
basis of experimental pathology. We know that there are only some 
animals which belong to certain subspecies which develop anti-TBM 
antibodies. So we need a genetic predisposition which is the re
sult of the presence or absence of the appropriate antigen in tubu
lar basement membrane. You can show the presence or absence of 
these antigens very nicely by using the experiment of renal trans
plantation. The second factor is the presence or absence of func
tional T helper cells; without these cells you do not develop anti
TBM or anti-GBM antibodies. So, there are several components 
which explain why probably only certain individuals develop anti
bodies to glomerular and tubular basement membranes. 

There is also the question of persistence. How long do the 
antibodies persist in the circulation? Well, antibodies to glomer
ular and tubular basement membranes persist in circulation for a 
relatively short period of time because there is so much antigen 
available that all the antibodies which are produced are bound to 
to the basement membrane and the antigen. Thus they may be 
quickly removed from the circulation. Severity of the damage de
pends on the amount of antibodies which are produced and the type 
of mediator which various animals are able to provide in order to 
develop the inflammatory injur~ such as complement, polymorpho
nuclear lymphocytes, and other types of cells like macrophages. 
Severity of the disease is proportional to the amount of antibodies 
produced and remaining in circulation. So, that is why it is so 
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important that we use plasmapheresis or plasma exchange in these 
patients. If you can remove the antibody quickly you have much 
better chances of saving the tubules; this is very difficult to do 
because you first have to make the diagnosis with a kidney biopsy. 
I agree that the renal biopsy is extremely important in these pa
tients. If you find anti-GBM or anti-TBM disease you are entitled 
to start extensive plasmapheresis; this is the only treatment at 
present. In the future, we may have a column of material coated 
with the GBM or TBM antigens through which the patient's serum is 
passed in order to remove the antibody. This system is not yet 
available but perhaps it will be in the near future. Dr. McIntosh 
was working on this column in Denver at the time of his death. 

Finally, regarding the disappearance of linear stains of tubu
lar and glomerular basement membranes, we know very little about 
persistent disappearance in humans. Anti-TBM disease in man is 
extremely rare. In our own experience, it is about .0006%. We 
have seen one patient whom we reported. But in animals, going back 
to the guinea pig which is the classical model, the linear staining 
quickly disappears and disappears because the macrophages, the 
cells which participate in the development of the disease, phago
citize and destroy the TBM. So, disappearance of linear staining 
is the consequence of destruction of the TBM. If this happens in 
man, we really don't know, but certainly in man there are very few 
macrophages and giant cells; in guinea pigs with this disease, there 
are extraordinarily large numbers of macrophage, epithelioid, and 
giant cells, all actively involved. 

MODERATOR: I wonder if, in our wild thoughts/hypotheses, we 
couldn't think of other factors which may be associated with the 
development of anti-tubular basement membrane antibodies or their 
deposition in tubular basement membrane. In a case which was pre
sented here a couple of years ago and which came out in one of our 
books, we had a patient with heart failure and then cardiac arrest. 
I wonder whether poor perfusion could produce a certain damage to 
tubular basement membrane which could lead to the deposition. Is 
that possible? Is there anything else that would explain why in 
some cases there is deposition and in others not? 

RESPONSE: The question is difficult because it involves the 
usual problem that we have to consider every time we have an auto
immune disease. The first hypothesis is that we have tolerance 
and that this tolerance is broken at a certain point when there 
is mutation of lymphocytes; this is a very unlikely possibility. 
The second hypothesis is that at a certain point, there is an in
crease in antigen which is introduced into the circulation or an 
antigen which is immunochemically different and therefore is not 
recognized as self, is released into the circulation. The third 
hypothesis is that some exogenous factor which by chance cross
reacts with the autologous antigen is introduced from the outside. 
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So, we have these three hypotheses developed in the last twenty 
years. The first hypothesis (mutation of lymphocytes) was discussed 
many years ago and is no longer considered likely, especially to 
explain autoimmune hemolytic anemia. The second hypothesis (in
creased amount of antigen perhaps of basement membrane) is a very 
challenging and interesting hypothesis. If we consider that the dis
ease is not a disease of the basement membrane, but is a disease 
of the cells which manufacture or produce basement membrane, we can 
imagine that for some reason that we don't know,they start produc
ing increased amounts of basement membrane or a basement membrane 
which is qualitatively different and then there is obviously an 
antibody response. For the third hypothesis (exogenous antigen), 
so far there are only a few leads. For instance, the influenza 
type A2 found during an epidemic in the first world war, may be asso
ciated with anti-TBM or anti-GBM disease. Certainly I think that 
the most recent data show that at least for the lung involvement, 
the frequency and severity of lung pathology is not proportional 
to the level of antibodies present in the circulation. Perhaps 
there is some co-factor that we don't know which could damage the 
lungs such as hydrocarbons. For instance, animals exposed to mini
mal amounts of mercury chloride develop antibodies to GBM and TBM, 
(especially TBM) for reasons still unknown. We don't know which 
is the antigen(s), probably a component of the collagen present in 
glomerular and tubular basement membranes (especially tubular). 
The staining is linear and lasts for several weeks and then while 
the disease progresses, more is released into the circulation, 
antigen-antibody complexes circulate and complexes are formed in 
situ with the collagen mass antigen. So, perhaps chemicals or 
agents of pollution may be those co-factors. 

QUESTION: We as pediatricians often use gentamycin particu
larly against septicemia m small infants. We wonder if there is 
any dose-related toxicity or if there is any time that the toxicity 
wouldn't appear, especially since some groups recommend higher doses 
per kilogram of body weight for small children. My specific ques
tions are: is there any dose which is time related to toxicity? 
Have you seen a difference in toxicity depending on the age of the 
patients? 

RESPONSE: I think this is very challenging for any pediatric 
pathologist. The only thing I can say about that is that certainly 
experimentally this is very, very much dose related. I can't give 
you any idea of what dosage you should use but certainly all the 
work pretty well shows that the higher the dose of any of these 
agents that were listed as having a tubular effect, the more likely 
they are to cause tubular damage. But on the actual human side of 
it, for giving of certain doses, I'm really not in a position to 
answer. Some of the clinicians here may be able to do so. 
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RESPONSE: We have studied this a few years ago but have not 
yet published this work. There were 120 patients, all newborn and 
premature babies treated with kanamycin and gentamycin. The two 
agents were not given together; it was one or the other. We had about 
37 cases which developed urinary findings, including microscopic he
maturia and red cell casts. Only 5 patients had elevation of BUN 
and serum creatinine; they were very sick patients with sepsis 
and with dehydration. We gave the recommended doses. So after 
that study we believe that the damage is not dose-related because 
even with the recommended doses you can get functional and maybe 
histological changes. We did not biopsy any of them; they all re
covered. 

RESPONSE: I am a very firm believer in the concept of the 
sensitized kidney. I think it goes along exactly with what my col
league was saying. The kidney is sensitized by some other ongoing 
process. For example, dehydration, depletion, hypertension, another 
drug, or a combination of an aminoglycoside with a diuretic. The 
clinical setting in large part is going to be a determinate as well 
as dose and duration. That makes it very difficult to separate 
these factors out in human patients as opposed to experimental 
models where it can be separated out, so that there is a predictor 
of those patients who are likely to get into difficulty with amino
glycoside antibiotics. The other side of the coin, however, is very 
important and I think it is one which has to be kept in mind when 
dealing particularly with critically ill patients. That is that 
if one is so concerned with what will happen with the kidney one 
can forget about the necessity for having a bacteriotoxic or bac
tericidal dose of any antimicrobial agent. It certainly does not 
do the patient any good to attempt to have the kidneys function 
when the patient is either in deep shock due to gram negative sep
sis or when the patient is nearly dead. It is essential that blood 
levels be followed and in critically ill patients that laboratory 
determination of the effectiveness of the antibiotic be carried out 
in vitro. 

QUESTION: One of the the panelists presented a couple of' 
slides where he had a scheme for the workup of patients. One of 
them had like a grade II abnormal upper tract and no reflux but 
he recommended urological studies and then kidney biopsy. Is it 
worthwhile? Maybe I just didn't read between the lines. 

REPONSE: You are referring to the patient with the recurrent 
UTI. The workup depends on the clinical situation. If we see 
recurrences or even if we think we are going to lose the patient 
from our clinic because the mother is not reliable, we do an IVP 
and we do a voiding cystourethrogram. 

QUESTION: But if it is normal, and the patient has recurrent 
UTIs then you would suggest doing kidney biopsy and urological 
workup? 
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RESPONSE: No. 

QUESTION: You would just follow them? 

RESPONSE: That's right. Once we have a normal IVP and nor
mal VeU,we don't do anything else. 

QUESTION: When would you recommend radiological workup in 
children with UTI? 

RESPONSE: Since we are extremely interested in knowing if 
the patient has an obstructive uropathy, I prefer doing the urolog
ical workup after the first episode of UTI. 

QUESTION: Over the last two years we have been following gen
tamycin levels in terms of the pharmacokinetics of the drug. We 
found that the metabolism of the drug differs a great deal depend
ing on body size of infants and the degree of clinical illness. 
Very catabolic children showing a high fever and manifesting a 
major response to sepsis often require large doses of gentamycin 
to maintain serum levels which we consider in the therapeutic 
range - between 4 and 8 ~g/ml. Trying to monitor this by blood 
levels, it has been our clinical impression - I don't have any 
really hard numbers in yet - that we markedly reduced the incidence 
of nephrotoxicity. There is the implication that following drug 
levels is at least as reliable a way of monitoring gentamycin tox
icity in the absence of lisozymuria or other urinary changes as all 
the other methods being used. We find that on a meter square basis 
the blood levels are much more reliable than using a fixed milli
gram per kilogram dosage which ranges in small children from 1 
to almost 3 mg/kg/dose of gentamycin. There is a tremendous vari
ation in terms of the blood levels that one gets. 

RESPONSE: I think this is an extremely important concept. 
It is the blood level that is the critical factor both in terms 
of nephrotoxicity and in terms of killing the organism. The rules 
of 9 and rules of 8 that have been elaborated based on pharmaco
kinetic studies have been adequately shown not to correlate very 
well with the blood levels. Trying to predict a blood level using 
one of the rules based on creatinine frequently is the source of 
major error either by overshooting and thereby putting the patient 
at risk for nephrotoxicity, or undershooting and thereby putting 
the patient at risk for continued progress of infection. 

QUESTION: What about urinary levels? What role does this 
play? Is there a correlation with renal damage? 

RESPONSE: I can't tell you from personal investigation or 
experience. We have had our infectious disease people attempt to 
determine urinary levels for us. They have done this and I know 
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it can be done but I can't really answer your question specifically 
as to whether or not they correlate with nephrotoxicity. What we 
were looking for specifically was whether we were getting enough 
gentamycin in the urine for the antibiotic to kill the urinary bac
teria. 

QUESTION: Are the antibiotic urine levels more meaningful 
than serum levels in terms of the killing power of urinary bacteria? 

RESPONSE: Again the question that we always ask in chemother
apy of any kind is: is the drug which is being administered to the 
patient getting to the target tissue? If one gives a drug that has 
extremely high serum levels but does not get into the urine to 
reach the germ that one is trying to attack, one has a problem~ 
especially if the drug is toxic at those levels. This is a criti
cal point. Most antibiotics which we use are given at normal 
renal function and will get into the urine. But antimicrobials 
which are excreted mainly through the kidneys will not get in the 
urine in adequate amounts when the renal function is abnormally 
low. Such an example are the nitrofurantoins. In addition, toxic 
problems are increased. 

COMMENT: In terms of gentamycin, it has been shown that con
centrations in the urine are quite larger (up to 50 times) than 
the concentration in the serum. Gentamycin is actually concentra
ted in the renal cortex and that's why the potential risk for the 
nephrotoxicity. In terms of bacteriology, we have to correlate 
always the level that we are obtaining in a fluid or a tissue with 
the minimal inhibitory concentration for the bacteria we are treat
ing; it's the ratio of the level on that fluid versus the MIC of 
the bacteria in question that is really important. In general, it 
is 2 to 4 times higher levels that need to be reached in the final 
fluid as compared to the MIC in ~g/ml. 

QUESTION: I would like to ask a question concerning the eti
ology of interstitial nephritis. One of the panelists mentioned new 
bacterial mechanisms. I was wondering about viral mechanisms. 
We recently had an 18-year-old patient with infectious mononucle
osis and two weeks later had acute interstitial nephritis without 
glomerular involvement and went into acute renal failure. I would 
appreciate comments on this, please. 

RESPONSE: I can't really comment on it terribly intelligently. 
I have also seen a case of mononucleosis with interstitial reaction. 
I suppose viruses can do this. I don't think that's enough to com
ment on it. 

COMMENT: We have the example of the cytomegalovirus which 
can produce a very typical interstitial nephritis, too. I've seen 
cases of herpes and varicella with kidney involvement. I think 
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that all these viruses can very well produce interstitial nephritis. 
The problem is that you can recognize herpes-varicella virus and 
cytomegalovirus because you have specific cells but there are pro
bably other viral infections that can cause exactly the same thing 
and you cannot identify what type it is because you don't have the 
specific cells. 

QUESTION: Was there a biopsy on your case of mononucleosis? 
Was it a pure interstitial nephritis, without glomeruli involved? 

RESPONSE: Unfortunately, we had only a few glomeruli in our 
specimen but there was no involvement of the glomeruli we had. 

QUESTION: To go back to the question asked before, I'd like 
to give a specific answer to the question - hopefully to elucidate 
some further comment from the panel. Any child that has a normal 
IVP and a normal cystogram and has recurrent UTls,does he/she need 
to have a cystometrogram and cystoscopy? Unfortunately in these 
children (most specifically little girls), we are going to miss 
p~thology if we don't do a good examination of the female genitalia. 
All of us know how difficult that is to do on an awake little girl 
on most occasions. Secondly, urethral pathology, such as stenosis, 
may be missed. I realize that among a lot of people that's very 
controversial; however, one uses calibration to determine size of 
the urethra to be expected in a female if that diagnosis can be 
arrived at or excluded. Such aspects as neurogenic bladder, in
complete emptying of the bladder, urethral polyps and so forth will 
be missed if these children are not cystoscoped. 

MODERATOR: Any further comment? 

QUESTION: In order to make the diagnosis of neurogenic blad
der, do you need a cystoscopy or can you make that diagnosis from 
a post-voiding cystogram? 

RESPONSE: I think the diagnosis can be made by post-voiding 
residual urine and cystometrogram. A cystoscopy helps one to 
determine questionable cases of neurogenic bladder. But in the 
more severe ones it determines such changes as trabeculation, 
whether or not there's spasm of the bladder and so forth. We could 
go next into the use of urodynamics but I don't think we want to 
get into that at this point. 

COMMENT: I think one of the dominant driving forces for 
clinicians in taking care of patients should be fear. Fear goes 
in two directions. One, fear of doing harm by excessive proce
dures. Second, fear also of doing harm by not looking for some
thing that might be there. This comes under a nebulous and myster
ious umbrella of "clinical insulation and clinical experience". I 
think, in general, if the base studies are negative and urinary 
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tract infection continues to recur, then this is the time when 
cystoscopy should be done. I don't think they ought to be done 
routinely on every patient. I don't think that is what was being 
suggested. Dr. Strauss was interested in stirring up some contro
versy in the ranel. That really hasn't happened too much, but 
I've been delighted with some of the controversy that's appeared 
in the audience. I walked into a full scale battle during the 
coffee break. One of the nephrologists in the audience said, "I 
never catheterize anyone to obtain a specimen for culture", 
countered by one of the urologists who stated, "I catheterize 
everybody to look for urinary tract infections, and get urine 
cultures ••• ". On that basis of "agreement", there is tremendous 
discrepancy in what is believed as being right. There probably 
is no "right". What has to be done, though, is to approach pa
tients intelligently, in a way which will yield data without doing 
any harm to the individual patient. 

At this point, I would like to comment on catheterization in 
general. We haven't really talked about prevention of urinary 
tract infection. I did allude.to the catheter as a source of in
fection. The data are extremely clear on catheterization. I think 
that the minimum one can expect from routine catheterization no 
matter how carefully done, is about a 1% incidence of infection. 
This can be a little less frequent when people are trained to do it 
themselves. For example, paraplegics can catheterize themselves 
as often as three or four times a day and have an extremely low 
incidence of infection. Catheter teams, GU technicians, can be 
trained to catheterize patients pre-operatively; obstetrical ser
vices, urological services, or spinal cord injuries services, can 
greatly minimize the incidence of catheter-induced infection. Ob
viously, patients who are going for gynecological surgery, certain 
kinds of urologic surgery, have got to have an indwelling catheter 
placed if for no other reason than localization. The catheter 
need not stay in there forever. Somebody has got to decide when 
(post-operatively) it's best for it to come out. Somebody has 
to connect it to closed drainage. Somebody in the hospital has 
got to make certain that the closed drainage is never broken. 
Somebody has got to train the nurses not to break the closed drain
age for the purpose of obtaining urine for culture and sensitivity. 
The most blatant example is the patient in whom urinary sugar and 
acetone is ordered every four hours because the patient is diabe
tic. And every four hours the connection is broken in order to 
obtain urine, and thereby virtually assuring that pseudomonas or 
some other nasty beast will quickly find its way in. There are 
now closed catheters drainage systems manufactured with access 
ports on them so that with proper aseptic techniques, urine can 
be withdrawn from them without breaking the sterility of the sys
tem. So I make a strong and impassioned plea: 
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1. To catheterize only patients who absolutely require it; 
2. To maintain the most rigid aseptic techniques possible; 
3. To make certain that a closed drainage system has appro

priate air locks built into it; 
4. That the catheter collection bag is hooked in some way 

to the side of the bed or bedrail so that it's below 
the level of the patient, but yet does not drag on the 
floor; and 

5. That the individual who is transported to radiology, 
usually to get the IVP or the cystometrogram or some 
other specific study, not have his bag placed on top 
of him or, even worse, underneath the mattress on the 
journey, in order to avoid creating positive pressure 
reinfusion of his urine. 

COMMENT: I was just sitting back here chalking down a few 
figures. I have estimated very conservatively in our pediatric
urology clinic that we have catheterized a minimum of 5,000 little 
girls. I firmly agree with what anyone says about catheterizing 
little boys. I think there are virtually no indications to cathe
terize a little boy. Occasionally one might have a specific indi
cation. But as far as catheterizing little girls, if this is 
taught well, as it is to our clinic personnel, it is virtually a 
noninfective process. Of these 5,000 girls that I am quoting, I 
cannot recall, albeit in a retrospective fashion, a single instance 
of induction of urinary tract infection. Obviously, one may comment 
that we could have missed one; certainly we could have. If we 
have an in-patient in our hospital, we do not let the nurses on the 
floor catheterize her. We bring her down to the clinic to our well
trained personnel, for a sterile catheterization. We don't have 
anything against floor nurses. I think that with these techniques 
it's a very acceptable method of obtaining urine. Let me add that 
we've seen problems with suprapubic taps; but I will not argue that 
they should be done away with totally in favor of catheterization. 
On the other hand, I think that suprapubic punctures in good hands 
are likewise excellent methods. As far as problems that I have 
seen,one was perforation of the intestine which required surgical 
correction. The second was the needle hitting a large bladder 
blood vessel which led to a massive hematoma in the wall of the 
bladder. 

COMMENT: I would like to emphasize that all these procedures 
can result in risk of complications depending on the experience of 
the person who is doing the procedure. I would like to ask a ques
tion to the urologist: how do you know that the urinary bladder 
catheterization did not produce infection? Did you get a urine 
culture after each catheter specimen? 

RESPONSE: No little girl who was uninfected returned in a 
short period with infection. I certainly agree that this was not 
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an adequate scientific study but pass it along as a clinical obser
vation. If a child had come back in a short period of time with a 
urinary tract infection, one thing that would have to be said is 
that it could have been from the catheterization. This didn't 
happen. 

COMMENT-QUESTION: In our hospital we follow every catheteriza
tion with two urine cultures - one at 48 hours and one at 96 hours. 
We do find actually that our rate of infection is 8%. This is in 
good hands. The people who do it are specially trained to work 
with spinal cord injuries. These are silent infections and they 
don't go away. You can go back and get that checked ten days 
later and still find E. Coli. I think there are "hidden" infections 
that we do cause by instrument manipulation. I am all for preven
tion. I'd like to make one other comment. All of us believe the 
rule that every kid with a first urinary tract infection should 
have an IVP. In this manner we will be doing an IVP on 10% of all 
females before they reach age 12. That's a figure that's always 
bothered me. As I'm getting older, another figure that bothers me 
is, most of my patients with positive yields that have severe 
pathology are not my kids who come with a first urinary tract in
fection or what I think is a first urinary tract infection but the 
kid who I come across by accident because in clinic he/she has 
either asymptomatic bacteriuria or has been picked up as having 
high diastolic blood pressures for his/her age. When we work these 
youngsters up, we get an immensely higher yield of pathology than 
wedo on a six-year-old little girl or a four-year-old who comes 
in with fever, pyuria, or a urinary tract infection. So, I really 
wonder if this is the right way to approach it. If every kid 
needs to be examined, maybe we ought to go look more at ultrasound 
and less invasive techniques than IVPs. If you talk about fallout, 
there's certainly more fallout from doing IVPs than there is from 
anything else we've talked about. My other question is to the 
people who discussed acute and chronic urinary tract infections -
do you have any incidence or figures on hypertension in youngsters 
you were dealing with? 

RESPONSE: The first comment is very interesting. I think it 
depends upon where you are working. For example, we work with a 
very particular group of patients in our hospital - very low socio
economic level. We lose many of these patients at followup. We 
don't know if these patients have the first or the 20th urinary 
tract infection. We say "this is the first UTI we have diagnosed;" 
but, we don't know what happened before. If we have any doubt 
about losing the patient, we probably will do an IVP. Sometimes 
it happens that we have the first symptomatic urinary tract infec
tion in a reliable patient. There were no symptoms before, we do 
an IVP and find hydronephrosis. This is disturbing and difficult 
to explain. Due to all these special circumstances, we do perform 
an IVP and VCU with the first diagnosed infection. Regarding the 
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question on hypertensive findings, we have not detected hypertension 
in these patients except when they go into chronic renal failure 
(CRF) or terminal renal failure (ESRD). I would say that this hyper
tension is related to hypervolemia which is due to the renal failure 
and not due to what has been called renal scarring and high renin 
hypertension. We didn't see that in any of our patients. 

COMMENT: About indication for radiological workup, there has 
been much controversy, especially in regard to females. In males 
I would say that everybody agrees that they should have an IVP and 
VCU with the first episode documenting UTI. In the recurrent female, 
among schoolage children, certainly there is a very high incidence 
of missed IVPs in the groups studied. But also you must note that 
10-12% of schoolage females with recurrent UTI had renal scarring 
already and approximately 25% of them had vesicoureteral reflux. 
So, we still are having some yield from that population. But what 
we are missing probably is the first three or four years of life 
when we should be more aware of the possibility of UTI; at that age, 
unexplained fever is usually labelled upper respiratory tract infec
tion. 

MODERATOR: I should say about the hypertension, that I believe 
it does happen in the absence of organic changes. I believe there 
is a functional hypertension af you would accept that term) due to 
temporary obstruction. I can recall two patients who had obstruc
tive problems which were corrected and the hypertension went away 
without any persistent clinical findings. There was a good study 
from Houston in terms of blood flow changes in dogs with constric
tion of the ureter; cortical blood flow decreases markedly. Recent
ly we had a girl from Latin America who had had repeated UTI and 
severe constipation (impaction). She was hypertensive at that time. 
We prescribed stool softeners to eliminate one contributing factor 
for the UTI. A week later she came back and her blood pressure was 
normal. That is anecdotal, but I believe there is something to 
that. 

COMMENT: I believe that IVP and VCU should be done always 
following the first urinary tract infection episode. Gradually, 
as the criteria for diagnosis become more strict, when suprapubic 
punctures are performed regularly and the "UTIs" are l'eaZ UTIs, 
out of 100 patients (80 girls) up to 52% of the patients had congeni
tal anomalies (organic obstruction or VU reflux) of the GU tract. 
Those patients had ready access to good medical followup and be
longed to socioeconomic groups higher than the average population. 
I believe that the series which have only few GU tract anomalies 
include a large number of faZse UTIs because of loose criteria 
for the diagnosis. 

MODERATOR: It may depend on the referral system also. We 
find that our incidence of chronic renal failure with obstructive 
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uropathies is about 40% in Miami as opposed to about 20% as reported 
from Paris, Mexico City and San Francisco. 

COMMENT: I would like to make just two comments. One is that 
in studying end-stage renal disease, that is, all the nephrectomies 
performed for transplantation in our department, I can tell you that 
in 25 years of renal pathology, I have never seen, never, a case of 
chronic pyelonephritis without either obstructive or predisposing 
cause. I don't understand why the American's (as a European I can 
say that - I don't undertand what happens on the other side of the 
Atlantic Ocean) are so excited about studying all these asymptoma
tic urinary tract infections. My point of view is that the only 
interest in urinary tract infection is that it allows the discovery 
of some abnormalities of the urinary tract. Apart from that, I 
personally would not even be interested in urinary tract infection. 
That's my point of view and you are not obligated to share it, of 
course. The more I study the problem kidney under my microscope, 
the more I feel that, when I said several years ago that pyelonephri
tis does not exist, I was right. What I meant was pyelonephritis 
does not exist in the absence of predisposing causes. The second 
comment is as follows: taking all the nephrectomies performed in 
patients who were to be transplanted, I was extremely surprised to 
find 18% of cases of nephronophthisis,or as it is called in this 
country, medullary cystic disease. My question is, why didn't the 
speaker mention nephronophthisisamong the different patterns of 
chronic interstitial nephritis? Having been involved in renal 
pathology for so many years, I know how many people have been ig
noring completely the problem of nephronophthisisfroma pathology 
point of view. So I think that maybe that is one of the explana
tions of the discrepancies among the different reported causes of 
chronic renal failure. Why are you so excited about urinary tract 
infection? Is it because you think that it's going to lead to 
chronic renal failure? If you think that it's not going to lead 
to chronic renal failure, you become less interested. Regarding 
all the data published concerning the incidence of chronic pyelo
nephritis in end stage renal disease, if you tell people that 
30% had chronic pyelonephritis of course it becomes a very important 
problem. But I think that most of the people who have been referring 
to a high incidence of chronic pyelonephritis in the absence of 
urinary tract malformation maybe were misinterpreting one of the big 
causes of chronic renal failure in children which is represented by 
a typical pattern of what can be called chronic interstitial nephri
tis. Then, why didn't you mention it? 

RESPONSE: I didn't mention it because if I gave all the causes 
it would go down to the bottom of the screen. I quite agree with 
you that it is an entity that we recognize. We give it a different 
name. Nephronophthisis never made very much sense to me but perhaps 
medullary cystic kidney doesn't make much sense either. I do accept 
the addition and if I prepared a slide with every cause on it, people 
would complain because they couldn't read it in the back. 
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On the other question: "why do people worry about urinary tract 
infection?" They worry because some people have a different view 
from you. They feel that this is a significant contribution towards 
production of end stage kidneys. I don't want to take this up now. 
A more appropriate time will be when you can deal with the other 
speaker who will be sitting on the other side of you to present a 
different point of view. I think it's only fair that he be here 
to present that point of view. Now, you talk about nephrectomies 
as being an indication of end stage renal disease. I'm not alto-
gether sure that I agree with that. This is, you must remember, 
a very selective group. I think that if you are going to work 
out the causes of end stage renal disease purely on the basis of 
nephrectomy, you are going to get a very biased group. Let me 
just tell you that we recently, the last year, looked through the 
diagnoses that we have made in the nephrectomy specimens that 
came to us prior to transplantation. I can't remember the exact 
figures but I think there were approximately 80 patients and I 
believe eight of those had chronic pyelonephritis that we were pre
pared to accept as chronic pyelonephritis. You know that I am 
very conservative. No doubt this is going to be a very small 
figure compared with what some people diagnose. I can't remember 
the breakdown of those eight but it was that either five were ob
structive and three were not obstructive or the other way around. 
But we ,do see them. You can't accuse me of the sort of things 
that you are suggesting because we did a study a good many years 
ago in which we looked at the records of 3,500 autopsies of adults 
and children and we found only eight cases of what we would call 
chronic nonobstructive pyelonephritis among that group, which is 
an incidence of about .2-.3%. This figure is considerably lower, 
if you cast your mind back to some of the exorbitant figures 
quoted by other people which were around 15% or 20%. So, to go 
back to your comments and your remarks or criticisms (whatever 
you like to call them) we do recognize medullary cystic disease or 
nephronophthisis. I think bf this group of eight we had only one 
or possibly two at the most who may be called that. 

QUESTION: But it was mainly adults? 

RESPONSE: This was mainly adults. We have a relatively small 
number of pediatric cases in a general hospital. So the figures, 
the autopsy ones, were mainly adults. By the same token, the ne
phrectomy ones too would be predominantly adults, but it would 
include some children. 

COMMENT: Of course, because most of the children with nephro
nophthisis are dead by the age of 15 or 16 years, you won't see 
them in an adult population. Although this disease exists also 
in the adult population, but most of them are dead before they 
reach that age. That's why it's such a very important problem 
of pediatric nephrology. It's not a criticism by the way, that 
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I was making to you. I think that in pediatrics it is very impor
tant to mention this as a cause of chronic interstitial nephritis 
because I am sure that if people are aware of that, the incidence 
of chronic pyelonephritis is going to diminish considerably. Now, 
with the nonobstructive pyelonephritis you were talking about, I 
include also reflux. When I say no abnormalities I don't see re
flux as being an abnormality or a favoring cause. 

RESPONSE: It functions as an abnormality. But I thought you 
were talking of organic changes demonstrable to a urologist or a 
pathologist at autopsy. Of course reflux is an abnormality but 
it is not an organic abnormality. 
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"Reflux Nephropathy" is a term coined to encompass the spec
trum of kidney disease forms in which vesico-ureteral reflux plays 
a major etiologic role; a group that has morbic anatomical changes 
with varying but distinctive features. Urinary infection and 
raised pressure within the urinary tract are commonly associated, 
but the ways in which those three etiologic factors combine to 
produce the differing disease entities is not yet established. The 
renal damage tends to commence at a very early age; and its more 
severe complications, severe hypertension and renal failure, are 
well documented from as young as five years onwards, the bulk of 
the clinical impact being between the ages of 10 and 30 years. Be
cause the essence of the disease is severe focal fibrosis which 
strangles the parenchyma it enmeshes and which is largely unaffected 
by treatment once it has become established, the only hopeful method 
of approach, as in the case of cystic fibrosis, lies in early diagno
sis and prevention rather than later amelioration or cure. Classifi
cation, exact definition and pursuit of the natural history of re
lated phenomena are the present requirements so that a true and un
biased view of the whole disease complex may be obtained, for its 
full understanding and the development of optimal therapeutic ap
proaches. This chapter is a summary of most of the presently appre
ciated aspects of what is rapidly becoming recognized as a major, 
possibly preventable, disease process of young people. 

Revised and updated with permission from W.B. Saunders, Publisher, 
and Dr. Fredrich L. Coe, Editor of Volume 62, No.6, Medical Clinics 
of North America, November, 1978. 
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HISTORICAL BACKGROUND 

The renal entity of "chronic atrophic pyelonephritis" gradually 
emerged from a series of clinical and pathological descriptions dat
ing from 1880 (74,80) and extending through to the 1930's (29,81). 
The gross specimens described varied according to whether they re
sulted from surgery or from autopsy, the latter often being compli
cated by added changes resulting from terminal renal failure, or 
from associated severe hypertension. The specimens were, in the 
main, coarsely scarred with thickening of the walls of the pelvis 
and calices, like those removed surgically from children and young 
adults in more recent years. In most cases there was a history of 
recurrent urinary infections dating back to early childhood. But. 
in some no such story was elicited, and the same situation obtains 
toda~ namely, a minor but significant proportion of cases with the 
same general gross kidney pathology but with no history of infec
tion. 

The close association of chronic atrophic pyelonephritis with 
vesicoureteric reflux was first documented in 1960 (29), and has 
since been confirmed by numerous observers (9,34,65,69,83). Fur
thermore, it soon became evident that the radiographic appearances 
of the kidney damage were so characteristic, particularly in child
ren, that they formed a sound basis for diagnosis (Fig. 1), and 
radiology is now used, not only as a means of diagnosis, but of 
monitoring the progress of the disease and the effects of treatment. 

However, further experience also showed that focal scars with 
concomitant caliectasis commonly situated in the polar regions of 
the kidneys, and with normal papillae elsewhere, was only one vari
ety of the damage associated with reflux, and that the more severe 
varieties of the latter produced changes, affecting aLL papillae, 
more closely resembling those of severe post-obstructive atrophy 
(35,73) (Fig. 2). Probably at least part of the wide spectrum of 
renal damage, comprising various forms of "dysplasia," found in 
kidneys in male infants with posterior urethral valves and vesico
ureteric reflux, should also be included in this category (82). 
Again, in the last few years, the association of reflux with severe 
focal changes previously known either as "segmental hypoplasia" (8, 
24) or the "Ask-Upmark kidney" (8,13,7) has been increasingly reported. 
The considerable significance of this lies in the fact that it was 
previously thought that this variety of renal damage, because in 
some cases no nephron elements are found in the focal lesions, was 
congenital in origin. But such lesions have now been seen to develop 
in what were previously normal, or only slightly damaged, kidneys 
(11,37), and similar lesions have been produced experimentally in 
the pig as a result of reflux (42). 

Two other clinical groups must be mentioned: healthy subjects 
between the ages of 10 and 30 years, again with no relevant previous 
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FIG. 1. Cystogram: Intrarenal reflux into human kidneys (girl, aged 
8 years) mainly in both upper polar regions, the right midzone, and 
in wisps in the lower poles (arrows). The renal parenchyma is still 
normal and the upper tracts undilated. Is this a procedural artifact? 
Or has intrarenal reflux been present since early childhood? (From 
Hodson, C.J., Maling, T.M.J., McManamon, P.J., et al~: The pathogene
sis of reflux nephropathy. Br. J. Radiol., Suppl. 13, 1975. Repro
duced with permission). 

history, who are identified by albuminuria or mild hypertension on 
routine examination, and in whom severe reflux and advanced bilateral 
renal damage are demonstrated in the later clinical work-up; and sec
ondly, the numerically smaller group (12 to 25 years old) which pre
sents with knock-knees or other evidence of "renal glomerular osteo
dystrophy" (the mixture of rickets, or osteomalacia, hyperparathy
roidism, and bone sclerosis which results from slowly progressive 
renal glomerular failure over a period of several years). In this 
group, too, the renal damage is associated with severe reflux. 
Finally, the now well-established fact that this disease is some
times familial must be mentioned. The details of inheritance are as 
yet incompletely worked out, and how commonly it occurs in families 
is as yet unknown (16,21,47,58,86). 

It thus appears entirely logical that this widely protean col
lection of clinically differing manifestations should be linked by 
a generic term identifying what appears to be ~he single common eti
ological denominator, namely, vesicoureteric reflux. "Reflux Nephro-
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FIG. 2. Cystogram: Scattered intrarenal reflux into all zones of 
the right kidney of a 2-year-old girl. Here the calices and ureter 
show marked dilatation with early generalized narrowing of the re
nal substance. (From Hodson, C.J., Maling, T.M.J., McManamon, P.J., 
et al.: The pathogenesis of reflux nephropathy. Br. J. Radiol. Suppl. 
13, 1975. Reproduced with permission). 

pathy" was coined by Ross Bailey in his excellent survey of the 
subject and has since been receiving increasing acceptance through
out the world. 

But this step forward, considerable as it ,is, is similar to 
saying "these are not individual stars, but units of a galaxy" and 
only serves to highlight the vast amount of work that has yet to 
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be done to fill in the gaps so that the problem may be studied as 
a whole. In other words, hitherto, because such a long period of 
years, and therefore of clinical subdivision into neonates, children, 
adolescents, and young adults, is involved, the natural history of 
reflux nephropathy has been understressed and considered in detail 
rather than as a whole. It is time attention was specifically di
rected toward its prevention which, in turn, means its early detec
tion. 

STATISTICS 

Against the complacency often expressed with regard to this 
disease must be set two facts. Surveys of "symptomless" schoolgirls 
comprising over 50,000 individuals have revealed a prevalence of re
flux nephropathy of about 1 to 250 (45,53,57,68,70,84). About 10 
percent of these have a bad prognosis. Of children with renal fail
ure undergoing dialysis and transplantation (a costly and melancholy 
business), 20 to 30 percent have this etiology - the wide span of 
estimated etiology reflecting the lack of firm criteria for its diag
nosis (60). 

HUMAN PATHOLOGY 

It is fair to say that although the diagnosis of classical 
"chronic atrophic" pyelonephritis presents little difficulty, as its 
macroscopic features are so characteristic, and that the Ask-Upmark 
lesion is the same, no hard and fast criteria have been established 
for diagnosing the more diffuse type of renal damage mentioned pre
viously and which often causes renal failure. This may stem partly 
from the general tendency to neglect the findings in the lower uri
nary tract, namely the dilated, often thick-walled, ureters; the ab
normal appearance of the ureteric orifices in the bladder, on which 
increasing diagnostic emphasis is being laid at cystoscopy (51,79, 
59), and sometimes hypertrophy of the bladder as well. 

Following the paper of Weiss and Parker (81), it was considered 
that the diagnosis of "chronic pyelonephritis" could be made from 
histology alone and even from renal biopsy. For a time this simpli
fied approach was accepted, with resulting confusion. Now there has 
been a reversal of this attitude and it is recognized that many of 
the previously accepted histologic criteria are nonspecific. Heptin
stall's timely article on "The enigma of pyelonephritis" (12) pin
pointed the problem, shattered the authority of simple histologic 
diagnosis, and left the matter in something of a vacuum. Lack of 
microscopic specificity is not confined to kidney disease and it may 
well be that, as Heptinstall suggests, it will be necessary to consi
der all available data, including history, clinical findings, radio
logy and macroscopic appearances before a conclusive diagnosis can 
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be achieved; particularly any type of evidence which points to pre
sent or past vesicoureteric reflux. Until this situation is clari
fied, such important facts as the incidence of reflux nephropathy 
as a cause for end-stage kidney disease in adults will remain unde
termined. 

Another pathologic problem is the cause of hypertension in 
young people with reflux nephropathy. Two papers dealing with hy
pertension found an incidence of reflux nephropathy in 17.4 percent 
of patients under the age of 40 years (12) and in 14 percent of 
children under the age of 15 years (23). As well, 20 percent of 
Smellie's cases with scarring under the age of 10 had hypertension 
(73). Kincaid-Smith suggested that the cause was ischemia in both 
the scarred and non-scarred areas secondary to arterial changes (41). 
The possible causes of the latter remain, however, speculative. 
This concept has received support recently from the growing number 
of published cases in which high segmental renal vein renin levels 
have been found in such cases (19,36-38,67,72) with relief or cure 
of the hypertension from segmental resection of the diseased areas, 
or from nephrectomy. It is also pertinent that hypertension, with 
similar arterial lesions, has been reproduced in the experimental 
pig model (42). 

The matter of associated glomerulopathy is another unsolved 
facet of this disease, and its onset appears to herald a grave prog
nosis (39,40). Whether it is due to ischemia and hypertension (39) 
or to the persistence of atypical bacterial forms (17,87), or is a 
manifestation of an autoimmune process (50) or the result of reflux 
itself (as suggested by its occurr,ence in transplanted kidneys sub
jected to reflux (54», or all of these things, is yet to be estab
lished. Its presence is often indicated clinically by the onset 
of proteinuria. 

Two further features deserve mention in this brief summary. 
One is the apparent inexorable contraction of the fibrosis in these 
scars once it has reached a certain stage. When it is considered 
that a large piece of tissue 3 cm in thickness may contract down to 
a final depth of only 2 mm, the process is truly remarkable. One 
cannot help feeling that, whatever may cause the initial fibrosis, 
ischemia must play a large part in the total disappearance of the 
parenchyma in such large masses of tissue, although the scars are 
said to have vessels supplying them (63). 

The second is the extensive fibrosis that occurs outside the 
parenchyma proper, particularly when infection is present, Outside 
the kidney, fibrosis often extends out into the perinephric fat and 
round the hilar structures. The lymph nodes draining the area are 
often enlarged. Inside the kidney, fibrosis commonly extends widely 
between the "internal capsule" and the parenchyma proper, running up 
into the perivascular spaces. In doing so it invests and compresses 
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vascular structures, both arteries and veins, and it would be im
probable that this effect is negligible. The sinus fat is also in
volved, though to a lesser extent. Fibrosis also extends throughout 
the walls of the calices, their stems, the renal pelvis and ureters, 
and in the suburethelial tissues throughout. It is usually assumed 
that this fibrosis is the result of infection and much of it may well 
be, but it may also be due to mature urine being forced out by high 
pressure reflux into the interstitium and perirenal tissues and pro
ducing the fibrogenic reaction which usually accompanies its extra
vasation outside its natural channels. The same phenomena are seen 
following simple severe obstruction. 

In this context, recent experimental work is of considerable 
interest. By innoculating rats with their own urine, Hoyer demon
strated the development of interstitial nephritis together with 
hightitresof IgG antibodies to Tamm-Horsfall Protein (THP) (31-32). 
More recently, Mayrer, et al., have produced interstitial nephritis 
in rabbits by repeated IV inoculations with autologous rabbit's 
urine (55). They have also demonstrated a cell-mediated immune re
action in these animals which is specific to THP (56). These are 
initial but complementary findings which may have an important bear
ing on the whole question of interstitial fibrosis developing in ob
structed, or reflux-affected kidneys. Fasth et al. have demon
strated raised antibodies to THP in various clinical conditions in 
girls with the association of reflux and infection (18). 

INDUCED PATHOLOGY IN PIGS 

Having had the opportunity, supported by a grant from the Bri
tish Medical Research Council (27), of observing the effect of com
plete ureteric obstruction for varying periods of time onthe pig's 
kidney (the onZy experimental animal - including primates* - whose 
kidney simulates that of man by possessing multiple papillae), it 
was impressive to note how different these were from those associ
ated with vesicoureteric reflux in children. But it was not until 
the coincidental observation of the phenomenon of "intrarenal re
flux" (focal pyelotubular backflow deep into kidney) during cysto
graphy in children in 1968 and, shortly afterwards, the same thing 
in a piglet whose urethra had been partially obstructed, that a 
possible explanation of the difference between the effects on the 
kidney of reflux and of obstruction presented itself, particularly 
as the same piglet became infected and produced a focal scar in the 
identical region in which the intrarenal reflux had been demonstra
ted (30). As well, the intrarenal reflux in the children's cysto
grams occurred in the polar regions, into parenchymal zones which 
closely corresponded in extent to those involved in severe polar 
scarrings (Figs 1 and 2). 

*With the notable exception of the spider monkey. 
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Eventually the opportunity came to tryout the thesis that 
intrarenal reflux was a major factor in the pathogenesis of "pyelo
nephritic scarring," (this time under the auspices of the Canadian 
Medical Research Council) and an extensive experimental 6 year pro
gram was inaugurated. The results of the main program have been 
published (30), but the results of the long-term follow-up are still 
in process of preparation. Both may be summarized as follows. 

Vesicoureteric reflux resulting from simply rendering the vesi
coureteric orifice incompetent was of minor degree and never succeed
ed in distending the upper urinary tract (the musculature of the pigs 
bladder being a feeble thing). After six months the kidneys in these 
uninfected pigs still appeared macroscopically normal. 

More forceful bladder contractions were then produced by causing 
bladder-wall hypertrophy, by controlled progressive urethral obstruc
tion, and the more severe grades of reflux followed, together with 
focal intrarenal reflux. But, and this must be emphasized, the lat
ter occurred only as a result of bladder pressures greatly increased 
above the normal levels (Figs. 3 and 4). 

It was found that persistent high pressure intrarenal reflux 
of this type produced scars in the absence of bacteriuria. Whether 
viral infection could have complicated the issue is not known, but 
this appears unlikely. When bacterial infection occurred, or was 
deliberately induced, the scarring process was intensified. 

All the pathologic manifestations of the kidney damage found in 
children were produced in all their details at various times in this 
series. Ten animals became hypertensive. Scars varying in age from 
6 weeks (Fig. 5) to 4 years (Fig. 7) were obtained. In the latter, the renal 
parenchyma was reduced to a depth of only 2 rom over the whole of a 
polar region and contained no nephronic elements, only the remains 
of tortuous vessels of· arcuate size. These severe scars thus resem
bled the lesions of the Ask-Upmark kidney (Fig. 6). 

Intrarenal reflux occurred mainly in the polar regions where 
it was associated with composite papillae. It always occurred into 
the same papillae. In severe high-pressure cases, however, it in
volved aZZ papillae eventually, producing a radiographic appearance 
similar to obstructive nephropathy, but differing noticeably in its 
pathology, as much more severe focal fibrosis developed where intra
renal reflux had been demonstrated than elsewhere. This severe high 
pressure situation was produced in 10 animals and was not studied 
over a prolonged period, so that its late results are as yet un
known. However, one animal developed renal failure over a period 
of 5 months (Fig. 8). 

The early histologic changes in the scars resulting from per
sistent, high pressure, intrarenal reflux were very similar to those 
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FIG. 3. Cystogram: Extensive intrarenal reflux in a pig with dila
tation and tortuosity of the ureter and high bladder voiding pressure 
(artifically induced). Note mainly polar distribution. Infection un
der these circumstances will introduce bacteria deep into the kidney 
and "lobar nephronia" result. (From Hodson, C.J., Maling, T .M.J., 
McManamon, P.J., et al.: The pathogenesis of reflux nephropathy. Br. 
J. Radiol., Suppl. 13, 1975. Reproduced with permission). 

of severe obstructive nephropathy. The changes in infected animals 
were similar to those described in chronic pyelonephritis in man, 
except that "thyroid-like" areas were minimal. 

RELATIONSHIP BETWEEN EXPERIMENTAL AND CLINICAL REFLUX NEPHROPATHY 

Following this fresh insight into the problem, the association 
between intrarenal reflux and focal renal scarring (typical reflux 
nephropathy) was demonstrated in children, all of whom were below 
the age of 5 years (64). The rarity of demonstrating intrarenal 
reflux after this age has since been stressed (71,73), although it 
has even been demonstrated occasionally in adults (4). Intrarenal 
reflux has also been observed in children with radiographically nor
mal kidneys and undilated upper urinary tracts using pressures of 
30 cm of contrast medium at cystography (43). Whether scars will 
always form later in such cases is not yet known (Fig. 1). 
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FIG. 4. "Acute lobar nephronia." The large acute lesions of acute 
bacterial inflammation from infected reflux in the pig. It is the 
subsequent contraction of these gross lesions which gives rise to 
the large, focal scars. Note again the mainly polar distribution. 
(From Margulis, A.R. and Gooding, C.A., eds.: Diagnostic Radiology, 
1978. University of California, San Francisco, 1978. By permission.) 

The reason for the mainly polar distribution of intrarenal re
flux has also since been explained by the elegant anatomic studies 
of Ransley and Risdon (62,63), who showed that its occurrence re
lated to the nature of the orifices of the ducts of Bellini both 
in pigs and in children. They showed these to be slit-like in 
simple single papillae, but to consist of widely gaping openings 
in the central depressions of composite papillae which commonly oc
cur in the polar regions. Subsequently Tamminen (75) has confirmed 
these observations, and furthermore has shown that the dimensions 
of these orifices are the same in the human neonate as in the adult. 
Funston and Gremin (22) have also shown a direct relationship be
tween age and the pressures required to produce intrarenal reflux 
in fresh human autopsy kidneys during the first year of life. 
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FIG. 5. Early focal scar contraction. The affected tissue is re
duced to well over half its normal volume. This scar is about 2 
months old. Contraction will now continue inevitable to the final 
2 mm, parenchymal thickness. (From Margulis, A.R. and Gooding, 
C.A.,eds.: Diagnostic Radiology, 1978. University of California, 
San Francisco. By permission.) 

CONCLUSIONS FROM THESE OBSERVATIONS 

It thus appears that intrarenal reflux occurs only into cer
tain types of papillae (except in a high-pressure situation), and 
that the younger the kidney the more prone it is to intrarenalreflux 
and the lower the pressure required to produce it. Indeed, it ap
pears probable that only a slight increase of pressure above the 
normal is required in the neonatal human kidney. 
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FIG. 6. The Ask-Upmark kidney. Excretion urogram in a 12 year old 
boy with severe hypertension. The left kidney is grossly scarred 
and the right renal substance is reduced to 2 to 3 mm in several 
lobes. Note the astonishing concentration of contrast in spite of 
severe damage - a feature of reflux nephropathy. 

These cumulative observations also appear to highlight the im
mense significance of the few cystometric observations that have 
been carried out in infected bladders in children (2,76). The con
sensus o~ these is that the presence of cystitis may give rise to 
bladder pressures well above 100 cm of water. If at the same time 
reflux is also present the stage is set for the production of intra
renal reflux of infected urine. It is not likely that many such 
measurements will be made in young children while infection is still 
present, because of the ethics involved, but until we have firm in
formation on this point the potential hazard of cystitis in the very 
young will remain conjectural, and a bogey which will haunt all 
those concerned with these matters. 

THE SCARRING PROCESS IN MAN 

In vivo human radiographic evidence accumulated over 25 years 
has taught us a lot about the scarring of reflux nephropathy, al
though there is much still to be discovered. The following obser
vations are prof erred both to provide information and to reflect 
some of the many aspects of this complex which are still under dis
cussion. 
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FIG. 7. End-stage scarring in a pig 4 years after production of in
fected reflux. The scar now contains no nephronic elements, only the 
remains of the previous arterial system. Animal hypertensive. Note 
polar, and midzone "slit scars." (From Margulis, A.R. and Gooding, 
C.A., eds.: Diagnostic Radiology, 1978. University of California, 
San Francisco. By permission.) 

The Early Scar 

This is commonly first seen at or before the age of 2 years 
(15,61,65). At this age the parenchyma of the human kidney is re
latively very much thicker than in the adult (28) (Fig. 9), and it 
is of similar thickness in all four polar regions. The early scar 
can thus be readily identified by the reduction in parenchymal thick
ness of one or more poles compared with others (Fig. 9). Likewise, 
early generalized papillary damage can be distinguished by compari
son with the opposite side. Because these simple facts are not 
understood many early cases are being missed in spite of adequate 
radiographs. 

Will the early scar inevitably contract down to a 2 to 3 mm 
residual thickness? This is a matter it may be impossible to answer 
by radiography, as the contraction of the scar fibrosis draws across 
adjacent normal tissue to overlie and mask the scarred area. In the 
majority of cases however, the answer appears to be "yes," as only 
rarely are half-contracted scars seen in adults. Furthermore scar
ring is seen to continue to contract after reflux has been corrected 
surgically (20) (Fig. 10). These observations suggest that preven-
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FIG. 8. Radiograph of a slice of pig's kidney subjected to severe 
bladder outflow obstruction reflux and intrarenal reflux for about 
2 months. Immediate pre-autopsy cystogram showed scattered general
ized intrarenal reflux. Note generalized papillary flattening and 
focal white streaks. These are individual ducts of Bellini which 
have permeated by contrast. 

tion of scarring is more profitable than any form of treatment after 
its occurrence. 
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FIG. 9. Early scarring. Comparison of the 4 polar regions of this 
8 month old girl, shortly after her second symptomatic urinary infec
tion, shows obvious shrinkage of the left upper pole, even though 
the papilla is not yet retracted. This lesion is probably only 6 
weeks, or so, old. 

Patterns of Scarring 

One of the most notable things about reflux nephropathy is the 
distribution of scarring, several varieties being commonly encoun
tered (Fig. 11). Generalized scarring is most frequent; upper pole 
involvement is next, with bipolar involvement following closely. 
Sometimes the upper half of a kidney may be totally involved, the 
lower half being spared, while in total ureteric duplication the 
reverse is the rule. Bilateral focal scarring involves the two kid
neys unequally, so that they are of different sizes, whereas it is 
not uncommon for bilateral generalized changes to affect them almost 
equally. In this context it is a fact that in a few individuals com
plex papillae are present throughout the kidney, and this may predis
pose to generalized intrarenal reflux. But it is likely that high 
pressure is the original main factor in these generalized changes, 
as exemplified by what happens when reflux complicates a high-pres
sure neurogenic bladder at any stage of life. 
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FIG. 10. Post-surgical progression of scarring. Bladder neck resec
tion and bilateral ureteric reimplantation were performed on this 
girl, whose bilateral reflux was associated at the age of 4.5 months 
with early scarring in the upper half of the right kidney and the 
left upper pole. The urogram tracings show progressive decrease in 
size with advancing scar contraction on the right over the next 2~ 
years. The short line above each kidney tracing is the mean length 
for the child's height. 

Fresh Scarring 

After the age of 5, fresh scarring, i.e., scarring in a new lo
cation, is uncommon. Smellie recorded it in 10 children in her 
series (the members of which were on maintenance antibiotics), some
times involving a previously normal kidney, usually coincident with 
a temporary gap in prophylactic treatment, and nearly always associ
ated with reflux and one or more acute clinical episodes (73). The 
significance of these data is profound, as they appear to indicate 
that while reflux is still present, unless the urine is monitored 
at frequent intervals, the child remains at risk, albeit a small 
one, of incurring renal damage. Fresh scarring is not to be con
fused with the contraction of previously diseased tissue which may 
radiographically appear normal at the first urogram. Even if re
flux is prevented such damaged tissue commonly undergoes further 
contraction and may continue to do so for as long as 3.years (15). 

A separate problem is when reflux is produced as a result of a 
surgical procedure, e.g., basket removal of a ureteric stone, or 
fulguration near the ureteric orifice (66). If infection becomes 
superimposed, scarring may follow even as far as end-stage kidney 
disease (5). 
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FIG. 11. Tracings of urograms: Common patterns of scarring from 
reflux nephropathy in man. A, advanced upper po~e, early lower pole; 
B, bipolar, severe; C, generalized, with one spared lower pole lobe; 
D, severe in low portion of duplex kidney; E, generalized diffuse 
high-pressure effect (one of a pair of equally involved kidneys in 
symptomless patient with albuminuria). 

HYPERTENSION 

The symptoms of hypertension, headaches, dizziness, or visual 
disturbances, may first bring patients of all ages from 6 years on
ward to seek medical advice. Usually gross bilateral disease of 
the generalized type is present with, not infrequently, some degree 
of renal failure. But this is not always the case and the author 
has encountered four cases in which only bipolar scarring was pre
sent on one side, with hypertrophy of the opposite kidney. Nephrec~ 

tomy resulted in a cure. Unfortunately these latter cases seem 
never to be recorded in the literature so that their prevalence is 
unknown. On the contrary, a number of patients with an apparently 
similar degree of bilateral damage may continue to eventual renal 
failure without any elevation of blood pressure. 

Of the first 100 cases of this disease which the author docu
mented, 49 percent had severe hypertension. Such a statistic, 
however, requires to be set in context. The population involved 
(aged 5 to 68 years) was one referred to a London teaching hospital 
with a well-known hypertensive clinic, and how this "cohort" relates 
to the general population cannot be determined. Nevertheless it 
coincides in degree with the two published series. mentioned pre
viously (12,23). The mean age of the hypertensive patients was 
23.7 years with a range from 7 to 68 years. There is little doubt 
that hypertension is one of the severe complications of reflux ne
phropathy and that its occurrence relates largely to the degree of 
renal damage. 
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FIG. 12. Tracings of urograms of severe bilateral reflux nephro
pathy. D ~ T = dialysis and transplantation. UR, uremia. D, de
ceased. Blood pressures indicated. Cares B,C,D, and F were discov
ered on routine medical examination with albuminuria or hypertension. 

RENAL FAILURE 

This, too, is an aspect of this disease about which it is al
most impossible yet to obtain hard data, because, as mentioned be
fore, the criteria for its diagnosis are presently so ill-defined 
and are not yet on any official listing. As judged from the figures 
listed in the proceedings of the European Dialysis and Transplanta
tion Association (60), reflux nephropathy probably accounts for 
some 30 percent of children under 16 with advanced renal failure, 
and 15 to 20 percent of adults below age 50 years. Its significance 
lies in the fact that it is the younger age groups which are mainly 
affected since if the kidneys are destined to fail from this disease 
they will mostly do so before the age of 40 years. Its financial 
burden, i.e., the treatment of failed kidneys, is therefore consider
able. 
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RENAL FUNCTION AND SCARRING 

From histology very little functioning tissue remains in the 
scars once they are even moderately contracted and yet it is a re
markable feature of many patients, even when advanced disease is 
present, that a) an excellent concentration of contrast medium is 
achieved on excretion urography (which may be the result of the 
water-absorbing capacity of ischemic tissue) and b) how well their 
general health is preserved in the presence of even severe bilateral 
disease. Away from the scars the laws of renal hypertrophy demand 
that uninvolved tissue should enlarge above the normal, and this 
sometimes even occurs on the side of the scarred kidney. If it re
mains a normal (as opposed to an increased) size it is probably in
volved in an ischemic process. Helin (25) has demonstrated a de
crease in function (both glomerular and tubular) in prolonged ster
ile reflux in pigs, but only comparatively recently has the func
tional progress in children with reflux been studied. Aperia (6) 
has shown that the reduction in glomerular filtration rate relates 
to the area of the kidneys as measured by planimetry on radiographs. 
In other words, the smaller the kidneys, the worse the prognosis. 
This prognosis is fortified a) if the kidney fails to grow, b) if 
it continues to get smaller. By the same token if a kidney associ
ated with reflux, without infection and even though scarred, has 
dropped into a lower growth percentile, it is at some type of risk 
(as yet not identified). Cure of either the infection or reflux 
may result in renewed growth of the kidney and recovery of an aver
age size (85,10). 

VESICOURETERIC REFLUX 

This is a phenomenon about which very much has been written 
on an empirical basis without due control observations, which ad
mittedly are very difficult, or ethically impossible, to perform 
in the child. It has been graded into 3, 4 or 5 grades of severity, 
but the factors governing these categories have never been satisfac
torily explained. It is known that bacterial endotoxins will cause 
uzetericdilatation (77) and therefore tend to increase the grading 
severity, but what determines whether reflux is grade 2 or grade 3 
has not been determined. Age may be one factor, as the upper uri
nary tract in the very young child is much more readily distensible 
than the mature ureter. The duration of reflux may be another. 
But both in the experimental animal and in man there is considerable 
evidence that pressure is perhaps the most important of all. This 
is a complex subject which cannot be detailed here, but the fact 
that it is usually the more severe grades that are associated with 
kidney damage, particularly the more generalized form, is in itself 
highly suggestive. That such reflux is sometimes designated "low 
pressure" because it occurs readily during bladder filling - often 
up wide-open ureteric orifices - may be entirely fallacious. It 
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may, on the contrary, be the result of prolonged high-pressure re
flux, and is usually associated with severe renal damage (46). 

Most people personally conducting repeated cystograms are 
aware of the variability of reflux grading in the same individual 
from time to time. It may even be absent at one examination be
tween two others in which grade 4 is demonstrated. Moreover, the 
techniques used for its demonstration vary widely between centers, 
and may even be left to technicians to perform. Inevitably the 
examination is conducted after infection has been treated, and the 
true state of affairs operating when infection is present must 
thereby be at least modified, if not significantly altered. An 
equivalent is carrying out radiography of the chest 4 weeks after 
a pneumonia has been treated. Often the results of surgery are 
assessed by the decrease in the amount of dilatation of the upper 
urinary tracts. This is certainly valuable, but it is the status 
of the kidney, after all, which is the final arbiter. 

Is reflux ever congenital? It most certainly can be in cases 
of posterior urethral valves, as it is sometimes demonstrable in 
gross form at the age of 1 to 2 weeks of life, with gaping ureteric 
orifices which can scarcely have developed in such a short period. 
Indeed its presence in utero appears to be the logical explanation 
of the "dysplastic" kidney changes found above grossly dilated tor
tuous ureters, at or shortly after birth, in similar cases. Acton 
and Drew have also found hyalinized glomeruli in a 6 week old baby 
with reflux and infection (1). Whether these could develop in 6 
weeks seems improbable. 

Is reflux ever the result of infection? It certainly can be 
in tuberculosis, and it appeared to follow the onset of chemically 
induced cystitis in one child, so that bacterial cystitis might be 
expected to render the ureteric orifice incompetent and so induce 
reflux. It is a point on which obviously it is difficult to obtain 
hard data. The issue is now further complicated by the possibility 
that infection may give rise to bladder dyssynergia from sphincter 
spasm in the very young and so introduce the factor of raised pres
sures and the increased likelihood of reflux (44,3,78,31). On the 
contrary even severe reflux may cease in some children with re
peated infections (8), which is an important observation. It does 
not appear that evidence is conclusive either one way or another. 

It seems possible that the present progressive evolution of 
pressure-and-flow studies of the lower urinary tract will provide 
a much more solid basis for evaluating the factors involved in the 
persistence and grade, if not the actual production, of reflux. 
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SUMMARY 

Reflux nephropathy is probably the most common kidney disease 
in children. It is usually diagnosed when scarring is already pre
sent. Its prevention calls for a nationwide institution by parents 
to look for any disorder of the infant's stream, frequent diaper 
wetting, and foul smelling urine. Simple home bacteriologic screen
ing is a practical possibility. Certainly any child with fever, 
whatever the symptoms, should have a urine culture performed as a 
routine, before treatment with antibiotics. The treatment of its 
complications is a major sum to any national health-care budget. 

Many aspects of its pathophysiology are as yet incompletely 
understood although enormous strides have been made in recent years. 
The arguments of surgery (ureteral reimp1antation) versus prolonged 
antimicrobial prophylaxis are not yet fully defined because of a 
lack of factual detail regarding prolonged follow-up and the stage 
at which surgery may be effective. 

The underlying renal damage probably relates to the pressure 
at which reflux reaches the kidney as well as whether infection is 
present or not. It also relates to the papillary morphology of any 
particular kidney. In some families, up to 40% of individuals may 
be affected, although factors governing its inheritance are not yet 
clear. 

Interest in, and concern about, this disease are growing all 
over the civilized world. Its eradication should be a major medical 
objective. 
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HIGHLIGHTS 
ROLE OF REFLUX IN RENAL DAMAGE 

Robert H. Heptinstall, M.D. 

Department of Pathology 
John Hopkins University 
School of Medicine 
Baltimore, Maryland, 21205 USA 

Reflux of urine up the ureters provides a way in which infec
tion can be conveyed to the kidney from an infected bladder. Once 
infected urine reaches the pelvi-calyceal system it may invade the 
parenchyma by one of several routes. In the first place it may 
invade the parenchyma by reflux up the ducts of Bellini, the 80-

called intrarenal reflux or calico tubular reflux. In the rat the 
kidney may be invaded in the fornicial region close to the inser
tion of the calyceal wall and it is likely that this also occurs 
in the newborn. Invasion via the veins - pyelovenous route - is 
also considered possible but is not so well documented as the 
other routes. Once infection has been established in the kidney 
remarkable degrees of tubular destruction take place and the acute 
inflammatory focus heals with considerable scar formation. 

It has also been claimed that reflux of sterile urine up the 
ureter can lead to renal damage and scar formation, but this con
tention is controversial. 
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HIGHLIGHTS 
SEGMENTAL HYPOPLASIA WITH HYPERTENSION 
(ASK-UPMARK KIDNEY) 

Renee Habib, M.D. and Michel Broyer, M.D. 

Institut National de la Sant€ et de la Recherche M€dicale 
HOpital Necker Enfants-Malades, Paris, France 

We report 27 patients who presented with segmental hypoplasia 
(SH) and hypertension. Twenty were girls and hypertension was 
rarely discovered before 8 years of age. Corticopapillary scarring 
was unilateral in 7 cases and bilateral in the remaining 20. Ne
phrectomy performed in 11 cases led to normalization of blood pres
sure (BP) in only 4. Death occurred in 2, BP was well controlled in 2 
and poorly controlled in 3. The remaining 16 children were treated 
with hypotensive drugs. At latest followup, 8 had progressed to 
terminal failure and 6 had a well controlled BP with stable renal 
function. In one patient there was a decreased GFR while BP was 
well controlled and in the remaining one, renal function was stable 
while BP was poorly controlled. 

The radiological findings which suggest the presence of SH 
are: the association of notching of the kidney outline with occas
ional amputation of the superior pole, together with thinning of 
the renal cortex in these notched areas as well as pyelocalyceal 
abnormalities, the most common of which are blunting and clubbing 
of a hypotonic calyx. The size of the scarred kidneys, calculated 
according to Hodson's formula, is usually decreased. However, a 
normal sized kidney, having even limited pyelocalyceal abnormali
ties must be considered as affected. In fact, the disease is ex
ceptionally unilateral. It most often predominates on one side 
and the best criteria for normality of the contralateral kidney, 
besides the absence of pyelocalyceal abnormalities, is a kidney of 
increased size with functional compensatory hypertrophy quantifi
able by the test of fixation of mercury. 

Even though these findings are suggestive of SH, they are not 
pathognomonic of the disease. They merely indicate the presence 
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of segmental scars, the precise nature of which can only be deter
mined by histopathologic examination. Three main patterns, each 
implying a different pathogenic process, may show similar macro
scopic changes. The first one is a developmental anomaly of some 
renicules as evidenced by the presence of dysplastic structures in 
the papilla and an ill-developed overlying cortex. The second one, 
characterized by an extensive inflammatory process, is chronic 
pyelonephritis. Both conditions, which may be associated, are 
mainly observed in patients with recurrent urinary tract infections 
and obstructive or nonobstructive malformation of the urinary 
tract. The third one is SH. The scars of SH are characterized by 
a thyroid-like transformation of tubules and tortuous and ob
structed vessels in the cortex and by a "desertic" papilla. This 
pathologic entity is often but not always associated with hyperten
sion. 

The nature of the scars of SH is still a controversial matter. 
In the absence of dysplastic structures it is not possible to con
clude that they are due to a developmental anomaly. However, the 
peculiar structure of the papillae of the scarred segments indicates 
that they might be congenitally abnormal. In the absence of an in
flammatory process it seems unlikely that the scar is related to an 
ascending bacterial infection of the kidney. Therefore, the term 
"chronic pyelonephritis" often used to designate such scars seems 
inappropriate. There is increasing evidence that intrarenal reflux 
may play a role in the development of the specific scars of SH, but 
more clinical, pathological and experimental data are necessary in 
order to confirm their relationship. Coarsely scarred kidneys do 
not represent a single entity and although often associated with 
reflux, the scars may not always be directly related to it. 

From a practical point of view, nephrectomy should be performed 
only if the contralateral kidney is normal, i.e. in compensatory 
hypertrophy. Progression to renal failure in patients affected with 
this disease is not related to newly formed scars but rather to the 
progressive glomerular involvement in the "spared" zones. 



HIGHLIGHTS 
GLOMERULAR INVOLVEMENT SECONDARY 
TO VESICO-URETERAL REFLUX (VUR) 

Gustavo Gordillo-Paniagua, M.D. 

Div. Pediatr.Nephrol., Hosp. Infantil Mexico, Mexico 

City, Mexico 

Two girls, 15 and 13 years old respectively, with long-standing 
VUR ended in chronic renal failure. The first case was diagnosed to 
have bilateral grade III VUR at the age of 5 years. Reimplantation 
of the ureters was done twice with unsuccessful results. Mild reduc
tion of GFR, inability to concentrate the urine, normal blood pres
sure and proteinuria below 0.5 g/liter were stable until the age of 9 
years when the patient suddenly deteriorated. Severe hypertension 
developed and proteinuria increased tenfold. She started on dialy
sis and after bilateral nephrectomy, she was transplanted with a 
related donor kidney. She is doing well 5 years after transplanta
tion. Her excised kidneys showed severe tubulointerstitial nephri
tis as well as "crescentic" glomerulonephritis. Ig antibodies and 
complement in granular pattern were detected in the tubular walls 
and in the glomerular capillaries. These findings explain the 
abrupt development of a rapidly progressive glomerulonephritis super
imposed on a reflux nephropathy resulting after long-standing VUR. 

The second case, presented as chronic renal failure and then 
she was known to have VUR. She was put on hemodialysis and nephrec
tomized. She died of post-surgical complications. Her excised kid
neys showed interstitial fibrosis edema and mononuclear cell infil
tration. Most glomeruli were sclerotic and "crescents" were seen 
in some of them. Immunofluorescence showed antibodies, complement, 
and RTE antigen in both tubules and glomeruli. TBM antigen was 
positive only in the tubules. These facts suggested that tubular 
damage resulting from long-standing sterile VUR released renal tubu
lar epithelial antigen and antibodies that were trapped in the glo
meruli causing glomerular injury. Very few reports on this subject 
are in the literature and are much more experimental. Clinical 
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bases are needed for better understanding of the mechanism of glo
merular involvement secondary to VUR. The hypothesis derived from 
this study provides a possible explanation for the progression of 
the renal lesion to chronic renal failure. 



TREATMENT OF BACTERIAL URINARY TRACT 
INFECTION IN CHILDHOOD· 

Helen M. Gorman, M.B., B.Ch., Gaston E. Zi11erue10, M.D. 
Rafael Ga1indez, M.D. and Jose Strauss, M.D. 

Div. Pediatr. Nephro1., Dept. Pediatr., Univ. Miami Sch. 
Med., Miami, Fla. 33152 USA 

The accurate identification and appropriate therapy of urinary 
tract infection (UTI) in childhood have been subjected to continu
ous scrutiny over the past two decades. Appreciation of the vari
ability of clinical presentation, refinement of diagnostic methods 
and better understanding of conditions which predispose to renal 
parenchymal scarring have facilitated patient management. 

Clinical manifestations of UTI are often indeterminate, par
ticularly in the first two years of life. Infants may present with 
irritability, feeding difficulties, colic, vomiting, diarrhea, poor 
weight gain or jaundice (1); unexplained fever, recurrent abdominal 
or back pain and secondary enuresis are common symptoms in older 
children (2). Jaundice has been reported as a presenting feature 
(3,4). Classical symptoms of cystitis such as dysuria, frequency 
and urgency may be present; macroscopic hematuria may occur. How
ever, symptoms may be totally absent in any age group. 

The clinical presentation is not a reliable indicator of site 
or severity of infection, or of the possibility of permanent renal 
damage. Therefore, final decisions about therapy must be made 
after the pathogenic organism has been isolated, and not be based 
only on symptomatology. Initial therapeutic approaches vary, and 
may be categorized in a descending order of urgency, as follows: 

1. Possible sepsis. All neonates and any children suspected 
of having sepsis must be admitted for treatment. After urine and 
blood cultures have been obtained, parenteral therapy with broad
spectrum antibiotic coverage, ampicillin plus gentamycin (5) or 
tobramycin, should be given. Subsequently, culture results may 
indicate a single, appropriate antibiotic; treatment should be 
altered accordingly. 
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2. Gastrointestinal symptoms. Children of any age whose in
fection is associated with vomiting, diarrhea or severe abdominal 
pain also warrant parenteral therapy as soon as urine cultures 
have been obtained. Initial choice of antibiotic should be ampicil
lin or a cephalosporin since the most common pathogens of the 
urinary tract are usually sensitive to these. 

3. Other symptoms. Individuals with distressing symptoms 
such as fever, flank pain, urgency and dysuria may be given anti
bacterial treatment before culture results are available. If symp
toms are mild, treatment should await results of urine culture. 
Oral therapy is appropriate. Agents which may be used are sulfi
soxazole, ampicillin, amoxicillin, cotrimoxazole, nitrofurantoin 
or cephalexin (6). Sulfisoxazole is by far the least expensive, 
and usually is well-tolerated. 

4. No symptoms. Treatment of children with asymptomatic bac
teriuria should await confirmation of infection by repeat urine 
culture if collection was by voiding. Oral therapy is indicated. 

Supportive treatment should be offered to all symptomatic 
children. A generous fluid intake is important since promotion 
of diuresis will tend to ameliorate dysuria and may expedite re
moval of bacteria mUltiplying in the urine. Acidification or al~ 
kalfnizaticm of urine is not necessary; in practical terms, efficacy 
of the antibacterial agents noted above is independent of urine pH. 

In all children without prior history of urinary tract infec
tion and in those with known or suspected compromise of renal 
function, serum creatinine and urea nitrogen should be determined 
at the beginning of treatment. Patients with abnormal levels of 
creatinine, urea nitrogen or glomerular filtration rate may require 
modification of the dosage of antibiotic administered. This will 
be described in a later section. Antibiotic therapy is generally 
given for ten to fourteen days after which time the urine is again 
cultured (7). Cultures should be repeated sooner if lack of res
ponse to treatment is suspected. Although shorter courses have 
been proposed and may be sufficient to eradicate infections which 
are confined to the lower urinary tract (8,9,10), they are as yet 
not recommended for children. Currently, non-invasive methods of 
localizing the site of infection are not sufficiently specific to 
guide duration of therapy (11,12,13,14). 

Within one to two weeks following conclusion of successful 
treatment of a first-documented infection in any child, intravenous 
pyelogram and voiding cystourethrogram should be performed. When 
infection has not responded to appropriate medical treatment or if 
an unusual organism has been found, these two studies should be 
carried out without delay for discovery of structural anomalies 
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which may require immediate surgical intervention. It has been 
found that lack of response often is caused by obstruction of the 
urinary tract. 

The term "first-documented" infection is used because one can
not be certain that significant bacteriuria, either intermittent or 
persistent, did not exist before a child's condition was first diag
nosed. The anatomy and functional capacity of the urinary tract 
should be characterized following elimination of the first-documented 
infection. This applies to both sexes and any age, although the 
likelihood of finding a significant abnormality is considerably 
greater in boys (15,16,17). 

An approach to management of children after treatment of the 
first-documented infection is diagramed in Figure 1. In children 
with normal urinary tracts, infection may be defined as uncompli
cated, and in those with anomalies of structure and/or function, 
complicated. Anomalies may be further categorized as minor or ma
jor. Minor anomalies are those not associated with reduced paren
chymal mass or urinary stasis and may include certain cases of 
horseshoe kidney, renal ectopia, bladder diverticulum, and incom
plete duplication. Major anomalies include parenchymal scarring, 
hypoplastic, dysplastic and cystic kidney, vesicoureteral reflux, 
and any other condition leading to urinary stasis whether functional 
or anatomic. 

UNCOMPLICATED INFECTION OR COMPLICATED INFECTION 
WITH MINOR ANOMALIES 

For at least three years following elimination of the last 
documented infection, urine cultures should be obtained every four 
to six weeks for six months, and thereafter at intervals of diminish
ing frequency (18). Recurrences are common and may be asymptomatic 
(7,19,20). The longer the interval between infections, the less 
likelihood there is of recurrence (21). Any reinfection should be 
treated as the "first" infection and the followup period extended 
accordingly. 

Two years after the first study, radiologic evaluation may 
be repeated to determine whether or not renal scarring has occurred. 
This re-evaluation should be performed earlier if recurrences of 
infection are frequent and in all children with minor anomalies. 
A child in whom scarring has developed should then be managed ac
cording to the scheme described for those with major anomalies. 

In recent years controversy has arisen about treatment of re
curring asymptomatic infection in girls over five years of age who 
have normal urinary tracts. Evidence has accumulated to support 
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the contention that such children are not at risk of renal damage 
(22,23,24). A child whose asymptomatic bacteriuria has been elim
inated with antibiotic therapy may subsequently become more prone 
to develop symptomatic infection (25). Until this problem has 
been resolved, it is recommended that documented bacteriuria in 
any child be eradicated. 

Children who suffer from three or more episodes of infection 
per year may benefit from prophylactic therapy. Agents most suit
able for this are nitrofurantoin and cotrimoxazole, either of 
which may be administered in a s.ingle daily dose at bedtime. Ef
fective dosage is one fifth to one half the r.ecommended therapeutic 
amount (26). Methenamine compounded with mandelic acid, hippuric 
acid or sodium monohydrogen phosphate to lower urine pH is some
times used; however, it is effective only when urine pH is less 
than 6.0. To, achieve satisfactory acidification of the urine, ad
ditional medication with ascorbic acid or methionine may be re
quired. The duration of prophylaxis must be planned on an indivi
dual basis considering age, frequency of infection and associated 
morbidity. Predisposing factors such as constipation and poor hy
giene should be identified and eliminated if possible. The goal 
is to achieve at least a year of freedom from infection, following 
which prophylaxis may be discontinued. Urine cultures should be 
obtained at regular intervals for up to three years following ces
sation of therapy. After treatment of any reinfection within that 
period of time, prophylaxis should be reinstituted. 

COMPLICATED INFECTION WITH MAJOR ANOMALIES 

Children in this group are at great risk of progressive func
tional impairment, particularly if they are less than five years 
old (22,27). With the exception of those who present with severe 
obstruction of the urinary tract which requires immediate surgical 
intervention, management of these children is initially conserva
tive. When a lesser degree of obstruction or any grade of reflux 
exists, the patient must be followed closely in conjunction with 
a pediatric urologist to evaluate the need for future surgery and 
devise a program of long-term followup. 

A single recurrence of upper urinary tract infection in child
ren less than five years of age who have major anomalies may lead 
to extension of old or development of new renal scars (23,26,27). 
After cure of their first documented infection, all such children 
should be placed on continuous prophylactic therapy until they 
have remained free from infection for one year. Then, prophylaxis 
may be stopped and each child monitored with monthly urine cultures 
to detect recurrence. Following treatment of a recurrent infection, 
prophylaxis should be reinstituted until the patient is infection
free for a period of two years. In this high-risk age group, the 
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first period of prophylaxis is short because many children with 
major anomalies do not suffer from recurrent infection. They 
should not be subjected to unnecessary treatment but regular, close 
surveillance is imperative since it is likely that absence of in
fection will decrease scar formation. 

The risk of complication from recurrences which are promptly 
detected and adequately treated diminishes with age. Children over 
five years old should be monitored as closely as those in the younger 
age group, but prophylaxis is not needed unless infection is a recur
ring problem. 

The frequency of periodic anatomical and functional re-eva1ua
tion of kidneys and lower urinary tract must be individualized for 
children with major anomalies. The nature and severity of the ab
normalities together with response to medical and surgical treatment 
must be considered. In follow-up studies, often radionuc1ide tech
niques can be used instead of x-rays, thus reducing exposure to radi
ation. Determination of blood electrolytes, acid-base balance, urea 
nitrogen and creatinine, urine concentrating ability and creatinine 
clearance provide essential information. 

Modification of antibiotic dosage when treating UTI in children 
with reduced renal function must take into account the level of glo
merular filtration rate and the agent's mode of excretion. Antibio
tics which are removed from the body mainly by hepatic degradation 
do not accumulate when given in usual doses in renal failure, but 
their concentration in urine may fall below levels required to inhi
bit the infecting organism because of diminished glomerular filtra
tion rate and urine concentrating ability. Antibiotics whi.ch are 
excreted mainly by the kidneys will tend to accumulate in the body 
as renal function deteriorates unless appropriate dose changes are 
introduced, and their concentration in urine also may be reduced to 
ineffective levels. 

Studies of the half-life of most currently used antibiotics at 
all stages of renal function have led to the formation of guidelines 
for adjustment of therapy when needed (28). This adjustment may be 
made by 1) prolongation of the interval between normal doses, or 2) 
reduction of dosage given at normal intervals (29). Disadvantages 
of the first method are that the peak of plasma concentration after 
each dose is higher than normal and the trough before the next is 
lower. For agents which are known to be toxic at plasma levels 
close to the therapeutic range (such as gentamycin), this method 
may be dangerous. Also, the efficacy of treatment may be compro
mised if periods of subtherapeutic blood and urine levels are 
prolonged. The second method, based on reduction of the normal 
dose in proportion to the elimination rate of the drug, leads to 
more narrowly fluctuating blood and urine levels and seems to be 
a more logical approach. Nomograms (30) and tables (28) areavail
able for practical application. 
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Further modification of therapy guided by blood and urine an
tibiotic concentrations measured at specified times following ad
ministration of the agent is recommended for optimal accuracy (29). 

In making treatment choices, it must be remembered that nitro
furantoin is ineffective when renal function is reduced by 50% or 
more (31). Methenamine-organic acid compounds are contraindicated 
in renal failure, because hydrogen ion excretion is reduced and 
mandelic acid can cause crystalluria (28,32); metabolic acidosis 
may develop. Gentamycin may be effective until there is loss of 
about 90% of function (33,34). Ampicillin, cepha1exin (35) and 
cotrimoxazo1e (36) are satisfactory in advanced renal failure. 

In conclusion, the goals of therapy in management of childhood 
UTI are alleviation of the morbidity associated with frequently re
curring infection and, most importantly, early identification and 
correction of complicating factors which predispose to progressive 
renal damage. Elimination or reduction of urinary stasis by timely 
surgical intervention, together with prevention of infections which 
may contribute to damage of renal parenchyma, may be life-saving. 
Unfortunately, deterioration of renal function may proceed inexor
ably in some children who receive the best management possible. 
These children will continue to form a significant proportion of 
the population with end-stage renal disease. Obviously, a better 
understanding of the pathogenesis of renal damage associated with 
infections and with obstructive tubu10interstitia1 nephritis is 
essential. 
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PANEL DISCUSSION 

Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephrol., Dept. Pediatr., Univ. Miami 
Sch. Med., Miami, Fla. 33101, USA 

QUESTION: Studies of Dr. Hodson indicated that some type of 
functional obstruction causes segmental fibrosis. Could the Panel 
help clarify the roles played by reflux and by obstruction? Also, 
are there any differences in the vessels of the atrophic-fibrotic 
pole as compared with the rest of the kidney that would explain the 
hypertension found in these patients? 

RESPONSE: Well, you've sort of hit the knot of the big contro
versy that's going on - that is whether high pressure, sterile, 
1ntrarenal reflux will give rise to total scarring. I've got to 
accentuate the high pressure because there is no doubt about it; 
one does not get the scars unless one gets the high pressure re
flux going on. You may say this doesn't occur in a child unless 
there is an infection, but it may. We are not sure about this yet. 
I think that if one looks even at minor degrees of posterior ure
thral valves - not the very bad ones but the minor degrees - one 
may find striking changes. There are two patients I know whose 
kidneys have been dissected out. There was generalized damage 
(scarring) of the renal parenchyma with generalized caliectasis. 
I was unaware about this stuff when I first saw these specimens. 
I can't tell whether there was fibrosis or not. But the fact is 
that even minor degrees of posterior urethral valves have been 
very similar to the urethral rings implanted in pigs by Hodson 
and collaborators. Now, there were three cases written up of in
fants with uremic ascites. I investigated the first one that was 
written up; it had bad posterior urethral valves. I donlt know 
how many of you have done voiding cystourethrograms but when you 
first put a catheter into the bladder, the bladder blows up in a 
circular manner. You can almost always tell whether or not the 
bladder is hypertrophied by the manner the bladder blows up; maybe 
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as long as 10 minutes later, suddenly the urethra opens and your 
contrast material goes down to the valves, then if you watch it 
carefully, you'll see the urethra contract. Note the contrast in 
the urethra first, then back into the bladder and the bladder con
tracts and the whole upper urinary tract blows up. In this parti
cular case the contrast media went through the right kidney into a 
big collection of what I could call urine underneath the capsule. 
Now, that little boy when he died a few weeks later, the contrast 
material was going through the kidney in one track and we found 
this track and it was epithelialized. And that kidney was quite 
thick. I mean there was quite a lot of renal parenchyma there. 
The pathologist some time later still had this kidney in blocks 
so he looked at the blocks for Tamm-Horsfall protein and found it 
in the interstitium of that child's kidney under the thick capsule. 
Why are we so interested in Tamm-Horsfall protein? It may be 
strange to some people here. This protein is only formed in the 
ascending limb of the Loop of Henle and in the distal convoluted 
tubule. It is not in urine until it gets in the ascending limb of 
the Loop of Henle. To get urine with Tamm-Horsfall protein in it, 
the urine must be "mature" - after it's been down through the prox
imal convoluted tubule and the descending limb of the Loop of Henle. 
Now, if that urine is getting back into the kidneys, this means 
the reflux of mature urine which contains Tamm-Horsfall protein. 
This protein then is like the fingerprints or footprints for re
fluxed urine. 

The second question was related to vessels. The arterial 
changes are very interesting. I don't have time to talk about 
these in detail but in pigs allowed to grow for four years without 
doing anything to them, arterial blood pressure was measured. A 
method of estimating blood pressure was devised by having a little 
cuff put over the pig's tail; this cuff was then blown up and the 
pig became used to having this cuff blown up while it was having 
breakfast in the morning. Three of these pigs were hypertensive 
and the fourth became hypertensive while monitoring was going on. 
Those pigs were eventually killed and the kidneys were sent to 
a pathologist who found exactly the same vascular changes first 
described in 1955 on ischemic renal tissue of adult human beings 
with high blood pressure. Presumably, these are absolutely speci
fic changes. 

COMMENT: I just have to say something about these arterial 
changes. For those of you who are not old enough to remember, in 
1955 or 1956 Dr. Kincaid-Smith put forward the thesis that the 
reason you got scars in chronic pyelonephritis was that during 
the stage of acute inflammation you got an acute arteritis that 
healed by occluding the lumen of the arteries and that caused 
ischemia beyond it and this produced the scars. Now this interested 
me at the time because a claim would depend on how frequently does 
one see acute arteritis in acute pyelonephritis. I had seen it I 
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think in one artery in one of many cases which made me very suspi
cious of this whole idea. So that prompted a number of us to study 
this and experimental pyelonephritis in the rabbit was produced. 
A technique of post-mortem angiography was used to try and demon
strate vascular occlusion. To cut a long story short, we were com
pletely unable to do that. So, at a later time Dr. Hill using a 
more refined method of microangiography where you can get down to 
these vessels in greater detail, was unable to demonstrate any 
changes such as Dr. Kincaid-Smith had claimed. So I'm afraid I'm 
very suspicious of this and I would like to know a little bit more 
about the specificity of these changes. 

RESPONSE: I am afraid I can't help you on this. It's too 
complicated. I always remember when this famous nephrologist first 
looked at that hypertension material with the bipolar scarring and 
said, "My God, there they are again." I said, "What are?", think
ing there was something very good there. The response was, "the 
same vascular changes that I saw in the adult human kidneys". 
When the second group of hypertensive pigs arrived, all the kidneys 
got these changes in them and they were l~rger. Will you accept 
what was called at that time partial or incomplete ischemia or in
farction? 

COMMENT: The term was "incomplete infarction". I would des
cribe it as being a rather nonsensical term. 

QUESTION: What could we compromise with? Could we call it 
areas or zones of ischemia? 

COMMENT: That's simple ischemia. I'm not doubting the fact 
that you may get vascular changes in pigs because in human chronic 
pyelonephritis you do get changes. Currently available documenta
tion shows that if you take a chronic pyelonephritic kidney and you 
look at the blood vessels, they are more severely affected in the 
scarred areas than they are in the others. Now, my interpretation 
is rather different. I don't think this is acute arthritis. I 
don't really know what it is. It may possibly be something akin 
to a disuse endarteritis such as in an older person's ovary or 
uterus when it has no further function; the blood vessels undergo 
intimal thickening to cut down the blood supply because it does 
not need it anymore. 

Now, we might get back to the question that was raised pre
viously in this Seminar - "can you get hypertension in chronic 
pyelonephritis, reflux nephropathy, or segmental hypoplasia
whatever you call it, in the absence of chronic renal failure 
where one may be working on the basis of hypervolemia?" I've 
always believed that you could do that and I think this could be 
a likely mechanism, as Dr. Habib showed. What could happen in 
chronic pyelonephritis or whatever you call it is that you could 
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be getting these ischemic changes - you might use that term, stimu
lating the juxtamedu11ary apparatus to produce renin and then you 
will get changes at a later time if the hypertension was s.evere 
enough in the nonpye10nephriticparts of the kidney which is pre
cisely what was found later on. I personally believe that hyper
tension can occur in chronic pyelonephritis without the patient 
having to be in chronic renal failure. 

COMMENT: I have two comments regarding some of the things 
that were just said. The first one is about the reference to 
posterior urethral valves. Jay Bernstein several years ago studied 
the presence of dysplasia in various types of kidneys and found an 
incidence of 90% of dysplastic structures with posterior urethral 
valves. I have not that much experience but I would say that in 
my material I have found exactly the same percentage. That is, 
posterior urethral valves in 90% of the cases are associated with 
dysplasia. I think that is an important thing. Whatever high 
pressure reflux may cause to the kidney, you have to know that 
these kidneys are already extremely malformed. 

COMMENT: I would like to answer that. It seems to me that 
posterior urethral valves are there presumably from the word "go". 
As soon as urine starts being formed - somewhere around the 14th 
week in intrauterine life - just over three months - by the first 
glomeruli which are formed, then the whole system will fill up. 
And from then on, what further develops will be developing in a 
high pressure situation against the posterior urethral valves. 
My suggestion is that the interpretation of the fact that there is 
dysplasia of the kidneys mean that, for the remaining renal tissue, 
development will be in an abnormal situation, that it is a second
ary dysplasia. 

COMMENT: I thought that from the embryology information we 
have, the presence of dysplastic structures was equivalent to say
ing that it had developed in the very early embryonic period. That 
is before 14 weeks. That's why I've been insisting about the dys
plastic situation because my feeling is that these dysplastic struc
tures might be a clue to some of these scars which might not be the 
consequence but the association with high pressure, reflux or 
whatever you want to have developed, once urine has been produced. 
It is in that precise situation - I don't know for the rest - but 
in that precise situation of dysplastic papillae, 90% of the higher 
pressure group with posterior urethral valves, have dysplastic 
structures. I don't believe that the scars you see in posterior 
urethral valves are only the consequence of high pressure because 
you have these dysplastic structures which show that probably they 
have been present earlier. 

QUESTION: This worries me because why should posterior ure
thral valves - are you going to say that they are part of the dys
plastic picture? 
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RESPONSE: Yes. 

QUESTION: The two little folds of urethra? 

RESPONSE: Yes. You have an abnormality of the whole urinary 
tract. 

COMMENT: Oh no, you don't have it. 

QUESTION: How do you know the relationship between that little 
tiny thing and the changes in the papillae? What do you want to 
be the consequence? It can be associated. That's my hypothesis. 

My other comment concerns the problem of vascular changes. 
The vascular changes are also a problem of association. One is 
struck by the fact that there is association of these scars and 
these vessel changes. Of course when you have two things associ
ated, you always must ask,is it associated or is one the consequence 
of the other? And you can take all the possibilities. I was also 
struck by the association of vascular changes in what I called seg
mental hypoplasia after having read the p~per of Dr. Priscilla 
Kincaid-Smith of September 1955. I read it and I. said, "I don't 
think she is talking about the same thing but she is calling it 
chronic pyelonephritis and I personally don't think that it is 
chronic pyelonephritis. It must be something else. I will leave 
the door open. I don't want to close it ~y calling it chronic pye
lonephritis." Now, these vascular changes, either they can be con
sidered as the cause or the result of the scar. Maybe it could be 
abnormality of the vessels because they are so striking that one 
could consider that the scar could be secondary to these vascular 
changes; I don't say that I have changed my mind because the reverse 
could also be true and that is that in a scar you have what you termed 
"disuse vessels." I think that in this field we have to refer to 
what happens in other organs. We know very well that in the lung, 
the uterus and several other situations, you can very well see in 
scar tissue regression or hypertrophy of the vessel wall so that 
all these changes may very well be the consequence of- the scar. 
So, again we are coming back to "what causes the scar?" If we are 
sure that it is not the vessel lesion and that the vessel lesions 
are the consequences, then "what causes the scar?" 

COMMENT: I haven't finished with these posterior urethral 
valves because there are minor degrees of posterior urethral valves 
which don't occlude the lumen but they're not associated with dys
plastic changes of the upper urinary tract. You see what I mean? 
You can get just a little coat of mucosa. I don't believe that 
just because they happen to be a little bit wider in some cases 
than in others that· they are going to be associated with dysplasia 
of the upper urinary tract and kidney. It is a matter of degree. 
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QUESTION: Now tell me something. You know multicystic kid-
ney? 

COMMENT: I don't know about what a multicystic kidney is. 
Could you please tell me? 

RESPONSE: Yes. Multicystic kidney - since I have been in 
pathology only for the last thirty years I understand that you 
wouldn't know what multicystic is. Clearly it is a kidney with 
lots of cysts. 

COMMENT: Could you be a bit more precise? 

RESPONSE: These extensive dysplastic kidneys have almost no 
more normal tissue in them, and mayor may not be complicated by 
cysts. By the way, that's why I don't like very much the word 
"multicystic". 

COMMENT: It is an archaic term, and we could do as well 
without it. 

RESPONSE: Yes. It's extremely dysplastic kidneys, nearing 
aplasia, with or without cysts. In this condition, the ureter is 
more or less obstructed, not completely, sometimes, or it could be 
absent. Could you imagine that it is that obstruction which is 
responsible for the extensive dysplasia of that kidney? Or is it 
an association? It's a question I'm asking; I am not answering 
it. I just want to know how you can explain such complete absence 
of functional kidney with extensive dysplastic changes in that 
situation. 

COMMENT: For people who perhaps are not completely familiar 
with dysplastic kidneys there is a body of thought that believes 
that the genesis of the dysplastic kidney is in some way related 
to a defect in the formation of the ureter or of obstruction of 
the ureter, because there are examples where you get segmental dys
plasia of the kidney where perhaps the whole of a pole is involved, 
where you have two different ureters, where perhaps another pole 
might show changes of dysplasia. I think that if you are going to 
use the term "dysplasia" then you've got to demonstrate something 
unique about it. I think you clearly showed the cartilage and 
these cellular structures around tubules as being unique and I 
would agree with you on the cartilage and more or less agree with 
you on the other - although I'm not too sure about that. And the 
fact that these totally dysplastic kidneys - the one that you were 
referring to, multicystic - may occur without a ureter or with a 
stenotic ureter, is suggestive evidence that some time during the 
development of the kidney, something has happened to the develop
ment of the ureter and therefore the rest of the kidney can not 
develop properly. Now, what we don't have, though, is any good, 
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experimental evidence of this. I think it would probably be ex
tremely difficult to get unless you could get a person who is a 
master microsurgeon who could do some work with early fetal circu
lation. I think we are completely ignorant on that at the moment 
but there is some evidence to show that dysplasia arises in the 
pr~sence of obstruction. 

COMMENT: But if you go and look at these dissected specimens 
where they are on view, with beautifully dissected arteries, there 
is classical cyst:J.c dysplasia on one side and what looks like post 
obstructive atrophy on the other in a case of posterior urethral 
valves. 

COMMENT: It is clearly associated. The problem is to know 
if there is a relationship - a causal effect between the two things. 
I vote for association and you are voting for casual effect. That's 
all the difference. 

MODERATOR: I wonder whether what we are talking about now 
has any bearing on the results of the correction of the posterior 
urethral valves. It has been said that if you correct an obstruc
tive uropathy before two years of age that the patient will have a 
good prognosis and that there will not be progression towards 
chronic renal failure. We have found, actually, that that is not 
true. Babies who were repaired in the first few days or weeks of 
extra-uterine life with obstructive uropathies, have gone on to 
develop chronic renal failure and end-stage renal disease. 

COMMENT: I think your remark earlier in the discussion about 
urologists not following the renal results in reflux surgery is 
well taken. However, some urologists have followed a large group 
very closely for a number of years. Secondly, I think that most 
people in the room know that reflux surgery is a relatively young 
form of surgery. Only now are a large number of patients coming 
to 10 and 15 year followups and just a small handful to 20 year 
followups. Most of us in academic centers follow our reflux sur
gery or patients who reflux and are not operated on, very closely 
for such things as renal growth, GFR, and blood pressure. Most 
important, a group of us in the urology section of the American 
Academy of Pediatrics have a study going on, multicenter, in coop
eration with HEW for reflux and the renal aspects of this study are 
most important. 

My question is also a technical question. In the United States, 
most patients with segmental problems like Ask-Upmark kidney, if 
they are to be subjected to surgical procedures, most (North) 
American surgeons elect to do the procedure that was mentioned for 
duplex kidneys which are to be operated upon and that is a segmental 
nephrectomy. It's very simple to come back later and remove the 
kidney if the first, more conservative procedure is a failure. Is 
this done for Ask-Upmark kidney or related problems in other 
countries? 
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RESPONSE: Yes. We have performed twice partial nephrectomy. 
The first one was a big success. We were very happy and decided 
that from then on we would try to do that. The second was a fail
ure and when the whole kidney was removed later on, we found that 
although there were no apparent abnormalities of the pyelocalyceal 
system in the remaining part of the kidney, when I had the kidney 
in my hand, I could see other scars which were not apparent on the 
various IVPs we had been performing. The big problem, and now I 
am convinced of that because now I have several end-stage kidneys, 
the big problem with these kidneys is that there are a lot of small 
scars here and there. Since I am absolutely convinced now that the 
renin is secreted in the scarred zones, if you leave one scarred 
zone, hypertension is going to continue. 

Another problem is that the more we study this problem - now 
we have about 50 patients - the 27 patients I showed here were se
lected on the basis of having the histology to prove the nature 
of the process - but we have about 50 patients with the same dis
ease. Exceptionally, we can be sure of the integrity of the other 
kidney. That's why we are performing less and less nephrectomies, 
whether partial or total. The situation where you have really a 
compensatory hypertrophy on the other side, which for us is the 
basis of the indication for nephrectomy, is extremely rare in our 
group. I don't know why but it is so. At the beginning we were 
more oriented towards surgery. Now, the more we go, the less we 
are doing surgery - not because we don't want to do it but just 
because it's exceptional to find a case with compensatory hyper
trophy on the other side. 

QUESTION: But they have done it on bilateral disease in the 
States - on a couple of cases. Isn't that so, sir? They've oper
ated when the scars have been bilateral and with success. 

RESPONSE: Yes, that is true. I think that the remarks you 
just made, and previous you have made, show why many of these cases 
have not been successful. By discussing segmental and partial ne
phrectomy, I am not saying that it is a wonderful operation - only 
that in those patients selected for surgery that it could be better. 
However, when one looks at all the results, one can only say that 
they are moderately successful. I think that the reason you just 
stated is in fact the reason why. 

COMMENT: It's the ideal procedure but we have to analyze 
precisely in what cases are we going to do it. It's certainly the 
ideal procedure because we know that renin is secreted there; so 
we have to get rid of that bad part of the kidney. But, in prac
tice, it's not that easy. 

QUESTION: Since there is apparently such a close relationship 
between intrarenal reflux and renal damage, would you recommend 
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to do the voiding cystogram by drip infusion to a certain height 
at least in infants? The reason I ask you this question is because 
some radiologists and my own house staff don't like it because it 
takes longer time to do it. Sometimes the children strain and 
don't let you do the procedure. What is your opinion about it? 

RESPONSE: I am not at all convinced that the demonstration 
of intrarenal reflux is all that important. I'm certainly totally 
ignorant of what factors are involved in this demonstration and 
I'm also totally ignorant as to what height or pressure you may 
drip or do anything for that matter in infants. We were recently 
at a meeting where presentations included that of a child who had 
a cystogram and had gross generalized intrarenal reflux into one 
kidney all the way in. That cystogram was infected. I don't know 
where the infection got in, but the child got a very severe bacter
emia following this and had to have the kidney out. I don't think 
one should go around pushing stuff into children's kidneys unless 
there is a very good reason for it. I don't really believe that 
there is. I think that this is a nice thing to see if you can find 
it, but even with a contrast of only 30 centimeters above the child 
you may find a patient whose VCU reveals contrast material up normal 
ureters and into both kidneys. These may be normal size kidneys. 
You're not going to operate on that child's ureters just because 
he showed intrarenal reflux. It's a very useful experimental thing, 
but I don't think that we should go and change the already compli
cated problem of VCUs to show intrarenal reflux. I really cannot 
see the logic of this. 

COMMENT: I definitely agree with you. I don't think there 
is any need to show the intrarenal reflux. I know that it is com
mon practice among radiologists to do the cystogram with low pres
sure by drip infusion, not by direct syringe injection. We have 
had some cases of adult paraplegics in whom we have done cystograms 
and we have shown intrarenal reflux. They have neurogenic bladders 
and high pressure reflux. In these cases we have done a gallium 
scan and we have shown a massive uptake of the gallium in the kid
neys. So they have that evidence, both clinically and by radio
nucleide studie~ of acute infection. I would suggest that in cer
tain patients to be careful not to use excessive pressure since 
some of them develop septicemia and diffuse massive renal infection. 

QUESTION: I seem to recollect that TaIlllll-Horsfall protein has. 
been demonstrated in serum of patients who have had massive reflux. 
Can you cOIlllllent on that? Second, you told us how the papillae of 
pigs are similar to human; I wonder if there is any major differ
ence between the two? 

RESPONSE: The TaIlllll-Horsfall business, that's a bag of worms. 
There was a beautiful, extremely good, sensitive radioiIlllllune assay 
for this protein and for its antibody in animals but not in man. 
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In pigs, once started, it didn't stop for a week and it went 
to its maximum for three weeks while they were refluxing. It also 
happened to another pig that was obstructed. We were very excited 
because we thought, here at last is a simple way of picking up the 
significant refluxes. But we have been unable, in spite of lots 
of money and lots of time - 9-12 months - we have been unable to 
repeat that in man: I'm very sorry about that. 

The other thing you asked, was about papillae - as far as I 
know they both have the same characteristics. The only thing is 
that in about 2/3 of the children, I think that's a fair estimate -
you don't get the compound papillae. Theoretically they are not 
open to intrarenal reflux. Now, you could recognize a compound 
papillae on a good IVP. Of course you have a calyx which is not 
a simple cup. It may be just tending to two cups or it may be 
three cups. You can recognize this very easily. The thing is, 
my experience in North America is that here there are more com
pound papillae than there are in some European countries. This 
poses a very interesting question. I have the same walk as my 
father did. We inherit all sorts of things. Why shouldn't we 
inherit a particular type of kidney? You see, there are all sorts 
of interesting things we never mention. Why don't black children 
get reflux? Do they have a funny bladder? Do they have a very 
deep insertion of the ureter in the bladder or what? I think 
there are so many things around us that are opening up and need 
working on. I think that Ramsey's figures - I think she said 
2/3 of children don't have compound papillae, is not true of this 
side of the Atlantic amongst the adults. We're doing papillary 
counts and coming up with about 50% who have mid zone papillae 
with duplex and most of the have compound papillae. 

QUESTION: I think that one of the important things in the topic 
we have been discussing is that if you follow a patient who already 
has an established scar, you can see the scar increase. There is 
a thinning of the parenchyma. Very seldom you will see newly formed 
scars. Of course, another thing which is apparent is that it's 
better not to be infected. These are the two possibilities of pro
gressing to a more severe disease and to renal failure if you have 
scarred kidneys. The first is a newly formed scar, which is excep
tional. The second one is infection, but it is exceptional. So 
my question is, it becomes apparent from all our studies that the 
glomeruli of the spared zones become sclerosed or altered. I would 
like to ask if there might be an immunological mechanism responsible 
for this deterioration of glomeruli which has been hypothesized re
cently. Among all the cases we have been studying for the last 20 
years, we have found only two patients who developed a glomerular 
nephropathy - a real one - not this type of glomerulosclerosis. 
One was a girl who developedamembranoproliferative glomerulonephri
tis and recently we have had a case of membranous nephropathy in 
a child who had had an operation for some vesical problem ten years 
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previously and who was not infected in between those ten years. 
It is exceptional to see membranous or membranoproliferative glo
merulonephritis developing in such patients. Most of the glomeru
lar damage which has been described looked more or less like focal 
sclerosis. I would like to ask if there may be some immunological 
mechanism. 

RESPONSE: This is a very difficult question. I can simply 
tell you what is the evolution of this concept during the last 40 
years. It was one of the original and a very challenging hypothesis 
which was proposed in Germany 40 years ago. Obviously this problem 
had been approached on an experimental basis first Using several 
methods including the extensive use of a nephrotoxic nephritis, it 
was proposed that at a certain point the disease progresses because 
there is an autotmmuneviscious circle responsible for the develop
ment of the autoantibodies. This problem WaS analyzed by Unanue 
and Dixon for a long time, and they came to the conclusion, which 
is still valid, that there is not such an autoimmune phenomenon. 
Then, the problem came back again because some antigen (Edginton's 
antigen) was discovered in the brush border of the tubules and 
which may be responsible for membranous nephropathy in some animals. 
All investigators found it true that this antigen may perhaps be 
involved in the development of glomerular or tubular pathology. 
Again, this is a very interesting hypothesis. 

I will simply have to tell you that there are some requirements 
to be fulfilled in order to accept this hypothesis as valid. It 
is not enough to have immunoglobulin in the glomeruli. You have 
to show that this immunoglobulin, number one, contains antibody, 
and number two, that this antibody is specific for a certain renal 
antigen. Now, there is an autoimmune response to certain immune 
complex glomerulonephritis such as the response to antigen of the 
basement membrane which has been shown in a very few cases and 
obviously this is, after all, the histological mark of anti-GBM 
glomerulonephritis. That there is an autoimmune response to the 
antigen of the brush borde~ proposed by Dr. Gordi1lo,is an ex
tremely interesting hypothesis but certainly these criteria have 
to be fulfilled so you have to show that this is antibody of the 
G class,; you have to show that this immunoglobulin contains anti
body that is specific for the brush border. These requirements 
are very difficult to be fulfilled. You have to have the kidney 
and you have to make an elution from the kidney and you have to 
show that the immunoglobulin is specific for this brush border 
antigen. 

The presence of this antibody in the circulation is an ex
tremely rare event. It has never been shown so far except on the 
occasion of one case of sickle cell anemia. Then it has never 
been shown in the U.S. or in England. There are several programs 
studying whether or not it is possible to detect this antigen or 
its antibody, by using radiotmmune assay. 
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This is a very interesting hypothesis but they have to be 
demonstrated and we don't have the evidence so far. So, the cases 
like the one presented by Dr. Gordillo are interesting. Obviously 
it is following this trend of investigation that it will be 
possible to see if some damage is produced perhaps by an infection 
like pyelonephritis. Maybe at a certain point it is complicated 
by an autoimmune phenomenon. Several of us were very excited by 
the idea that we may have an immune complex glomerulonephritis 
which is the consequence of thyroid antibodies but I think it was 
ten years ago that we were talking about this hypothesis. It 
still is only a hypothesis. In order to be sure that it happens, 
you have to come up with hard evidence. 

MODERATOR: Did you look for the circulating antibodies or 
complexes and you did not find them or did you not look for them? 

RESPONSE: No. We didn't look for them. 

COMMENT: The problem is that these antibodies are not present 
in the circulation. It is extremely difficult. If they are present, 
they are concentrated in the kidney because there is so much antigen 
which is available that they bind to the kidney. It's the old 
story of anti-GBM antibody which .is very difficult to detect by 
using direct immunofluorescence. It is only by elution from the 
kidney that you can show this antibody. We are very happy that 
very seldom are we able to elute the antibody because, for that, 
the patient would have to die or bilateral nephrectomy is necessary. 

MODERATOR: That patient that you referred to, it was of inter
est that when we initially looked for the complexes, they were not 
found. They were subsequently found in the cryoprecipitate. 

COMMENT: I know. The systematic study of the cryoprecipitate 
may be a good method. There are now several new methods which have 
been developed but have not been applied. It is very difficult. 
For instance, the method of the Clq column which may be used for 
either complexes or immuno computing, or the Raji cell method. The 
latter is more complicated because there are components of the Raji 
cell lines which interfere with the evaluation of the components of 
the complex. So, it is really a very difficult area. 

COMMENT: Before I stop speaking at this meeting I should just 
show you the last two slides I didn't have time for this morning be
cause this is really very exciting. This is the first urinary diary 
which the mothers can do. What you do is, you lie the boy down in 
the crib and you put a diaper on it and you look at the diaper every 
half hour. If it's dry, you put it back. If it's damp you write 
down "damp"; if it's wet, you write down "wet". You go to the 
scales, weigh it, and see how much urine is being passed. The nor
mal baby\tends to empty its bladder as we said before, according to 



PANEL DISCUSSION 139 

age at a fairly regular volume - of course according to his intake -
at fairly regular periods. In between times, it's dry. Now let's 
get this first slide. This is a copy of the actual thing the mother 
wrote. Although she had a typewriter sheet, she copied this out her
self. This is an 18-month-old baby, 12:00 damp, 12:30 damp, 1:00 
damp, 1:30 dry, 2:00 dry. Damp, damp, dry. Damp, damp, soaked. 
Now, the soaking means the bladder emptied. What is it doing in 
between tfmes? What is the damp stuff? This bladder isn't empty
ing when there is'dampness. It's topping off. This means you've 
got a bladder residue and that you're very likely to have infection. 
In fact that child was infected. Then, the other thing that they 
are asked to note is the stream. This one has stop-go stream. Lit
tle spurt and stops, little spurt and stops. Stop, go, then drip
ping. Hesitation dripping. Others have noticed this stop-go thing 
in infected children. The mother, just looking at the baby, can 
tell whether there is something wrong with it's waterworks. This 
is then supported by a little plastic bag which is stuck on and has 
a double compartment. The top part fits back and what dribbles into 
that stays there so it's just when the baby streams that he streams 
into the lower compartment. So it's actually the midstream speci
men. The child has to be watched until urine appears in the lower 
compartment. and immediately taken out, a special swab which gives 
you .1 of an mI. Just dip it in the urine and give it a sharp 
shake. You get almost exactly .1 of an mI. You break that in half 
and count the number of colonies. The mother does this. This is 
working out almost as accurately as a lab test for a colony count. 

Now we have the next slide of another baby. This is a normal 
which is dry, dry, dry, dry, dry, etc. That's 11:00 and that's 
4:30. It's holding its water and then emptying its bladder, com
pletely. 

This one is 5-months-old, with a fever. Damp, damp, damp, 
damp, damp, damp, damp, damp, and flood. Damp, damp, damp, damp, 
damp, damp, damp, damp for five hours and then a flood. That's 
abnormal. She had an E. Coli infection, and this is her the next 
day. After 24 hours treatment, dry, dry, dry, dry, dry, dry, dry, 
dry, flood. She's back to normal. Now using this and two well 
drilled people in his office who are excellent at getting messages 
through to the mothers, two things have happened with Randolph. 
The first thing is that he has detected a disturbance in urinary 
function before infection. This is fascinating because it starts 
straight away to make one think of urethral spasm. The second 
thing is that his rate of positives is 3,5%. The highest rate I 
know of anybody in this age group is about 1.5%. He's picking out 
nearly twice as many undetected UTI patients by this method. It's 
a method that anybody can do - any mother who's got any brain tis
sue between her ears. I thought you'd be very interested to hear 
it because here is a message of odor. 
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Immunological mechanisms play an important part in the patho
genesis of most human glomerular disease. Damage to glomeruli may 
result either from the deposition of immune complexes along the glo
merular basement membrane (GBM) or from the fixation of specific 
anti-GBM antibodies to the GBM. These two mechanisms are usually 
readily distinguished by direct immunofluorescence tests which re
veal the pattern of distribution of immune reactants within the 
diseased kidney. Immune complex deposits have a characteristic dis
crete, granular appearance which can be detected by staining with 
fluorescein-labeled antibodies to immunoglobulins, complement, or 
the relevant antigen. In contrast, binding of anti-GBM antibody is 
recognized by a continuous, finely linear staining pattern. It is 
now well established that the tubules and interstitium of the kidney 
are also susceptible to injury initiated by the deposition of immune 
complexes or antibodies to the tubular basement membrane (TBM) (1,2, 
3). Interstitial inflammation and abnormalities of the tubular epi
thelium and the TBM may result when immunoglobulin G (IgG), with or 
without complement (C), is present in granular or linear deposits 
in renal tubules and interstitium. 

A great deal of our present appreciation of the contribution 
of immunologically mediated injury to tubu10interstitia1 pathology 
is based on studies with animal models. The recognition of immuno
logical processes in the pathogenesis of human interstitial nephri-
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tis has tended to follow observations made in the laboratory, al
though human disease can still be only partly explained by the 
available animal models. In this review, the animal models of ex
perimental tubulointerstitial nephritis will be described and dis
cussed. Evidence for similar mechanisms in human interstitial ne
phritis will be evaluated and compared with the findings in labor
atory animals. 

EXPERIMENTALLY INDUCED, IMMUNOLOGICALLY MEDIATED 
TUBULOINTERSTITIAL NEPHRITIS IN ANIMALS 

Tubular and interstitial nephritis in animals can be elicited 
in animals which have been stimulated to produce antibodies to TBM 
or to the brush border (BB) of proximal tubular cells. Inflammatory 
lesions of the renal interstitium have also been observed frequently 
in association with interstitial immune complex deposits. In addi
tion, delayed type hypersensitivity may cause an accumulation of 
mononuclear cells in the renal cortex. 

Antibodies to TBM 

An experimental model of tubulointerstitial nephritis attri
butable to autoantibodies directed against antigens of the TBM was 
first described by Steblay and Rudofsky (4). It has since been 
studied in a number of laboratories (5,6,7,8). To produce the 
disease, guinea pigs are immunized intradermally with an emulsion 
of Freund's adjuvant and TBM antigens prepared from rabbit kidneys. 
Within several weeks the guinea pigs develop a renal disease that 
is characterized clinically by proteinuria, glucosuria and azotemia. 
The kidneys of nephritic guinea pigs appear enlarged and pale, with 
petechial hemorrhages (4). In histologic preparations, diffuse cor
tical tubular damage is evident. Infiltration of the interstitium 
with mononuclear cells is a characteristic feature. Multinucleated 
giant cells have come to be recognized as the histologic hallmark 
of this experimentally induced renal disease (Fig. 1). The giant 
cells result from fusion of epithelioid cells derived from mononu
clear phagocytes nf the cellular infiltration (8). In addition to 
peritubular infla1lllIlation and tubular cell degeneration, wrinkling, 
splitting and fragmentation of the TBM are seen. In late stages of 
the disease tubular atrophy and interstitial sclerosis may be found. 
Not infrequently it becomes difficult or impossible to demonstrate 
TBM by light or electron microscopy. Peritubular giant cells appear 
to be active in the destruction of TBM for which cellular contact 
with the TBM appears a prerequisite. Contact of the epithelioid 
giant cells with the TBM is followed by lysis and phagocytosis of 
the TBM (8) (Fig. 2). 

The sera from nephritic guinea pigs contain high titers of 
anti-TBM autoantibodies that can be measured in indirect immuno-
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FIG. 1. Light micrograph showing a kidney section of a guinea pig 
20 days after immunization with rabbit tubular basement membrane. 
The proximal convoluted tubules (T) are surrounded by giant cells 
(asterisks). The arrow indicates a macrophage; c, peritubular 
capillaries. (Toluidine blue, x 1000). 

fluorescence tests on frozen sections of normal guinea pig kidney 
(4,5). By direct immunofluorescence tests, a continuous linear 
pattern of binding of IgG and the third component of complement 
(C3) along the basement membrane of cortical tubules is demonstra
ble in the kidneys of the same animals (4) (Fig. 3). However, in 
advanced stages of nephritis, when extensive TBM destruction and 
loss has occurred, the linear pattern of fixation of IgG to the 
TBM may no longer be evident (8). 

A central role of specific antibodies in the pathogenesis of 
this autoimmune tubulointerstitial nephritis was first suggested by 
the close association of TBM antibodies in sera and kidneys with 
the development of severe abnormalities of cortical tubular mor
phology (4). The passive transfer of progressive cortical tubulo
interstitial disease to normal guinea pigs, using sera obtained 
from actively immunized nephritic animals, has confirmed the im
portance of anti-TBM antibodies in the induction of this intersti
tial nephritis (9). Passive transfer experiments have also been 
used to evaluate a number of factors influencing the immunopatho
genesis of interstitial and tubular lesions. When guinea pigs 
genetically deficient in the fourth component of complement (C4) 
are recipients of anti-TBM serum, a tubulointerstitial nephritis 
develops with all characteristic clinical, histologic and immuno-
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FIG. 2. Electron micrograph illustrating a kidney from a guinea 
pig 25 days after immunization with rabbit tubular basement mem
brane. A giant cell (G) adheres to the tubular basement membrane 
(arrows) of a proximal convoluted tubule. Parts of macrophages 
(M) are seen between the tubular basement membrane and the plasma 
membrane of epithelial cells (arrowheads) (x 15,000). 

pathologic features (10). However, anti-TBM serum will not trans
fer disease to guinea pigs which have been depleted of complement 
by treatment with cobra venom factor, although IgG binds to TBM in 
the usual pattern (11). From these observations, it would appear 
that complement is required for the full development of intersti
tial and tubular lesions, although the alternate pathway of com
plement activation may be important and/or sufficient. 

Expression of the disease also requires the participation of 
cells derived from bone marrow. Recipients, in which circulating 
leukocytes have been depleted by irradiation, do not develop tubu
lointerstitial lesions, although IgG and C3 are seen to be depos
ited along the TBM (12). 

The genetic basis of susceptibility to anti-TBM nephritis has 
been studied to the limited degree that is possible with the few 
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FIG. 3. Section of frozen kidney of a guinea pig with anti-TBM 
nephritis stained by the direct immunofluorescence technique for 
guinea pig IgG. Linear deposition of IgG along TBM is observed 
(x 300). 

available strains of inbred guinea pigs. Guinea pigs of Strain 13 
develop severe interstitial nephritis with conditions of immuniza
tion which fail to produce disease in Strain 2 (5). GenetiG analy
sis has led to the conclusion that the differential susceptibility 
to this autoimmune renal disease is inherited as a single dominant 
or codominant trait linked to the major histocompatibility complex 
(13). Strain 2 guinea pigs also fail to develop' interstitial le
sions after receiving injections of anti-TBM antibodies in amounts 
which elicit the characteristic disease in Strain 13 animals (5). 
Differences in susceptibility are not absolute, however. With lar
ger immunizing doses of TBM antigens, Strain 2 animals develop tu
bulointerstitial nephritis indistinguishable from that seen in 
Strain 13 and outbred Hartley guinea pigs, although longer time is 
requmred for the full expression of severe disease in Strain 2 (14). 

The results of more recent passive transfer experiments, using 
highly purified subpopulations of IgG .isotypes, require that some 
interpretations of earlier work be revised. Active immunization 
of guinea pigs with rabbit TBM elicits production of anti-TBM an.ti
bodies of both IgGl and IgG2 isotypes. The separate transfer of 
either isotype induces tubulointerstitial nephritis, but also stim
ulates the synthesis, by the recipient, of anti-TBM autoantibodies 
of both immunoglobulin subclasses (15). Therefore, the demonstra
tion of a requirement for radiosensitive cells in the passive trans
fer of anti-TBM nephritis may reflect an absence, in irradiated 
guinea pigs, of cells required for antibody synthesis. Furthermore, 
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the resistance of Strain 2 guinea pigs to transfer of nephritis may 
also be attributable to a deficiency of antibody forming capacity, 
rather than other cellular responses. The mechanism by which trans
ferred antibody might s.timulate the synthesis of autoantibody of 
the same reactivity is not understood. One possibility is that the 
injected antibodies cause the modification or release of TBM anti
gens sufficient to provide an autoimmune response by the recipient. 
This kind of autoimmune amplification could explain the progressive 
nature of the disease. 

Significant inhibition of tubulointerstitial nephritis can be 
achieved by the intraperitoneal administration of small amounts of 
an anti-idiotypic antiserum at the time of active immunization with 
IBM antigens (16). The anti-idiotypic antibodies obtained from 
rabbits are directed against guinea pig anti-TBM antibodies. Al
though the mechanism of suppression of interstitial nephritis has 
not been explained, similar effects in other systems have been 
ascribed to clonal deletion of B cells or the production of T sup
pressor cells. The relative amounts of idiotypic and anti-idiotypic 
antibody make it unlikely that a simple molecular reaction of those 
two antibody populations is sufficient to explain the result. 

The anti-TBM antibodies produced by immunization of guinea 
pigs with rabbit TBM may crossreact with GBM and alveolar basement 
membrane (ABM) (14). Absorption experiments performed on sera and 
eluates of kidney and lung show that the antibodies binding to TBM 
and ABM are closely related or identical. Direct immunofluores
cence tests confirm that IgG may be deposited in a linear pattern 
along the ABM in lungs of guinea pigs with anti-TBM nephritis. 
Fixation of IgG to ABM is associated withthe accumulation of poly
morphonuclear leu~~ocytes in alveolar capillaries, thickening of 
alveolar septa and some proliferation of septal cells. 

The histologic appearance of the interstitial infiltration is 
consistent with.a cell mediated immune reaction. For that reason 
there has been considerable effort to demonstrate a role of speci
fic cell mediated immunity in the pathogenesis of anti-TBM nephri
tis. The cellular infiltration in interstitial nephritis of guinea 
pigs with anti-TBM disease has been analyzed using hemad sorption 
techniques on tissue sections (6,17). Two weeks after immuniza
tion, only cells of the monocyte-macrophage series can be identi
fied. Plasma cells, seen by light microscopy, do not react with 
the B lymphocyte marker. It is only three weeks after immunization 
that B cells are first demonstrable in the cellular infiltration 
(17). It is not possible to detect T cells on tissue sections pre
pared from kidneys taken from guinea pigs in any stage of the dis
ease. The hemadsorption studies indicate that T lymphocytes have 
no important role in anti-TBM disease of guinea pigs. The failure 
of lymph node cells from immunized guinea pigs to transfer the 
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disease to normal recipients of the same strain strengthens the 
view that specific cell mediated immunity is relatively unimpor
tant in the pathogenesis of the disease (6). 

It should be mentioned that an interstitial nephritis caused 
by anti-TBM antibodies has also been produced in Brown Norway and 
Lewis/Brown Norway rats by immunization with homogenates of rat 
kidney cortex or bovine TBM (18,19). Observations of immunopathol
ogy in rats are similar to those in guinea pigs. One difference 
is the influx of polymorphonuclear leukocytes seen in the cellular 
infiltration in early stages of interstitial nephritis in rats 
(18). Passive transfer experiments indicate that antibodies to 
TBM are the major factor required for development of tubulointer
stitial lesions (19). Genetic differences in susceptibility are 
observable among inbred strains. In rats those differences have 
been correlated with a strain-specific nephritogenic TBM antigen 
that crossreacts with bovine TBM (18). Specifically sensitized 
cells do not appear to play an important part in the production of 
tubular and interstitial damage (20). The peritubu1ar giant cells, 
which are associated with TBM destruction in guinea pig anti-TBM 
disease, are not a conspicuous feature of the histopathology of the 
disease in rats (19). 

Anti-TBM antibodies may form following renal transplantation 
in rats and can be shown to be present in the allograft and in re
cipient sera when certain donor-recipient combinations are used 
(21). As binding of IgG to TBM is seen only in the transplanted 
kidney, it has been postulated that the antibody response is spe
cific for an antigen present in the TBM of the donor strain and 
not in the recipient. It is difficult to assess the contribution 
of anti-TBM antibody deposition to tubular and interstitial lesions 
when graft rejection phenomena are superimposed. 

Immune Complex Deposits 

Pathologic changes in tubules and infiltration of the inter
stitium have been associated with the presence of immune complexes 
in several different laboratory models. Rabbits immunized with 
daily injections of a foreign serum protein, usually bovine serum 
albumin (BSA), develop chronic serum sickness glomerulonephritis 
that is characterized by the accumulation of immune complexes con
taining BSA, IgG and C3 along the glomerular capillary wall (22). 
By immunofluorescence microscopy the immune deposits are seen to 
have a discrete, granular distribution; they appear as dense de
posits in subepithelial and subendothelial sites of the glomerular 
capillary wall when studied by electron microscopy. If the daily 
BSA injection is increased to match individual antibody production 
and administered in divided daily doses to prevent fatal anaphy
laxis, rabbits with a vigorous antibody response exhibit a systemic 
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immune complex disease that is considered to be a model for systemic 
lupus erythematosus (SLE) in humans (23). In rabbits with systemic 
disease, granular immune deposits are found by immunofluorescence 
and electron microscopy in many organs and tissues, as well as in 
extrag1omeru1ar locations within the kidney (Fig. 4). Extrag1o
meru1ar renal immune deposits are distributed in the walls of peri
tubular capillaries, in the interstitium, along Bowman's capsule 
and the TBM (23). The TBM deposits are not restricted to cortical 
tubules, but may be found in all tubular segments. Tubular cells 
are damaged and may become atrophic; the TBM is often thickened and 
split. Interstitial fibrosis and mononuclear cell accumulation are 
also correlated with the presence of extrag10merular renal immune 
deposits. It is generally believed that the complexes responsible 
for tubu1ointerstitia1 lesions in experimental chronic serum sick
ness form in circulation and deposit nonspecifical1y in tissues 
to produce pathologic changes and inflammation. 

Nonglomeru~ar kidney antigens have also been used to stimu
late an autoimmune response in rabbi~s that causes the accumulation 
of immune deposits along the TBM of proximal tubules (24). In that 
model, a granular distribution of IgG and C3 is associated with 
interstitial lesions characterized histologically by extensive in
terstitial fibrosis, tubular degeneration, focal mononuclear cell 

FIG. 4. Section of frozen kidney of a rabbit with chronic serum 
sickness produced by daily injection of BSA. The tissue has been 
stained in a direct immunofluorescence test for rabbit IgG. Gran
ular to ribbon-like deposits of IgG are present along TBM. In 
addition, deposits can be seen in small peritubular vessels and in 
the interstitium (x 300). 
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infiltration and thickening and splitting of the TBM. Autoanti
bodies present in circulation and in kidney eluates stain proximal 
tubular epithelium (24,25). Furthermore, fluorescein-labeled kid
ney eluates also react with antigens present in the tubular deposits 
(25). Although moderate glomerular lesions may develop, this par
ticular nephritis, characterized by the production of autoantibodies 
to antigens of the tubular epithelium, appears to be primarily a tu
bulointerstitial nephritis. It has been suggested that the immune 
deposits seen along the TBM do not arise as complexes preformed in 
circulation, but rather result from the local combination of anti
gen "leaking" from the tubular cells with antibody diffusing from 
peritubular capillaries. This autoimmune disease appears to have 
a complicated and, as yet incompletely described, natural history 
in which both antibodies to tubular epithelium and immune deposits 
containing the tubular antigen may be of pathogenic significance. 

Similar granular deposits in the TBM of proximal tubules oc
cur in another autoimmune renal disease, called Heymann nephritis, 
that can be elicited in some strains of rats (26,27). Those de
posits will be described and discussed along with other aspects of 
Heymann nephritis inthe following section of this review. 

Antibodies to the Brush Border of Proximal Tubules 

Damage of the tubules is found in an autoimmune disease (Hey
mann nephritis) produced in rats by immunization with a glomerulus
free extract of homologous kidney extract. Heymann nephritis af
fects both glomeruli and tubules, although most studies have fo
cussed on the membranous nephropathy which is a striking feature 
of the disease (28,29,30). Several weeks after subcutaneous ad
ministration of a renal cortical extract called Fx1A, granular de
posits of IgG and C3 can be detected along the GBM (31). Electron 
microscopy shows the glomerular immune deposits to have a subepi
thelial location in the capillary wall (30,32). Antibodies present 
in the circulation stain the brush border (BB) of cells of the prox
imal tubular epithelium (32). The glomerular immune deposits appear 
to contain BB antigen as well as the corresponding antibody and C3 
(28). 

Progressive damage to the glomerular capillary wall results 
in an abnormal urinary protein excretion within two months of the 
initial immunization. At first, the kidneys of proteinuric rats 
with high titers of anti-BB antibody in circulation and urine are 
found to have IgG and C3 fixed to the periluminal border of most 
proximal tubules (33,34) (Fig. 5). Alterations of the proximal tu
bules and the BB have been studied in tissues fixed by an in situ 
perfusion of the kidney that ensures optimal preservation of tubu
lar architecture. The deposition of IgG, presumably specific anti
BB antibody, is correlated with extensiv~ destruction and loss of 
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FIG. 5. Section of frozen kidney of rat in an early proteinuric 
stage of Heymann nephritis stained by the direct immunofluorescence 
technique for rat IgG. Finely granular deposits of IgG are present 
along the glomerular capillary wall. IgG is bound to the BB of 
proximal tubules (x 300). 

microvilli as well as proliferation and degeneration of tubular 
epithelial cells (34) (Figs. 6,7,8,9). In addition to tubular da
mage, interstitial infiltration with mononuclear cells also occurs; 
mononuclear cells may be seen to cross the tubular epithelium. 
Cells seen within the tubular lumen may arise either from the inter
stitial cellular infiltration or from the damaged epithelium itself. 

After 6 to 12 weeks of proteinuria, IgG and C3 are no longer 
present along the luminal border of the proximal tubules, nor can 
the BB antigen be demonstrated by indirect immunofluorescence tests 
(34). By light and electron microscopy, many proximal tubules in 
this stage of Heymann nephritis are seen to be extensively or com
pletely devoid of microvilli. At this time, direct immunofluores
cence tests reveal instead the presence of focal granular deposits 
of IgG and C3 along the TBM. By electron microscopy the immune de
posits appear as dense material accumulated between the TBM and the 
basal plasma membrane of the epithelial cell. The TBM is tortuous 
and thickened, characteristic infoldings of the basal plasma mem
brane are gone and many epithelial cells are flattened. 

In an even more advanced phase of Heymann nephritis, when pro
teinuria has persisted for three months or longer, anti-BB anti
bodies in circulation and urine are no longer detectable or are 
present in very low titer (34). Direct immunofluorescence tests 
reveal that kidneys in this stage of the disease have IgG bound 
along the GBM alone; BB and TBM deposits, abundant earlier, are not 
detectable. With anti-BB antiserum, using an indirect immunofluo-
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FIG. 6. Light micrograph of a normal rat kidney fixed by in S1:tu 
perfusion (methylene blue, x 250). 

rescence technique, it is possible to show that the BB antigen is 
present in a distribution and amount similar to that seen in the 
normal rat kidney. Examination by light and electron microscopy 
of kidneys fixed by in situ perfusion confirms that substantial 
regeneration of BB and partial disappearance of interstitial infil
tration may occur in the absence of continued immunological insult 
by anti-BB antibody. Microvilli are present in the tubular epithe
lium in a near normal distribution; the cells regain a normal height; 
basal infoldings are restored. Newly formed TBM can be seen in close 
approximation to the basal 'surface of epithelial cells. Active cell
ular infiltration of the interstitium is replaced with fibrosis; in
traluminal cells are reduced in number. 

From the natural history of Heymann nephritis it appears that 
tubular and interstitial damage is the consequence of antibody me
diated injury to cells of the proximal tubules. Tubulointerstitial 
pathology is seen only after the onset of proteinuria, when anti-BB 
antibody passes the glomerular filter and reaches the microvilli. 
An active tubulointerstitial disease persists as long as anti-BB 
antibody is present and able to react with antigen in the proximal 
tubules. 

It is only possible to speculate about the nature and orlgln 
of the transient granular immune deposits found along the TBM in 



152 BERNICE NOBLE, PH.D. ET AL. 

FIG. 7. Light micrograph of a normal rat kidney. The cells of the 
proximal tubules have a tall and uniform BB and many pinocytic apical 
vesicles (methylene blue, x 900). 

Heymann nephritis. Granular deposits are not seen in vessel walls 
of the kidney or other tissues, as in chronic serum sickness. The 
strict limitation of the deposits to the TBM of proximal tubules 
also suggests that an immune reaction specific to antigens of the 
proximal tubular cells is responsible for their formation. For 
those reasons it seems unlikely that the deposits originate as com
plexes preformed in circulation. Substantial evidence suggests that 
the glomerular deposits in Heymann nephritis result from an in situ 
reaction of circulating anti-BB antibody with a fixed, crossreac
tive antigen which is distributed in discrete sites along the GBM 
(35). TBM deposits could also form by the combination of anti-BB 
antibodies with fixed tubular antigens or with antigens that "leak" 
from the cell as a consequence of the extensive degeneration that 
follows fixation of IgG to the BB. 

Peritubular immune deposits have been described, in associa
tion with anti-BB antibody production, following renal transplanta
tion in the rat (36). It is possible that interstitial mononuclear 
cell infiltration seen inthe allograft is attributable, at least in 
part, to antibody mediated tubular damage similar to that seen in 
Heymann nephritis. 
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FIG. 8. Light micrograph of a kidney of a rat with Heymann nephri
tis at a stage in which IgG a~d C~ are bound to the BB (see Fig. 5). 
The kidney has been perfused ~n s~tu. The lumina of many proximal 
tubules, which contain floccular debris are abnormally dilated, epi
thelial cells are flattened, and only a few apical vesicles are pre
sent. The BB of proximal tubules is frequently lacking (methylene 
blue, x 250). 

Cell Mediated Interstitial Nephritis 

The mononuclear cell composition of the interstitial cell in
filtration found in many models of experimentally induced tubulo
interstitial nephritis is consistent with the hypothesis that cell 
mediated immune responses contribute to the pathogenesis. All of 
the available data, however, support the view that humoral mechan
isms are ·of primary importance. It has been demonstrated that res
ponses, analogous to delayed hypersensitivity reactions in the skin, 
can be elicited in the renal cortex (37). Thus, under appropriate 
conditions, inflammatory reactions can be produced in the renal in
terstitium that consist of mononuclear cells, are transferable with 
cells and not serum, and occur in the absence of circulating anti
bodies to the sensitizing antigen. It remains to be determined 
whether specific cell mediated immunity is a factor in the immuno
pathogenesis of any of the interstitial nephritides which have been 
produced in animals. 
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FIG. 9. Light micrograph of a kidney similar to that seen in Fig. 
8 showing partial destruction of BB. Debris fills the lumen of 
proximal tubules. Apical vesicles are absent where BB is missing 
(methylene blue, x 900). 

IMMUNOLOGICALLY MEDIATED 'IDUBULOINTERSTITIAL NEPHRITIS IN MAN 

Interstitial nephritis, associated with extraglomerular depo
sition of immunoglobulins as part of immune complexes or as anti
TBM antibody, is found infrequently in man. When observed it is 
often associated with immunologically mediated glomerular disease 
and the interstitial damage may be secondary to glomerular pathol
ogy. The information required to establish unequivocal cause and 
effect relationships between the immune deposits and tubulointer
stitial pathology is rarely available. For that reason it is 
usually difficult to assess the contribution of immunological mech
anisms to the development of interstitial lesions in human disease. 
Nevertheless, the compelling evidence from animal models and the 
correlations, to be described, between tubulointerstitial lesions 
and extraglomerular renal immune deposits in man make it appear 
very likely that immunological factors play a part in the patho
genesis of a variety of interstitial nephritides. 
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Antibodies to TBM 

Antibodies to TBM in man have been detected in association 
with anti-GBM glomerulonephritis, in methicillin-related intersti
tial nephritis, after renal transplantation, and in immune complex 
glomerulonephritis. The observation of anti-TBM antibodies as an 
isolated phenomenon is very rare. 

Anti-TBM antibodies are found most often in patients with 
anti-GBM glomerulonephritis (3,38). In those patients, serum and 
kidney eluates react in vitro with GBM and TBM, and in addition, 
sometimes with ABM, suggesting that antibodies may be directed 
against antigenic determinants common to many basement membranes. 
Although it is difficult to evaluate the contribution of anti-TBM 
antibodies to renal dysfunction in patients with a concomitant 
anti-GBM glomerulonephritis, the severe tubular and interstitial 
lesions found in anti-GBM-anti-TBM nephritis are probably partially 
attributable to the fixation of IgG and C3 to the TBM. Tubulointer
stitial damage is certainly more frequent and severe in patients 
with anti-GBM and anti-TBM antibodies than in those with anti-GBM 
antibodies alone (38). 

Anti-TBM antibody may be seen in direct immunofluorescence 
tests to have a focal distribution in some patients, whereas in 
others the majority of renal tubules are involved (39) (Fig. 10). 
Antibodies in renal eluates and/or the circulation of those pa
tients show the same patterns of reaction with TBM in indirect im
munofluorescence tests. This observation suggests that anti-TBM 
antibodies of different specificities are responsible for the two 
distinct patterns of TBM staining. The tubulointerstitial lesions 
appear typically as peritubular and perivascular infiltrations com
posed of polymorphonuclear and mononuclear cells (38). Occasional
ly, multinucleated giant cells may be present. Cell proliferation 
and degeneration may be discerned in the epithelium of the tubules. 
The TBM can be thin and disrupted in some areas; in other places it 
may be thickened or duplicated. Mononuclear cells may be found be
tween cells of the proximal tubular epithelium. The proliferation 
of epithelial,cells seen in this human disease is not a prominent 
feature of anti-'£BM nephritis in guinea pigs or rats, nor do the 
giant cells seen in human anti-GBM-anti-TBM nephritis appear to 
function as those described in the guinea pig model (8). 

In a few patients, mostly children, anti-TBM antibodies, in
terstitial nephritis and severe tubular dysfunction have been ob
served to accompany immune complex glomerulonephritis. In one 
instance, formation of anti-TBM antibodies followed a severe post
streptococcal glomerulonephritis (40). Examination of sequential 
biopsies established that the development of tubulointerstitial 
disease was correlated with the appearance of anti-TBM antibodies 
in circulation and with their deposition along the TBM. It was 
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FIG. 10. Section of frozen kidney from a patient with anti-GBM 
anti-TBM nephritis stained for IgG. Antibody is seen to be depos
ited in a linear pattern along GBM and the basement membrane of a 
few tubules (x 300). 

proposed that damage to the tubules produced by the original renal 
disease triggered the synthesis of autoantibodies directed against 
TBM antigens. In other reports, nephrotic syndrome, associated 
with heavy granular immune deposits along GBM and TBM was accom
panied by anti-TBM antibodies in the kidney and/or in circulation, 
as well as with Fanconi's syndrome (3,41,42). These observations 
are also consistent with the hypothesis that injury to the tubules 
could stimulate an autoimmune anti-TBM response. One patient with 
linear and granular immune deposits along TBM developed pulmonary 
symptoms; autoantibodies reacting with ABM were found in circula
tion (41). This finding suggests that anti-TBM antibodies cross
reacting with ABM may also occasionally cause pulmonary lesions in 
man similar to those described in guinea pigs (14). 

The detection of anti-TBM antibodies in a few cases of methi
cillin-associated interstitial nephritis has led to the suggestion 
that anti-TBM antibodies may play a part in the pathogenesis of 
drug-related nephritis (43,44). It was proposed that the dimethyl 
penicy11oy1 group, which is secreted by proximal tubules, may, 
when bound to the TBM as a hapten protein conjugate, stimulate an 
immune response that results in linear fixation of IgG along the 
TBM (44). Interstitial damage would be presumed to be the conse
quence of antibody deposition. However, as anti-TBM antibodies 
are not present in most cases of drug-related nephritis, including 
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many in which penicillin analogues are implicated, anti-TBM anti
bodies most probably are not directly responsible for the majority 
of cases of interstitial nephritis associated with drug hypersensi
tivity (45,46,47). Taken together, the clinical manifestations of 
hypersensitivity, the elevated circulating IgE concentrations and 
the distinctive eosinophil component of the interstitial cellular 
infiltration seen in many cases of drug-associated interstitial ne
phritis provide some evidence that IgE mediated hypersensitivity 
may contribute to renal pathology. For this intriguing and per
plexing disease an animal model would be invaluable and is lacking. 

Anti-TBM antibodies in the absence of anti-GBM antibodies are 
sometimes found following renal transplantation (48,49,50). The 
rejection process may act as a nonspecific adjuvant or may cause 
damage to TBM resulting in the formation of anti-TBM antibodies 
(48). Alternatively, TBM antigens unique to the graft may be im
munogenic in human recipients, as has been shown in rats (21). In 
any event, the pathogenetic role of anti-TBM antibodies in allo
graft is difficult to evaluate because the cellular immune responses 
important in rejection are also able to produce substantial tubulo
interstitial damage. 

Severe interstitial nephritis with anti-TBM antibodies in the 
absence of significant glomerular accumulation of IgG is rarely 
found (51). 

Immune Oomplex Deposits 

Granular deposition of IgG and C3 along TBM, in the absence 
of anti-TBM antibodies, has been observed to be associated with 
histologic abnormalities of the tubules and interstitium in man. 
In a high percentage of patients with SLE glomerulonephritis, gran
ular to ribbon-like extraglomerular immune deposits are also pre
sent (51). The deposits, found along TBM are associated with all 
tubular segments (Fig. 11). In addition, deposits may be observed 
in the interstitium, in the walls of peri tubular capillaries and 
in larger vessels. Denatured DNA has been demonstrated as a con
stituent of the tubulointerstitial immune deposits in some cases 
(52). Therefore, it appears likely that the extraglomerular renal 
deposits in SLE arise from DNA-ant i-DNA immune complexes formed in 
the circulation. 

The pathology which accompanies deposition of immune complexes 
includes inflammatory cell infiltration of the interstitium, damage 
and degeneration of tubular cells, thickening and duplication of 
the TBM. Tubular dysfunction may also be the consequence of exten
sive tubulointerstitial accumulation of immune complexes in pa
tients with SLE (53). These findings are anticipated from obser
vations made of rabbits with chronic serum sickness nephritis and 



158 BERNICE NOBLE, PH.D. ET AL. 

FIG. 11. Direct immunofluorescence test for IgG on a frozen sec
tion of a kidney from a patient with SLE nephritis. Immune depos
its are present in a granular. to ribbon-like. pattern along TBM. 

are a confirmation of the applicability of that animal model to 
the study of human disease. Granular extraglomerular renal im
mune deposits have been described in association with other renal 
diseases (54), but are so characteristic for SLEnephritis that 
their demonstration has some diagnostic significance. 

Antibodies to Brush Border of Proximal Tubules 

A role of anti-BB antibodies in human interstitial nephritis 
has not been demonstrated, although anti-BB antibodies have been 
implicated in a few cases of human glomerulonephritis (55,56). 
Antibodies staining the BB have also been described in allograft 
recipients (57). Studies of rats with Heymann nephritis suggest 
that antibody deposition along the periluminal border of tubular 
cells may be transitory, with damage difficult to discern follow~ 
ing immersion fixation of tissue. For that reason, immune mechan
isms, similar to those which produce tubulointerstitial injury in 
Heymann nephritis, may have been overlooked in the.evaluation of 
human renal disease. 

Cell Mediated Immunity 

The histology of the interstitial inflammation seen in many 
cases of human interstitial nephritis suggests that mechanisms of 
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cell mediated immunity may contribute to the development of the 
interstitial lesions. However, there is not yet good evidence to 
support that idea. 

In one patient, an acute interstitial nephritis, apparently 
at.tributable to aspirin hypersensitivity, was associated with cell 
mediated immunity to aspirin measured in lymphocyte stimulation 
tests (58). This observation raises the possibility that drug 
hypersensitivity, manifested as a cell mediated reaction in the 
kidney, may produce interstitial nephritis. 

The pathogenic significance of immunologi~ mechanisms in hu
man tubular and interstitial nephritis is incompletely understood. 
The application of immunofluorescence techniques to the study of 
renal biopsy specimens has increased the ability to recognize im
munologically mediated tubulointerstitial pathology. Animal models 
of tubulointerstitial renal disease have demonstrated some of the 
possible relationships of immunologic injury to tissue damage and 
renal dysfunction. Elucidation of the natural history of immuno
logically mediated tubulointerstitial disease in animals has aided 
the recognition- of similar nephropathies in man. Until now, how
ever, immunopathogenic mechanisms have been implicated in only a 
small fraction of human interstitial nephritides. Although immuno
logically mediated interstitial nephritis in man appears rare, it 
seems likely that an immune pathogenesis has not yet been identi
fied in some instances in which it is important. The contribution 
of humoral immune factors to tissue damage, which has been greatly 
clarified by study of animal models, may have been overlooked in 
tissue specimens obtained at late stages of disease. The mechanisms 
by which tubular injury could lead to anti-TBM autoimmunization have 
not been identified, nor has a counterpart of anti-BB damage to tu
bules been recognized in man. In addition, animal models of tubulo
interstitial disease mediated by specific cellular immunity, resem
bling human nephropathies, are not available. This fact may partly 
explain the failure to demonstrate a role of cell mediated immunity 
in human tubular and interstitial nephritis. 
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Several immunologically mediated mechanisms may lead to injury 
of renal tubules and interstitial tissue resulting in tubulointer
stitial nephritis (TIN). The distinguishing features of these me
chanisms are based upon their immunofluorescent microscopic (IF) 
pattern. Tubular linear deposits of immunoglobulins (Ig) suggest 
the presence of circulating anti tubular basement membrane (TBM) 
antibodies. Granular deposits of Ig and/or complement (e) are 
likely related to the presence of immune complexes (Ie). In the 
absence of deposits, a cell-mediated reaction may be suggested. 
These mechanisms have been well studied in experimental models. 
They may also be observed in man. We report about 14 children with 
proven or presumed immunologically mediated TIN. 

Linear deposits along TBM and circulating anti-TBM antibodies 
were present in two patients. 

In the following six, IF showed granular deposits of Ig and/or 
e likely representing the interstitial location of Ie (2 SLE, 1 
syphilis, 1 HbsAg related membranous GN, 1 shunt nephritis, 1 post 
infectious proliferative GN). 

The findings by IF were not significant in the remaining six 
patients. However, the association of renal involvement with ex
trarenal disorders in four of them (chronic active hepatitis and 
ulcerative colitis in one and uveitis in three) suggests that an 
immunologic disorder might be responsible for the TIN. In a fifth 
patient the diagnosis of sarcoidosis was raised because of the 
finding of a giant-cell granulomatous lesion in the kidney. The 
last patient had isolated TIN (without uveitis) but, as for the 
previous five patients, steroid therapy led to the disappearance 
of the renal symptoms. 

167 



168 RENEE HABIB, M.D. ET AL. 

IF allows a clear-cut distinction between the various types 
of TIN, each deserving a specific therapy. Patients with TIN and 
no significant IF findings, are usually cured by steroid therapy. 
Etiologically related treatments may be und~rtaken in Ie mediated 
TIN (SLE, shunt nephritis, syphilis). Patients with anti-TBM anti
body related TIN would most likely benefit from plasmapheresis. 
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ACUTE NON-BACTERIAL TUBULOINTERSTITIAL NEPHRITIS (TIN) 
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City, Mexico 

Clinical material was constituted of 29 children, 51% below 
one year of age. There were 18 males and 11 females. Twenty-three 
out of the 29 patients had the antecedent of.drug ingestion just 
prior to the onset of the renal manifestations: gentamycin, kana
mycin, ampicillin, streptomycin, sulphonamides, cefalosporin, siso
mycin, diphenylhydantoin, diphenylhydramine were the incriminated 
drugs. Four patients had salmonellosis, scarlet fever, and upper 
respiratory infections, respectively, at the time TIN started. 
There were no antecedents in two children. Most of the patients 
presented with hematuria and some with acute renal failure. Urin
ary findings were hematuria, proteinuria and glycosuria. High 
values of BUN and serum creatinine were found in 10 patients. Per
cutaneous renal biopsy was done in 9 patients: interstitial edema, 
fibrosis and mononuclear cell infiltration were the predominant 
findings. No immunofluorescence was present in the tubulointersti
tial lesions. 

More information from the literature on cases with TIN caused 
by different antibiotics pointed out that skin rash, eosinophilia, 
fever, edema and the nephrotic syndrome were frequent findings 
beside acute renal failure, hematuria, and protei.nuria. TIN may 
be presented in association with "crescentic" glomerulonephritis, 
membranous nephropathy, nephrotic syndrome with focal and segmen
tal sclerosis, lupus nephritis, graft rejection, etc. There have 
been cases reported with simultaneous nephrotic syndrome and Fan
coni syndrome. There also have been cases of TIN associated with 
extrarenal diseases such as uveitis. 

Pathogenesis varies from direct toxic effects to innnunological 
processes that may be immunocomplex autoantibodies or cell-mediated. 
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Withdrawal of the offending agent, etiological treatment, 
steroids or plasmapheresis may be useful according to the etiology 
and the pathogenesis of any individual case. 
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INTRODUCTION 

There are numerous substances capable of affecting the kidneys 
and producing renal dysfunction or disease. Nephrotoxicity has 
been associated with acute or chronic poisoning, which may be acci
dental or suicidal in origin (HgC12, ethylene glycol, CC14)' while 
in other cases results from exposure to industpiaZ op env~ponmentaZ 
hazaPds (lead, mercury, CC14' cadmium, hydrocarbons). Although 
these forms of nephrotoxicity are important to physicians, the most 
prevalent cause of nephrotoxicity now-a-days is dpug induced (Table 
1). 

New drugs are continuously being introduced into our pharmaco
logic or diagnostic armamentarium and the number of renal (and 
other) problems will undoubtedly increase with time and new drugs. 
Although a low or nil toxicity is a goal of the pharmaceutical in
dustry, this is seldom achieved. Thus, the physician must be aware 
of this situation if prevention,early detection and appropriate 
therapy of drug-induced nephrotoxicity are to be undertaken. 

The frequency of drug-induced renal damage is difficult to 
establish. In my experience, however, it is more frequent than 
generally thought. Patients are usually very sick with complicated 
medical and surgical problems on the one hand (with possible mecha
nisms for renal dysfunction being concomitantly operative (dehydra
tion, shock», or on the other extreme only the more severe patients 
are called to the attention of the nephrologist. With great fre
quency, particularly in seriously ill patients, multiple pharmaco-
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Table 1. Therapeutic and Diagnostic Nephrotoxic Agents* 

Drugs 

Antibacterials 

Analgesics 

Lithium 

Fluorinated Anesthetics 

Antineoplastic Agents 

Renal Dysfunction 

Acute Renal Failure (ARF) 
Acute Interstitial Nephritis 
Renal Tubular Acidosis (RTA) 
Polyuria 
Hypokalemia 
Proteinuria 

Chronic Interstitial Nephritis 
Papillary Necrosis 
Nephrolithiasis 

Polyuria 
Incomplete RTA 

Polyuria 
ARF 

ARF 
Chronic Renal Failure 

Radiographic Contrast Media ARF 

*In this review there is no intention to make tables complete 
or comprehensive. 

logic agents (each with capacity for renal injury) have been used 
simultaneously or in sequency. Thus, more often than not, it is 
difficult to attribute to one given drug the sole responsibility 
for nephrotoxicity. Indeed, in many clinical circumstances a com
bination of offending agents may be responsible (methoxyflurane 
and aminoglycosides, various combinations of antibiotics, diuretics 
and antibiotics, etc.). 

Although acute renal failure is usually equated with drug
induced renal toxicity, it is now quite clear that there is a spec
trum of cZinicaZ syndromes associated with drug-induced nephrotoxi
city (Table 2). Nevertheless, acute renal failure remains the more 
commonly reported form of drug-related renal dysfunction. 

Of the many diagnostic and therapeutic agents capable of in
ducing renal damage (Table 1) only few will be described here. The 
drugs which I have selected are those more frequently associated 
with nephrotoxicity (aminoglycoside antibiotics) and those recently 
recognized as causing renal damage (radiographic contrast media, 
antineoplastic agents, rifampin). 
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Table 2. Drug Induced Renal Disease Clinical Syndromes 

Acute renal failure 

Acute tubular insufficiency (necrosis) 
Acute interstitial nephritis 
Acute glomerulonephritis 
Renal angiitis 

Nephrotic syndrome 

Obstructive uropathy 

Periureteral fibrosis 
Crystalluria 

Chronic renal failure 

Chronic interstitial nephritis 
Arteriolar nephrosclerosis 
Chronic glomerulonephritis 

Tubular syndromes* 

Fanconi 
Renal tubular acidosis 
Nephrogenic diabetes insipidus 
Potassium wasting 
Sodium loss 
Magnesium loss 
Hydrogen loss 

*Drug-induced inappropriate ADH syndrome is not included. 
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The purpose of this review is not to examine the effects and 
clinical usage of drugs in renal failure. Excellent reviews have 
been recently published on this subject and the reader is referred 
to them for specific information (1-5). However, reference to the 
usage of specific drugs in uremia will be mentioned. Finally, a 
brief review of the fundamental role of the kidney in the handling 
of drugs will be included. Again, detailed information on this 
subject can be found elsewhere (1-3,5-7). 

THE RENAL HANDLING OF DRUGS (Table 3) 

The rate of drug eliminated by the kidney depends on the gZo
meY'UZar fiUration rate (GFR), the concentration of the drug in the 
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Table 3. Renal Handling of Drugs 

I. Glomerular Filtration Rate 
A. Protein-Binding 

II. Tubular Reabsorption 
A. Active 
B. Passive 
C. Nonionic Back Diffusion 

III. Tubular Secretion 

blood and its ppotein binding (7). In addition, a number of com
pounds {active drugs and their inactive metabolites} appear in the 
urine due to tubulaP secpetion processes (Table 4). Others are 
filtered at the glomerulus and subsequently peabsopbed by the 
proximal tubular epithelium, such as the aminog1ycoside antibiotics. 

The reabsorption of a number of drugs will be influenced by 
nonionic back diffusion. Drugs which are either weak acids (acet
azolamide, phenobarbital, salicylic acid, sulfathiazole, nitrofuran
toin, penicillin, probenecid, etc.) or weak bases (amphetamine, 
quinidine, chloroquine, trimethaprim, ephedrine, isoproterenol, etc.) 
exist in a mixture of nonionic and ionic forms, with the particular 
proportion depending upon the pKa of the drug and the pH of the tu
bular fluid or urine. In an acid environment, weak acids exist pre-

Table 4. Therapeutic Agents Secreted by Renal Tubules 

Acidic 

Acetazolamide 
Ethracrynic acid 
Furosemide 
Hydrochlorothiazide 
Meto1azone 
Spironolactone 
Triamterene 

Penicillins 

Phenylbutazone 
Salicy1ates 

Probenecid 

Basic 

Dopamine 
Histamine 

Morphine 
Procaine 

Quinine 

Thiamine 
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dominantly in theirnonionized form. Since the renal tubularepi
thelial membrane permits the diffusion of nonionic (but not of the 
ionic) molecules across it, alkalinization of the urine (which de
creases the proportion of nonionic molecules) diminishes non ionic 
back diffusion and increases excretion of certain drugs. For ex
ample, the urinary excretion of acetylsalicylic acid (pKa 3.5), 
phenobarbital (pKa 7.2) and probenecid (pKa 3.3) is increased by 
alkalinization (pH> 7.5) of the urine. 

Because of the dependence of many commonly prescribed drugs 
on the kidney for excretion it is obvious that the elimination of 
these compounds will be affected when renal function is decreased. 
In addition, the protein binding of many drugs is decreased in 
uremia (7) (Table 5). This, however, does not mean that their 
plasma concentrations and duration of action will be necessarily 
increased in uremic patients. Other factors (metabolism, excre
tion) may enhance total drug elimination, making difficult to pre
dict with accuracy the clinical consequences of decreased protein 
binding in a given uremic patient. 

Since renal excretion represents the major route of elimina
tion from the body for a number of drugs, there is potential risk 
of toxicity for the kidney. Because of its high blood flow, ele
vated metabolic rate, multiple enzymatic processes and specific 
functions (countercurrent concentrating mechanism, tubular secre
tion and reabsorption) the kidney is particularly vulnerable to 
drug-related damage (Table 6). 

There are two basic mechanisms whereby the kidney can be 
subjected to drug-induced damage: a direct toxic effect (unchanged 
drug or its metabolites) or a hypersensitivity reaction (Table 7). 

Table 5. Decreased Protein Binding 
of Commonly Used Drugs in Ur~ia 

Barbiturates Benzylpenicillin 
Diazepam Dicloxacillin 
Diphenylhydantoin Sulfonamides 
Morphine 

Digitoxin 

Warfarin 

Diazoxide 

Furosemide 
Triamterene 

Phenylbutazone 
Salicylate 

Clofibrate 

Thyroxine 
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Table 6. Vulnerability of the Kidney to Nephrotoxic Agents 

Large blood flow 
(0.4% B. Wt. gets 25% of cardiac output) 

Great metabolic activity 
(high O2 and glucose consumption) 

Large endothelial surface area (by B. Wt.) 
(important with agents producing hypersensitivity) 

Many enzyme systems 
(heavy metals chelate intracellular S-H groups on essen
tial enzymes and block cell energetics, repair and trans
port processes in proximal tubule) 

Countercurrent system 
may raise medullary concentration (phenacetin + 
acetaminophen) 

Mechanism for protein unbinding in uremia 
(Table 5) 

Transcellular transport provides local exposure 
(tubular secretion (Table 4); tubular reabsorption: 
aminoglycosides) 

AMINOGLYCOSIDE NEPHROTOXICITY 

The use of many antibacterial agents can result in renal dys
function or disease. Their clinical and morphologic expression re
presents a spectrum of alterations ranging from acute renal failure 
(ARF) and acute interstitial nephritis to renal tubular disorders 
(renal tubular acidosis (RTA) and various water and electrolyte de
rangements) (Tables 1 and 2). 

Table 8 depicts antibacterial-associated renal dysfunction 
categorized by clinical syndromes. A listing of antibacterial 
agents without knoum nephrotoxicity as of this writing is also pro
vided (Table 9). 

The aminoglycoside antibiotics are extensively used for the 
treatment of gram-negative infections. The incidence of renal com
plications varies between 2% and 10% according to author and speci
fic antibiotic used (8-12). It should be clarified at the very 
outset that, although there are variations in the incidence and 
severity of renal dysfunction with the various aminoglycosides, all 
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Table 7. Nephrotoxic Mechanism 

I. Drug Toxicity 

A. Unchanged Drug (CC14 , aminoglycosides, lithium) 

B. Metabolites 

(fenacetin"" acetaminophen) 
(methoxyflurane .... F- oxalate) 
(CIS-Platinum .... PtC14 ?) 

Dose-Related 

(affected by decreased renal function) 

II. Drug Hypersensitivity 

A. Immunologically mediated 

Not dose related 
Needs sensitization 
(penicillins, rifampin, sulfonamides) 
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the currently available antibiotics of this type are capable of 
nephrotoxicity (Table 10). The comparison of gentamicin toxicity 
to that of newer aminoglycosides is difficult. There are not ade
quate comparative data and extrapolation of animal data to the 
human situation may be misleading. Although some authors found 
no individual clear superiority in terms of general clinical use 
(II), others single out the lesser renal- and ototoxicity of tobra
mycin and netilmicin (13-16). Sisomicin, used mostly in Europe 
and South America, appears to be definitely more oto- and nephro
toxic than gentamicin in animal studies (17). Amikacin appears 
not to have greater toxicity than gentamicin (II) aad is usually 
reserved for the treatment of gentamicin-resistant bacteria. We 
will use as a prototypical descriptive model of nephrotoxicity, 
that of gentamicin. 

Gentamicin renal damage is noted less often in neonates and 
children than in adults, although it may occur with prolonged ther
apy. Recent experiments in neonates (18) and puppies (19) have 
demonstrated that renal tubular damage (enzymuria, morphologic 
changes) may occur during gentamicin administration despite normal 
serum creatinine levels. It was suggested (19) that the normal 
redistribution of renal blood flow from deeper to superficial glo
meruli that occurs after ten days of life in the dog served to 
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Table 8. Antibacterial-Associated Nephropathies* 

I. Acute Renal Failure 

A. Aminog1ycosides 
1. Amikacin 
2. Streptomycin 
3. Gentamicin 
4. Sisomicin 
5. Tobramycin 
6. Kanamycin 
7. Neomycin 

B. Cepha1osporins 
1. Cephaloridine (t) 
2. Cephalothin 
3. Cepha1exin 
4. Cefazolin 
5. Cefamando1e 
6. Cephapirin 
7. Cephradine 

C. Others 
1. Co1istimethate 
2. Pentamidine 
3. Amphotericin B 
4. Rifampin 
5. Su1fametazo1e 
6. Vancomycin 

II. Interstitial Nephritis 

A. Ampicillin 
B. Methicillin 
C. Nafcillin 
D. Oxacillin 
E. Penicillin 
F. Rif amp in 
G. Sulfonamides 

III. Nephrogenic Diabetes Insipidus 

A. Dec10mycin 

IV. Renal Tubular Acidosis 

A. Proximal 

B. Distal 
1. Tetracycline (outdated) 
2. AmphotericinB 
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Table 8. Antibacterial-Associated Nephropathies* (Cont) 

V. Potassium Wasting 

A. Amphotericin B 
B. Carbenicillin 
C. Penicillin 
D. Tetracycline (outdated) 

VI. Metabolic Alkalosis 
(renal loss of hydrogen) 

A. Carbenicillin 

VII. Proteinuria 

A. Griseofulvin 

VIII. Obstruction (Crista11uria) 

A. Sulfas 

*Partia1 listing. 
t Shou1d not be used since less nephrotoxic alternatives 
are available. 
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minimize gentamicin accumulation and damage to superficial nephrons 
and to preserve function. Furthermore, sexually immature rabbits 
treated with gentamicin did not develop acute tubular necrosis des
pite similar serum and renal tissue gentamicin levels in comparison 
to sexually mature animals (54% incidence) equally treated (19a). 

There is a spectrum of penal abnopmalities observed with amino
glycoside therapy (Table 11). 

Table 9. Antibacterial Agents Without Known Nephrotoxicity 

Amoxicillin 
C1indamycin 
Chloramphenicol 
Cloxacillin 
Doxycycline 
Erythromycin 
Ethambutol 
Isoniazid 
Lincomycin 
Minocyc1ine 
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Table 10. Nephrotoxic Aminoglycosides 

Amikacin* 
Gentamicin 
Kanamycint 
Neomycin 
Netilmicin 
Sisomicint 
Streptomycin 
Tobramycin 

Aminoglycosides antibiotics produced from 
species mia~omono8po~ have the letter 
"i" in their names (*), while those pro
duced from species 8t~eptomyae8 have the 
letter "y" (t)(ll). t Used particularly 
in Europe and South America. 

The most apparent clinical presentation is non-oliguric acute 
renal fiaiCliure, but the oliguric variety is also found. At the 
University of Miami Hospitals gentamicin is probably the single 
most frequent cause of acute renal failure observed in adults and 
the majority ·of the cases are of non-oliguric variety. Usually, 
the onset of renal failure is gradual. Occasionally, the begin
ning of renal failure may be more insidious becoming clinically ap
parent only a few days after cessation of therapy. The clinical 
course may be prolonged, particularly in the elderly. Almost in
variably this is a reversible lesion. The survival of the patient, 

Table 11. Gentamicin Nephrotoxicity: Clinical Presentation* 

I. Reduced GFR and urinary concentration 

II. Acute renal failure 

A. Nonoliguric 
B. Oliguric 

III. Enzymuria, proteinuria, aminoaciduria, 
glycosuria (16,20,21) 

IV. Electrolyte Abnormalities 

A. Hypomagnesemia (22,23) 
B. Hypocalcemia (22) 
C. Hypokalemia (12,22) 

*As a prototypical description of aminoglycoside toxicity. 
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however, depends on the background on which acute renal failure 
has developed (surgery, trauma, sepsis, severe burn, simple nephro
toxicity, etc.), and dialysis may be necessary. 

There is clinical and experimental evidence of proximal renal 
tubular injury (Table 11). Indeed, the measurement of the urinary ex
cretion of enzymes has been suggested as an early index of renal 
tubular damage (18). We have seen appearance of lysozymuria after 
only three days of administration of gentamicin to rats (24). 
Several electrolyte abnormalities have also been reported (Table 
11). Of interest is the rarely reported hypomagnesemia secondary 
to prolonged use of gentamicin at large dosage (22,23). 

Like in other forms of acute renal failure there are known 
factor$ predi$posing to nephrotoxicity. Age appears to be of im
portance. In one study (25) the incidence of amino glycoside nephro
toxicity was three-fold greater in patients 75 years or older com
pared to those younger than 30 years of age. ~e-existing renal 
impai~ent and volume depletion are also factors to be considered 
(25). Dehydration and extracellular fluid contraction increase 
the risk of renal damage as suggested by the animal studies by 
Bennett et al. (26). This may be in part related to enhanced tu
bular reabsorption and cortical accumulation of gentamicin (26). 
Finally, the administration of aminoglycosides in combination with 
other potentially nephrotoxic agents is common and has resulted in 
experimental and clinical toxicity. The drugs reportedly involved 
include the fluorinated anesthetic agent methoxyflurane (27), furo
semide (28), and a variety of aminoglycosides other than gentami
cin and other antibiotics, particularly cephalosporins and methi
cillin (29-31). The question of added toxicity with the cephalothin
gentamicin combination remains uncertain. Some authors have found 
that this particular combination results in a lower renal cortical 
concentration of gentamicin and in some protection against nephro
toxicity (32). This has been attributed to the nonreabscrbable 
anion effect of cephalothin, since separation of the administration 
of the drugs by 6 hours resulted in elimination of the protection 
(32). Most recently, the association of gentamicin-cephalothin 
with the chemotherapeutic agent Cis-platinum has been responsible 
for the occurrence of severe renal toxicity (see below). Thus, al
though the potentiating effect of these drugs remains undefined, 
they should be used with caution when combined with aminoglycoside 
antibiotics. 

Pathogenesis of Aminoglycoside Nephrotoxicity 

It is now clear that the kidney handles gentamicin by glomer
ular filtration (protein binding in plasma is minimal), and sub
sequent proximal tubular (bidirectional, but mostly from tubular 
lumen ~ cell) reabsorption. It is also known that the human and 
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many animal species kidneys concentrate all aminoglycosides (with 
exception of streptomycin) up to 20-30 times the serum levels in 
the renal cortex (33,34) (Table 12). This is probably significant 
for toxicity since other antibiotics (Table 12) are concentrated 
in the renal medulla and papilla but not in the cortex, following 
the normal steep cortex-papillary concentrating gradient. The re
lationship between relative cortical drug concentration and nephro
toxicity is, however, unclear since aminoglycosides with lesser 
nephrotoxicity than gentamicin (tobramycin, netilmicin) achieve 
similar levels in the renal cortex (33). 

In man and animals characteristic ultrastructural lesions in 
the epithelial cells of the proximal tubules have been observed 
after administration of aminoglycosides. These appear to be altered 
lysosomes which contain dark, whorled inclusions called myeloid 
bodies {35~ interacting in some fashion with the drugs. Strongly 
cationic drugs (such as gentamicin) cause this type of change in 
many tissues by their great affinity for polyanionic phospholipid 
membranes. There appears to be initial binding of gentamicin to 
the brush border membrane of the proximal tubular cells with subse
quent endocytosis and lysosomal sequestration, formation of myeloid 
bodies and lysozymuria. However, the exact mechanisms for gentami
cin nephrotoxicity, for its intracellular transport and for the des
cribed alterations are unresolved, but it is currently accepted that 
the myeloid bodies are a histologic marker of aminoglycoside admini
stration and tissue uptake rather than indicating renal toxicity 
(3). Changes in renal blood flow and in the glomerular capillary 

Table 12. Accumulation of Antimicrobial Agents in Renal Tissues* 

Antimicrobial 

Aminoglycosides 
Neomycin 
Gentamicin 
Kanamycin 
Tobramycin 
Streptomycin 

Carbenicillin 
Ampicillin 
Cephalothin 
Sulfisoxazole 

Tissue-Serum Ratios 

Cortex/Serum 

36 
20 
10 

6 
2 

2 
2 
2 
2 

Papilla/Serum 

6 

17 
5 
5 
4 

*Normal hydropenic dogs. Adapted from Whelton (33). 
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ultrafiltration coefficient have also been implicated in experi
mental gentamicin renal toxicity (36,37). 

The ppevention of aminoglycoside-induced nephrotoxicity fol
lows the same general guidelines recommended for potentially toxic 
drugs (Table 13). Dosage should be corrected according to the 
serum creatinine concentration. Table 14 shows variable interval 
and dose methods for the adjustment of gentamicin dosage. There 
is no apparent advantage of one method over the other (11), al
though most physicians utilize for simplicity reasons the variable 
interval method. It should be remembered, however, that even utili
zing these methods,toxicity may appear even with adequate serum 
levels of the drug. When serum creatinine starts to rise, already 
GFR has decreased substantially. In addition, assessment of serum 
creatinine levels is usually done in hospitals from several to 24 
hours after establishing the daily dosage; thus, the adjustment of 
dose runs invariably behind GFR changes. 

RIFAMPIN NEPHROTOXICITY 

Of the commonly used anti-tuberculous drugs only rifampin has 
been associated with a peculiar form of nephrotoxicity. EthambutoZ 
and isoniazid as far as it is known are not nephrotoxic (Table 9) 

Table 13. General Guidelines to Prevent 
Antibiotic-Induced Nephrotoxicity 

1. Be aware of nephrotoxicity. 

2. Avoid dehydration maintaining an expanded extraceullular 
fluid volume. 

3. Adjust dose to continued changes in GFR (serum creatinine, 
endogenous creatinine clearance). 

4. Check frequently aminoglycoside serum levels particularly 
in patients with severe infections and in patients with 
impaired renal function (gentamicin: peak> 10 llg/ml, 
through > 2 llg/ml). 

5. Avoid or use with caution combination 6f drugs (antibiotics, 
methoxyflurane, furosemide, radiographic contrast media, 
chemotherapeutic agents). 

6. Be aware of the increased risk in elderly patients. 

7. Rational indication of potentially toxic antibiotic pre
scription. 
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Table 14. Aminoglycoside Dosage in Renal Failure 

Gentamicin 

Standard Dose 1.0 mg/Kg/8 hours 
(Normal GFR) 

Dosage in Renal Failure: Two Methods: 

1. Unchanged Dose + Variable Interval Method 

2. Unchanged Interval + Variable Dose Method 

EX. Scr = 5 mg/dl 
1.0 mg/Kg (8 x 5) every 40 hours 
Every 8 hours (1 •. 0) = 0.2 mg/Kg 

5 

Method 1 
Method 2 

1.0 mg/Kg/40 hours 
0.2 mg/Kg/8 hours 

The dose of ethambutol, however, needs reduction in renal failure. 
Likewise, isoniazid dosage should be reduced in slow acety1ators 
(2). 

Rifampin renal toxicity is rare and appears exclusively with 
intermittent therapy (38,39). The typical course is characterized 
by acute onset of fever, chills, loin pain and hematuria, all ap
pearing within 60 minutes to hours of readministration of the drug 
after an interval in therapy. The histopathology reveals acute 
interstitial nephritis (Table 8) without immunoglobulin deposits 
in the majority of reported cases (38,39). 

The pathogenesis of this lesion appears to be an anamnestic 
hypersensitivity reaction with antibodies against rifampin demon
strated in the serum of patients (40). It has been suggested that 
the drug~antibody reaction might liberate vasoactive substances 
which may produce renal cortical ischemia and acute renal failure. 
Of interest, a recent report of gradual onset of acute renal fail
ure associated with reinstitution of rifampin therapy described 
innnunoglobulin depositidn about the tubules (41). The authors sug
gested that the tubular and interstitial lesions were mediated by 
antibody to tubular basement membrane. Renal failure improves 
after cessation of therapy and with steroids. 

NEPHROTOXICITY OF ANTINEOPLASTIC DRUGS 

Two types of currently prescribed chemotherapeutic agents have 
recently been associated with the development of renal damage: Cis
platinum and nitrosoureas. 
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Cis-ptatinum (Cis-diamminedichloroplatinum II, Cis-DDP) is 
an inorganic platinum compound active against tumors, including 
testicular, ovarian, bladder, and head and neck carcinomas. The 
main limiting factor in the clinical use of the drug is the renal 
toxicity. Dose-related acute tubular necrosis has been described 
in a number of recent reports (42-44). Of particular importance 
appears to be the association of Cis-platinum with gentamicin and 
cephalothin (44). Four patients such treated developed severe 
and extensive acute renal tubular necrosis which persisted until 
death occurring within few days to two weeks of this combination 
therapy (44). Chronic decreases in GFR have been also reported 
in patients under treatment with Cis-DDP and followed for up to 
two years (45). Plasma creatinine levels may not be elevated des
pite the decreased GFR because of the marked wasting state of the 
patients (45). With repeated courses of Cis-DDP chronic renal 
failure may develop. 

The mechanism of the Cis-DDP renal damage is unknown. It 
has recently been shown that renal tissue protein-bound SH groups 
were decreased in the rat treated with Cis~DDP (46). This effect 
appears specific, since other models of.acute renal failure in the 
rat (glycerol) did not change renal SH concentration. Platinum 
accumulates in renal cortex (mitochondria and cytosol) and it was 
suggested that its toxicity may be mediated by cellular accumula
tion and subsequent conversion to a metabolite (Pt-C14) which causes 
tissue injury by reacting with SH groups (46). 

Hydration and mannitol may ameliorate Cis-DDP renal dysfunc
tion (44,45). Cis-DDP can also induce a renal tubular defect in 
magnesium conservation resulting in serious clinical syndromes of 
magnesium deficiency (47) • Nitschke et a1. (48) observed the oc
currence of hypocalcemia and hypomagnesemia in several children 
receiving Cis-DDP for advanced tumors. The hypocalcemia is proba
bly secondary to thehyPomagnesemiEcausing diminished PTH secre
tion or end-organ resistance to PTH. 

Nephrotoxicity has recently been reported with the use of 
two nitrosoupeas: BCNU (1,3 Bis {2 ch1oroethy1}-1-NU) and CCNU 
(methyl ch10roethy1-cyclohexy1 NU) (49,50). These alkylating 
agents are the currently favored chemotherapy for solid brain tu
mors. Interstitial nephritis and renal failure developed in 14 
of 160 children and adults treated with at least six courses of 
BCNU or CCNU (49). Exposure to more than 1500 mg of methyl CCNU 
per mf of body-surface area over at least 17 months led to severe 
renal damage in all the six children so treated (50). Renal biopsy 
revealed tubular atrophy, interstitial fibrosis and glomerular 
sclerosis in the absence of proliferation or immunoglobulin depo
sition. The striking fact of this new drug-induced renal damage 
is that nephrotoxicity occurs without a phase of renal failure and 
in the absence of significant urinary abnormalities or hypertension. 
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RADIOGRAPHIC CONTRAST MEDIA NEPHROTOXICITY 

Acute renal failure is an uncommon but increasingly recognized 
complication of the use of iodinated radiographic contrast media. 
There is a growing awareness that its true incidence may be consi
derably higher th8n previously thought, since only the more serious 
patients tend to be seen by the nephrologists. This indeed has been 
our experience at the University of Miami Medical Center. A renewed 
attention has been given to this problem and numerous publications 
have appeared recently in major medical journals (51-55). 

Renal dysfunction can occur following the administration of 
virtually any intravascular contrast agent and has been reported 
after urography, angiography, multiple dose cholecystography (56) 
and, most recently, computerized tomography with intravenous radio
contrast (55,57,58). Of note, in a most recent review seven of 23 
patients who developed acute renal failure post-contrast media had 
been studied with computerized tomography (5). 

In recent years a number of risk factors for the development 
of contrast m:edia renal dysfunction have -been identified (Table 
15). These are: (a) advanced age (60 years or older). Review of 
four recent series comprising 70 patients shows that 50 (71%) were 
60 years of age or older (55). It is not known if underlying vas
cular disease or progressive reduction in renal mass and renal blood 
flow associated with aging (59,60) are in part responsible. (b) Pre-

Table 15. Risk Factors in Radiographic 
Contrast Media Nephrotoxicity 

Advanced age (60 years or older) 

Pre-existing renal insufficiency 

Dehydration 

Specific diseases 

Diabetes mellitus 
Multiple myeloma 
Vascular disease 

Overdose (multiple exposure) 

Hyperuricemia, hyperuricosuria 

Proteinuria 
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existing renal insufficiency appears to be of great importance 
(61). (c) Likewise, dehydration, although not universally accepted 
(62), appears to contribute, particularly in susceptible patients 
(63,64). Patients are usually kept hydropenic for many hours in 
preparation or during multiple x-ray studies. 

The diabetic patient population has emerged as probably having 
the highest risk of developing contrast media renal dysfunction. 
This can occur whether the patients have normal renal function (65), 
pre-existing renal disease (53,55,57,58,62,66-68), were subjected 
to a major angiographic procedure or only computerized tomography 
with contrast (55,57). A review of 88 reported patients with dia
betes and radiocontrast-induced acute renal failure indicated that 
89% had pre-existing renal insufficiency (55). Multiple myeloma 
is generally considered a risk factor; recent experience, however, 
casts some doubt about this (55,69). 

Although there is considerable controversy, other factors 
thought to increase the risk are hyperuricemia, proteinuria and 
high contrast dose (52,55). The latter may be in the form of mul
tiple contrast media exposure within 24 hours. 

The pathogenesis of contrast media-induced acute renal failure 
has not been established. Associated with the administration of 
contrast media into the renal artery there is a biphasic response, 
with a transient rise followed by a more prolonged phase of de
creased renal blood flow. It has been assumed that the hyperosmo
lality of the contrast media is responsible for these renal vascu
lar changes (70). In addition, distinct red blood cell changes oc
cur with these agents (crenation and agglutination of RBC's, in
creased blood viscosity) (71), but what their relationship is to 
contrast-induced nephrotoxicity is unknown. Some experimental evi
dence suggests that contrast material may produce direct tubular 
toxicity. There is decreased extraction of PAH (70), enzymuria 
(72) and altered tubular transport of sodium in the isolated toad 
bladder (73). Finally, intra tubular obstruction by urinary protein 
(myeloma, Tamm-Horsfall mucoprotein), uric acid and oxalate crystal
lization (uricosuric effect of some contrast media agents) have been 
suggested (55,74,75). The significance of these alterations to the 
nephrotoxicity of radiographic contrast material, however, remains 
undetermined. 

In general, contrast media-induced renal failure has a good 
prognosis. In some high risk patients, however, mortality may be 
as high as 5%-10% (55). Some of these patients may develop chronic 
renal failure (62). 

PI'evention of these forms of acute renal failure follows the 
same guidelines for nephrotoxins in general (Table 13). Specific 
guidelines to prevent contrast media renal damage are outlined in 
Table 16. It has been suggested recently that prevention of renal 
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Table 16. Guidelines for the Prevention 
of Contrast Media Nephrotoxicity 

1. Careful assessment of benefit of x-ray procedure, par
ticularly in high risk patients (aged, renal insuffi
ciency, diabetes). 

2. Avoid dehydration. This is mandatory in high risk 
patients. 

'3. Limit total dose of radiographic agent., Avoid multiple 
radiographic procedures within 24-hours or in subsequent 
days. 

4. Select other diagnostic procedures when possible (sono
graphy, computerized tomography without contrast)~ 

5. If hyperuricemia and hyperuricosu~ia use hydration. 

6. In high risk patients try mannitol. 

failure may be achieved in diabetic patients at risk (older patients 
with pre-existing renal disease) by the administration of mannitol 
after intravenous pyelography (76). 

Physicians should be aware of the possibility of nephrotoxicity 
derived from the use of commonly prescribed drugs for therapeutic or 
diagnostic purposes. Newer drugs should be considered potentially 
nephrotoxic until extensive and controlled experience proves the con~ 
trary. Specific patient populations at risk should be identified 
and preventive measures established. Finally, the specter of nephro
toxicity should not deter the physician from the rational indication 
of diagnostic procedures or the prescription of life-saving drugs. 
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RENAL FAILURE ASSOCIATED WITH HYDANTOINS 
ADMINISTRATION IN NUTRITIONAL RICKETS 

Ricardo Gastelbondo-Amaya, M.D., Ricardo Muftoz-Arizpe, 
M.D., Felipe Mota-Hernandez, M.D., Gustavo Gordillo
Paniagua, M.D., Dept. Nephrol., Hosp. Infantil, Mexico 
City, Mexico 

The clinical presentation of bone disease and renal failure 
in a given patient strongly suggests a close relationship between 
both entities, rickets being secondary to long standing renal fail
ure. 

Herein, we report a case of rickets presenting concomitantly 
with renal failure secondary to tubulointerstitial nephritis, with 
no direct relationship between each other. Rather, it seems that 
the renal lesion was the result of iatrogenic administration of 
phenylhydantoin and that Vit D deficiency rickets was secondary to 
chronic malnutrition. Both conditions reversed clinically and bio
chemically after appropriate management. 

CASE REPORT 

This girl aged 11 months was admitted to the hospi~al with the 
main complaint of recurrent seizures. Past family history was unre
markable. Home and family environment was deplorable, with poor 
hygienic conditions. Her mother was unmarried; the patient was left 
alone all day long while her mother was at her job. There were no 
other siblings. The patient was never exposed to sunlight and no 
vitamin supplements were given; her milestones were all below nor
mal range for her age. Her mother noticed increased deformities 
of all four limbs at six months of age. At seven months of age 
she developed generalized tonic-clonic convulsions with upward roll
ing of the eyeballs, that lasted a few minutes and disappeared spon
taneously. She was seen by a private physician who prescribed oral 
phenylhydantoin. However, she continued having seizures intermit
tently during the following four months. Hydantoins were withdrawn 
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eight days prior to admission due to the appearance of skin rash. 
She was admitted to the hospital during a convulsive episode, with 
carpopedal spasm, positive Chvostek's sign, respiratory distress, 
stridor and peripheral cyanosis. She was severely malnourished, 
weight 6.2 kg (~ 3 percentile), height 62 cm « 3 percentile), 
head circumference 43 cm « 2 SD), heart rate 100 beats/min, b100d 
pressure 80/50 mmHg. Intravenous administration of anticonvu1sants 
(diazepam) given in the emergency room did not relieve her symptoms. 
Calcium gluconate w.as given intravenously after blood was drawn for 
laboratory studies, with immediate disappearance of the convulsion 
and accompanying symptoms. Ribs and four extremities showed marked 
deformities characterized by bowing and distal thickening. Seizures 
did not recur, but she remained limp, with poor physical activity, 
barely strong enough to suck her bottle. 

Laboratory: serum pH 7.30, TC02 19 mi1limol/liter, Na 129 
millimo1/liter, K 4.6 millimo1/liter, total calcium 1. 55 millimo11 
liter (6.2 mg/dl) before and 2.05 mi1limol/liter (8.2 mg/dl) after 
calcium gluconate administration. CBC: Hgb 10.4 g/dl (6.4 mi1li-
mol/liter), Hct 32%, WBC 1l,800/nun3• Serum urea 12.5 millimol/ 
liter (75 mg/d1), serum creatinine 477 mi1limol/liter (5.4 mg/dl), 
phosphates 1.97 mil1imo1/1iter (6.1 mg/dl), alkaline phosphatase 
17 B.U. Urinalysis: specific gravity 1004, pH 6, proteinuria +, 
no hematuria and normal sediment. No glucosuria, aminoaciduria, 
hyperphosphaturia or hyperca1ciuria were detected in a 24-hour 
urine sample. 

Skull X-rays showed wide open anterior and posterior fontan-
e1les with osteoporosis. Long bones x-rays showed changes compat
ible with rickets (Fig. 1). 

Initially, she was diagnosed as having chronic renal failure 
of unknown etiology, based on the presence of azotemia, anemia, 
hypocalcemia and severe bone deformities. Percutaneous renal biopsy 
was performed to clarify the etiology, showing focal tubular atrophy 
and diffuse interstitial fibrosis. The histological lesions in
volved tubules and interstitium, sparing glomeruli (Fig. 2,3). 

She was treated with oral dihydrotachysterol (Hytakerol), 
0.125 mg q 8 days during one month and adequate sunlight exposure. 
Her improvement was remarkable in a short period of time, becoming 
more alert, active, with good appetite. Urea and serum creatinine 
declined progressively and the bone lesions improved clinically 
and radiologically. Tetany and seizures did not recur. At 22 
months of age her weight was 9.2 kg and height 75 cm. Even though 
these measurements still were within the third percentile for 
age, she was catching up adequately. She was then able to run, 
play normally, climb stairs, etc. 
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Figure 1. Bone x-rays showing bowing and distal thickening com
patible with rickets. 

Laboratory: serum urea 2.5 millimol/1iter (15 mg/d1), serum 
creatinine 70.7 millimol/liter (0.8 mg/dl), total calcium 2.3 
millimol/liter (9.2 mg/dl), phosphates 1.7 mi11imol/1iter (5.2 mg/ 
d1), alkaline phosphatase 15 B.U. Long bones x-rays showed seque
lae of rickets with active healing of the lesions. 

DISCUSSION 

Vit D deficiency rickets is infrequently seen due to wide
spread use of vitamin D supplements. However, it is rather common 
in malnourished children with no exposure to sunlight. The res
ponse to Vit D administration is prompt, with bone reminera1ization 
and healing of the process. 

Bone disease accompanying renal failure (renal osteodystrophy), 
though manifested as rickets in children, is a completely different 
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Figure 2. Renal biopsy specimen stained with H & E stain showing 
focal tubular atrophy, leukocyte infiltration and diffuse intersti
tial fibrosis (lOx). 

disease since the etiopathogenic mechanisms involved and the res
ponse to Vit D administration are substantially different from those 
observed in Vit D deficiency rickets. Hyperphosphatemia, hypocal
cemia, depressed intestinal absorption of calcium, metabolic acido
sis, compensatory hyperparathyroidism and lack of production of 1-25 
dehydrocholecalciferol (active Vit D3) by the kidney, are the main 
factors involved in the development of bone disease secondary to 
chronic renal failure (1,2). Bone alterations do not improve with 
regular or even high doses of Vit D in patients with renal osteo
dystrophy. However, administration of Vit D analogues (la~hydroxy 
Vit D3) have improved bone disease in these patients (3,4). 

On admission to the hospital our patient was diagnosed as 
having renal osteodystrophy secondary to renal failure. However, 
tetany and convulsions were the hallmark of the clinical picture. 
Besides, the patient was severely malnourished and she was never 
exposed to sunlight, arising suspicion that she may have Vit D de
ficiency rickets, leading to recurrent convulsive episodes. 
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Figure 3. Renal biopsy showing normal glomeruli with H & E stain 
(40 x). 

It seems that since the initial convulsion hydantoins were 
prescribed to treat what was thought to be epilepsy. Recently, 
the relationship of tubulointerstitial nephritis and renal failure 
with hydantoin administration was reported (5,6,7). Hyman considers 
that renal damage is due to humoral and cellular immunologically 
mediated mechanisms (8). Therefore, it is quite possible that the 
administration of the drug to this patient led to tubulointerstitial 
nephritis presenting as renal failure. Renal biopsy revealed tubu
lointerstitial nephritis, without alterations of the glomeruli. 

There is also information regarding interference of Vit D 
metabolism with hydantoin administration (9,10). This mechanism 
may have been involved in worsening pre-existing rickets in this 
patient (2,11,12). 

It was then considered that the patient had primary Vit D de
ficiency rickets independently of renal failure, which was also 
present. Renal failure was secondary to tubulointerstitial nephri
tis, which in turn may reasonably be thought to be the result of 
iatrogenic hydantoin administration. Both alterations were rever
sible, since urea and creatinine serum levels decreased steadily 
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until reaching normal values. Concomitantly, there was rapid radio
logic and clinical improvement of the bone lesions secondary to 
rickets, with disappearance of hypocalcemia after dehydrotachysterol 
therapy and sunlight exposure. The initial serum value of alkaline 
phosphatase was only slightly increased, maybe due to severe malnu
trition (13). 

SUMMARY 

Acute renal failure secondary to interstitial nephritis caused 
by therapeutic ingestion of sodium diphenylhydantoin has been re
ported recently. The interference of sodium diphenylhydantoin with 
Vit D metabolism, causing or aggravating rickets, has also been re
ported. 

This report deals with an infant girl who was admitted to the 
hospital because of seizures. She had convulsions four months be
fore and received diphenylhydantoin until admission. She was found 
to have renal failure and rickets. Histological diagnosis of inter
stitial nephritis was established by means of percutaneous renal 
biopsy. Clinical and radiological improvement of rickets was ob
served after dehydrotachysterol treatment. Clinical and biochemical 
alterations of renal failure slowly subsided. 

She had a clear-cut history of vitamin D deficiency rickets. 
Seizures were due to hypocalcemic tetany but were erroneously 
treated as "grand mal" epilepsy, with diphenylhydantoin. Intersti
tial nephritis complicated with acute renal failure was probably 
caused by diphenylhydantoin administration. 
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PANEL DISCUSSION 

Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephro1., Dept. Pediatr., Univ. Miami Sch. 
Med., Miami, Fla. 33152, USA 

QUESTION: How often do you see patients with Goodpasture 
disease and tubular damage? Is it common? Do you think that these 
cases of Goodpasture disease that we have been seeing in the past 
probably are just a more severe form of all these cases you have 
been presenting? 

RESPONSE: Your question is about how many cases of Goodpasture 
are being produced by an antibody to basement membrane with tubular 
damage mediated by antibody to tubular basement membrane? 

QUESTION: In those cases, do you see in the tubuli the same 
thing that you see in the glomeruli? Will you see a linear forma
tion? 

RESPONSE: In our experience only about 20% of patients with 
anti-GBM disease have Goodpasture - a variety of pneum~nitis. If 
we consider that about 50% of our patients with anti-GBM disease 
have also anti-TBM disease, probably 10% of patients with pulmon
ary hemorrhagic and renal diseases have anti-TBM antibodies and 
tubu10interstitia1 nephritis. 

QUESTION: In tubu10interstitia1 nephritis, when you have 
linear deposits do you always have anti-TBM antibodies? 

RESPONSE: No. I don't think it's constant. That's why I 
think that perhaps we try to simplify this pathology but probably 
more than one pathogenetic mechanism may be operating simultaneously, 
or consecutively. Perhaps one may trigger the other. Most cases of 
severe tubu10interstitia1 nephritis probably develop when we have an 
antibody mediated injury and then on top we have a second problem. 

203 
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We are not able to dissect and make a generalization but I think 
its possible that sometimes we have antibody to TBM without the 
inter.stitial nephritis. Recently there was a case in which there 
was antibody to alveolar basement membrane without hemorrhagic pneu
monitis. 

I would like to make some comments concerning an earlier 
presentation. I would like to say how much I have been impressed by 
this beautiful study of the patient who had immune complex glomeru
lonephritis and then developed antibody to renal basement membrane. 
As you know, sometimes this is associated with antibody to alveolar 
basement membrane. To me this means that we have an immune complex 
disease which perhaps produced release of basement membrane antigen 
and autoimmunization. How this patient responded to this injury may 
perhaps be the answer to a different kind of pathology. Some of 
them may develop anti-GBM antibody, some of them may develop anti-
TBM antibodies, and some of them may develop anti-alveolar basement 
membrane antibody. There is one point which should be considered. 
If you have immune complex glomerulonephritis and then the patient 
develops anti-GEM antibody, we cannot make this assessment on the 
renal biopsy because there is already granular staining and so we 
cannot detect the linear staining. We have to have antibody in the 
serum and we have to detect the anti-GBM antibody by indirect immuno
fluorescence. It is obviously more easy to predict that the patient 
has an anti-TBM antibody .as a consequence of an immune complex glo
merulonephritis if you find in the same biopsy the linear deposits 
in the tubular basement membrane. For me, it has always been inter
esting the possibility that the basement membrane - and I don't mean 
necessarily the renal basement membrane - may have the ingredients 
for the production of antibody response or an immune complex re
sponse. Perhaps the same individuals may have an antibody mediated 
injury plus an immune complex mediated injury. This idea came to me 
in 1968 when Dr. Dixon gave me the blocks of his and his collabora
tor's experiments in which they were able to produce anti-GBM glomeru-· 
nephritis in the rabbit immunized with GBM antigen isolated from the 
urine of normal rabbits. As you know we eliminate normally basement 
membrane in the urine as a consequence of the normal catabolism. 
So, they isolated GBM from the urine and then they immunized the rab
bits and produced an anti-GBM antibody. So he told me these are the 
110cks, this is a linear staining, this is an anti-GBM nephritis, 
please have a look. 

One of my students went to work with Dr. Dixon; he did this 
study by electronmicroscopy and he found a few subepithelial 
deposits. So I told him, look, this is immune complex glo
merulonephritis. This is impossible. This is an anti-GBM glomeru
lonephritis. So then I said, perhaps some of these animals which 
.are immunized for prolonged periods of time, at a certain point 
had ~he ingredients necessary for the formation of immune complex 
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glomerulonephritis which is that the antigen must be present in the 
circulation for a prolonged period of time. This was not written 
in the paper that we published in the Journal of Immunology but 
these animals had evidence by electronmicroscopy and suggestion by 
immunofluorescence because the deposits are very, very fine. But I 
was always fascinated by this possibility. Then I was looking 
every time that I had a patient with anti-GBM disease for presence 
of immune complex in the glomeruli. Then when one finally came, it was 
really not so very good. And then Dr. Glassock who as you know, re
cently published a Goodpasture disease classic and then he had a seri
al biopsy and then after two-three months he had immune complex glo
merulonephritis in the glomeruli presumably formed by GBM-anti 
GBM complexes. So we were trying to study the problem - how is it 
possible to produce an anti-GBM or anti-renal basement membrane 
disease which at a certain point may be complicated by immune com-
plex disease? Complexes which are formed by GBM or basement mem-
brane antigen and specific antibody complexes. This model is avail
able and it's pertinent to the kind of discussion we are having. 
We were trying to stimulate production of increased amount of base
ment membrane. On the basis of data which are available to us from 
pharmacology studies in vitro and in vivo, we know that mercury pro
duces immune complex nephritis; so, we started to study these pro
blems. The animals, the rabbit to which you give a minimum amount 
of mercury, develops antibody to glomerular, tubular, and alveolar 
basement membranes which are detectable by radioimmunoassay, by 
direct immunofluorescence, by the presence of linear deposits in 
glomeruli and in the tubules. Then, these animals, after two or 
three weeks, one month, they started to develop circulating complexes 
detectable by the ClO method, with the Raji cell method, and you can 
see the shape from linear deposits to granular deposits. If you 
isolate the complexes or if you make an elusion from the kidney, 
in the early stages of disease when there are linear deposits and 
in the late stages of disease when there are granular deposits, 
you can show that these immunoglobulins have the same reactivity 
as the basement membrane. With the basement membrane allover the 
body, with the basement membrane of the vasculature, especially the 
reticulum of the spleen, with the basement membrane-like material 
which is present between smooth muscle cells of the artery. There 
is recent evidence that these animals have a variety of antibodies 
and a variety of immune complexes including fibronectine, laminin, 
collagen type 4. So, we have an antibody response to the collagen 
proteins which are present in the collagen matrix. Presumably the 
different clinical and pathologic aspects may be due to the preva
lent response to one versus the other antigen. I was wondering 
if perhaps the patient mentioned earlier had not developed antibody 
to tubular and alveolar basement membrane because he had mainly 
antibody to fibronectine which was recently shown to be localizing 
in tubular and alveolar basement membranes. So, this is an open 
field and I think that antigens in the collagen matrix are important 
and perhaps we should keep our minds open to the possibility that 
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immune complex glomerulonephritis is produced from the very begin
ning by immune complexes which contain antigens of the collagen 
matrix. We use the terminology of the biochemist which includes 
basement membranes allover the body, the ground substance of col
lagen and the reticulum of the spleen. Perhaps this patient could 
have immune complexes formed to this antigen and then at a certain 
point, because of immunological equilibrium changes, they could 
form more antibody or the antigen secretion may no longer be detec
table, may no longer be present so complexes may no longer be formed 
and so antibody may be free for reaction since it may no longer be 
saturated. It may be available for reaction with the tissue anti
gen. So we can imagine that perhaps we had immune complexes first 
and linear binding later. As you can see, there are a lot of pos
sibilities that we should consider. 

COMMENT: I am very happy about your comment because this case 
has really been puzzling to us. The reason why there was a delay 
between our presentation and the real publication is because we 
were trying to take all the possibilities and analyze them and we 
couldn't find satisfactory explanations. I would like to tell you 
this is not the answer but a small detail .which I am sure you will 
be interested in - something like 20 years ago I saw a case of ne
phrotic syndrome with DeToni-Debre Fanconi syndrome. The histology 
showed that it was a typical membranous nephropathy with a huge 
interstitial inflammation. Of course, again it was investigated, 
does he have pyelonephritis or not? Of course he had not. 

He progressed to terminal renal failure in something like six 
years. This patient for me was unique. I'm sure that he was iden
tical to this case - the first one I presented. Because we just 
mentioned that in a paper we wrote on nephrotic syndrome, some 
people sent me their case and they said "we would like to know if 
you have already seen a case of membranous nephropathy with tubulo
interstitial nephritis" and they sent me the immunofluorescent 
slides, but there were only granular deposits. Their case had 
membranous and DeToni-Debre-Fanconi syndrome. The same week they 
sent me the slide, we had our case with membranous and linear depos
its. So, I wrote back saying this was "a very well known associa
tion" except for the first case we had seen a long time ago - that 
we had a similar case, but that in our observation, there were 
antitubular basement membrane antibodies and that there were linear 
deposits. They wrote back saying that they were unable to find 
anti-TBM antibodies. So the situation was like that. Two months 
later they wrote back saying that then they had found anti-TBM 
antibodies. So the immunofluorescence at the beginning, except 
for the DeToni-Debre-Fanconi syndrome, was that of the association 
of granular deposits in the glomeruli and in the tubules. But there 
was a Fanconi syndrome and because of that, they looked for anti-TBM 
and they found it. In the other case there was first, granular de-
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posits, and then anti-TBM antibodies although they couldn't find 
linear deposition along the tubules. This is the difference in the 
two cases. I'm sure that the strict limit of granular on one side 
and linear on the other side which has been so interesting since 
Dixon presented his first data, I think that probably it will have 
to be completely revised. Between these two things, we might find 
an explanation for many of the clinical and experimental situations. 

QUESTION: I'd like to ask about the comment regarding immune 
complex nephritis associated with Myastemia Gravis. I remember two 
years ago we had a patient with Myastemia Gravis and he developed 
immune complex disease following thymectomy. L.E. cells test was 
negative and the ANA factor was of lower titer. I believe that case 
also had tubulointerstitial changes but we thought that they were 
due to SLE. Since lupus has been described following thymectomy, 
we took for granted that it was SLE. We didn't look for the anti
TBM antibody. I was wondering; since patients tend to have auto
immune disease and nephritis, and, in our patient, since the nephri
tis developed after the thymectomy, what is the pathogenetic mecha
nism involved? 

ANSWER: In lupus there probably is a broad hyperreactivity to 
a variety of stimuli so I am not surprised that the patient may have 
an association with some pathology like Myastemia Gravis which is 
produced by antibodies to acetylcholine receptors. I am not aware 
of the simultaneous development of antibodies to acetylcholine re
ceptors and for lupus, but it is possible. We have several other 
combinations. What is interesting and pertinent in the work we just 
heard described before, is that the very first description of anti
body to tubular basement membrane was a description many, many years 
ago in four patients with Sjogren syndrome. They described very 
nicely the presence of linear deposits of IgG and complement to tu
bular basement membrane but they were interested in Sjogren syndrome 
and they did not make any comment about the renal pathology; they 
mentioned that the patient had a defect in concentration capacity, 
the tubular acidosis, etc. Probably, there is some link in this 
pathology; this link may be a new response to certain collagen com
ponents. We certainly don't know. However, there is another inter
esting case which is different from a certain point of view but 
similar to the one just mentioned. A recent report of a patient 
with Goodpasture syndrome, a lady who developed antibodies to sar
colemma and she developed a severe myopathy. She went to see a phy
sician at the hospital because she had severe myopathy. She was 
admitted to the hospital and by muscle biopsy showed linear deposits 
of IgG and complement in the muscles and then when she was in the 
hospital after a few weeks she developed a classic Goodpasture dis
ease with antibodies to GBM. So again, it shows there is a similar
ity in the antigenic stimulation. The sarcolemma may contain anti
geus which are shared by GBM and TBM. 
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COMMENT: Some people still diagnose chronic pyelonephritis 
for anything that comes along. We should undermine this very preva
lent concept that arose during the 30's, the 40's and 50's that 
pyelonephritis was a very, very common condition. One of us, many 
years ago saw a specimen of a patient with interstitial nephritis and 
uveitis. The specimen was shown to a health service pathologist who 
diagnosed it as chronic pyelonephritis. This was a very prevalent 
idea at the time, that whenever in the kidney you saw the combina
tion of tubular loss with very few glomerular changes or possibly 
only sporadic segmental changes, plus interstitial fibrosis, inter
stitial inflammatory cells, this was automatically chronic pyelone
phritis. We must destroy this belief and show that this is a non
specific picture that may have many different backgrounds to it. 

QUESTION: I have been very interested in a lot of what has 
been said here. I just have one question on sort of a practical 
point. It has been known for many years that there are various 
conditions,particularly diabetes,where you may get a false, linear 
fluorescence in the glomeruli when you do not have antiglomerular 
basement membrane disease. Mention was made of this but it wasn't 
very clear whether the same thing obtains for tubular fluorescence. 
Can you assume that when you see linear fluorescence in tubules that 
you are automatically dealing with anti-TBM disease or is it the 
same state of affairs as with the glomeruli - that this is nonspe
cific and then you have to demonstrate by other means the presence 
of anti-TBM. 

ANSWER: This is a good point. I think I already stressed this 
point in the experimental part of my presentation. Certainly what
ever we know about glomeruli,it's got to be true about tubules. I 
think nobody should make a diagnosis of anti-TBM disease simply on 
the basis of linear stain. We have stressed this concept for many 
years concerning the linear deposits in glomeruli. I think one has 
to show that the linear deposits contain immunoglobulin and contain 
antibody and be able to show that this antibody has specificity for 
tubular basement membrane. This obviously requires demonstration of 
presence of antibody in the circulation or presence of antibody in 
the renal eluate. We radio-labeled the antibody and we did a pas
sive'transfer injecting the antibody in a mononephrectomized monkey 
and showed that the antibodies were highly concentrated in the 
kidney of the monkey and that they were able to produce the linear 
deposits in the kidney of the monkey and able to develop the nephritis. 
I agree completely that you can see li~ear deposits in non-immunologic
ally mediated conditions. We have seen kidney that has been perfused 
because of transplantation, malignant hypertension, in several cases 
of sclerosing glomerulonephritis of unexplained etiology, familial 
nephropathy, and so on. 
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QUESTION: I'll have my last question. I mentioned in my 
general overview presentation that, to my knowledge, there is only 
one case 1n existence of interstitial nephritis due to anti
tubular basement membrane antibody in the absence of any glomerular 
disease. Are there in fact anymore? Also, I will extend that to 
immune complex disease. Are there any cases where, if you exclude 
generalized diseases like systemic lupus, that you may get an 
isolated case of immune complexes in the tubules with nothing 
going on in the glomeruli? 

RESPONSE: I mentioned that in the series of 26 patients that 
we published with anti-renal basement membrane disease, we have 
one with pure anti-TBM antibody disease. This is a patient with 
severe interstitial nephritis who died; so in about 2000 renal 
biopsies, we had only one case with anti-TBM disease. 

The only difference from the case which you mentioned is the 
fact that there was a minimal amount of anti-GBM antibody but 
neglible. There was no real glomerular pathology. The second 
question concerning the immune complexes in the disease, I think 
that now there are more frequent reports of tubulointerstitial 
nephritis in lupus without associated glomerular pathology. 

Now, excluding systemic disease like SLE, I have some 
thoughts. Our group had six cases of tubulointerstitial nephritis 
mediated by immune complexes. Retrospectively, I am not sure that 
two of the cases were not lupus. So, some of these cases were 
described as tubulointerstitial nephritis mediated by immune 
complexes the etiology of which we considered unknown but retros
p.ectively, I am not so sure. 

QUESTION: If I remember right, one of the six cases was a case 
of lipoid nephrosis or minimal change type, whatever you would like 
to call it. I think case number 6 could possibly fall into this 
category where it was no known disease; it was purely tubular. 
Is that correct? 

RESPONSE: It is correct but I doubt about it retrospectively. 
I have never seen again a case like this. 

COMMENT: He might be right about the case I was referring to. 

COMMENT: Really, I don't know. As I told you, I spent a 
month during the summer. I asked my associate to turn out their 
oases of interstitial nephritis so that I could look at them. That 
was the only one with uveitis that he showed me. There might be 
others. And then they showed me another one that had an iridocyclitis 
and I think they had one with an iritis, too. I was always very 
interested in the association with eye lesions. 
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QUESTION: The second thing that I would like to ask you is, 
why do you feel accused of diagnosing chronic pyelonephritis every
where? 

RESPONSE: Well, you kept saying that this is what I would 
call ••• 

COMMENT: I didn't say that. I never said that. I think 
that on the contrary, I've always insisted on the fact that you had 
helped tremendously the decrease of the incidence of chronic pyelo
nephritis in the field of nephrology. So, I don't think anybody 
has ever said that. I only accuse you of calling chronic pyelo
nephritis what I call segmental hypoplasia. That's all. 

COMMENT: One of these days we are going to convert you! 

QUESTION: In the slides that you showed of shunt nephritis, 
the immunofluorescence was IgM. Do you make anything particular 
out of this? 

RESPONSE: Yes. We have studied eight cases now of shunt 
nephritis. The predominating immunoglobulin has been IgM in the 
eight cases. I don't make anything of it; it's just that I 
don't know why. Maybe my colleague has an explanation for every
thing, but it seems that in shunt nephritis IgM is the predominant 
immunoglobulin. 

COMMENT: In shunt nephritis as well as in acute bacterial 
endocarditis, you have the highest levels of rheumatoid fi.actor and 
of IgM. In this condition you can show that these are rheumatoid 
factor immune complex like aggregates. Finally, if you take a 
section of the kidney and soak the section in high concentration of 
aggregated IgG which presumably is the antigen, then you are able 
to solubilize these aggregates. Accordingly, the proposal is that 
perhaps one of the methods for treatment of immune complex 
glomerulonephritis is to shift the patient to antigen excess, 
something that the WHO is considering. Some of these stqdies and 
proposals include cases of children with malaria immune complex 
glomerulonephritis. Obviously, this has never been done. You can
not inject a large amount of antigen in man. I think this is an 
interesting event - the fact that you have rheumatoid factor like 
substances in the glomeruli. Perhaps this is a condition in which 
you can try to manipulate the human system. 

MODERATOR: May I expand the question a little? What determines 
the reversibility of the changes in shunt nephritis or in any of 
the other conditions that were described today? We had a case 
which Rawle McIntosh helped us diagnose; he thought that the case 
would completely recover. It has been two or three years since 
the shunt was removed and the patient changed from a ventriculQ-
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atrial shunt to ventriculo-peritoneal shunt. This patient 
continues with some urinary abnormalities though markedly 
improved. Is there any way to determine the reversibility of 
these situations? Somebody made a comment during the morning 
that the presence or absence of immunofluorescence may help 
along these lines. Would you care to comment. 

COMMENT: Our methods are either immunohistologic when 
we try to see by immunofluorescence what we have in the tissue, 
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or methods for isolation of these immune complex like substances 
or immune complexes in the circulation. Rheumatoid factor or 
real antigen-antibody complex, is an example. These methods 
are just being developed. There are methods which are being 
successfully applied only recently for identification, quantifica
tion and possibly for removal of immune complexes from the 
circulation of patients with parasitic diseases and very high 
level of complexes. For instance, patients with leishmaniosis 
have a very high level of complexes, in the range of 40% of Clq 
binding activity. In these patients, if you pass the serum through 
a Clq column, you can remove these complexes. Obviously you also 
have to eradicate the infection, the most important goal of the 
treatment of these patients. Perhaps in the future it will 
be possible to remove the complexes from the circulation. It's 
already possible in animals where you can use Cl q or immuno
conglutinin columns. 

COMMENT: I think personally that the two most fascinating 
diseases we know are shunt nephritis and syphilis because first 
of all, they are the two we can get rid of; second, they beautifully 
demonstrate that the important thing in glomerular disease is not 
to treat patients with any of these dirty drugs we are using, 
but to try to identify the antigen and therefore, get rid of the 
immune complexes. Shunt nephritis, you can cure a patient 
extremely easily by suppressing the cause, and syphilis, the 
same thing. So that every time somebody asks me something about 
treatment, I always answer with the example of shunt and syphilis 
because that proves that we are not on the right wave length when 
we talk about "is it better to give cyclophosphamide or chlorambucil 
or this or that?" What we should do is try to be in the same 
position with all the other immune complex diseases in the situation 
we are with shunt and syphilis. 

MODERATOR: Yes. But you do not in all cases of shunt 
nephritis get complete recovery. Like this example. Rawle McIntosh 
had some case or cases in which the same thing had happened but he 
believed that it was the duration of the insult that determined 
outcome. In syphilis we know that we treat the infection and the 
renal problem goes away. 
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RESPONSE: No. I'll tell you. The secret of shunt nephritis 
is that like any other type of glomerular disease, you can have 
very mild glomerular involvement and extremely severe glomerular 
involvement. What is interesting in having eight cases to look 
at is that we cover almost all the renal pathology except 
membranous nephropathy which is something I don't understand, 
but that is how it is. You have anything from a very, very mild 
mesangia1 hyperce11u1arity (almost nothing) to extremely severe 
crescentic glomerulonephritis. So, if you cannot get rid of a 
nephropathy, it's not because it lasted too long. It's just because 
the severity of the glomerular damage has been such that even if 
you get rid of the immune complexes, sclerosis of the glomeruli 
by itself will lead to terminal renal failure •. The damage is 
already done when you remove the antigen. That's why the results 
in shunt nephritis are so variable. It's just based on the fact 
that you can have any type of glomerular involvement with shunt 
nephritis-except membranous. 

COMMENT: Have there been any studies in myeloma patients 
regarding tubular basement membrane deposits? I am intrigued 
by the fact that the tubular damage in myeloma has always been 
attributed to a toxic effect of the myeloma protein - whether there 
is an IgM antibody staining in the tubular membrane because of 
t.he reported relationship of the renal tubular acidosis in some 
of these patients (distal and proximal) and also of the interstitial 
involvement. Likewise, in amyloid patients, where you may get 
reversibility of the nephrotic syndrome in some of these patients 
with treatment of the inciting disease. 

RESPONSE: As you know, several people have worked on the 
hypothesis that in myeloma a light chain protein may produce 
this renal damage by toxic effect. Certainly the incidence of 
myeloma has greatly decreased now that we have started to have 
better control of the imbalance of calcium and phosphorus in 
these patients. There was evidence that the calcium and phosphorus 
imbalance was responsible for a great part of the tubular interstitial 
damage. We don't see now, with the modern treatment of myeloma, 
the same frequency of tubular interstitial patholQgy that we used 
to see before. I can categorically deny that in myeloma or in 
amyloidosis you have these antibodies to tubular basement membrane. 
However, your question gives me the chance to make a remark that may 
be pertinent to the discussion that we had before. As you know, 
secondary amyloidosis is due to tiSsue polymerization of SAA 
protein. SAA protein is a protein which is present in connective 
tissue. As a consequence of the toxic injury or stimulus usually 
produced by endotoxin, gram negative bacteria, or chronic infection, 
this protein is released from the connective tissue into the 
circulation in large amounts and then, for reasons we do not well 
understand, polymerized in tissue. 
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So, we have a condition in secondary amyloidosis in which the 
amyloid is formed by polymerization of a protein of the connective 
tissue. In the last years two or three papers have been published 
about membranous glomerulonephritis in association with amyloid and 
two of these papers show that the membranous glomerulopathy was re
versible either by treatment of the infection or by amputation of a 
leg which had osteomyelitis. Is it possible that some of these pro
teins are released and then may form tmmune complexes in the circu
lation which produce membranous nephropathy? Maybe this is the 
pathogenesis of membranous nephropathy associated with amyloidosis. 
There are more and more reports that, by using Cl q or Raji cells, 
there are circulating immune complexes in amyloidosis. This is avery 
challenging area of research for the future. Some of my colleagues 
in the Panel have seen patients with amloidosis and membranous ne
phropathy. This is one of the conditions in which membranous nephro
pathy seems to be reversible. What do you think? 

RESPONSE: I haven't seen that but I have seen a form of amyloid 
in the glomeruli that could be mistaken by a not very good patholo
gist for membranous glomerulonephritis. This is the type that an 
old friend of mine described. I think he called it "spikey amyloid", 
where you get structures very similar to deposits on the outside of 
the basement membrane but they are in fact amyloid. I am not sug
gesting that the finding is necessarily that of a "not good" patholo
gist; I'm simply saying that one of these cases of "spikey amyloid" 
I was shown had been diagnosed as a membranous nephropathy. 

COMMENT: I was going to refer to the same thing. I have been 
personally involved in two cases which were diagnosed as being mem
branous and then when we looked at the electronmicroscopy they were 
typical cases of amyloidosis. But, I don't think that is what is 
being referred to; what you are referring to is the actual associa
tion of the two things. 

COMMENT: I know we have been talking about this too long 
already, so I am going to change the subject with a question. Very 
infrequently we still see cases of methoxyfluorine induced hydrogen 
output after renal failure in my country. This is a very particular 
situation. We usually see oliguric acute renal failure from other 
etiologies. So, it is a very interesting situation. Is there any 
explanation regarding the renal pathophysiological mechanisms in
volved in sodium and water excretion or retention in this phenome
non? 

RESPONSE: I assure you people that I don't know this gentle
man. He was in some areas of research in my lab years ago but I 
didn't talk about this because in this country methoxyfluorine is very 
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little used now. Since its nephrotoxicity was discovered, it's 
only used for analgesia in obstetrics~not as an anesthetic agent; 
at low dose it produced no toxicity. Methoxyf1uorine is a 
fluorinated anesthetic agent which was very good from the point 
of view of an anesthetic agent because it was stable, non
explosive, and had a lot of qualities. It was for ten years 
approved by FDA and then it was discovered that it had a certain 
degree of nephrotoxicity. Actually, looking back, there was a 
paper that pointed this out but nobody paid attention. As far as 
I can tell, in man, rat and dog, there is no evidence that salt 
would be involved. We looked carefully at the possibility of 
the decreased transfer of sodium by the kidney of the dog and 
man. Other people looked at the rat and there is no evidence 
of that. The molecule of this agent is being broken down in 
the liver and in the kidney by special enzymes called fluorinases 
which break the molecule in several steps. They rel.easef1uoride, 
organic and inorganic, which appears in the blood and the urine 
and also oxalic acid, lots of it. As far as I know, the animal 
and human experience with oxalic acid is oliguric or almost 
anuric acute renal failure. Most of the cases (there were over 
a hundred reported years ago) were high output as you described, 
and I think what happens is fluoride most likely produces nephro
toxicity and a nephrogenic type of diabetes insipidus. I say that 
because if you take a dog and put it to concentrate the urine 
maximally, it will concentrate the urine up to 2,000-2,500 mOsm/ 
kg. If you start an infusion of fluoride, you will rapidly 
(depending on the plasma concentration you achieve, between 15 
and 40 minutes) induce a urinary concentrating difficulty. It's 
not associated with increase of sodium or urea excretion - just 
purely water excretion. We did some other studies of how fluoride 
affects ADH action or increases medullary blood flow. Here at 
the University of Miami ten patients who received anesthesia with 
methoxyfluorine were compared to ten patients who received 
anesthesia with halothane. There was absolutely no change of 
renal function with halothane. In all the 10 patients with 
methoxyfluorine, there was a decrease in concentrating ability. 
The study included evaluation right after surgery, two days after 
surgery (which has the peak plasma level), and then five to ten 
days after surgery. If you ask me why they had acute renal failure, 
I wouldn't know and I wouldn't be surprised if it was a volume 
phenomenon. The initial patients were identified clinically because 
they were extremely polyuric patients, passing 2,3,4 liters of urine 
following surgery when they were not receiving that amount of fluid. 
Almost everyone, until the problem was discovered and corrected, 
was dehydrated. 

MODERATOR: We are running out of time. I would like to close 
with a final question. As you know, we have a study of nephrotic 
patients regarding food manipulation. We have looked for changes 
of IgE in the serum. The late Rawle McIntosh looked for IgE in the 
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biopsy material and we have not been able to document any changes 
along those lines. What do you make of the cases in the literature 
where there is evidence of hypersensitivity in various other areas, 
skin, respiratory tract, GI tract, etc.? 

RESPONSE: Well, I have no answer to that. Certainly there 
is evidence of accumulation of eosinophils in the interstitium and 
the coincidence of extrarenal pathology produced by an intermediate 
IgE type hypersensitivity but we cannot draw any conclusions. We 
have no proof that the renal pathology is produced by IgE mediated 
hypersensitivity because we don't have a suitable technique. By 
immunofluorescence you can show whatever you want. The controls 
are not good enough; I think everybody agrees that so far it has 
not been possible to show presence of IgE immunoglobulin in minimal 
glomerular disease. If we could do so, we would be able to prove . 
that the British clinicians that put forth the concept of asthma 
and nephrosis were right. Sometimes IgE immunoglobulin is not 
present in lupus but there are many types of immunoglobulin and 
we don't know what may be the significance. Certainly, we have 
no evidence that they may be responsible for renal pathology. 

MODERATOR: Thank you very much. Thanks to the panelists 
for their fine contributions. 
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Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephrol., Dept. Pediatr., Univ. 
Miami Sch. Med., Miami, Fla. 33152 USA 

MODERATOR: The first case will be presented by Dr. Helen Gorman. 

DR. GORMAN: This case is a l4-year-old white boy with history 
of primary enuresis; polyuria and polydipsia together with 
constipation became evident at about age 6 ys. In August 1973 
IVP and cystoscopy were normal. In November 1973 urine concentrated 
only to 328 mOsmlkg after water deprivation and aqueous vasopressin, 
with a rise of serum osmolality from 296 to 305. Serum creatinine 
was 1.1 to 1.5 and BUN 17 to 26 mg/dl. Creatinine clearance was 
62.5 mllmin, corrected for surface area (1.73 m2). Renal biopsy 
showed 50% sclerotic glomeruli, foci of marked tubular atrophy and 
interstitial fibrosis and infiltrates of chronic inflammatory cells. 
Right hydronephrosis and hydroureter were present at that time by IVP. 
VCU showed no reflux. In February 1974 renal arteriogram showed 
multiple minute radiolucent defects located predominantly in the 
inner cortex and medulla, each 1 mm in diameter or less, in the 
right kidney. Both kidneys were mildly enlarged. He was treated 
with NaCI and KCI supplementation because of a salt-losing tendency 
and persistent hypokalemia. In the past 4 years he has been asymptom
atic except for 2 or 3 episddes of UTI, treated with sulfonamide. His 
growth has been impaired. At age 4~ he WaS above the 90th percentile; 
age 9, 75th; now at age 14 he is between the 25th and the 50th 
percentile. At the present time, his blood pressure is 130/90 mm Hg, 
and physical examination is normal, except for pallor. Fundi are 
normal. U/A: trace of protein, sediment within normal limits. 
Serum creatinine 4.5, BUN 54 mg/dl. Hb, 8.9 g/dl. He is being 
treated with vitamin D, Amphojel and supplementary potassium. There 
is no family history of renal disease. 
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DR. PARDO: On low magnification (Fig. 1) there were a few 
atrophic tubules but the most impressive change was the interstitial 
infiltrate with lymphocytes and plasma cells. There are a few 
atrophic tubules. In Figure 2 there are some totally obsolete 
glomeruli and the remainder of the glomeruli were normal morpho
logically. Figure 3 isa high magnification. There are a few 
eosinophils here and there and the infiltrate shows lymphocytes, 
plasma cells and a few polymorphonuclears. Mainly there are 
normal cells and a few eosinophils. 

When I saw this biopsy, I didn't know the clinical history. 
This is an outside case. What I found was extensive inflammatory 
infiltrate with round cells and a few eosinophils; also, some 
abnormal glomeruli and some normal glomeruli, an interstitial 
fibrosis and focal tubular atrophy. 

COMMENT: Tn this case it wouldn't be necessary to look at the 
slides to make the diagnosis. The clinical diagnosis is absolutely 
evident. It's a typical case of nephronophthisis for me and of 
course the finding of these tubulointerstitial lesions only confirms 
the clinical possibility that it is nephronophthisis. I must insist 
about the fact that no one, no one can make the diagnosis of nephro
nophthisis from the histology alone. This is much too unspecific to 
allow anyone to make the diagnosis without knowing the clinical 
history. So, it's the combination of the clinical presentation and 
of these histological findings that helps, especially in a case 
where you have only a biopsy. One of the good clues to the diagnosis, 
according to my good friend here, is the presence of cysts in the 
medulla. This is the reason why the disease was called Medullary 
Cystic Disease in this country. At the same time, Fanconi was 
describing nephronophthisis in Europe. 

The second thing which I think is very important but here it 
was difficult to see because we had no PAS stain, is that I have more 
than an impression that there are very special tubular basement 
membranes in nephronophthisis. Reviewing again, I'm always, quoting 
that but I learned a tremendous amount of things--reviewing all the 
end stage kidneys removed at time of transplantation--I was very 
surprised that these extensive tubular basement membrane changes 
which are seen in nephronophthisis couldn't be found in more than 
three or four cases of terminal renal failure of other origin and 
even then, they were only very focal. So, now, after having looked 
at about eighty cases of nephronophthisis, I think that this, even 
if we haven't seen cysts in the medulla, these tubular changes are 
so extraordinary that they can be taken as good evidence for the 
disease. But I insist, I think that without the clinical history, 
nobody should dare make the diagnosis. 
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FIGURE 1 

FIGURE 2 
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COMMENT: I must say I am inclined to agree with what has 
just been said. I think that this case is diagnosable from the 
clinical history without having to do anything else. Enuresis is 
a very frequent feature with people who have what we call Uremic 
Medullary Cystic Disease. There you get a concentration defect 
which goes into renal failure with a normal sediment and proteinuria. 
There aren't many things it could be. I would put my money 
particularly in view of having seen the histology--not that it is 
all that helpful~-but it's ruling out certain things, perhaps the 
negative features rather than the positive ones. I would call this 
Uremic Medullary Cystic Disease. 

The business of the cystic part, I think has been overexaggerated 
in the past. We have seen these with hardly any cysts at all and I 
don't think it's necessary for the diagnosis. My colleague here is 
probably right in that it is not a terribly good term to use for this. 
This term has caused in people's minds a great deal of confusion 
with the other forms of medullary cystic kidney. This is especially 
true with the so-called--I think wrongly named--"sponge kidney" 
which is a condition with a much less sinister prognosis which tends 
to come on in later years. Now, the only thing that I really don't 
know about are these tubular changes, these basement membrane changes 
which were mentioned just now. Perhaps you might let me into the 
secret of that. 

FIGURE 3 
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COMMENT: It's a laminated basement membrane with extremely 
queer wrinkled rings and you have at least 3-4-5-different ••• 
like concentric layers, but extremely disorganized. It's too bad 
that I haven't got the slide of that to show you. It is really 
something; I think special. I can tell you I insisted about that 
in my first paper on nephronophthisis and ever since I have noticed 
that feature in all the cases I have seen. 

MODERATOR: In the description that you make of the basement 
membrane, how would you differentiate that appearance from the 
glomerular basement membrane described in the Alport Syndrome? 
Is there any comparison? 

RESPONSE: It has absolutely nothing to do because in Alport 
Syndrome, first of all you can hardly see it by light microscopy. 
The second thing is that it is in the basement membrane. These 
rings around the tubular basement membrane are like transformation 
and then accumulation of ••• it's like new basement membrane. You 
see what I mean? I don't think you can compare one with the other. 

QUESTION: I was curious about the hydronephrosis and hydro
ureter. Is there any relationship to this patient's underlying 
disease? Or perhaps this is related to the constant diuresis 
this patient has? 

RESPONSE: I have no opinion but it might be related, I guess. 

MODERATOR: In practical terms, we know that polyuria can be 
present with various types of glomerular involvement and tubular 
involvement. Some people say with infection. By history, how 
would you differentiate a patient like this from the others? From 
the point of view of polyuria and enuresis, how would you approach 
the workup or the clinical impression of a patient like this? 

RESPONSE: In a school age boy or girl with polyuria and nothing 
else in the history, we would suspect first nephronophthisis. Then, 
the second feature that is quite common is the pallor, anemia, 
which is out of proportion to the renal function deterioration. I 
don't exactly know what this is due to but it's a very common 
finding. So, when we find this we have to learn exactly what has 
been going on. We do the IVP's and so on. We do the renal 
concentrating test and we discover the inability to concentrate 
which was found here. I think that by exclusion of all the other 
things, we have to suspect that it is nephronophthisis. 

COMMENT: And salt-losing nephritis, too. It's a very good 
laboratory finding in this disease. 
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QUESTION: I would like to ask, what do you think about the 
work of a group extensively involved with the problem of 
Medullary Cystic Disease using isolated nephrons? They have 
special techniques by which they can study the resistance of 
the tubules to distension. Their findings suggest that in 
Medullary Cystic Disease there is an abnormality of tubular 
basement membrane and the intraluminal pressure is normal in this 
condition, whereas in the normal condition it is possible to 
produce the cystic formation only by increasing the intraluminal 
pressure. Their conclusion is that in this disease there is an 
abnormality of the tubular basement membrane which they don't think 
has a nephrologic counterpart. They think that it probably is a 
condition in which a normal intra tubular pressure produces cystic 
dilatation because the tubular basement membrane is abnormally 
distensible. It's a type of investigation which falls on one 
group of physiologists because it requires a very sophisticated 
technique of isolation of tubules and study of the tubular distension. 

RESPONSE: I didn't know of this work. I think it is a very 
interesting thing. There is one fact which I think is important 
and that is that most of the classifications of cysts will include 
nephronophthisis with only one variety of cysts. Personally, I 
don't think that it belongs to any type of cyst. I think that 
these cysts are secondary. The best proof of that is that we have 
several patients with early biopsies where there are no cysts 
although the biopsies were taken surgically and they consisted of 
medulla. Then, we have autopsy cases where there are some cysts 
in the same patient and then something interesting appears from 
hemodialysis patients: the cysts tend to increase and the more 
the kidneys stay, the more there are cysts. For instance, we 
have a patient from whom we had to remove one of the kidneys at 
time of transplantation. The transplant didn't work very well and 
had to be removed. The child was put on hemodialysis again and 
there was another kidney transplantation performed. Then, they 
removed the second original kidney. The comparison showed that 
there were much more cysts in the remaining kidney than in the first 
kidney removed. There were two years in between and there was 
almost no more renal parenchyma in the second kidney. I think that 
these cysts may very well increase with time; so it's not a cystic 
disease. Something is happening which allows cyst formation. It 
could well be that the answer is that maybe there is some abnormality 
in the tubular basement membrane which allows cystic dilatation. 
I don't know but I am very interested. 

QUESTION: I really didn't quite understand exactly what you 
said. You mean that they have measured intra tubular pressure from 
isolated tubules in man? 
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RESPONSE: Yes, they have a technique by which, using 
kidneys obtained at nephrectomy, they can isolate the single 
tubule and measure the intraluminal pressure. It's probably 
the only group in the United States working in this area but it 
is recognized as the leading authority. 

QUESTION: As a general morphologist, being a shadow man 
and dealing with kidney size, it surprises me that you can get 
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a normal IVP of kidneys which are in failure. There's something 
wrong. I thought that these kidneys were never normal. I 
thought that the medullary cystic disease kidney was usually 
smaller than normal. 

COMMENT: End stage. This again brings up what I keep 
saying. The accurate measurement of the kidney is the most 
important part of the intravenous pyelography or excretion 
urography. I don't believe that was a normal pyelogram. I think 
that if you measured this it would be well below 2~ centimeters. 
What's more, occasionally you actually see contrast medium going 
out into these cysts. I've got a couple of these patients with 
IVP's in which there is lots of contrast out in these cysts. 

COMMENT: In this I think that there was something. 

COMMENT: That's an arteriogram. That's interesting. Two 
milimeter spaces in an arteriogram. Very high quality arteriogram. 

QUESTION: Is this the only child in the family or are there 
other family members? 

RESPONSE: There are other family members. I really can't 
remember exactly. There are about four, I think. Most are 
older than he is, up to about 25, all normal. 

QUESTION: Have they been investigated? 

RESPONSE: I am not quite sure, you see, this child came to 
us very recently-bringing all this data with him. None of this 
investigation was done here; it was all done somewhere else. I 
am not aware of any of the details about family workups-except they 
have been tissue typed and he has one good donor. That's all I know. 

COMMENT: Maybe this should be investigated more thoroughly 
because a concentration defect could be found in other members 
of the family. You see, in this disease it's not always evident 
in young age. There are some adults now who are known to have the 
disease,too. It can appear later. So, it would be worthwhile to 
have documentation on the rest of the family. 
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MODERATOR: In that regard, I remember discussing with you a 
family that we had reported a number of years ago with so-called 
nephrogenic diabetes insipidus. You thought at the time that it 
may have been a family with nephronophthisis. Could you clue us 
in about the workup of such a family-how the inheritance of nephro
genic diabetes insipidus, being so questionable and with different 
reports-for some, females do have the disease; for others, they 
don't, or have less penetrance, etc. In the family we reported, 
the mother of the propositus and his maternal aunt did not bhink 
they were sick. Thei:b famHy history had been described by 
themselves as being normal. Actually, they used to go to sleep 
with a pitcher of water on the night table because they had to 
drink all night long. They really had severe polyuria which they 
didn't realize was abnormal. 

COMMENT: There are only two things I can say. First, with 
diabetes insipidus the kidney is always morphologically normal. 
Renal biopsy at least solves this problem. The second thing is, 
there are extremely few cases of dominant inheritance in this 
disease. That's all I can tell you. There are so few that we 
are wondering if these cases with dominant inheritance are the 
same thing as nephronophbhisis. 

MODERATOR: Regarding the anemia, do you have any thoughts? 
The question may be interpreted more broadly if you like. What 
is the mechanism of the anemia in this disease or in renal disease 
in general? Right now we have a patient who had a very mild, 
presumably post-infectious glomerulonephritis who has had severe 
anemia which has not been identified in any fashion after thorough 
workup. Probably the patient will end up receiving cortico-steroids 
as the usual solution for problems which we don't understand. Do 
you have any idea as to whether there is any immunological 
mechanism involved? 

RESPONSE: No. We know very little about the origin of anemia 
in this type of renal disease. The obvious hypothesis 1S that it 
is due to marrow depression secondary to uremia when uremia is 
advancing. The only disease in which there is some hint that an 
immunological mechanism may be cooperating in the genesis of anemia 
is anti-GBM disease. Some people, especially in England, have 
reported that complement is involved in the destruction of the 
erythrocytes. But, it is work which probably requires confirmation. 

MODERATOR: The degree of anemia is not in proportion to the 
renal failure or you may even have anemia in the absence of renal 
failure. Am I correct? 

RESPONSE: That is correct. 
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MODERATOR: This is the situation we are facing with this new 
patient. We have looked into the possibility that there may be 
a problem with the erythropoietin production. We found in this 
patient erythropoietin increased but not to the level we would 
have expected with a marked anemia. At the same time, the bone 
marrow looked normal but obviously insufficient to maintain a 
good level of hemoglobin in the blood or of red cell production. 
Is there anything like erythropoietin acceptability or performance? 
Rejection? Do we know anything about receptors? 

RESPONSE: Not to my knowledge. Some people have proposed that 
some patients may have antibodies to erythropoietin ••• 

QUESTION: Do you have any ultrastructural studies of the 
basement membrane of these patients? 

RESPONSE: Very few. Very few. 

QUESTION: Did you find anything? 

RESPONSE: No. 

MODERATOR: Dr. Gaston Zilleruelo will present the next case. 

DR. ZILLERUELO: This patient was a male Latin boy from San 
Salvador referred to us in March 1977 at 2~ years of age with a 
history of a familial nephropathy with progressive renal disease 
and associated with certain peculiar physical findings, liver 
compromise and congenital heart disease. He had a history of two 
episodes of UTI in the newborn period with mild anemia and jaundice. 
At that time liver was palpable 3 cm below RCM. Also mild proteinuria 
was found in the urinalysis. Patient had an IVP and VCU that only 
showed a normal size kidney with slight distortion of the right upper 
calyceal system. He persisted with mild proteinuria up to 1+; 
moderate polyuria and polydipsia were noted. In December 1975 
(1 yr 4 mos) a gr II/VI ho1osystolic murmur was found and cardiac 
evaluation was consistent with a VSD. Also appeared evident some 
abnormal physical findings such as enlarged forehead (frontal 
bossing), high palate, short and broad fingers. Liver was 5 cm 
below RCM, hard, nontender. Spleen tip was palpable. Serum 
creatinine was 1.3 mg/d1 and a decreased creatinine clearance 
(16.3 ml/min/m2) was found. Proteinuria was 13 mg/ml/hr; there was 
a decreased urine concentrating ability (U max 550 mOsm/l). In 
January 1976, repeated IVP and VCU were WNL. Otherwise, patient was 
doing well, with a normal development for age, including normal 
psychomotor and intelligence. However, in February 1977 he had to be 
admitted to a local hospital because of vomiting and abdominal pain. 
BP was found to be elevated (170/120 mm Hg) for the first time and 
liver was 8 cm BCM; BUN was 19, s. creatinine 1.4 mg/dl and urinalysis 
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showed increased proteinuria to 2+. A kidney biopsy was done which 
showed severe tubulointerstitial fibrosis with microcysts formation, 
tubular atrophy and glomerular fibrosis. Patient was treated with 
parenteral and oral reserpine with good results and referred to us 
for evaluation of his renal disease. 

Past history: recurrent bronchitis. UTI and jaundice in the 
newborn period. Psychomotor: sat at 7 mos., walked at 11 mos. 
Normal speech for age. Family history: a sister died at 2~ years 
of age (October 1974) after a short course of severe anemia (non
hemolytic type), hypertension and renal failure. She also presented 
with enlarged liver and cardiac murmur (interpreted as secondary 
to congestive heart failure). No post mortem examination was done. 
Mother was found to have slight hypertension (February 1977), renal 
failure (s. creatinine 2.4 mg/dl) and same abnormal fingers. However, 
urinalysis and IVP were WNL. 

Physical examination in March 1977 showed a well-developed, 
well-nourished male in no acute distress. Alert, active, intelligent. 
Frontal bossing, epicanthal fold of right eye, anteverted nostrils. 
High palate. Lungs clear. HR 90/min, reg., gr III/VI holosystolic 
murmur irradiated to axilla and back. Abdomen: soft, nontender 
liver was palpable 6 cm below RCM, spleen tip was palpable. 
Extremities with short hands and broad fingers and with overriding 
of second toes. BP was 100/60 mm Hg, supine. Patient was admitted 
to UM/JMH Medical Center where a complete re-evaluation was done. 
Lab results showed: Hb 10.9 g/dl, Hct 30%, BUN 25 mg/dl, creatinine 
0.8 mg/dl, uric acid 7.7 mg/dl, serum electrolytes WNL, total 
protein 6.8 g/dl, albumin 4.2 g/dl, total bilirubin 0.4 mg/dl, 
PT-PTT normal. Urinalysis was negative for protein and blood. 
Creatinine clearance was 36 ml/min/l.73 m2 • Selective renal vein 
renins were normal and a renal arteriogram also was normal. 
Chromosomal study was found to be normal. Patient returned to San 
Salvador on same treatment for his hypertension. However, a 
progressive renal function deterioration and progressive severe 
hypertension were observed during the following months. He was 
placed on antihypertensive drugs (Apresoline, Inderal, Ismelin, 
Lasix) without good results. He had several admissions for treat
ment of hypertensive crises. In November 1977 BUN was 20 mg/dl and 
serum creatinine 1.8 mg/dl. In February 1978 ~UN was 38 mg/dl and 
serum creatinine 2.8 mg/dl. In April BUN was 58 mg/dl and serum 
creatinine 5.5 mg/dl. He had a progressive tormentous course until 
his ieath a few weeks later. Post mortem examination was done 
from which we have available histopathological slides from liver and 
kidney. 

MODERATOR: Dr. Victoriano Pardo will present the histological 
sections. 
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DR. PARDO: There are sections from the kidney and the 
liver. I took photomicrographs without any knowledge of the 
clinical history. They showed patchy fibrosis with inflammatory 
infiltrate; no wedge-shaped scarred areas. The glomeruli appeared 
normal. The most prominent finding was an inflammatory infiltrate 
with fibrosis and tubular atrophy with concentric thickening of the 
basement membrane and obsolete glomeruli. Most of the glomeruli 
showed very advanced peri-glomerular fibrosis. No intrinsic lesions 
of the glomerular tufts were observed. 

The liver (autopsy material) shows a marked septation of the 
parenchyma. There were no fibrous bridges between the portal 
spaces and the central vein. So, I think there was not a true 
cirrhosis. There is hyperplasia of the bile ducts which do not 
appear dilated (Fig. 4). 

QUESTION: I am interested to know j,f there were findings of 
microcystic changes either on the initial biopsy or at autopsy. 

RESPONSE: I didn't see the gross pathology. I don't have 
data on the gross appearance of the kidney. I didn't see any cystic 
spaces there, either in the biopsy or the autopsy material. I 
didn't see any dilated tubules. 

FIGURE 4 
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DR. ZILLERUELO: There was no finding of cysts in the macro
scopic examination of the autopsy material. 

QUESTION: 
called cystic? 

At microscopy, were hhere some areas that could be 
You didn't find any dilatation of the tubuli? 

MODERATOR: The answer is no. No cystic formations were found. 

COMMENT: I think the liver is extremely interesting here. It's 
true that in congenital hepatic fibrosis, which is part of the poly
cystic kidneys, you can have these big strands of fibrosis; but it 
is absolutely necessary that you have dilated bile ducts. If not, 
it is not congenital hepatic fibrosis. That is, the type described 
in polycystic disease. So, I think that this diagnosis has to be 
completely eliminated. It does not stand. Let's talk about the 
kidney first. It has chronic tubulointerstitial nephritis. So, 
maybe it could be diagnosed as being nephronophthisis, again. But 
first there was hypertension and for me that is against the diagnosis 
of nephronophthisis. 

COMMENT: There are only a few but we have seen some that are 
hypertensive, particularly when there are advanced lesions. 
The liver enlargement is not against that; it's just all related to 
the hypertension and it's a congested liver. 

COMMENT: But hypertension has been a major problem in this 
child. I'm very interested to know that you have seen some cases 
of nephronophthisis with hypertension. I must say that in our 
experience it is extremely rare. Very rare. The second thing 
is that this child has very special findings such as enlarged 
forehead, high palate, short and broad fingers, and a lot of other 
things. Then, we have that liver problem. I don't know how to 
classify this. The only thing I can tell you is that, in the 
recent literature, there have been several reports which have been 
published. One is called the Boichis Syndrome. It's our friend 
in Israel who described that. He showed me the slides several 
years ago ana I made the diagnosis of nephronophthisis on the 
kidney but then he showed me the liver which had this fibrosis 
just like that. I must say that we don't think we "have ever seen 
fibrosis of the liver in our patients but also, we have few 
complete autopsy cases. So, I don't know exactly the incidence or 
the possibility of this fibrosis in the liver. The other publication 
is about two patients who had liver cholestatic jaundice and had 
exactly the same kind of fibrosis in the liver but the kidney looked 
just like nephronophthisis, too. These are the two publisbed 
associations of kidney disease with liv'er fibrosis. But in Israel, 
we had the meeting of the European Society of Pediatric Nephrology 
and among the free communications and poster sessions there were 
at least three papers presented which showed something which looked 
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like nephronophthisis in the kidney with liver fibrosis. In one 
case presented by someone from Iran, there were several things 
including abnormalities of the palate, short fingers. So, my 
feeling at the moment is that there are several syndromes, 
call it Boichis Syndrome or several other people's syndromes. 
I'm afraid to include all these types of abnormalities in 
nephronophthisis. Already we were wondering if retinitis pigmentosa 
should be included. I wonder if we have to separate all those 
things and keep the name "nephronophthisis" just for the kidney 
disease or if we have to add all these compound syndromes which 
associate other types of involvement. 

COMMENT: We spent the whole morning on this problem of 
semantic associations, and now we are again on this problem. My 
colleague here is a specialist in saying what is the primary, most 
important thing and what is the secondary thing. I would say that 
nephronophthisis is the primary finding and all other findings 
are secondary associations, some in the liver, others in the eyes, 
and so on. I cannot see why we don't restrict the name "nephro
nophthisis" to the renal findings, knowing that it can be associated 
with many other things. 

QUESTION: Could you have hepatic fibrosis with polycystic 
disease of the kidney without portal hypertension? 

RESPONSE: Of course, all the cases of polycystic kidneys, 
recessive type, have that liver involvement and not all have portal 
hypertension. I think that my colleague does not agree. 

COMMENT: It is not that I disagree with you. In matters 
like this, I have to defer to you because you see so many more 
pediatric cases than we do, but the very few cases of congenital 
hepatic fibrosis, if you like to use that term, associated with 
polycystic kidney, the few that I've seen have invariably had 
portal hypertension. I was going to ask whether the spleen, for 
example, was enlarged in this particular patient. I really wasn't 
impressed with the amount of fibrosis. 

COMMENT: The reason I asked is because in a book it is 
mentioned that that is the main reason for the portal hypertension 
in this kidney disease. 

COMMENT: It mentions that the portal hypertension is the main 
cause of death. Of course, if you don't die of your kidney, you 
die of your liver. Ninety percent of the cases of polycystic, 
infantile type, die at birth. So, it's finished. You get rid of 
the majority of cases immediately. Some of them live longer because 
they have less holes and more kidney. Then the liver starts being 
involved. I think it's a matter of how long you live. If you live 
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with polycystic kidneys you might, as a matter of fact, die of your 
liver. But, in the infantile type--I would rather call it recessive 
type--it's a constant feature to have liver involvement with what is 
called congenital hepatic fibrosis. But not all have portal hyper
tension, at least at the beginning. It may be that they can develop it 
later. 

COMMENT: I find this an extremely confusing case. The liver 
part, I don't know whether we have overplayed the liver hand; I 
think we probably have. It's very difficult to give an op~n~on 
when you just see one or two kodachromes. I certainly wasn't very 
impressed with what I saw in the liver. The few cases I've seen 
of the association of congenital hepatic fibrosis and cystic 
kidneys, I would exclude that. As has been said here, there are 
many features that are very consistent with the diagnosis of 
nephronophthisis or medullary cystic disease. The presence of hyper
tension has been very rightly pointed out here. I don't think 
I've seen hypertension in spite of what you are saying. 

I can't get over the fact that there are certain other 
abnormalities in this patient; the short and broad fingers, 
high palate, and they seem to be present in relatives, too. I 
think this may be something new. I'm not really familiar with it. 

COMMENT: Regarding what one of you was saying, "why don't you 
accept the features as secondary and keep the nephronophthisis 
business?", as I emphasized in the preceeding case, I think that 
we don't have enough histological clues to the diagnosis of 
nephronophthisis to be sure that there is not another disease which 
can give exactly the same type of chronic diffused tubulointerstitial 
nephritis and which might be something completely different. I am 
always open to the development of what is going to be found as the 
cause of nephronophthisis. Suppose it's a deficient enzyme. It 
might very well be something like that. Maybe it will be some other 
deficient enzyme which is responsible for these other diseases 
associated with something else. We must be very careful not to put 
in the same bag all the things because we have no other diagnosis 
to propose. That's why, personally, I would rather have nephronophthisiE 
when there is only the kidney involvement alone. Then, the same type 
of kidney involvement may be found in association with eye abnormalities. 
liver abnormalities, face or anything and they may be the same disease 
but they may be something else. I think that we should not confuse 
everything because what we are doing now is trying to do good nephrology 
so that people who are working in other fields can find ~he solution 
to our problems. Maybe in ten years' time we will laugh to have been 
able to confuse these things. As I remember Professor Debre the day he 
realized that the case he had been describing, DeToni-Debre-Fanconi 
Syndrome, some were cystinosis and others were something else. There is 
DeToni-Debre-Fanconi Syndrome, but we well know now that it covers a 
tremendous amount of different things. It's not a disease;' it's a 
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syndrome. Maybe that's the type of mind we should have when we 
are dealing with such non-specific things. When you find cystinosis, 
cystine crystals in the kidney, you know that it's cystinosis. That's 
a specific feature. But chronic tubulointerstitial nephritis, what 
is it? We've been talking of that since yesterday morning. We are 
going to talk about that tomorrow and you are going to see that it 
covers so many different things that I don't think we can consider 
that as a specific feature. 

QUESTION: Yes. In the first case that was discussed, you were 
very emphatic that the concentric layers around the tubules in nephro
nophthisis were a very distinctive feature. Yet, when they were 
shown in this case, you seemed to show some reluctance in accepting 
this as nephronophthisis. Is it not tied up for you, completely and 
absolutely? 

RESPONSE: I don't want to answer because I haven't looked at the 
whole kidney. I haven't looked at PAS stain. I'm not sure that what 
we saw, these big rings there, cover what I consider as being, though 
not spe~ific, extremely good evidence for. I don't know with the 
English, but "good evidence for" does not mean "specific". It's 
different. 

COMMENT: What other conditions have you seen it in? •• I'm sorry. 
I let you off the hook. You are absolutely right in being put on 
the spot in trying to make a diagnosis on just kodachromes, possibly 
not of the magnification you would like to see it, nor with the 
stain. I withdraw that. 

QUESTION: Did you say that if you do not see bile duct dilatation 
you are not going to call it hepatic fibrosis and/or polycystic kidney? 
I recollect a patient of mine two years of age with liver enlargement, 
a slight rise in bilirubin and no liver compromise by SGOT or SGPT. 
We biopsied the liver and the pathologist claimed that it either had 
to be galactosemia, fructose intolerance, or cystinosis. We worked 
him up for that and it was all negative. There was very minimal 
fibrosis. I went ahead and did an IVP because whenever I find 
something in the liver, especially if there is mild fibrosis, I 
evaluate the kidneys. To my surprise we found tubular ectasia. 
I took this case to a famous pathologist. I first sent him just the 
liver biopsy and he gave me the same diagnosis: acinar formation, 
mild fibrosis. When I told him the IVP findings, he said "this 
would have to be infantile polycystic disease". I just wondered, 
since the liver biopsy was so striking-it was just acinar formation, no 
ductal proliferation, no dilatation, just minimal fibrosis. 

QUESTION: But you had no specimen of the kidney? You just had 
seen the IVP? 

RESPONSE: Correct. We didn't do a kidney biopsy. 
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COMMENT: It is a common association, tubular ectasia and 
hepatic fibrosis. 

COMMENT: Except that what was striking was the acinar 
formation in the biopsy. Yes, I am aware that there is tubular 
ectasia and hepatic fibrosis. What I was surprised to see on 
the liver biopsy was acinar formation. That's why I consulted 
various pathologists who said that without the IVP they would have 
made the same diagnosis. But the IVP, since there was tubular ectasia, 
no matter whether the liver showed acinar formation or not, one of 
them was going to put it into the category of infantile polycystic 
kidney disease. 

COMMENT: We have another very similar case. In fact, the 
other way around. The first sibling died of liver disease. I 
can't recall exactly but post-mortem showed the liver fibrosis 
and also the kidney changes. So, initially we thought that it was 
infantile polycystic kidney disease. Then later on, about ten years 
later, we saw him again when he came down with renal disease. 
Now, the changes are compatible with juvenile nephronophthisis; the 
patient also has retinitis pigmentosa. So, then we were puzzled 
as to whether or not this was juvenile nephronophthisis. Maybe 
this happens in some of the cases; it's very difficult to 
differentiate various entities. 

QUESTION: In the liver there was congenital hepatic fibrosis? 

RESPONSE: Right. The child died. 

QUESTION: With dilatation of bile ducts or not? 

RESPONSE: No. I won't say that. 

COMMENT: That's the big problem. We shouldn't give people's 
names to diseases of nephronophthisis with oongenita1 hepatic fibrosis. 
I don't like the English word either. I'll tell you the one I have 
invented. I think it is much better. "Fibro-adenomatosis of biliary 
ducts". I think that is much better because you see, that avoids the 
confusion. If you call it congenital hepatic fibrosis, then all 
types of hepatic fibrosis are included in that. The characteristic 
feature of polycystic kidney, infantile type, is the dilatation 
of bile ducts which is surrounded by fibrosis. In the name 
"congenital hepatic fibrosis", you don't hear that. You see, again 
the problems of nomenclature. 

COMMENT: Actually the first case initially was diagnosed as 
polycystic disease. Later on, the sibling, ten, fifteen years 
later, had a similar disease but with retinitis pigmentosa and the 
histological study revealed the picture of nephronophthisis. 



WORKSHOP 233 

QUESTION: I would like to ask about a recent article-monograph 
on polycystic disease of the kidney in which the authors describe 
perinatal, neonatal, infantile and juvenile types. They start with 
mild hepatic fibrosis in the early part. In juveniles it is really 
predominant in that it's also dilatation of the biliary tree. They 
say that the juvenile kind might be picked up on routine examination 
just with hepatosplenomegaly. We did have a patient like this who was 
picked up by routine examination and who was referred for workup of 
hepatosplenomegaly and had portal hypertension, the venous pressure 
was high and because at the time of the radiological study the 
kidneys were big, at the time of liver biopsy we did go in and do a 
kidney biopsy too. It did show polycystic disease and liver-you 
could hold it up to the slide and see that there was fibrosis. 
Would you make some comments on that article? 

RESPONSE: I can. I think that it's not a very good idea 
separating by age different things. In fact, for me the problem 
of infantile polycystic disease is the proportion of holes in 
the kidneys. Period. You may have different types in the same 
family; I have seen a family where there were three types. One 
died at birth and had very enlarged kidneys, full of holes. 
Another one started having hypertension when he was two years of age, 
and the third one, when he was seven years of age developed portal 
hypertension and the kidney disease was found. The same thing in 
the same family. So, it's just my feeling that the big difference 
among these three children was that one was born with a lot of 
holes and the other one had small holes predominating in the 
medulla and the liver was the first one to have symptomatology. So, 
that's why, even though I think that paper is an excellent paper, 
beautiful paper, I am not sure that this kind of classification 
according to age is reasonable. That's my opinion. 

COMMENT: I would like to ask for comments on analgesic 
nephropathy and the nephropathy seen with rheumatoid arthritis. 
We had a 10 year old white girl who was diagnosed as having 
pulmonary TB, treated with anti-tuberculosis drugs during two 
years. Subsequently, she had onset of new problems .at seven years 
of age with joint pains, recurring fever and weight loss. LE 
preparation was negative. IVP revealed 2 kidneys of 13 cm each 
in length and an irregular contour. Bone deformities in both 
hands were noticed one year prior to admission. She received 
predn.isone and salicylic acid during two years and eight months. 
Then she developed a tubulointerstitial l1ephropathy (confirmed 
by biopsy) due to salicylate ingestion. 

QUESTION: That was the proposed diagnosis? That is,that 
she took so many aspirins? 

ANSWER: Yes. 
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COMMENT: But, you don't know what analgesic, how it started. 
This could be papillary necrosis but I would expect small kidneys 
in that case. But this is a young girl and analgesic nephropathy 
has been described more in adults and maybe contraction takes 
some years, too. So, it is possible that at the beginning it's 
an interstitial nephritis with an enlargement of kidneys and then 
they shrink. 

COMMENT: No. The time factor in analgesic nephropathy does 
not follow the time factor in any other form of kidney disease. 
We were talking about this yesterday. Analgesic nephropathy appears 
to start in the middle of the papilla and then, if that's so, 
the papillary necrosis, an obstruction there, follows. So, you 
will get a fan of intrarenal obstructive nephropathy whether it's 
infected or anything else, it's like tying off these tubules. So 
you get essentially a scar and that doesn't take long to happen. 
If you tie this off you will start getting this in six weeks. What 
we saw was a much more extensive type of analgesic nephropathy, 
the type where the whole papilla is gone and this is sort"of 
extending out into the medulla. Now, if you've got that kind of 
lesion and you've got multiple papillae involved, usually you get 
a history of colic, because they are passing debri and they are 
aware of it. This may happen, as you say, in people the age of 
45 or 50. The youngest one, I think, that they've had in 
Australia, down in Melbourne, was a boy 21. So, then you've got 
this kidney which measures 13 centimeters and usually the kidneys 
at this age are about ll~ to 12 centimeters, and they have this 
slightly irregular contour. This may be analgesic nephropathy 
complicating some other kidney disease. I really can't tell; I'm 
sorry, I really can't think any more definitely than that without 
more information. 

COMMENT: There is another possibility, to interpret the 
interstitial findings as being drug-induced interstitial nephritis. 
But, then, maybe we wouldn't have this modification of the IVP. 
I don't know. I have a question. The other diagnosis raised 
is that of lupus or of rheumatoid arthritis. The findings of 
immunofluorescence consisted exclusively of IgM and fibrin in 
the mesangial areas of the glomeruli, and nothing around the 
tubules. Is that correct? Would you accept that as being 
diagnostic for lupus? 

RESPONSE: Certainly these findings are not very characteristic. 
Usually in lupus, in the minimal variety of glomerular pathology, 
there are several classes of immunoglobulins in the mesangium. 
So, these very mild changes would be more consistent with the 
diagnosis of mesangial pathdllogy, that you can see in some patients 
with rheumatoid arthritis and positive rheumatoid factor, a condi
tion where you have IgM in the kidney because the rheumatoid factor 
is followed. 
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by IgA antigen reacting with. an IgM antibody. But considering 
the possibility that this tubulointerstitial nephritis may be 
due to the same pathogenetic mechanism which produces glomerular 
pathology, I would be really rather reluctant to accept this 
interpretation. In the tubulointerstitial nephritis of lupus, 
it's usually present due to local deposition of antigen-antibody 
complexes in the severe diffuse proliferative glomerulonephritis. 
In this condition, it's present perhaps in 50% of patients with 
glomerulonephritis. But again, in this condition you have a very 
definite deposit of immunoglobulin and complement in tubular 
basement membrane rather than ill the interstitium. So, I would 
say that if this is a lupus serologically, there is some suggestion 
although the titer of the antibody is not very high, but there 
are no positive LE cells. If this is a lupus you certainly will have 
to find another explanation for the tubulointerstitial pathology. 
I'm very sympathetic with the other hypothesis that perhaps it's a 
drug induced reaction-perhaps aspirin or some other drug. 

QUESTION: Have you seen this change in rheumatoid arthritis? 

RESPONSE: Well, that's a very difficult question to answer. 
It's difficult to say what you have in the kidney of rheumatoid 
arthritis because it is a condition in which you have circulating 
immune-complex-like substances, but you don't frequently see 
glomerular pathology. You don't have frequent positive urinary 
findings. So, really, I don't know what there is in the kidney 
of rheumatoid arthritis. I am not aware of tubulointerstitial 
nephritis in rheumatoid arthritis. 

COMMENT: You get tubulointerstitial nephritis in 
rheumatoid arthritis but it is usually a result of the therapy. 

RESPONSE: Oh yes, I agree. 

COMMENT: I think that those are about the only circumstances 
under which you would see it. As you know, for years and years 
people talked about a mild form, a proliferative form of 
glomerulonephritis in rheumatoid arthritis. I have never seen it 
but what is also interesting in rheumatoid arthritis is the 
membranous nephritis, membranous nephropathy (whatever you like 
to call it) as a result of gold therapy. I had occasion to review 
a paper some time ago from a series of patients with rheumatoid 
arthritis who had developed a membranous glomerulonephritis without 
any gold having been taken. I have just very vague recollection of 
reviewing this and I don't think it's appeared yet but I was very 
surprised when I read this. For those who are not familiar it has 
been described on several occasions that people with rheumatoid 
arthritis being treated with gold injections may develop proteinuria 
and on biopsy will be found to have what is called membranous 



236 WORKSHOP 

nephropathy in which you have an electron dense deposit on the 
epithelial side of the basement membrane. This has been produced 
experimentaly too, and I think a very interesting idea was put 
forward to explain it-the gold was possibly damaging tubular 
epithelial cells which was putting tubular antigen in contact with 
antibody producing cells and you were getting something analogous 
to the Heyman-Edgington autologous immune complex. It was never 
really pro\1led completely but there were these two or three cases 
in this paper of the membranous picture without gold having been 
used. 

COMMENT: Another paper like this one has been published 
recently in Finland. They frequently have membranous nephropathy 
patients with rheumatoid arthritis, Again, in this series there 
were two patients who developed membranous nephropathy without 
gold treatment. In some of these patients the kidney eluate was 
tested for antibody specificity and there was no evidence that 
the tubular antigen was involved. There is another paper on 
this subject which is very controversial but it has been 
published. It is concerned with an extractable antigen which 
is present in the liver,kidney, and several other organs. These 
patients seem to have periodically a high level of this antigen 
in the circulation and periodically a high level of antibody~ 
a situation similar to the one described in lupus before we knew 
that lupus was produced by an antigen-antibody complex. So the 
interpretation was that perhaps the cellular cytoplasthid antigen 
was responsible for the formation of complexes in these gold 
nephropathy patients with rheumatoid arthritis. However, when 
the kidneys were stained with antibody to this ubiquitous antigen, 
it was not possible to stain the antigen. So it's a very important 
hypothesis but it still has to be proved. 

QUESTION: In the paper from Finland, how did they get the 
kidney material from which to elute the antibody? 

RESPONSE: They got it by surgical biopsy, relatively large 
samples. 

QUESTION: On the general business of immune complexes being 
found in the region of the tubular basement membrane and giving rise 
to interstitial nephritis, is there any correlation between that 
and the histologic type of lupus you get? I don't know whether 
you go along with the idea originally put forward that there are 
at least four histologic types of lupus. There might be more than 
that. Let's just say that there's a type where you have no changes, 
a type where you have mesangial increase only, the type where you 
have focal glomerulonephritis, the type where you have extra
membranous deposits, the type where you have diffuse proliferation 
and wire loops. What I'm saying is that there were four in the 



WORKSHOP 237 

original description, but you can go on adding as many as you like. 
Is there any correlation between those histologic types and 
the likelihood of getting complexes in the tubules? 

RESPONSE: Yes, I think that probably the most important 
factor is the severity of the disease and presumably the extremely 
large amount of complexes which are present in the circulation of 
these patients. Usually it is a tubulointerstitial nephritis 
mediated by immune complexes--presumably DNA and anti-DNA complexes, 
perhaps some other types of complexes--associated with the diffuse 
proliferative glomerulonephritis which is the most severe variety 
of glomerulonephritis. 

QUESTION: But only with that? 

RESPONSE: Well, usually only with that. There is a recent 
report of a patient who developed a transient renal failure as a 
consequence of lupus tubulointerstitial nephritis which was 
not associated with severe glomerular pathology. There were only 
minimal changes with minimal mesangial fluorescence. Perhaps we 
have the formation of a different type of antigen-antibody complex 
which, as a consequence of physicochemical characteristics, may have 
a propensity to localize in tubulointerstitial tissue. 

COMMENT: We had another case of lupus nephritis that started 
some years ago with distal tubular acidosis and then calcinosis. 
After three or four years, I don't remember exactly, she started 
to menstruate and she developed lupus nephritis. She died because 
of that. She had diffuse proliferation and a tubulointerstitial 
nephritis. It was a completely different picture from the one 
that you are talking about. 

COMMENT: This is the reason I asked my first question: was 
there any positive immunofluorescence in this case? 

RESPONSE: No. Not in this case. 

COMMENT: If it had been positive, it would have explained the 
interstitial nephritis. 

COMMENT: I would like to present the tubulointerstitial lesions 
we observed in lupus nephritis. These are our findings in 38 cases 
of lupus nephritis with different glomerular lesions: 13 with 
membranous proliferative glomerular lesions, 8 with focal and 
segmental glomerular lesions, 8 proliferative endocapillary glomerulo
nephritis, 5 endo- and extra-capillary glomerulonephritis, 2 extra
membranous glomerulonephritis and 2 minor abnormalities. Tubulo
interstitial lesions were present in 77% of the membranoproliferative 
cases, 50% of the segmental and focal type, 25% of the proliferative 
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endocapillary type, and 100% am the few cases with endo- and Ktra
or extramembranous glomerulonephritis, and one out of the two cases 
with minor abnormalities. In 33 cases studied by immunofluorescent 
techniques, 8 out of these 23 cases had some kind of positive 
tubulointerstitial deposits. That means about 24%. 

MODERATOR: Is this all settled? If so, we shall have the 
last question. 

QUESTION: Did anyone look at this patient's urine when she 
had TB? Did anyone stain the biopsy for acid-fast bacili? 

RESPONSE: Yes, but there were no abnormal findings. 

MODERATOR: We must adjourn now. Thank you. 
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RELATION OF CELL METABOLISM TO NUTRITIONAL STATE 
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Okla. Health Sci. Ctr., Okla. City, Okla. 73l90,USA 

In severe protein-calorie malnutrition (PCM) in children 
(Kwashiorkor and/or Marasmus) cellular energy metabolism is 
impaired. Using muscle biopsies or circulating leukocytes for 
cell studies, PCM is characterized by accumulation of cell Na, 
with reduction of K and Mg. Cell metabolite levels, associated 
with utilization of glucose and with turnover of the citric acid 
cycle, are reduced. The electrolyte changes are related to simulta
neous changes in cell metabolite levels. Activities of some 
regulatory enzymes in the glycolytic and citric acid cycle path
ways are impaired. The inhibition of pyruvate kinase, for example, 
represents an allosteric effect related to the high Na level in the 
cell. Cell energy levels are reduced and appear to limit the 
effectiveness of the Na pump. Plasma amino acid levels and amino 
acid uptake by cells are abnormal. Phagocytosis by leukocytes is 
impaired and this is related to impaired glycolysis and depressed 
hexose monophosphate shunt activity. Death in PCM is associated 
with exaggeration of the cell metabolic abnormalities leading to a 
breakdown in cell energy production. Recovery is associated with 
improvement in cell substrate and energy levels. 

We have shown that maternal nutritional status and leukocyte 
metabolism at midpregnancy are closely related. In this instance 
the maternal leukocyte is used as a model to study the effect of 
nutrition on rapidly dividing and growing cells, including fetal 
cells. Our hypothesis holds that some interaction of nutrients 
regulates the metabolism of all replicating, maturing cells. Ten 
metaboliC characteristics of the circulating granulocyte were 
used as dependent variables for the metabolic cell model while 
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plasma levels of 13 nutrients, including trace minerals (TM), and 
18 free amino acids (AA's) were used as independent variables in 
the same blood sample to characterize the nutrient microenviron
ment. Significant correlations (p < 0.05) were found between each 
of the leukocyte enzyme activities (Pyruvate kinase, adenylate 
kinase, phosphofructokinase, glucose-6-P-dehydrog), protein 
(3H leucine) and RNA (3H uridine) synthesis and cell levels of 
ATP and ADP with interactions between the levels of the trace 
minerals, Zn, Cu, and Fe with levels of certain amino acids. The 
correlations suggest that the cell activity may be modulated by 
the trace mineral-amino acid interaction. Further, the data 
provide evidence, in the complex multivariable system existing in 
vivo in humans, that specific metabolic activities in the cell 
are related to interactions of nutrients in the surrounding 
microenvironment. 

These observations emphasize that nutritional states imply 
effects on cell metabolism. Nutritional imbalances or deficits 
are expressed at the cellular level by interrelated changes in 
cell electrolytes, energy metabolism, amino acids and protein 
synthesis. The impact of malnutrition on critical, vital functions 
of the cell apparently determines the effects on growth and/or 
survival. 
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WATER AND ELECTROLYTES 
IN MALNOURISHED AND UREMIC CHILDREN 
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Med., Miami, Fla. 33152, USA 

The following review presents general concepts about water 
and electrolyte homeostasis, with particular emphasis on malnourished 
children and children with chronic renal failure. 

WATER AND ELECTROLYTE HOMEOSTASIS 

General Concepts 

Volume and composition of extracellular fluid (ECF) in terres
trial mammals are threatened constantly by entry of widely varying 
amounts of water and solutes. The major role of the kidney as an 
excretory organ is to maintain balance and integrity of body fluids 
by returning to the external environment the substances which are 
not needed. 

One of the most jealously guarded constants of ECF is its to
tal volume. Under normal circumstances, the kidney compensates for 
salt and water overload or deficit with great precision, thereby 
insuring ECF volume stability within narrow limits. The main energy 
expenditure of the kidneys is for tubular reabsorption of the major 
extracellular ions; sodium is the dominant ion and key solute in ECF. 
Homeostatic control of sodium is intimately linked with that of 
water. 

Potassium is the dominant and key solute of the intracellular 
fluid (ICF). About 91% of total body potassium is located in ICF 
(1~% is in ECF, 7~% in bone). Potassium plays an important role 
in physiological and biochemical mechanisms (nerve and muscle tis
sue excitability, carbohydrate and protein enzyme activation, and 
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acid-base balance). Although potassium is handled all along the 
nephron, the distal tubule is most involved in its secretion. This 
tubular secretory mechanism is dependent upon delivery of sodium to 
the distal tubule, presence of aldosterone, and intracellular pH. 

Factors involved in maintaining steady control and urinary ex
cretion of sodium, potassium and water include glomerular filtration 
rate, glomeru1otubu1ar balance, peri tubular forces (hydrostatic and 
oncotic pressures in peritubu1ar capillaries), renin-angiotensin
aldosterone system, antidiuretic hormone (ADH), and natriuretic 
factors or hormones (Table 1). The homeostatic control of ECF vol
ume depends upon renal tubular reabsorption of sodium, mediation 
by the renin-angiotensin system, and the adrenal cortical secre
tion of aldosterone which has a direct action on the distal tubule 
sodium transport. 

ECF volume is regulated by urinary excretion of both sodium 
and water, whereas ECF osmolality is regulated by only water excre
tion. The most important mediator in water excretion is ADH. 
Three fundamental processes seem to be involved in the renal control 
of water (Fig. 1): 

a. delivery of filtrate to the ascending limb of Henle's 
loop, 

b. separation of water from electrolytes and urea in the 
ascending limb, 

c. controZZed reabsorption of water in the collecting duct 
under the influence of ADH. 

The action of ADH involves the synthesis of cyclic 3-5 AMP with 
consequent alteration in water permeability of the luminal and 
lateral plasma membranes of the distal tubule and collecting duct. 

Table 1. Factors Influencing Renal Salt and Water Control 

- Glomerulotubular balance 

- Peritubular forces (hydrostatic and oncotic pres
sure) 

- Renin-angiotensin-a1dosterone system 

- Antidiuretic hormone 

- Natriuretic factor or hormone 
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FIG. 1. Fundamental processes involved in the renal control of 
water. (From Goldberg, M.: Water control and the dysnatremiaso In 
Bricker, N.S. (ed.): The Sea Within Us: Clinical Guide to Fluid[ 
and Electrolyte Imbalance. Chicago: Science and Medicine, 1975, 
p. 20, with permission). 

WATER AND ELECTROLYTES IN MALNOURISHED CHILDREN 

The kidney's basic function in maintaining homeostasis of 
water, sodium and potassium, is altered by chronic malnutrition, 
The effect of severe protein-calorie malnutrition on renal func-
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tions (mainly water and electrolyte metabolism) in children has 
been investigated in classic studies of Jamaican (1) and Mexican 
(2) children (Table 2). Increase in total body water (TBW) and 
ECF with mild hyponatremia and hyposmolarity was a frequent finding. 
Intracellular overhydration with aberrant concentration of sodium in 
ICF and decrease in total body potassium, were found consistently. 
In the Mexican study, marked reduction in GFR and also in renal 
plasma flow was reported; however, reduction in both functions was 
not always parallel and the filtration fraction was variable (Fig. 
2). Urinary concentrating ability was impaired even in the pre
sence of dehydration, and the osmolar clearance was reduced in both 
groups (2) (Fig. 3). 

Although these studies included protein malnutrition with and 
without fat and carbohydrate malnutrition (marasmus, kwashiorkor), 
the similarity of changes in renal function in both groups suggests 
that there is a pathophysiology common to all forms of malnutrition. 
A decrease in osmolal clearance and a positive free-water clearance 
in both dehydrated and nondehydrated malnourished children suggest 
that these children have an impairment of antidiuretic mechanisms. 
However, an increase in osmolal clearance and a negative free water 
clearance following administration of ADH, nicotine or hypertonic 
saline suggest that the capacity of the renal tubule to respond to 
some stimuli is not lost (3). 

Table 2. Disturbances of Water and Electrolytes 
in Malnourished Children 

- Increase in TBW and PV* 

- Increase in ECF 

- Increase in TB** NA+ 

- Intracellular overhydration with in
ccease in intracellular Na+ and de
crease in K+ 

- Decrease in TB K+ 

- Normal or mild hyponatremia 

- Mild hypokalemia 

*Plasma volume 
**Total body 



WATER-ELECTROLYTES-MALNUTRITION 

GFR., RPF. ANO F.F. IN CHRONIC SEVERE 

MALNUTRITION 

GF"R '"F: RPF" r .. 

• 

• 

MALNOURISHED 

249 

• F.F. 

FIG. 2. Renal functian in chranic severe malnutrition. (Fram 
Gardilla, G., Sata, R.A., Metcaff, J. et al.: Intracellular cam
pasitian and homeastatic mechanisms in severe chranic infantile 
malnutritian. III. Renal adjustments. Pediatr. 20: 303, 1957, with 
permissian) • 

In a study af 23 malnaurished infants, the impairment in 
urinary cancentrating ability was pragressive and carrelated with 
the degree af malnutritian (Fig. 4) (4); distal tubule respanse to. 
ADH was dase related (Fig. 5) (5). In thase patients whase malnu
tritian was carrected, the respanse to. vasapressin was especially 
natewarthy, suggesting the reversibility af changes afxer pratein 
repletian (3). 

What are the mechanisms respansible far the renal functional 
changes abserved in malnaurished children? There is no. single ex
planatian far the water and electrolyte disturbances; ane theary 
is based on the kidney's inability to. excrete water (6). Since 
the diet af many malnaurished patients cansists entirely af li
quids, abnarmal accumulatian af fluid may lead to. hypatanicity. 
It also. may result fram release af endagenaus water fram cell cata
balism, depletian af pratein ar recurrent staal lass af water and 
sadium (7). Edema, due to. increased tatal bady sadium, wauld fal
law a decreased renal sadium excretian ability (6). 
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FIG. 3. Renal water handling in malnourished children with and 
without dehydration. (From Gordillo, G., Soto, R.A., Metcoff, J. 
et al.: Intracellular composition and homeostatic mechanisms in 
severe chronic infantile malnutrition. III. Renal adjustments. 
Pediatr. 20: 303, 1957, with permission). 

Expansion of ICF may be a consequence of chronic ECF hypo
tonicity. Thus, the excretion of a relatively hypotonic urine can 
be interpreted as a defense against excessive dilution of 
solutes in body water, and the reduction of GFR may be interpreted 
as an effort to sustain body water (8). 

At the cytoplasmatic level, malnutrition produces a distur
bance which generally narrows the flexibility of renal and cellu
lar responses to superimposed events such as dehydration or over
hydration. It has been suggested that in severe malnutrition, 
the intracellular dilution of potassium and enzyme systems or cell 
substrates leads to further impairment of energy production and 
results in higher intracellular sodium and lower potassium (8). 
Thus, this sequence of events would increase depletion of intra
cellular potassium and make even more scarce the available energy 
required for active sodium transport. 

To explain the concentrating defect of malnourished children, 
several mechanisms have been postulated (Table 3): 1) inability 
to respond to ADE at the renal tubule level (9). Against this 
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FIG. 4. Maximum urine osmolarity after water deprivation and 
Pitressin in malnourished infants with different degrees of mal
nutrition. (Adapted from Cardenas, J., Puga, F. and Zilleruelo, 
G.: Capacidad de concentracion urinaria en lactantes desnutridos. 
I Parte. Rev. Chilena Ped. 45: 199, 1974, with permission). 

hypothesis is the fact that the response of the renal tubule to ADH 
is adequate at a higher ADH serum level (5); these children have 
no important microscopic changes in the renal medulla. Also, re
covery after protein repletion is against this theory. 2) Impai~ed 
sodium tpanspo~t in the Zoop of HenZe. This seems to affect both 
the concentrating and diluting mechanisms; however, the diluting 
capacity is well preserved in these patients and sodium reabsorp
tion is adequate during low sodium intake (3). 3) Augmented vasa 
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FIG. 5. Maximum urine osmolarity in severe chronic malnutrition 
after different doses of Pitressin. Note the significant rise in 
urine osmolarity (p < 0.01) when the dose of Pitressin was in
creased from 0.08 UV/kg to 0.16 UV/kg. (Adapted from Cardenas, J., 
Puga, F. and Zilleruelo, G.: Capacidad de concentracion urinaria 
en lactantes desnutridos. II Parte. Rev. Chilena Pede 45: 205, 
1974, with permission). 

reata blood f~ow. This would lead to an impaired countercurrent 
mechanism. Anemia present in most of these patients possibly could 
result in higher vasa recta blood flow. However, without correct
ing the anemia and with protein repletion, the concentration de
fect subsided; also, rapid correction of the anemia with transfu
sions did not correct the concentrating defect (3). Patients with
out anemia also have the concentrating defect (3). 4) Inareased 
solute output per nephron (osmotia diuresis). Against this mecha
nism is the fact that total solute output should decrease as GFR 
decreases without a concomitant decrease in nephron population. 
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Table 3. Theories Proposed to Explain Defect of 
Concentrating Ability in Malnutrition 

1. Decreased free water clearance 

2. Lack of ADH or decreased tubular response 

3. Impaired Na+ transport in loop of Henle 

4. Increased vasa recta blood flow 

5. Increased solute load per nephron (osmotic 
diuresis) 

6. Potassium depletion 

7. Protein depletion (decreased urea concentration) 
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5) Severe potassium depletion. This selectively impairs concentra
ting ability in both man and experimental animals. In you~ adult 
men after a deficit of 150-200 mEq of potassium, the maximal at
tainable urine osmolarity fell rapidly within 10 days (Fig. 6a) 
(10). At a deficit of 400 mEq of potassium or more, the urine 
was almost isotonic. There was a good correlation between degree 
of potassium depletion and decrease in urinary maximal osmolality 
(Fig. 6b). Potassium deficiency reduces sodium content of the 
medulla (11), and impairs mitochondrial function in the outer medul
la (12). Some evidence suggests that it also may alter the adenyl 
cyclase system response to vasopressin (13), and induce excessive 
prostaglandin secretion (14). 6) Finally, decreased urea concen
tration in the renal medulla. This interferes with the urinary 
concentrating ability of these children (15). A dramatic increase 
in maximal urine concentration was seen 4-5 days after urea adminis
tration (16). Protein repletion usually takes several days/weeks 
because the positive nitrogen balance impedes an increase in urin
ary nitrogen. Improvement in concentrating ability correlated 
well with urinary nitrogen excretion (Fig. 7) (3). 

A new explanation for the decreased GFR and concentrating abil
ility has been proposed for adolescents with anorexia nervosa syndrome 
(AN) (17). These patients have many findings in common with mal
nutrition including reduced GFR and impaired urinary concentrating 
capacity of renal origin; still, the absence of anemia or protein 
depletion suggests a different pathophysiology. An alteration in 
water permeability of the capillary wall has been suggested (18). 
According to this hypothesis, certain catabolic states (fasting, 
AN) alter the molecular composition of the capillary wall, and 
water permeability decreases. This, then, leads to edema forma-
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FIG. 6a. Maximum urinary concentration in normal young men sub
jected to potassium depletion. (From Rubini, M.: Water excretion 
in potassium-deficient man. J. Clin. Invest. 40: 2215, 1961, with 
permission). 

tion through a reduced fluid reabsorption from the interstitium to 
the venous side of capillaries. The concentrating capacity of the 
kidney would be altered because of reduced water permeability in 
the collecting duct and/or vasa recta. It has been proposed that 
the renal function abnormalities demonstrated are the result of an 
adaptive mechanism which decreases GFR and RPF in order to reduce 
tubular reabsorption and thus minimize energy consumption. 

WATER AND ELECTROLYTES IN CHILDREN WITH CHRONIC RENAL FAILURE (CRF) 

As chronic renal disease progresses, several functional adap
tations occur in the surviving nephrons. Changes in body composi
tion in relation to water and electrolytes in CRF patients are 
summarized in Table 4. TBW is increased, largely due to excess 
ECF and higher lean body mass. In the majority of these patients, 
ICF/body weight is reduced. While exchangeable sodium is increased 
(19), total exchangeable potassium is decreased (20). These 
changes are not confined to patients with End Stage Renal Disease 
(ESRD), are most marked after prolonged treatment with low protein 
diets, and closely resemble those found in prote'in-calorie malnutri
tion (19,21). These changes in body composition can be reversed by 
hemodialysis or renal transplantation (22,23). 
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Inability to concentrate urine is consistently present in 
CRF patients (24). A major factor responsible for this loss of 
concentrating ability seems to be the increased osmotic load in 
the remaining nephrons; still, other factors also playa role since 
reduced solute load does not necessarily improve urine osmolality. 
There is evidence that the tubules respond less to adequate circu
lating concentrations of ADH (25); this could be influenced by the 
presence of uremic toxins which interfere with the action of cyclic 
3-5 AMP, alterations in the anatomical architecture of renal tubules 
or of peri tubular capillaries or by changes in calcium metabolism 
(26) • 

Derangements in water and sodium homeostasis are interrelated. 
A classic example of the adaptation of renal function to CRF is 
the change that occurs in sodium excretion in order to maintain 
sodium balance as the nephron population diminishes. Thus, the 
amount of salt a single nephron must excrete increases with each 
permanent reduction of GFR. For many years it has been known 
that CRF patients have an impairment of normal ability to conserve 
sodium and excrete sodium-free urine. However, in most patients 



256 GASTON ZILLERUELO, M.D. ET AL. 

plasma sodium is maintained within normal limits despite marked 
reduction in GFR. Since 1950 (27), it has been accepted that 
plasma sodium concentration is maintained in a steady state by 
reduction in tubular reabsorption. This seems to be a physiologi
cal adaptation to prevent sodium retention rather than the for.tui
tous effect of damaged tubules unable to reabsorb as much sodium 
as before. This change in nephron function in uremia constitutes 
the central feature of what Bricker has labeled "the magnification 
phenomenon" (28). 
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FIG. 7. Relation of urine osmolarity and 24 hrs. urinary nitrogen 
excretion. (From Klahr, S." Tripathy, K., Garcia, F.T. et al.: 
On the nature of the renal concentrating defect in malnutrition. 
Am. J. Med. 43: 84, 1967, with permission). 

It has been suggested that adaptation to a progressive de
crease in functional nephron units produces a natriuretic response 
per nephron which is inversely proportional to GFR, and occurs 
when there is no decrease in sodium in the diet (Table 5) (29). 
Other evidence supports the view that a natriuretic factor or hor
mone plays the dominant role (30). There seems to be an increase 
in synthesis and release of this factor, and an enhanced respon
siveness of residual nephrons due to the uremic state (Fig. 8) (31). 
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Table 4. Disturbances of Water and Electrolytes in CRF 

- TBW is increased 

- ECF is increased (+ lean body mass) 

- Decrease in ICF 

- Exchangeable Na+ is increased 

- Total exchangeable K+ is low 

- Changes are reversed by HD* and TX** 

*Hemodialysis 
**Transplantation 
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It has been proposed that this obligatory excretion of sodium 
could be a consequence of the adaptive process necessary to main
tain sodium balance (32). A slow, stepwise reduction of dietary 
sodium intake reversed this adaptation, and patients with far ad
vanced GFR ultimately were able to regain their capacity to reduce 
urine sodium excretion to very low levels (32). 

Some evidence suggests that aldosterone also is of physiologi
cal importance in the control of urinary sodium, potassium and water 
excretion in CRF patients (33). These results show an aldosterone
induced enhancement of sodium reabsorption during sodium restriction. 

Potassium homeostasis, maintained largely by regulation of 
renal potassium.excretion, changes in CRF patients. Potassium 
balance may be maintained by increased renal potassium excretion 
per nephron and increased gastrointestinal secretion, particularly 
colonic (34). 

Table 5. Magnification Phenomenon 

Na+ Intake/Day GFR Na+ Excretion/Day 

7 g NaCI 120 m1/min 1/200 Na+ fHtered 

7 g NaC1 2 m1/min 64/200 Na+ filtered 

Adapted from Bricker, N.S. and Fine, L.G.: The trade-off hy
pothesis: Current status. Kidney Int. 13 (Suppl. 8) S-5, 
1978. 
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Since plasma potassium is poorly correlated with body potas
sium stores, especially in acidosis, several techniques have been 
used to estimate body stores of potassium in renal disease. These 
include measurement of potassium in red cells, leukocytes, muscle 
and other cells, as well as measurement of total exchangeable potas
sium (K42-K43) by radioisotope dilution and total body potassium 
(TBK) by whole body counting of the natural isotope K40 (35). 
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-FIG. 8. Effects of toe same amount of natriuretic factor on frac
tional sodium excretion (F~ ) in normal, uremic remnant and non
uremic remnant kidney. (Fro~ Fine, L.G. and Danovitch, G.M.: Phy
siological adaptations in uremia: Recent advances in the under
standing of sodium homeostasis in chronic renal failure. In 
Strauss, J. (ed.): Pediatric Nephrology: Renal Failure. New York: 
Garland STPM Press, 1978, vol. 4, p. 123, with permission). 

Total exchangeable potassium is reported as decreased or normal in 
CRF (20). However, TBK measured in nondialyzed patients with CRF 
is normal (22). This apparent inconsistency could be explained if 
equilibration between radioactive and native potassium was incom
plete or if the exchangeable potassium was a smaller fraction of 
TBK in CRF than in healthy subjects (36). 
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The distribution of potassium within the body, at least between 
exchangeable and nonexchangeable fractions, differs in patients with 
CRF and in normal subjects (35). A number of factors may contribute 
to this difference: diet, duration of uremia, ~ype of renal diseas~ 
duration and frequency of dialysis, and intracellular dilution due 
to accumulation of sodium and water in CRF. 

In summary, we have reviewed basic concepts about the changes 
observed in malnutrition and uremia and the adaptive mechanisms 
suggested. Although the increase in knowledge about the role of 
the kidney in these situations is impressive, we are far from un
derstanding all the mechanisms involved. 

Many of the changes observed are common to both malnutrition 
and uremia. As suggested by Bricker in his "trade off" hypothesis 
for uremia (29), nothing in nature is free. The body ?ays a price 
for the remarkable renal function adaptation that occurs in these 
two entities. The major "trade off" is loss of flexibility in 
the kidney's capacity to handle wide variations in the balance of 
water and electrolytes. 
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SERUM NUTRIENT ALTERATIONS 
IN CHRONIC RENAL DISEASE 

Lewis A. Barness, M.D. 

Dept. Pediatr., Univ. So. Fla. College Med., Tampa, Fla. 
33612, USA 

Serum nutrient alterations represent a balance between inges
tion, excretion and utilization. Among the functions of the kid
ney, one of the longest and best recognized is that of excretion. 
In children with renal disease, excretion of certain metabolic 
products is limited. Especially significant is the increase in 
the serum of metabolic nitrogen compounds, hydrogen ion, organic 
acids, phenols, phosphate, potassium, sodium, chloride and water. 
In contras~ in those with renal tubular diseas~ excessive losses 
may occur, particularly of phosphate, bicarbonate, sodium, chloride, 
potassium, and water. Amino acids may be retained in glomerular 
or lost in tubular disease and this loss is responsible for so
called urinary amino-acidopathies. Secondary serum alterations 
may occur, such as lowered serum calcium and increased parathor
mone in the presence of phosphate retention. Other minerals, vita
mins, and energy may also be excreted, depending on the type of 
disease. 

When glomerular filtration is reduced, nitrogen products 
(Table 1) are retained. Uric acid may reach toxic levels. Phenols, 
indoles and amines may be responsible for some toxic signs, includ
ing, but not limited, to the central nervous system. Serum lipids, 
particularly triglycerides, are frequently elevated in chronic re
nal disease. There is an increase in atherosclerosis in chronic 
glomerular disease and these may be related. Not only is excre
tion of triglyceride decreased but also changes in metabolism may 
be responsible for triglyceride elevation. Serum phosphate rises, 
potassium may reach toxic levels, and pH falls as hydrogen ion is 
retained (Table 2). Though sodium and water are retained, serum 
sodium may be normal or low since volume is expanded. With failure 
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Table 1. Glomerular Disease - Nitrogen Retention 

Urea 
Ammonia 
Creatinine 
Uric Acid 

Trimethylamines 
Methylguanidine 
Guanido-Succinic Acid 
Phenols 

to ingest sufficient foods and calories, serum calcium falls, 
amino acids are low, vitamin D is decreased, parathormone is in
creased, and other 'Titamins and minerals may be deficient (Table 
3). Conversely, phosphate may initiate the onset of hyperparathy
roidism and the decrease in serum phosphate. If persistent, renal 
osteodystrophy, bone pain, and central nervous system alterations 
follow. Pyridoxine levels have frequently been found to be low 
and zinc levels may be decreased. After prolonged renal disease, 
serum proteins fall. 

With renal tubular disease, especially renal tubular acidosis, 
hydrogen ion is retained. Serum sodium, potassium and calcium are 
decreased because of urinary losses. While all blood chemistries 
must be monitored, potassium requirea especially careful determina
tion. Low serum potassium is aSSOCiated with heart and muscle ab
normalities but correction of other electrolyte and pH abnormali
ties may be almost impossible without serum potassium which ap
proaches the normal. In some forms of tubular disease phosphate 
is low due to little reabsorption. Urea nitrogen is frequently 
normal or low as excessive water may be excreted. Serum chloride 
may be elevated as in hyperchloremic renal tubular acidosis (Table 
4), or may be low in those with excessive excretion of sodium (1). 
Amino acids and sugar may be excreted in excess, and serum levels 
decreased though rarely to the extent of producing symptoms. Se
condary hypoparathyroidism does not usually occur in this group (2) 
but hypophosphatemia and growth failure are marked (3,4,5). Alka
line phosphatase is usually elevated. In these,craniotabes and 
cranial changes of rickets do not usually occur, but the lower ex
tremities develop deformities of rickets. 

Table 2. Glomerular Disease - Retention 

Nitrogen 
Hydrogen 
Organic acids 
Phosphate 
Potassium 
Sodium 

Chloride 
Water 
Magnesium 

Lipids 
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Table 3. Glomerular Disease - Deficits 

Calories 
Calcium 
Vitamin D, B6 
Zinc 
Amino Acids 
Protein 

265 

One of the most striking renal diseases is the nephrotic syn
drome. Water and electrolytes are retained but serum determinations 
frequently show few changes from normal. Sodium and chloride may be 
slightly decreased. With low serum albumin, total calcium is de
creased but ionized calcium is usually normal. Lipids, cholesterol, 
and lipid carrying proteins are elevated. With successful treat
ment these usually return to normal levels. 

Certain serum alterations are directly related to drug treat
ment. Many diuretics cause electrolyte losses as well as water 
(Table 5); prednisone may increase energy losses as well as elec
trolyte changes (Table 6), and any drug used may lead to retention 
and toxicity. Constant monitoring is necessary for each of these 
to avoid iatrogenic disease. 

Serum changes remain a sum of intake, output, and metabolism. 
Diet, parenteral administration, medicines, and natural processes 
can influence their levels in the presence of excretory defects, 
whether these be too great or too little. Departure from normal 
serum levels is a signal that something is wrong though the nature 
or site of the wrong is not specified. Furthermore, changes in 
serum levels of certain products may be a signal for the type of 
investigation needed. 

Table 4. Tubular Disease - Losses 

Sodium 
Potassium 
Phosphate 
Bicarbonate 
Glucose 
Amino Acids 
Water 
(Chloride) 
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Table 5. Diuretics 

Water 
Sodium 
Potassium 
Chloride 
Bicarbonate 

Serum changes, while they are indicative of progress of the 
disease, unfortunately represent only an incomplete understanding 
of underlying processes. It is the latter which need correction 
before health is possible. 

Table 6. Cortisone Derivatives 

+ 

Sodium 
Chloride 
Water 
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HIGHLIGHTS 
PLASMA AND MUSCLE FREE AMINO ACID ALTERATION 
IN UREMIC CHILDREN 

Michel .Broyer, M.D., G. Jean, M.D., C. Kleinknecht, 
M.D., A.M. Dartois, M.D., and F. Gros, M.D. 

Servo Nephrol. Pediatr., R6pital Necker Enfants -
Malades, Paris, France 

Simultaneous assessment of plasma and muscle free amino 
acids (AA) has been performed in children in order to obtain 
more information about metabolic disturbances presumably 
related to growth retardation. Plasma anG muscle were sampled 
after an overnight fast and amino acids were measured by ion 
exchange chromatography with five step lithium buffers. 

A first study concerned 8 children in severe chronic renal 
failure (creatinine clearance < 10 ml/min/l. 73 m2). The plasma 
nonessential AA pool was significantly increased as well as 
proline, OR proline, glycine, citrulline, ornithine (p < 0.01) , 
and taurine, asparagine, glutamine, and methionine (p < 0.05), 
but some essential AA such as valine and tryptophane, were 
decreased (p < 0.01). Tyr/phe and val/gly ratios were both 
depressed and 1 and 3 CH3 histidine were present in all patients. 
Muscle essential and nonessential AA were increased and all AA 
tended to be higher than controls except for tyrosine. Cellular/ 
extracellular gradients were either increased (serine, glutami~ 
acid, methionine, ornithine, arginine) or decreased (aspartic acid, 
alanine) by uremia. 

In a second study plasma and muscle AA were analysed in four 
groups of children with different levels of renal failure in order 
to determine the stage of renal insufficiency for which AA altera
tions appear and their eventual relationship with growth velocity 
and nutritional factors. Mean plasma creatinine of the group 
one to four was, respectively, 1.3, 2.3, 3.3 and 4.9 mg/lOO ml 
Significant but different alterations of plasma and muscle AA 
pattern were found in the four groups of patients. Alterations 
were already present in the first group wh.ich exhibited a decrease 
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of plasma valine, threonine, phenylalanine, tryptophane, alanine, 
and tyrosine, and an increase of citrulline and aspartic acid 
while in muscle alanine and valine were reduced but glutamine, 
argmme, and ornithine were increased. These alterations became 
generally worse with renal failure for tyr/phe ratio and 3-methyl
histidine and a significant increase of muscle total AA content was 
noted only in group IV. Group III patients (creatinine 3 to 4 mg/ 
lOOml) had nevertheless the greatest number of individual AA 
alterations and the lowest val/gly ratio; this group of patients 
also had higher protein intake than group II and group IV. No 
relationship was found between energy or protein intake and plasma 
or muscle AA. 

Normal or accelerated growth velocity was associated with 
lower muscle AA content and the pattern of muscle AA was more 
related with growth rate than with the level of renal failure. 
In contrast, plasma AA alterations are not so informative. 

These results could mean that muscle AA determination is of 
critical importance in the detection of children at risk for 
growth retardation or for comparison of several therapeutic 
approaches for improving growth velocity. 

A number of factors have been supposed to cause plasma and 
muscle AA alterations in uremia: 

1. energy-protein malnutrition, but in this study 
protein intake was close to or above the 
recommended dietary allowance. 

2. reduced kidney metabolism, as kidney normally 
adds some AA (serine, alanine, threonine, etc.) 
which are decreased in plasma and muscle, and 
removes some others (glutamine, glycine, arginine, 
etc.) which are increased. 

3. reduced protein synthesis and/or accelerated 
catabolism as an effect of uremic toxicity or 
other factors. 

4. specific enzymatic alterations such as decrease 
of phenylalanine oxydase or arginine synthetase 
activity. 

5. alteration of cell membrane transfer and/or 
hormone-fuel relationship. 

6. alteration of albumin binding of some amino acids 
(e.g. tryptophane). 

The relative importance of these different factors and their 
clear understanding remain to be established. 
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Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephrol., Dept. Pediatr., Univ. Miami Sch. 
Med., Miami, Fla. 33152, USA 

COMMENT: The question. of reference is, again, dependent upon 
what you think about. For example, if one thinks that protein syn
thesis is dependent upon concentration of relative aminoacids, then 
the concentration relationship becomes important. But it may not be 
dependent upon concentration; it may be dependent upon certain en
zyme activities with vast excesses of substrate, serum concentration; 
overdoses may not be important. There is one thing to say for the 
ratio and that is that if the ratio excludes the independent division 
so that if one is concerned with phenilalanine and valine for exam
ple, they are both divided by the same thing, that is to say water 
content and the water cancels out. So, the relationship of each to 
the other is at least stabilized by the ratio; that is also arbitrar~ 
r just wanted to comment about one more thing. r did not mean to im
ply that measurement of plasma values is useless. Of course they 
are not useless. They are invaluable, but what r did want to empha
size is that the plasma value by itself is not going to tell you the 
whole story. High plasma potassium could mean that, a lot of potas
sium is coming out of the cells or it could mean that not enough 
potassium is going into the cells or it could mean that not enough 
potassium ,is excreted or that too much has been given. So, unless 
one knows what the actual direction of the metabolism is in the, 
cell, the blood level itself is difficult to interpret. All of us 
get around that because we make a guess as to what the clinical situ
ation is accounting for a particular plasma level that we measure. 
r just want to emphasize that sometimes that guess is a guess and 
may be very inaccurate unless you have some better idea about what's 
going on in the cell. Plasma levels should not be discarded; they 
should just be looked at, as Dr. Gamble used to say, with a certain 
grain of salt. 
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QUESTION: I was wondering whether you have compared uremia 
with other pure metabolic disturbances or even with another acidosis 
like asthma where all kinds of changes occur in terms of essential 
or non-essential aminoacids and other conditions, like stress 
situations which may include cortisone treatment. Are the changes 
similar to those seen in uremia? 

RESPONSE: Uremia is a peculiar combination of two phenomena. 
One is the acidosis which accompanies uremia which is a cellular 
destructive phenomenon. The other is an inability to excrete which 
is the retention phenomenon. In diabetic ketoacidosis we have mea
sured urinary aminoacids and they are extremely high and we think 
this is due particularly to the acidosis because this immediately 
goes down as soon as the pH goes up. We have found in acidosis in 
general that especially the essential aminoacids are low. But this 
is also the kind of data that we were shown today. In the uremics 
when they were acidotic - at least the ones who did not recover any 
growth I think there is a similarity from the acidosis standpoint. 
The same thing is true about cortisone. Cortisone is a cellular 
destructive phenomenon especially related to the gluconeogenic 
aminoacids. So the gluconeogenic aminoacids are the ones that 
are most decreased in cortisone administration. 

QUESTION: For those of us who don't think about aminoacids 
day in and day out it is difficult to get the drift of what is 
happening. I wonder if you could summarize in some way for us the 
results of your work. I hope that's not too broad a question. 

MODERATOR: I gather from the practical point of view. Is 
that what you would want? In other words, would you recommend ad
ministration of amino acids - essential or non-essential - to pa
tients with chronic renal failure? 

RESPONSE: I think you have to be very cautious before giving 
general recommendations because this study is more or less prelimi
nary regarding infusion of aminoacids. 

I think we will later on be preparing a paper for the book, so 
we will take that opportunity to discuss further this point. But 
from our results it is clear that muscle content of aminoacids 
moves toward the normal range after six weeks of infusion. So, I 
feel that it would be better for the patients. But I could not 
for a moment recommend for a given patient because it was a very 
short study and it is not a definitive demonstration of its useful
ness. 

MODERATOR: Today's presentations, as you know, deal mainly 
with the physio-chemistry and tomorrow we will go into the treat
ment more actively but this is an important question and it is im
portant to keep in mind that there are no definitive results, yet. 
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COMMENT: Thinking of the metabolic alterations in the uremic 
patient, I would like to ask one of the panelists if he has a study 
of the tissues like liver, kidney, or brain in terms of composition 
with aminoacids infusion. 

RESPONSE: We are planning to study those tissues in a manner 
similar to what has been presented to you on the leukocytes. Cur
rently, we know very little on that subject. 

RESPONSE: Tomorrow I will talk about the influence of dialysis 
and aminoacid infusion on cell composition and functions. I don't 
want to repeat myself. I should say that if one reviews the litera
ture, it is amazing the conclusions that have been drawn from extra
ordinarily limited studies. Most of us in trying to assess the ques
tion you asked about aminoacid infusion being beneficial might 
have to conclude from the literature that it may very well be be
neficial, but without certainty. That's pretty extraordinary to try 
to find an answer under such limited experience. That's one of the 
troubles - that all of us have a limitation as to what we can measure 
and how many patients we can study. The nature of the circumstances 
is such that one is forced to draw some kind of conclusions. When 
you draw these conclusions, no matter how much you qualify them, they 
are going to be interpreted in a way which mayor may not be correct. 
Though I think that some people's positions are absolutely correct, 
it's too early to say what the possible benefits are for aminoacid 
infusions in patients with uremia. It seems reasonable and even 
probable that some benefits can be attained as far as restoring com
position is concerned. We can show some benefits as far as restor
ing metabolism. But, I'm still forced to say that it seems reason
able but the data are not very strong. 

MODERATOR: At the risk of asking a question which may need to 
be answered tomorrow, in relationship to dialysis, how easily removed 
are thoseaminoacids? If you were to infuse them prior to or during 
the dialysis procedure, would you still have enough circulating amino
acids to make it worthwhile? Or if you eventually were to recommend 
because of your results or anybody else's, that it is desirable, when 
would you think the infusion should be done in relationship to dialy
sis? 

RESPONSE: In our study we infused aminoacids during the last 
hour of dialysis and we checked the aminoacid loss with and without 
an aminoacid infusion and there's not a big difference hetween the two 
approaches. We calculate the volume of infusion as a function of 
the increase in losses during the infusion. To my way of thinking, 
it is easier to infuse aminoacid during dialysis than at any other 
time. 

QUESTION: Did you correlate plasma aminoacid level with pro
teinelectrophoresis- different levels of protein? 
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RESPONSE~ No, we did not correlate that. 

QUESTION: I was wondering if that might give some information 
about catabolism or anabolism of proteins related to aminoacid 
levels. 

RESPONSE: We checked for transferrin, albumin and fractions 
of complement and we didn't find, in the twenty children who were 
in the study of early stages of uremia, an increase in these pro
teins. So, we didn't check the rest of the proteins. 

QUESTION: I would like to also ask whether you have measured 
insulin/glucagon ratios in fat and lean uremic animals. 

RESPONSE: No. We haven't done that. Of course there are 
probably important modifications in carbohydrate metabolism in 
those animals. You have to be cautious before interpreting those 
results. It's a complex matter. 

MODERATOR: We have talked about calcium and phosphorus metab
olism. What about vitamin D metabolites? Are they altered with 
decreased GFR? 

RESPONSE: Yes, they are, but somebody is going to be discus
sing this later on. Yes, they are markedly altered. 

MODERATOR: You would not want to comment on the tissue pH 
stimulus here? The answer is "no". Very good. We are among 
very careful people! 

RESPONSE: I'm afraid I will be wrong. 

MODERATOR: What about the role played by acidemia 
diarrhea? You mentioned some examples where correction 
emia leads to striking improvement in the growth rate. 
other conditions? 

in chronic 
of the acid
What about 

RESPONSE: Diarrhea sometimes can be very beneficial in all the 
abnormalities that I mentioned as far as the glomerular diseases are 
concerned with retention. The gut is a good dialysis system and was 
one of the earliest systems used to get rid of some of the nitrogen 
metabolized and some of the fenoles. We have all seen children in 
whom the diarrhea has been corrected and the uremia becomes worse. 
Part of this is related to the reduced excretion of metabolites. The 
acidosis correction that I was talking about was not uremia. I was 
talking about that in terms of tubular disease. People in California, 
Michigan, and Minnesota have all shown that in some kids with chronic 
renal tubular disease manifested by acidosis, hypophosphatemia 
followed the administration of phosphate and the correction of acido-
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sis with an increase in protein breakdown. I was not talking about 
uremia when I mentioned that. 

MODERATOR: Because the role of acidosis or acidemia is argued 
back and forth in terms of growth retardation,many question the 
role played by a low blood pH in terms of growth impairment. I 
believe that what they say is that these may be concomitant findings 
but are not necessarily related to one another. Could you comment 
on that? 

RESPONSE: I would agree. I think that we have enough evidence 
now' - enough clinical experience - to say that acidosis by itself is 
not one of the major factors causing growth retardation. I think 
that twenty or thirty years ago we all assumed that the acidotic 
nephritic was not going to grow because of the acidosis. And that 
if you had normal growth, you could not have very severe kidney 
disease. We've all burned with this concept and now recognize that 
this is not a good concept. 

COMMENT: An observation we made about the acidosis in some 
tubular acidosis is that if we corrected the acidosis, at least 
we corrected also the loss of calcium - the hypercalciuria. If 
we don't correct the hypercalciuria, we don't get a good growth 
curve. 

COMMENT: I think we have a lot of questions regarding the 
things that have been expressed this morning but they still don't 
have answers. I wonder if someone can comment about a study just 
finished in Venezuela of about 88 uremic patients; 25% of them 
were children. I did EEG studies on all of them and I found things 
very interesting - at least to me - without getting all the answers. 
Some of the patients even if they were very uremic, if their clini
cal conditions were okay, they had normal EEG patterns. If some 
of the patients with lower serum concentration had very bad clini
cal conditions, the EEG patterns were very bad. But, as an average, 
what we saw was that when the urea nitrogen was over·350 mg/dl, most 
of the EEG's registered were bad. So, some of the patients were 
dialyzed, of course; some of the patients were treated with conser
vative methods. I remember I had two patients with serum creatinine 
of 51 mg/dl. One of them was a 17-year-old who used to work as a 
cook ten hours a day until she came to the hospital. While she had 
"normal" clinical conditions - her EEG registered almost normal -
when she entered the hospital she needed the whole range - dialysis 
and whatever. Her EEG patterns were very bad then. I wonder if you 
have any comments about this. 

MODERATOR: May I clarify one figure you gave. Is that the 
BUN or urea? 

RESPONSE: Urea. U.N. I'm sorry, blood urea nitrogen, BUN. 
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COMMENT: I am fascinated by that experience and congratulate 
you for exploring it. I have no good, solid answer for it. It 
calls to mind the fact that many years ago we were interested in the 
electro-encephalographic pattern innephrotics. If one examined the 
EEG's in nephrotic children at the time they were maximally edematous, 
they had strikingly abnormal EEG's with general flattening and other 
features that went along with their very regressed clinical condi
tion. With diuresis their EEG was normal. I would wonder in this 
situation whether one was not dealing with alteration both in brain 
cell metabolism and most especially in brain water. 

MODERATOR: What happens with the 
We tend to see those problems right at 
patients who have had such high BUN's. 
high - but when they go over 100 or so 
convulsions if we dialyze the patients 
the BUN too rapidly. 

EEG after the BUN goes down? 
the time of the dialysis of 

We haven't had one that 
- 150 mg/dl - we start seeing 
too aggressively and lower 

RESPONSE: We have been aware of the previous work on electro
encephalographic stu4ies post-dialysis. What happens is what you 
just said. Probably, you lowered the BUN levels too rapidly. We 
did have some patients who had very abnormal weights in the EEG 
studies. Whatever treatment we did - transplant or dialysis, or 
some of them dietary treatment for a short period - when they im
proved clinically, the EEG patterns improved also. And if they 
deteriorated further after 2 months, 3 months, again the waves were 
very abnormal. 

COMMENT: I don't have any explanation but I was wondering if 
the girl who was a cook with a creatinine of 51 mg/dl worked in a 
Chinese restaurant, would she spit monosodium glutamate? 

QUESTION: I would like to go back to one of the papers pre
sented. Did you say that the total intracellular water was decreased 
in renal insufficiency? 

RESPONSE: Yes, some studies have shown that. 

COMMENT: I would like to know if it's a decrease of the 
total mass, etc. or is it only a question of hydration? The elec
trolyte question is very interesting. What is the work behind your 
assumption? 

RESPONSE: The way I interpreted those values or statements is 
a proportional reduction in intracellular compartment in proportion 
to the increase in the extracellular fluid. So we are talking about 
proportional changes compared to the weight of the patient. You may 
be right. There may be certain reasons to think that even intracel
lular space could be increased - thinking of accumulation of urea, 
for instance - that would shift also water to the intracellular com-
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partment. But, in proportion, there is a larger increase in the 
extracellular than in the intracellular compartment. 

COMMENT: You bring two possibilities: either decrease of the 
total mass of tissue or increase in intracellular fluid content. 
This hasn't been done. It would be so easy to study that, just by 
comparing intracellular versus extracellular water and second, by 
weight and wet weight muscle. 

COMMENT: I was going to ask my colleague here, whom I expect 
has measured this, to comment. 

RESPONSE: Yes, we have assessed sometimes extracellular and 
intracellular water by different means. They gave us the picture 
of a condition which may very well have an increase in intracellu
lar water at some period if the patient is overloaded with water. 
If the patient is overloaded with water and we take care of it so 
that we do not give too large an amount of water, there is a de
crease of intracellular water relative to the decrease in lean body 
mass in the uremic state. 

COMMENT: I'd also like to add that an increase of intracellu
lar water has got to depend on the relative quantity of solute that's 
available for expanding intracellular space. Of course, urea which 
moves across the cell membrane does not make a big difference one 
way or the other. But sodium, if it accumulates in the cells, will 
expand intracellular volume. So, I suppose the circumstance in 
uremia would be a function of whether or not there was a marked in
crease of intracellular sodium vis a vis the expansion of volume. 
Osmotic equilibrium is going to be maintained, of course, one way 
or the other. The relative hydration of the sodium molecule appar
ently is the factor that with its lattice structure determines the 
relative quantities of water available. 

COMMENT: I am not very happy because you are discussing factors 
which go to the opposite side. If you have sodium accumulation you 
should have an increase of water. 

RESPONSE: That's what I am saying. 

COMMENT: I have been told that there is a relative decrease 
of intracellular water. 

RESPONSE: I was speaking of an increase in intracellular water. 
That is correct. 

COMMENT: May I add something. Some years ago we studied intra
cellular and extracellular fluids in patients during dialysis,per
forming muscle biopsies before and after dialysis. At the same 
times that the muscle biopsies were obtained, total body measurement 
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by inulin space and variation of total water and chloride space 
were determined. Just after the dialysis session there was a tre
mendous increase in intracellular water and a decrease to very low 
levels in extracellular water. And within 10-12 hours the differ
ence went in the other direction: extracellular water increased 
and intracellular water decreased. So, there is not only one 
answer to your question; it depends on the moment in rela~ionship 
to the dialysis treatment, on the time of the last dialysis and 
the next dialysis, and on the water balance. So, there is no 
contrad~ction, as such, between the stated increase in intracellu
lar water of some studies and the stated decrease in the same vari
able of other studies. It depends on the moment the patients were 
studied. 

COMMENT: I would like to emphasize what was just said. There 
is no contradiction. This is a dynamic process. What happens will 
depend upon the degree of renal failure and the type of renal dis
ease. Some of them will have much more of an increase in total 
body sodium than the other types of renal disease with the same 
GFR. So, we cannot say that it is a fixed relative decrease in 
intracellular fluid. There is also one important difference in 
the malnourished and the uremic patient. As we heard this morning, 
in malnutrition you definitely have an increase in intracellular 
sodium while this has not been shown a~ conclusively in uremic 
patients. I do not know for what reason but total body sodium -
total exchangeable sodium - is defintely increased but not always 
do you have a parallel increase in the intracellular sodium. 

QUESTION: Do you accept this explanation? 

RESPONSE: Yes. 

MODERATOR: I think it's good to bring questions into the open 
and when there are inconsistencies in what we have perceived we go 
back to the sources and discuss among ourselves, constructively. 
This is what the seminar is supposed to be for. Thanks to you all 
for a good discussion period. 
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Assessment of the nutritional status of a child with chronic 
renal disease involves the triad of clinical investigation utilized 
in any medical problem: historical review, physical examination, 
and laboratory studies. The child with renal disease, however, pre
sents a special clinical challenge which can be approached from 
three aspects: 

1. Documenting the nutritional status of the patient, and 
perhaps the mother, prior to as well as during the clini
cal onset of the disease. 

2. Determining the specific pathogenetic effects of the 
renal disease which alter the nutritional status of 
the patient as the natural history of the disease 
evolves into its progressively severe clinical mani
festations. 

3. Assessing the influence that the therapeutic regimen 
may have in contributing to the nutritional status of 
the patient. 

Obtaining these data collectively and periodically represents a 
real challenge, but would contribute to an understanding of the 
disease process and its total clinical impact and management. 

THE NUTRITIONAL HISTORY 

An initial approach can be a retrospective and prospective 
evaluation of the patient's dietary pattern. This would appear 
to be particularly useful in persons at high risk of malnutrition, 
such as children whose teenage mothers may have been suboptimally 
nourished during pregnancy, were delivered prematurely, failed to 
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thrive and who were also at high risk of developing congenital 
anomalies, including those of the genitourinary system. It is 
also possible that careful dietary history may reveal nutritional 
factors associated with later renal disease. For example, it has 
been hypothesized that the mineral content of the drinking water in 
Greece, perhaps in association with hypovitaminosis A, may contri
bute to the considerable prevalence of bilateral nephrolithiasis 
which is a major cause of later chronic renal failure in both child
ren and adults. 

The dietary history can uncover malnutrition of selected types 
in children with renal disease. One study revealed that despite 
adequate protein and calorie intake, intakes of vitamin A, folic 
acid and vitamin C were 68% of the recommended dietary allowances 
(1). These deficiencies could have been uncovered and prevented 
with a timely dietary history. If an already malnourished child 
develops chronic renal disease, the patient's response to the dis
ease, as well as the physician's approach to therapy may well be 
different from that of an optimally nourished child. 

PATHOGENETIC EFFECTS OF RENAL DISEASE ON NUTRITIONAL STATUS 

The second area of concern in nutritional assessment is docu
mentation of the impact of renal disease on nutritional status. 
Uremia itself induces a wide spectrum of nutritional and metabolic 
effects, first by further deepening preexisting anorexia, then by 
making prescribed dietary intake a real chore to the young pa
tient, who may fail to meet macro- and micronutrient requirements. 
However, nutritional insult is added to injury when a second mecha
nism compounds poor dietary intake: the specific effects on micro
nutrient metabolism imposed by uremia itself. Thus decreased serum 
zinc may result from redistribution of the body pool as well as de
creased intake of protein (4). Folic acid deficiency may also re
sult from anion inhibition of folate transport into cell membranes 
(5). Indeed, folic acid absorption from the GI tract may be de
creased by concomitant zinc deficiency. Cellular uptake of potas
sium is decreased by uremia, and low serum vitamin C and B6 levels 
have also been detected in uremic children (6,7). 

Additional pathogenetic factors associated with chronic renal 
failure which can compromise nutritional status are: 

1. Anorexia, decreased calorie and nutrient intake, acido
sis, chronic hypersomolarity, potassium, phosphate, zinc, 
pyridoxine, ascorbic acid and folate deficiency. 

2. Osteodystrophy 
3. Decreased somatomedin 
4. Abnormal glucose tolerance 
5. Chronic infection 
6. Retention of metabolites 
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7. Anemia 
8. Steroid therapy 

The above factors contribute to malnutrition in the child with chronic 
renal failure. However, patients may manifest micronutrient excesses 
such as hyperlipidemia, elevated phosphate levels and hypervitamino
sis A. 

The skillfully conducted nutritional review of systems, often 
omitted in the medical history, and the choice of appropriate labor
atory determinations will further assist the renal team in tracing 
the clinical evaluation of the disease and plotting the best thera
peutic course for the patient (Table 1). For example, the child 
or parent may affirm symptoms of specific micronutrient deficiencies 
and should be asked (3): 

1. Has hair fallen out spontaneously, suggesting severe 
protein-calorie malnutrition or hypervitaminosis A? 

2. Have the child's gums bled when teeth are brushed, 
which may indicate low serum vitamin C, or impending 
uremia? 

3. Is the tongue sore or sensitive to hot beverages? 
This may suggest nutritional anemias due to deficiency 
of one or more micronutrients such as iron, folic acid, 
riboflavin, niacin, zinc, pyridoxine and ascorbic acid. 

4. Is the child anorexic? This constitutes a significant 
clinical event in the uremic or nonuremic child with 
chronic renal disease. This may be due to mental de
pression, changes in taste induced by uremia or zinc 
deficiency, impaired appetite due to psychological 
and/or metabolic factors. Hypertriglyceredemia, hypo
glycemia and hyperinsulinemia which may occur in chronic 
renal disease, influence the hypothalamic nuclei which 
reg~late hunger and satiety. 

5. Does the patient exhibit fatigue, malaise or apathy, 
which may reflect effects of amino acid deficiencies 
and/or imbalances on central nervous system functions? 
Tyrosine deficiency affects norepinephrine synthesis; 
micronutrient deficiencies may also affect other neuro
transmitter precursors. In addition, thiamin, ribofla
vin, niacin, folic acid, zinc, magnesium, iron, as well 
as hypoglycemia and hypervitaminosis A, may c~ntribute 
to central nervous syste:n and behavioral changes per se. 

These examples illustrate how an organized nutritional review 
of systems can assist in elucidating the pathogenesis and clinical 
course of chronic renal failure. The nutritional review of systems, 
in conjunction with the dietary history can also contribute to the 
clinical management of renal disease. 

To establish a rational basis for nutritional therapy, it is 
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Table 1. Examples of History Questions 
Related to Nutritional Diagnoses* 

Nutrient Deficiency or Excess 
Symptom to be Considered 

Hair becomes thin, coarse, Protein 
falls out or changes colors 

Slowed speech, "thickened Iodine 
tongue", dysphagia 

Poor night vision, especially Vitamin A 
at twilight hours, eyes feel 
dry 

Gums bleed or skin ecchymoses Vitamin C 
occur easily 

Tongue sore, sensitive to hot 
beverages (due to filiform 
and/or fungiform atrophy),im
paired taste, poor appetite 

Lips burn (due to cheilosis) 

Fatigue, malaise, apathy, 
mental depression 

Tingling, numbness, "burning" 
of hands or feet (due to poly
neuritis) 

Personality changes, hyperex
citability 

Headache 

Blurred vision (optic 
neuritis) 

Low back pain 

Nutritional anemias: iron, 
folic acid, riboflavin, niacin, 
zinc 

Thiamin 

Nutritional anemias (iron, 
folic acid), electrolytes 
(potassium and sodium), pro
tein, hypoglycemia; multiple 
vitamin (especially B vitamins) 
and mineral deficiencies 

Thiamin, Riboflavin 

Niacin; electrolytes, hypogly
cemia, magnesium 

Hypoglycemia, hypervitaminosis 
A 

Alcohol excess, B Vitamin defi
ciencies 

Folic acid, B12 and osteoporosis 
related to protein, calcium and 
fluoride deficiencies 
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Table 1 (continued) 

Exertional dyspnea, congestive 
heart failure, angina 

Dry, scaly skin 

Diarrhea 

Stools which do not float 

Pica (compulsive eating of 
ice, earth, laundry starch, 
wall plaster) 

Anorexia 

Fatigue, malaise, lethargy, 
bone pain, headaches, insom
nia, night sweats, hair loss 

Hypercalcemia and renal dam
age, anorexia, nausea, weight 
loss, children: failure to 
thrive 

Ataxic gait 

Hyperlipidemias, aggravation 
of preexisting coronary heart 
disease by anemia; thiamin de
ficiency 

Linoleic acid, arachidonic acid 

Lactose intolerance, gluten 
sensitivity, niacin 

Fiber 

Iron 

Thiamin, zinc, neoplasms, 
especially GI; onset of anor
exia nervosa; depression 

Hypervitaminosis A 

Hypervitaminosis D 

B 12' Thiamin 

*Adapted from The Journal of the Florida Medical Association, 
April 1979, Vol 66, No.4. 

desirable to assess not only the independent effects of dietary 
intake and the disease itself, but also the therapeutic modalities 
as they may influence the nutritional status of the patient; this 
is the third area of concern in nutritional assessment. 

INFLUENCE OF THERAPEUTIC REGIMEN ON NUTRITIONAL STATUS 

Dialysis has profound effects on nutritional status including: 
1) loss of serum transferrin, 2) decreased serum valine and tyro
sine, increased glycine, and a decrease in the essential amino 
acid nonessential amino acid ratio from 0.66 (normal) to 0.44, and 
3) decreased serum potassium, folacin, vitamin C, :86, zinc and 
iron, the latter through blood loss during dialysis (8). 
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Prolonged use of prednisone results in:1)calcium malabsorption, 
by decreasing calcium transport, 2) retarded growth, by decreasing 
growth hormone release, 3) negative N balance, and 4) sodium reten
tion (9). 

Immunosuppressive agents such as azathioprine and cyclophos
phamide induce macrocytosis. Hydralazine and penicillamine de
crease serum B6' possibly via increased excretion. 

Children with chronic renal failure and uremia fortunately 
can survive to adulthood. It is therefore important that they 
achieve satisfactory physical and psychomotor growth and develop
ment for which optimal nutrition is necessary. Renal failure de
lays growth when the glomerular filtration rate decreases below 
30%-50% of normal (10). The effects of the decreased GFR depend on 
the child's age; growth retardation will be much more severe in 
infants and adolescents when the growth rate is maximum. Nutri
tional deprivation during infancy may also affect psychomotor de
velopment because brain cell multiplication takes place and is al
most completed by the end of the first year of life (11). 

ASSESSMENT OF NUTRITIONAL STATUS (3,7) 

The nutrition laboratory plays a key role in detecting micro
nutrient deficiencies before they progress to flagrant physical 
signs. Table 2 outlines useful laboratory determinations. 

Table 2. The Biochemical Assessment of Nutritional 
Status in Chronic Renal Failure 

1. Protein 
Albumin, Pre-albumin 
Essential/Non-essential A.A. Ratio 
Hydroxyproline Index 
Urinary N (BUN, Creatinine) 
Transferrin 
Nitrogen Balance Studies 

2. Vitamins 
B1' B2' B6' C, Folic Acid 
Vitamin A, D 

3. Minerals 
Fe, TIBC, Zn, Mg 

4. Lipids 
Cholesterol, Triglycerides, Lipoprotein 
Electrophoresis 

5. Electrolytes 
K+, Ca++, Na+, Cl-, P04=, Mg++ 
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Dietary Evaluation 

The child with chronic renal failure also requires detailed 
and frequent evaluation of nutrient intake (Table 3). Vital nu
trients in chronic renal failure such as calorie, protein (animal 
and vegetable), carbohydrate, fat, pyridoxine, folic acid, iron, 
zinc, potassium, calcium and phosphate should be regularly evalu
ated. This evaluation should be done qualitatively and quantita
tively. 

Quality of food intake can be detected by: 

a. Questionnaires documenting food habits and choices 
(the socioeconomic status and the ethnic background 
of the family are important). 

b. Frequency of foods used in a week will indicate 
food preferences and habits. 

c. Knowledge the family and child have about nutrition 
in relation to renal disease. 

d. Food allergies, pica, and coexisting diseases. 
e. Medications administered which may interact with 

nutrient intake. 
f. Vitamin and mineral supplement intakes. 

Quantity of nutrient intake can be evaluated through: 

a. The 24-hour dietary recall taken by the dietitian 
at every clinic visit. This is the easiest method 
of evaluating nutrient intake. It has the disadvan
tage of relying on the mother's and child's memory; 
daily variations of food intake can also be missed. 

Table 3. Special Application of Dietary History 
in Chronic Renal Failure 

1. "Background" dietary history of patient and 
family 

2. Patient and family attitudes and mores toward 
food 

3. Perception and cognition level of dietary in
structions 

4. Analysis of clinical records 
5. Food preparation methods which decrease nutri

ents 
6. Problems with food cost 
7. Patient's awareness of salt and fluid intake 
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b. Weekly food records kept by the mother will have the 
advantage of detecting daily variations in food in
take. In order to obtain accurate records, the 
mother must be highly motivated to be able to closely 
monitor the child's activities and food intake. 
Periodic evaluation of food intake by weekly food 
records can be useful in helping to assess the clini
cal course of most children. 

The caloric and nutrient intake from both the 24 
hours' dietary intake and the weekly food records 
can be analyzed by using food composition tables. 
Computer analysis of the individual dietary recalls 
gives more rapid and complete evaluation of the die
tary intake, including amino acids, vitamins and 
minerals. 

Anthropometric Evaluation 

Body size, as assessed by weight, height, and skinfold thick
ness, is clearly related to food intake and utilization. Rapid 
growth during infancy, childhood and adolescence requires frequent 
and accurate evaluation during these years. The frequent evalua
tion of growth rate is far more important in children with chronic 
renal failure in comparison to healthy children because of the 
serious impact of renal diseases on growth. 

The most practical and easily obtainable anthropometric mea
surements are the following: 

1. Weight 
2. Height or length 
3. Weight to height ratio 
4. Head circumference 
5. Chest circumference 
6. Head-to-chest circumference ratio 
7. Left mid-arm circumference 
8. Triceps and subscapular skinfold thickness 
9. Left mid-arm muscle circumference 

The muscle circumference is calculated by subtracting the 
skinfold thickness from the mid-arm circumference. The muscle cir
cumference will indicate muscle wasting while the skinfold thick
ness will indicate caloric reserves. The measurement of head cir
cumference will indicate brain growth; it is important that it be 
determined in infants and preschool children. Measurements obtained 
are plotted on growth charts. 
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The interpretation of anthropometric findings in children 
should be based on serial observations rather than measurements at 
one point in time. 

Normal growth can occur after renal transplantation but may 
often be limited by steroid therapy. 

Evaluation of Skeletal Growth 

Skeletal maturity is assessed by the appearance of ossifica
tion centers in the wrist, elbow and ankle, and comparison to 
available standards. Measurement of cortical thickness at the mid
dle of the diaphysis of the metacarpal bones may be more accurate. 
Increased bone resorption leads to decreased cortical thickness. 
The effectiveness of therapy with vitamin D and calcium can also 
be evaluated by this method. 

Evaluation of the Teeth 

The use of carbohydrate supplements and sticky sweets in the 
diet increase risk for dental caries. At times amino acid supple
ments and ketoacids are given in syrup solutions to enhance palata
bility and may also contribute to dental problems. 

CLINICAL SIGNS AND SYMPTOMS OF MALNUTRITION 
IN CHILDREN WITH CHRONIC RENAL FAILURE 

Children with chronic renal failure often do not obtain ade
quate amounts of calories and protein because of decreased dietary 
int~ke, through excessive urinary losses, or following dialysis. 
They will be in negative nitrogen balance and start consuming their 
body carbohydrate, fat and protein stores for energy. A rapid down
hill course will lead to kwashiorkor, the most common features of 
which are: 

1. Growth failure 
2. Edema 
3. Mental changes (apathy) 
4. Hepatomegaly (fatty infiltration) 
5. Hair changes (fine, dull, brittle, reddish color, 

easily pluckable) 
6. Dermatosis (hyperkeratosis, hyperpigmentation) 
7. Anemia 
8. Reduced subcutaneous fat 
9. Anorexia 

10. Muscle wasting 
11. Weakness, fatigue 
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Table 4 presents the differential clinical status of children 
with kwashiorkor and chronic renal failure. Most symptoms and signs 
are the same in both, with the exception that blood pressure is de
creased in kwashiorkor and increased in chronic renal failure. The 
differential nutritional and metabolic status of kwashiorkor and 
chronic renal failure is presented in Table 5. Vitamin A is usually 
increased in chronic renal failure and low in kwashiorkor, while po
tassium, phosphate, magnesium, triglycerides and cholesterol are low 
in kwashiorkor and increased in late chronic renal failure. Table 
6 summarizes the differential hormonal status of kwashiorkor arid 
chronic renal failure. Insulin and growth hormone are decreased 
in kwashiorkor and increased in chronic renal failure while soma
tomedin and thyroid hormone are low in both conditions. 

Besides protein-calorie malnutrition, the most common defi
ciencies in children with chronic renal failure are: 

1. Fotate, presenting with pallor, aphthous stomatitis, 
glossitis and painful tongue. 

2. Pyridoxine, presenting with blepharitis, nasolabial 
seborrhea, glossitis, peripheral neuropathy, symme
trical sensory and motor deficits (especially in the 
lower extremities), and drug resistant convulsions 
and dementia. 

3. Vitamin C, recognized clinically by interdental gin
gival hypertrophy, gingivitis, perifollicular pete~ 
chiae, purpura, ecchymoses due to capillary fragility, 
cortical hemorrhages of bone visualizable on x-rays, 
subperiosteal hematoma, intradermal petechiae, epiphy
seal enlargement and intramuscular hematoma. 

4~ RibofZavin, the most common clinical signs of which 
are circumcorneal capillary injection, angular ble
pharitis, nasolabial dyssebacea, cheilosis, angular 
stomatitis, magenta colored tongue, atrophic lingual 
papillae and fungiform papillary hypertrophy. 

5. Niacin presents with gingivitis and a scarlet, raw 
fissured tongue with atrophic lingual papillae. The 
skin is erythematous with increased pigmentation, 
desquamation and vascularization. Scrotal dermati
tis, dementia and diarrhea are other characteristics 
of niacin deficiency. 

6. Vitamin D and CaZcium deficiencies almost always 
occur in children with chronic renal failure. The 
clinical signs are hypotoni~, epiphyseal enlarge
ment, rachitic rosary, delayed fusion of fontanelles 
in infants with chronic renal failure, craniotabes, 
bowed legs, cranial bossing, deformities of the thor
ax and osteomalacia. 
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Table 4. Differential Clinical Status 
of Kwashiorkor and Chronic Renal Failure 

Chronic 
Sign Kwashiorkor Renal Failure 

Edema + -, + late, or 
in nephrosis 

Diarrhea + + 
Infection + + 
Anorexia + + 
Apathy + + 
Blood Pressure ~ + 
Cardiomyopathy + + 
Growth ~ ~ 

Physical Activity ~ ~ 

GFR ~ ~ 

Body K+ ~ ~ 

Muscle mass ~ ~ 

Body fat ~ ~ 

Intolerance to Cold + + 

7. FZuopide is characterized by increased dental caries 
and osteoporosis. 

8. Zinc, presenting with anorexia, ageusia, growth re
tardation, hypogonadism and delayed sexual maturation, 
skin rash, and hyperkeratosis. Many enzymes are known 
to be zinc dependent. Enzymes involved in protein 
synthesis such as ribonuclease are zinc dependent. 
Therefore, zinc deficiency decreases protein synthe
sis and may be another factor contributing to nega
tive nitrogen balance in children with chronic renal 
failure. 

CONCLUSION 

Nutritional assessment is important in every child. However, 
the child with chronic renal failure requires much more intensive 
and detailed evaluation of nutritional status. Early correction 
of'exce~sive or deficient nutrients following nutritional evalua-
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Table 5. The Differential Nutritional and Metabolic Status 
of Kwashiorkor and Chronic Renal Failure 

Chronic 
Kwashiorkor Renal Failure 

Albumin ... +. 
-' ... in nephrosis 

Pre-albumin ? N or t 
Transferrin ... ... 
N-balance ... .j. 

A.A. E/Non-E .j. .j. 

Thiamin, Riboflavin .j. + 
Vitamin A .j. t 
Folic Acid .j. .j. 

Iron .j. .j. 

B6 .j. .j. 

Zinc .j. .j. 

Acidosis t t 
K+ .j. t (late) 
P04= H t 
Na+ t t 
Ca++ .j. .j. 

Mg++ .j. t 
Vitamin D H .j. 

Osmolality N t 
Triglycerides .j. t 
Blood sugar .j. .j. 

Cholesterol .j. t 

tion will have a significant impact on physical and psychomotor 
development. With more optimal nutritional status, the child with 
chronic renal disease can hope to have an improved course. 

Table 6. Differential Hormonal Status of 
Kwashiorkor and Chronic Renal Failure 

Hormone Kwashiorkor 

Insulin .j. 

Soma tomed in .j. 

Growth Hormone .j. 

Thyroid Hormone .j. 

Chronic 
Renal Failure 

t 
.j. 

t 
.j. 
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NUTRIENT REQUIREMENTS 

Lewis A. Barness, M.D. 

Dept. Pediatr., U. So. Fla. College Med., Tampa, Fla. 
33612, USA 

Aggressive nutritional treatment is frequently necessary in 
the managemel.t of children with chronic renal disease. Failure 
to provide adequate calories and nutrients may aggravate the signs, 
symptoms, and secondary effects of renal disease (T~ble 1). Nutri
tional therapy is frequently difficult not only because losses may 
be excessive, but also because a sick child may be anorexic. Chil
dren with renal disease in particular may be depressed, just not 
hungry, or may vomit and have diarrhea. As a result, protein metab
olism is decreased. Often, the physician is limited to correcting 
the detected chemical errors; and correction of one serum abnormal
ity may produce another. Many secondary errors, particularly those 
related to hormonal deficits or excesses, and especially those re
lated to secondary messengers cannot be approached with present 
knowledge. Dehydration, overhydration, electrolyte imbalance, 
aCidosis, and hypertension are common. Osteodystrophy, rickets and 
central nervous system abnormalities occur. Least understood is the 
growth failure and the many factors causing this in children with 
chronic nephritis. 

Nutrient requirements of a normal growing child have been de
termined by observing the needs of populations and by balance stu
dies. Many of these requirements need modification in some chil
dren with renal failure, due to decreased ability to excrete, in
creased losses, or increased metabolism (Table 2). 

Water requirements are of prime concern. Too little water 
results in dehydration and worsening renal function (I). Too much 
water results in edema and also in worsening renal function. Water 
requirements can be met by daily weighing, or by careful measure
ment of 24 hour urine volume and adding about one-half estimated 

295 
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Table 1. 20 Effects of Renal Disease 

Decreased protein catabolism 
Dehydration 
Overhydration 
Electrolyte imbalance 
Acidosis 
Hypertension 
Osteodystrophy 
Rickets 
CNS 
Growth failure 

insensible water loss. The other half of insensible water loss 
is supplied by the water of oxidation of foods. 

Sodium requirement is next in importance (2). Low sodium 
leads to dehydration, hypotension, impaired potassium exchange 
and decreased renal function. Excess sodium leads to edema, water 
retention, heart failure, and hypertension. Sodium requirements 
can be esttmated by measuring 24 hour urine losses; determining 
serum sodium provides information for rapid correction of deficits 
or excesses. Deficits can be corrected by enteral or parenteral 
intake. Salt tablets may not dissolve and should not be used. 
Excesses can be relieved by potent diuretics such as furosemide. 
Minimum requirements for sodium are 1-3 mEq/kg with several times 
this dose in salt losers. 

Because effect of potassium can be rapid, potassium require
ments are best estimated from serum levels. High potassium foods, 
potassium sparing diuretics such as spironolactone or triamterene, 
or low-sodium diets leading to further potassium retention, should 

Table 2. Concerns 

Water 
Sodium 1-4 mEqJkg/day 
Chloride 1-6 mEq/kg/day 
Potassium 1-4mEq/kg/day 
Protein 0.6-1.1 g/day 
Phosphate 0.4-1 g/day 
Calcium 0.5-1 g/day 
Vitamin D 1 ~g/day (400 U/day) 
Magnesium 0.1-0.5 g/day 
Iron 10-20 mg/day 
Calories 
Bicarbonate 
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be used with caution. In the presence of alkalosis or chloride 
deficiency, chloride salts should be used. In renal tubular dis
ease with acidosis, potassium acetate or phosphate is preferred. 
Requirements are 1-3 mEq/kg with supplements adjusted for losses. 

Protein requirements do not differ greatly from normal mini
mal requirements. About 0.6-1. 1 g/kg/day can be given plus al
lowance for urinary losses (2,4). Giordano (3) and Giovanetti (4) 
suggested that a diet containing only essential amino acids would 
force the use of urea and other nitrogenous products. A diet in 
which the protein is of high biological value such as egg protein 
is useful in supplying these essential amino acids. There may be 
an advantage to using ketoacids of the essential amino acids. The
oretically, and in animal experiments, urea and ammonia were de
creased with substitution of these ketoacids for one-half the amino 
acids (5). 

Retention of phosphate results in decreased serum calcium, in
creased parathormone, and osteitis fibrosa cystica. Rickets may 
also occur. Serum phosphate can be lowered by using low phosphate 
foods and by inhibiting absorption of phosphate by giving aluminum 
hydroxide gel. 1,25 dihydroxycholecalciferol, 1-3 ~g/day helps 
raise serum calcium and may relieve bone pain and osteodystrophy. 
Calcium supplements, 1-3 g./day, may be given by mouth. Serum cal
cium should be monitored as hypercalcemia leads to further renal 
deterioration. In contrast to calcium, magnesium is usually re
tained. Magnesium containing cathartics should be avoided. In 
those forms of renal disease characterized by phosphaturia, supple
mental phosphate must be supplied. Phosphate supplements, when 
isotonic, produce little diarrhea. Associated rickets is improved, 
but 1,25 dihydroxycholecalciferol is also beneficial. Anti-convul
sants affect vitamin D metabolism, and may increase need for vita
min Dmetabolites. 

Iron stores may be depleted. Iron may be given by mouth. If 
not absorbed, intramuscular iron can be given. Androgens may sti
mulate hematopoiesis. 

Caloric intake should be maintained at as near normal levels 
as possible. Deficient calories results in tissue breakdown and 
increased catabolism. Excessive calories may produce vomiting or 
diarrhea. High fat, high carbohydrate diets should make up most 
of the intake. If oral feedings are not tolerated, 10% glucose 
solutions with intralipid 1-2 g/kg are available. Caloric intake 
should approach 100 cal/kg/day the first year of life, plus about 
100 calories per year of life to age 14. 

Acidosis associated with uremia probably is best not treated 
with bicarbonate, unless the pH is less than 7.1. Bicarbonate not 
only may increase cerebral acidosis with deterioration of cerebral 
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function, but excessive amounts of sodium may be given with fur
ther compromise of the electrolyte status. With acute elevation 
of serum potassium, however, bolus sodium bicarbonate treatment may 
be necessary. In contrast, those with chronic renal tubular acido
sis appear to benefit from chronic administration of sodium bicar
bonate. In these, 6-10 mE.q/kg/day has been associated with better 
growth than in those remaining persistently acidotic. 

If symptomatic deficiency of folic acid, zinc, vitamin C or 
other minerals or vitamins develops, they should be supplied in 
therapeutic doses. 

Those not tolerating these requirements, or those in whom oral 
or parenteral modifications result in insufficient correction of 
deficits or excesses can be aided by dialysis. Dialysis fluids can 
supply electrolytes, minerals and calories. More experience is 
needed to determine the usefulness and feasibility of supplying 
amino acids via peritoneal dialysis. Consideration should be given 
to the desirability of supplying only essential amino acids, to 
further reduce, through utilization, ammonia and urea; also keto
acids of the essential amino acids should be well absorbed through 
the peritoneum, again theoretically reducing ammonia and urea. 

Supplying calories, protein and trace elements can result in 
an active child. Unless some element is at a critically toxic le
vel, slow correction over a period of days generally results in a 
more satisfactory return to homeostasis than rapid correction. 
Many children have performed well with their abnormal chemistries 
for long periods. Proper nutrition support requires a sanguine 
attitude, encouragement, and help from dietitians or nutritionists. 
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Hyperlipidemia is a common metabolic complication in patients 
with chronic renal failure. In view of the association of hyper
lipidemia with atherosclerosis, and the greatly increased incidence 
of atherosclerosis among uremic patients, the study of lipid metab
olism in chronic renal failure has drawn much attention. A brief 
review of current literature and the results of some of our recent 
studies are presented in this paper. 

ATHEROSCLEROSIS IN UREMIA 

Analyses of the causes of death of patients on maintenance 
hemodialysis have shown a high prevalence of atherosclerotic events 
(1,2). A recent report, however, has pointed out that pre-existing 
hypertension, metastatic calcification, diabetes mellitus and hyper
lipidemia may be the cause for the apparent increase in atheroscler
osis in regularly dialyzed patients (3). The" thesis that dialysis 
patients carry a higher than normal risk for accelerated atheroscler
osis remains unproven and can only be established with carefully de
signed prospective studies. 

HYPERLIPIDEMIA 

Most studies have shown increased triglyceride levels while 
serum cholesterol is normal or decreased in uremia (4-6). The 
lipoprotein electrophoretic pattern usually corresponds to that of 
Type IV hyperlipoproteinemia. These lipid abnormalities are com
monly thought to promote or contribute to the early development of 
ischemic heart disease. 

299 
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The etiology of hypertriglyceridemia in uremia has not been 
definitely elucidated. It has been suggested that this abnormality 
may be due, at least in part, to increased hepatic synthesis of very 
low density lipoproteins (VLDL) mediated by increased plasma levels 
of hormones such as insulin, growth hormone, glucagon and parathy
roid hormone. 

The insensitivity of peripheral tissues to insulin in uremia 
and the resultant hyperinsulinemia could lead to increased hepatic 
synthesis of VLDL. Two recent studies, however, showed fasting in
sulin levels within the range of normal in non-diabetic uremic pa
tients (5,7). Furthermore, glucose loading has not been found to 
affect triglyceride levels in these patients (8). 

Another postulated cause of increased triglyceride production 
in uremia is abnormally high growth hormone levels (9). In a re
cent study, however, no correlation was found between fasting tri
glyceride and growth hormone levels in dialysis patients (5). The 
possible role of hyperglucagonemia and hyperparathyroidism (10,11) 
in the pathogenesis of uremic hypertriglyceridemia remains undefined. 

LIPOPROTEIN LIPASE ACTIVITY 

Plasma post-heparin lipolytic activity (PHLA), an indirect 
measurement of tissue lipoprotein lipase and capacity for trigly
ceride removal, has been shown to decrease in uremia, and on that 
basis it has been postulated that a defect in VLDL catabolism may 
be the main cause of hypertriglyceridemia in these patients (4). 
Most studies have shown a decrease in adipose tissue lipoprotein 
lipase (10). Other studies (12) have shown that hepatic lipopro
tein lipase is also reduced in patients with chronic renal failure 
and it has been shown that both patients on peritoneal dialysis and 
hemodialysis have impaired ability for triglyceride removal leading 
to hypertriglyceridemia (13). Moreover, Ibels et al. (7) have 
shown that triglyceride clearance was low in uremic patients evalu
ated after an infusion of a triglyceride emulsion. 

The cause of reduced PHLA in uremia remains under active in
vestigation. There may be inhibitors present in uremic serum (14, 
15) or possibly the function of a particular activator such as in
sulin (16) or apolipoprotein CII (17) is impaired. It has been 
shown recently that administration of parathyroid hormone to rats 
results in an acute depression of adipose tissue lipoprotein lipase 
(11). Repeated administration of heparin could playa role in the 
decreased levels of PHLA seen in dialysis patients; however, hyper
lipidemia has also been described in patients on peritoneal dialy
sis who do not receive systemic heparin regularly (18). 
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A recent study in uremic rats showed that lipoprotein lipase 
activity did not differ in heart, diaphragm and adipose tissue from 
that in control animals (19). On the other hand, serum from acutely 
uremic rats significantly inhibited tissue lipoprotein lipase. Si
milar findings have been reported in experiments using sera from 
patients with chronic renal failure (15). These findings make it 
unlikely that a quantitative defect of lipoprotein lipase is present 
in uremia, and suggest that the decreased clearance of triglyceride
rich lipoproteins from the circulation may be due to an inhibitor. 
Recent experience with hemofiltration (20) has shown that serum 
lipid levels decrease during therapy suggesting that the putative 
inhibitor of lipoprotein lipase is of medium molecular weight (500-
5000 daltons). 

EFFECTS OF DRUGS AND ASSOCIATED DISEASES 

A pronounced increase in serum triglyceride levels has been 
noted when rather high dosages of an androgen preparation, dromo
stanolone, was administered to dialysis patients (21). It is pos
sible that the widespread use of androgen compounds further enhances 
the lipid abnormalities manifested by uremic patients. Similarly, 
propanolol therapy for hypertension has been associated with in
creases in serum triglyceride levels (22). 

Hyperlipidemia and accelerated atherosclerosis are particularly 
common among patients with diabetes mellitus and/or the nephrotic 
syndrome. Since many of these patients develop chronic renal fail
ure, the combined effect of the original disease and uremia on plas
ma lipid levels may cause a wide spectrum of lipid abnormalities. 

EFFECTS OF DIALYSIS AND TRANSPLANTATION 

The lipid abnormalities of uremia are not corrected by dialy
sis (23,24) and may persist following successful renal transplanta
tion (5-7). Following renal transplantation, serum lipid levels 
are quite variable and hypercholesterolemia is more common and hy
pertriglyceridemia less so than in the uremic group. Thus, Types 
IIa, lIb and IV occur with equal frequency. The abnormalities have 
been attributed to obesity, prednisone, and impairment of graft 
function. Moreover, PHLA has been found to be decreased in allo
graft recipients that have some degree of renal impairment. 

CHOLESTEROL METABOLISM 

Cholesterol metabolism in uremia has not been systematically 
evaluated perhaps because serum cholesterol concentrations 
are generally normal. The possibility that acetate loads delivered 
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to the patients during dialysis could be used for the synthesis of 
cholesterol seems unlikely on the basis of recent observations (25). 

There is recent evidence suggesting that the efflux of choles
terol from the arterial wall may regulate the process of atherogene
sis. Several investigators have presented data indicating that a 
reduction of plasma high density lipoproteins (HOL) may be associ
ated with decreased clearance of cholesterol from the arterial wall 
(26-29). According to recent studies, after tissue cholesterol is 
picked up by HOL, it is esterified by lecithin-cholesterol acyl 
transferase (LeAT) (30). The cholesteryl esters are then trans
ferred from HOL to VLDL which eventually takes them to the liver for 
disposal. In addition, HDL partially inhibits uptake and internali
zation of low density lipoproteins by arterial smooth muscle cells 
(31). These findings may account for the well-known negative cor
relation between plasma concentrations of HOL and the risk of clini
cally evident atherosclerosis (26). 

It has been proposed that LCAT may play an important role in 
regulating lipoprotein catabolism and preventing cholesterol from 
accumulating in peripheral tissue (30). Serum LeAT activity and 
cholesteryl ester clearance were recently determined in patients 
with chronic renal failure (32). The activity of the enzyme was 
determined by using the serum of each patient both as a source of 
enz.yme and as a substrate ("intrinsic activity") and by using a 
standard substrate ("extrinsic activity") in order to ascertain the 
presence of inhibitors in serum. Both activities were found to be 
significantly lower in chronic uremic patients than in controls. 

LIPOPROTEIN ABNORMALITIES 

In patients with chronic rena~ failure, HDL cholesterol has 
been found to be lower, and HDL triglycerides higher than controls 
matched for serUhl lipid levels (17,33,34). In addition, their 
apolipoprotein AI levels were found to be normal (17,33) while apo
lipoprotein ell was decreased and apolipoprotein E was· increased 
(17). Thus, it appears that in addition to hypertriglyceridemia, 
the uremic state ~erts an effect on HOL composition. 

Since LeAT catalyzes the formation of cholesteryl esters by 
promoting the transfer of the acyl group from lecithin to choles
terol in HOL, it is possible that the low HOL cholesterol levels 
in uremic patients are related to the above mentioned abnormality 
of LeAT in uremia. 

The possibility that HOL apolipoproteins of uremic patients 
may have a decreased affinity for cholesterol was recently evaluated 
(35) using a method developed by Hsia et al. (36) (vide infra). 
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SERUM CHOLESTEROL BINDING RESERVE (SCBR) IN RENAL DISEASE 

Hsia et al. (36) observed that the human serum is capable of 
solubilizing a measurable amount of exogenous cholesterol in addi
tion to its cholesterol content. This amount has been designated 
serum cholesterol binding reserve (SCBR). Further studies showed 
that SCBR could be accounted for by the cholesterol-solubilizing 
capacity of VLDL and HDL. It was postulated that SCBR may be an 
index of the capacity of the serum lipoproteins in facilitating 
cholesterol efflux from the arterial wall, therefore, individuals 
with decreased SCBR would be at higher risk for developing athero
sclerosis. Consistent with this postulate were findings of de
creased SCBR in patients who suffered premature myocardial infarc
tion (36), and in patients with adult onset diabetes (37). 

SCBR was evaluated in two groups of renal patients, those with 
the nephrotic syndrome (38) and those on chronic hemodialysis (35). 

Nephrotic Syndrome 

Twenty-two non-uremic patients (14 men and 8 women) ages 19 
to 70 years (mean + SE, 47 + 3) were studied. Serum creatinine 
concentration was below 2 mg/IOO in all but two patients. Clinical 
diagnosis of the nephrotic syndrome was made on the basis of a 24 
hour urinary protein determination exceeding 3 g. Histologic examina
tion of renal tissue obtained by percutaneous renal biopsy was avail
able in 19 cases. The remaining 3 subjects had chronic diabetes 
mellitus and were presumed to have diabetic nephropathy. Mild to 
moderate hypertension was present in 8 cases. 

Controls were 21 hyperlipidemic men, between 35 and 59 years 
of age. Their serum cholesterol levels were above 250 mg/IOO ml 
and serum triglycerides above 150 mg/IOO mI. None had signs or 
symptoms of diabetes mellitus or nephropathy. 

Fifteen of the 22 nephrotic patients had serum triglyceride 
leve~s above 160 mg/IOO ml, but the average value was not signifi
cantly different from that of 21 control subjects (Fig. 1). Serum 
cholesterol levels exceeded 250 mg/IOO ml in all but three patients. 
The mean value was significantly higher (p < 0.005) than that of 
control subjects. SCBR in patients with the nephrotic syndrome 
was significantly lower (p < 0.001) than that of controls (nephro
tics 75 ± 6 mg/IOO ml; controls 102 ± 6 mg/IOO ml). 

Because mean serum cholesterol and triglyceride levels in the 
nephrotic patients were not the same as those of controls, we used 
covariant analysis to adjust the mean SCBR values. The differences 
between the adjusted means (nephrotics 79; controls 98 mg/IOO ml) 
remained statistically significant (P < 0.02). 
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FIG. 1. Serum lipid levels and SCBR of nephrotic patients and con
trols. 

Multiple regression analysis revealed that the SCBR values in 
controls tended to increase with increasing serum cholesterol values 
(SCBR = 36 + 0.18 cholesterol + 0.05 triglycerides). while the oppo
site was the case in the nephrotic group (SCBR = 89 - 0.092 choles
terol + 0.009 triglycerides). 

Patients With Chronic Renal Failure On Maintenance Hemodialysis 

Eighty-three patients (59 men and 24 women) between the ages 
of 25 and 75 years receiving maintenance hemodialysis from 3 months 
to 11 years were evaluated. Ten patients had diabetes mellitus. 
All were oliguric with an endogenous creatinine clearance of less 
than 5 ml/min. Each patient was undergoing hemodialysis for approx-
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imately 5 hrs, three times a week, using the Cordis-Dow No. 4 
Hollow Fiber Artificial Kidney or standard coils. Twenty of the 
patients were receiving androgen therapy (fluoxymesterone 30 mg/ 
day). All were prescribed 1 g protein/kg body weight and were 
sodium and potassium restricted according to clinical need. All 
patients were taking standard dialysis medications, including a 
water soluble vitamin preparation, oral iron and aluminum hydrox
ide. None of the patients, except for those taking insulin and 
androgens, were receiving medications known to affect lipid or 
endocrine metabolism. Likewise, none of the patients had liver 
disease, endocrinopathy other than diabetes mellitus, primary hy
perlipidemia or the nephrotic syndrome. 

Control subjects were participants in the Miami Multiple Risk 
Factor Intervention Trial (MRFIT) Program (n = 149). They were 
white men between the ages of 35 and 59, who were placed in the up
per 10% of the estimated risk for coronary heart disease by the 
combination of cigarette smoking habit, serum lipid levels and 
diastolic blood pressure. 

The patients and controls were separated into normolipidemic 
and hyperlipidemic (serum cholesterol > 250 mg/100 ml and/or tri
glycerides> 160 mg/100 ml) subgroups.- The results of SCBR and 
HDL-cholesterol (HDLC) in 53 patients (40 men and 13 women) are 
shown in Figure 2. 

In the 40 men on chronic hemodialysis, serum cholesterol was 
180 + 7 mg/100 ml and triglycerides 176 + 18 mg/100 mI. The SCBR 
in both hyperlipidemic and normolipidemic men on maintenance dialy
sis was not different from that of controls. HDLC, however, was 
significantly lower (P < 0.005) in hyperlipidemic dialysis patients 
than in controls, while the values in the normolipidemic patients 
were not different from control values. Because none of the con
trols were older than 59, the data were analyzed after excluding 
8 patients older than that age. The mean SCBR of the group (com
bining normolipidemic and hyperlipidemic patients) was 98, which 
was not different from the value of 100 for the whole group. 
SCBR values of the 10 diabetic patients undergoing hemodialysis 
(60 + 6 mg/100 ml) were, however, significantly lower than those 
in non-diabetic patients and controls (P < 0.001). This finding 
is in agreement with our previous finding of decreased SCBR in 
diabetes mellitus (37). 

The results in women demonstrated lower HDLC values in normo
lipidemic patients than in controls, who were 27 hospital employees 
with no evidence of renal, endocrine or cardiovascular disease. 
However, SCBR levels were not different. There were not enough 
hyperlipidemic control women to make meaningful statistical com
parisons. 
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FIG. 2. SCBR and HDLC in normolipidemic and hyperlipidemic men on 
hemodialysis. 

The lack of difference in SCBR between the hemodialyzed pa
tients and controls is in contrast with the significantly lower 
SCBR in patients with nephrotic syndrome. The significance of 
these findings needs to be clarified in future studies. 

The relationship between HDLC and triglyceride levels is 
shown in Figure 3. The negative correlation between HOLC and tri
glycerides has been previously observed in other hyperlipidemic 
states; however, its mechanism has yet to be elucidated. 
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FIG. 3. Correlation between HDLC and serum triglycerides in dialy
sis patients. 

RATE OF CHOLESTEROL TRANSFER (RCT) IN UREMIC PATIENTS 
ON CHRONIC HEMODIALYSIS 

Although a number of lipid abnormalities have been identified 
in patients with uremia, their accelerated atherosclerosis has not 
been satisfactorily explained. It is significant that these pa
tients develop severe atherosclerosis in the absence of elevated 
serum cholesterol levels. 

Since several abnormalities in HDL exist in uremia, it is pos
sible that some of these abnormalities may impair the normal func
tion of HDL in removing cholesterol from the arterial wall. 

Recent studies have shown that after the HDLC is esterfied by 
LCAT, the esters are transferred to VLDL and LDL (39). Nestel et 
al. (40) injected HDL labelled with (3H) cholesterol into 3 healthy 
men and followed the disappearance of the label from HDL and appear
ance in VLDL and LDL. They estimated the rate of the flux of cho
lesterol from HDL to VLDL and LDL to be between 148 and 168 mg of 
cholesterol per hour. 
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It can be calculated from these data that the amount of choles
terol transported via this pathway in 24 hours in an average man is 
between 3.5 and 4.0 g. Since in vivo, HDLC maintains a steady level, 
presumably, this amount of cholesterol is removed daily from peri
pheral tissues by HDL, then transported via VLDL and LDL to the 
liver for disposal. 

In our laboratory, we have developed a simple method to measure 
the transfer of cholesterol from HDL to VLDL and HDL, in vitro. The 
method requires the incubation of a small serum sample (0.5 ml) at 
370 C under constant mixing to allow the transfer to take place. 
The cholesterol content in HDL is measured before and after the in
cubation, after the removal of VLDL and LDL by precipitation with 
heparin and manganese chloride. The difference in HDLC represents 
the amount of cholesterol transferred during the incubation. We 
have found that the transfer proceeds at a nearly linear rate for 
4 hours, then levels off. The RCT is calculated from the data after 
4 hours of incubation, and is expressed in mg of cholesterol trans
ferred per hr per 100 ml of serum. 

We determined RCT of 40 patients (29 men and 11 women) with 
chronic renal failure. Their clinical characteristics and treatment 
were the same as those of the dialysis patients as described before. 
Controls were 14 healthy men who were hospital workers in the age 
range of 41 to 60 years (mean + SE 47.8 + 3.4 years) and 78 blood 
donors (55 men and 23 women) at the local blood bank. Ages of the 
blood donors ranged from 17 to 58 years (mean + SE 29.6 + 1.4 years 
for men and 33.0 + 2.5 years for the women). None of the controls 
had clinically manifest atherosclerosis or renal disease. 

RCT values of the 29 uremic men and 11 uremic women are com
pared with those of control men and women in Figure 4. The mean 
+ SE of RCT of dialyzed men and women were 1.85 + 0.24 and 1.84 + 
0.30 mg per hour per 100 ml of serum, respectively. These values 
were significantly lower (p < 0.001 in both cases) than the control 
values (4.51 + 0.35 and 3.54 + 0.40 mg/hr/100 ml for men and women, 
respectively)~ Six of the dialyzed men but none of the controls 
had zero RCT value, i.e., a total lack of the ability for choles
terol transfer. 

The lipid levels of the male patients and controls are shown 
in Table 1. It is seen that the patients had significantly lower 
HDLC levels and were older than the controls. These differences 
were taken into consideration and RCT values of 11 patients and 
41 controls having HDLC in the range of 30 to 65 mg/100 ml (mean 
+ SE 44.0 + 3.2 and 44.8 + 1.3 mg/100 ml, respectively) were com
pared. RCT values of the-patients (mean + SE 2.61 + 0.86 mg/hr/ 
100 ml) were again significantly lower (P-< 0.039) than those of 
the controls (3.58 ± 0.89 mg/hr/100 ml). When 18 patients were 
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FIG. 4. Comparison of RCT between patients on chronic hemodialysis 
and controls. 

matched with 14 controls for age (41 to 60 years, mean + SD 51.8 + 
1.4 and 53.4 + 1.2 years, respectively), RCT values of-the patient 
(1.82 ± 0.33 mg/hr/100 ml) were also significantly lower (P < 0.003 

Table 1. Comparison of mean ± SE of lipid levels and 
age in hemodialyzed men and controls 

SC TG HDLC Age 
(mg/100 ml) (mg/100 ml) (mg/100 ml) (yrs) 

Hemodialyzed 
men (n = 29) 151.4 + 7.7 146.6 + 19.5 30.3 + 2.5 50.4 + 2.1 

Controls 
(n = 59) 167.9 + 5.4 122.5 + 7.8 51.6 + 2.0 29.6 + 1.4 

P Value .082 .368 <.001 <.001 

SC = serum cholesterol; TG = triglycerides; HDLC high density 
lipoprotein cholesterol. 



310 GUIDO O. PEREZ, M.D. ET AL. 

than those of controls (5.14 ± 0.88 mg/hr/l00 ml). Because of the 
small sample size, a more detailed analysis for the women was not 
feasible. 

These results indicate that the uremic patients had impaired 
ability for cholesterol transport. An impaired ability of HDL to 
pick up cholesterol from peripheral tissues could result in de
creased HDL cholesterol levels, and subsequently decrease RCT. Our 
data further showed that the decreased RCT in the uremic patients 
could not be totally accounted for by their lower HDL cholesterol 
levels, as patients matched with controls for HDL cholesterol xevels 
also had significantly lower RCT. Whatever causes the decreases in 
RCT in uremia, the outcome of the defect in cholesterol transfer 
could enhance the accumulation of tissue cholesterol and accelerate 
atherosclerosis. 
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During the past decade it has been suggested that aluminum 
may be substantially more toxic to the human body than had pre
viously been thought (1). Much evidence has accumulated implica
ting aluminum, either directly or indirectly, in the pathogenesis 
of several forms of progressive central nervous system dysfunction, 
bone disease, and possibly cardiac and hematologic disturbances. 
For reasons which will be discussed below patients with renal in
sufficiency may be at greater risk of developing these sequelae 
which appear to be associated with an increasingly positive body 
aluminum balance. Although these problems have been reported al
most exclusively in adults, it has become increasingly apparent 
that pediatric patients may be similarly affected. Consequently, 
an understanding of the current status of aluminum as a potential 
toxin is important to those caring for children with chronic renal 
disease. This paper will review 1) major environmental sources of 
aluminum, particularly those of importance to patients with chronic 
renal insufficiency; 2) factors affecting the uptake, distribution, 
and elimination of aluminum in normal individuals and those with 
diminished renal function; and 3) the evidence for aluminum toxi
city, and its relevance to organ system dysfunction in renal insuf
ficiency. 
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and Hoechst-Rousse1 Pharmaceuticals. 
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ENVIRONMENTAL SOURCES OF ALUMINUM 

Aluminum is the commonest metal and the third most common 
element in the earth's crust, of which it comprises 8%. Thus, it 
is not surprising that aluminum is normally found in most human 
tissues, the highest levels being in the lung (2). Continued ex
posure thoughout life appears to be associated with progressive 
accumulation in some organs, as suggested by the finding at au
topsy of significantly higher mean aluminum levels in the brains 
of patients over 70 years of age as compared to those in a younger 
group (3). 

The environmental sources of aluminum from which increased 
intake may occur are summarized in Table 1. Major interest in re
cent years has focused on gastric antacids and the water used to 
prepare dialysate as sources of aluminum for patients with chronic 
renal failure; these will be discussed in greater detail below. 
The extent to which the other sources listed may represent a sig
nificant risk to renal patients has yet to be determined. 

Table 1. Potential Sources of Increased Body Aluminum Burden* 

1. Aluminum-containing phosphate-binding gels, antacids (4) 

2. Water treated by alum precipitation (5,6), water supply 
derived from watershed fed by acid rains 

(a) drinking water 
(b) used for hemodialysis 

3. Edible vegetation 

4. Aluminum cooking utensils and foil wrap 

5. Other sources 

(a) inhalation - aerosolized antiperspirants; aluminum 
dust; alumina volatilized during coal, 
burning 

(b) cutaneous absorption - astringents (e.g., Burow's 
solution 

*From Reference 1, except where otherwise indicated. 
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ALUMINUM METABOLISM: 
FACTORS AFFECTING UPTAKE, DISTRIBUTION, AND ELIMINATION (TABLE 2) 

Gastrointestinal Absorption 

Plasma aluminum levels increase following both acute and 
chronic oral administration of aluminum-containing antacids to 
normal and uremic man and laboratory animals (4,7-11). Gorsky 
et al. (7) demonstrated that only a small, but variable percent 
of aluminum was absorbed (2.1-24.4%; mean 14.4%) after chronic in
gestion of pharmacologic doses of antacid; yet, these quantities 
were sufficient to produce daily aluminum balance during the pe
riod of study. This apparent discrepancy was attributed to the 
limited aluminum-excretory capacity of the kidneys which, nonethe
less, constitute the major route by which absorbed aluminum is 
eliminated from the body, even in the presence of reduced glomeru
lar function (see below). A day-to-day variability in gastrointes
tinal aluminum absorption has been observed and attributed to nor
mal variations in intestinal motility (7). 

Gastrointe'stinal absorption of aluminum has also been demon
strated indirectly in normal volunteers by an increase in daily 

Table 2. Factors Affecting Body Aluminum Balance 

A. Uptake 

1. Gastrointestinal absorption 

(a) quantity of aluminum ingested 
(b) intestinal motility 
(c) parathyroid hormone 

2. Parenteral acquisition: aluminum concen
tration of dialysate 

B. Distribution 

1. Plasma protein binding 

2. Parathyroid hormone-enhanced tissue uptake 

C. Elimination 

1. Excretion 

(a) biliary 
(b) renal 

2. Gastrointestinal secretion 
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urinary aluminum excretion, from less than 50 ~g to greater than 
500 ~g after two days of oral loading (12). In addition, whole 
blood aluminum levels have been shown to correlate significantly 
with the estimated quantities of aluminum ingested by dialysis pa
tients in the form of phosphate-binding gels (13). Similarly, 
serum aluminum levels are higher in dialyzed and non-dialyzed pa
tients receiving phosphate-binding gels when compared to those 
for whom they were not prescribed (11). Mean blood aluminum 
levels for several groups of normal adult controls have recently 
been reported and range from 3.7 to 28 ~g/1 (Table 3). Comparable 
data for children are not currently available. 

Parathyroid hormone (PTH) excess augments the gastrointestinal 
absorption of aluminum. Rats given PTH extract and fed aluminum 
chloride show enchanced uptake and parenchymal tissue deposition 
as compared to those fed identical amounts of aluminum but given 
no PTH (9). This effect is reversible following discontinuation 
of PTll administration (18). Significant correlations have also 
been demonstrated between serum levels of PTH and those of alu
minum in whole blood and in hair (13). These observations suggest 
that patients with chronic renal insufficiency may be at greater 
risk for developing toxic sequelae due to the parenchymal accumula
tion of aluminum absorbed from orally ingested phosphate-binding 
gels, since many have some degree of secondary hyperparathyroidism. 

Parenteral Acquisition of Aluminum 

Water may also contribute to body aluminum burden. Water 
treated by alum (aluminum sulfate) precipitation may contain metal 
concentrations as high as 1200 ~g/1 (19) unless further treated 
to remove ionic contamination by deionization or reverse osmosis. 
Although patients with chronic renal insufficiency may acquire 
some aluminum from drinking water, they are exposed to far greater 
volumes of water during each dialysis (approximately 120 liters/ 
4-hour treatment, at a dialysate flow rate of 500 ml/min). Kaehny 
et al. (20) have shown that aluminum is transferred across the 

Table 3. Blood Aluminum Levels in Normal Controls 

Serum/Plasma Aluminum, ~g/ 1 

28 + 9 
24.3 :; 8.4 
23.2 + 7.3 
12.0:; 4.0 

6 + 3 
3.72+1.2 

Reference 

14 
14a 
15 
16 

4 
17 
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dialyzer membrane from dialysate to blood; this transfer occurs 
into the patient even when blood aluminum levels exceed those of 
dialysate. Moreover, aluminum is dialyzed out of blood with great 
difficulty, although it is readily added. These findings may be 
explained by the recent observation that aluminum in blood is 
highly protein-bound (21). The ultrafiltrable fraction has been 
found to vary between 10 and 40% and to decrease with decreasing 
total plasma aluminum concentration; at levels appreciably below 
200 pg/1 most plasma aluminum is protein-bound (22). 

Other studies have documented a relationship between specific 
tissue aluminum burdens and the duration of exposure to high alu
minum-containing dialysate. In the patients with dialysis encepha
lopathy (see below) reported by McDermott et al. (19) and Alfrey et 
al. (23), the aluminum levels in brain gray matter correlated sig
nificantly with duration of dialysis (19,23). Elliott et al (24) 
have shown plasma aluminum to be significantly related to the alu
minum concentration of the untreated tap water used to prepare 
dialysate. 

Major Routes of Elimination of Body Aluminum 

Aluminum introduced into the body parenterally or via the 
gastrointestinal tract is eliminated by urinary and biliary excre
tion (4,12,25). Urinary aluminum excretion in normal adults in
creased to rates 50 times greater than control values during three 
days of oral loading with aluminum-containing antacids (4). A re
cent investigation of the urinary and biliary excretion routes in 
normal and acutely uremic dogs (25) has shown that following paren
teral aluminum loading via hemodialysis: 

1. biliary aluminum excretion increased significantly 
but accounted for elimination of only 0.1% of the 
administered dose; 

2. the extent to which biliary excretion rose was not 
significantly greater in the presence of acute renal 
failure; and 

3. the kidneys provided the major route for aluminum 
elimination, with 37% of the total load excreted by 
eight hours post-dialysis. 

Thus, patients with chronic renal insufficiency may develop an in
creasingly positive body aluminum balance because of dimlnished 
or absent renal function in the presence of prolonged exposure to 
the aluminum in dialysate and/or phosphate-binding gels. It is 
these patients who should be at greatest risk for developing any 
toxicity associated with aluminum overload. 
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TOXIC EFFECTS OF ALUMINUM 

A physiologic role for aluminum has not yet been identified, 
at least to the extent that attempts to produce a deficiency state 
through restriction of dietary intake have failed (2). Conversely, 
aluminum may be a biologic poison when present in the body in suf
ficient quantities, as suggested by observations made over several 
decades. The princip'al toxic effects attributed to aluminum are 
summarized in Table 4. 

Table 4. Toxic Effects Attributed to Aluminum 

A. Enzyme inhibition 

1. Hexokinase 
2. Dihydropteridine (dihydrobiopterin) reductase 
3. Ferroxidase 

B. Aluminum binding to nuclear chromatin. ?Interference 
with DNA replication/RNA transcription 

C. Effects on individual organ systems 

1. CNS 

(a) seizures and neurofibrillary degeneration in 
animals 

(b) inhibition of neuronal microtubule protein 
subunit aggregation 

(c) disturbed conditioned behavior in animals 
(d) ?interference with transport and storage of 

catecholamines by cerebral cortical synap
tosomes 

(e) clinical disorders: 
- dialysis encephalopathy (dialysis dementia) 
- Altzheimer disease 

2. Bone - fracturing dialysis osteodystrophy 

3. Cardiovascular 

4. Hematologic 

5. Respiratory - Shaver disease (26) 

6. Phosphate depletion (27) (neuromuscular, skeletal, 
hematologic effects) 
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Mechanisms of Aluminum Toxicity 

While the mechanisms by which aluminum may exert its toxic 
effects on cellular metabolism are not yet known, several observa
tions are of interest in this regard. Aluminum has been noted to 
bind directly to nuclear chromatin (28) and thus may interfere 
with DNA replication and/or RNA transcription. Ribosomal RNA le
vels have also been found to be depressed in aluminum-treated neuro
blastoma cells (29). Inhibitory effects on isolated enzyme systems 
have been noted in vitro (30-33), suggesting that aluminum may dis
rupt cellular function at more than one site. With respect to cen
tral nervous system dysfunction, it has also been suggested that 
aluminum may diminish catecholamine neurotransmitter levels in 
central adrenergic presynaptic terminals, either by inhibiting 
their synthesis (31) or their uptake and storage (33-34a). Alu
minum has also been shown to inhibit the aggregation of neuronal 
micro tubules in adult rabbit brains in vitro (35), an observation 
of possible relevance to the pathogenesis of the "neurofibrillary 
tangles" described in the brains of patients dying with Altzheimer 
disease (3,36,37). 

Aluminum and Neurologic Disease 

Evidence that aluminum may be neurotoxic has existed since 
1897, when Doellken (38) reported disturbances in central nervous 
system function and morphology following the systemic administra
tion of aluminum salts to laboratory animals. Its epileptogenic 
properties were investigated by Kopeloff, et al. (39) who produced 
seizures in rabbits by applying alum-containing discs directly to 
the leptomeninges. Since then seizures and neurofibrillary de
generation (neurofibrillary tangles) have been produced in animals 
following the intracerebral, intrathecal, and subcutaneous adminis
tration of aluminum salts (40,41). 

Chronic oral administration of aluminum to rats has been shown 
to affect the acquisition of shuttlebox avoidance, a form of con
ditioned behavior (42). Aluminum-related behavioral disturbances 
have also been observed in cats (43a-b). 

Perhaps the most incriminating evidence that aluminum may be 
neurotoxic in man has come from attempts to understand the causes 
of dialysis dementia (dialysis encephalopathy). This is a syndrome 
of progressive neurologic dysfunction first described by Alfrey 
(44) in adults who were stable on maintenance hemodialysis for 3-6 
years. Since then other patients have been reported to have de
veloped the syndrome after as few as seven months on dialysis (45). 
The earliest and most characteristic manifestations of the dialysis 
dementia syndrome include speech disturbances, mental changes, and 
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an abnormal electroencephalogram, the latter characterized by gener
alized slowing of the background rhythm with multifocal, paroxysmal 
discharges of high amplitude delta waves. Electroencephalographic 
changes have been shown to antedate the clinical onset of disease 
by several months (46) if screening studies are routinely performed. 

The clinical syndrome is heralded by the onset of speech dis
turbances which have been characterized by dysarthria, dyspraxia, 
and dysphasia (47). Mental changes have begun insidiously in some, 
with forgetfulness, decreased ability to concentrate, and changes 
in affect. In others, a delirium or toxic psychosis may occur 
acutely during dialysis. Ultimately, progressive dementia becomes 
apparent. Motor disturbances are seen, including asterixis, myo
clonus, apraxia, facial grimacing, tremor and twitching. Seizures, 
either focal or generalized, are also characteristic. The distur
bances usually first appear during dialysis and disappear during the 
interdialytic period; later on they become persistent. Secondary hy
perparathyroidism is usually present, as it often is in association 
with severe chronic renal insufficiency, and may be pathogenetically 
related to this disorder (see below). 

Response to therapy has generally been poor. Diazepam therapy 
improves seizure control, electroencephalographic abnormalities, and 
the movement and speech disorders (44,46,48). Increased dialysis 
time has failed to produce improvement, as would be expected with 
most other neurologic disturbances associated with uremia per se; 
this is one of the most characteristic features of the syndrome, 
and best serves to differentiate it from those other disorders. 
Renal transplantation has also failed to halt disease progression 
(46). Other therapies have been attempted, generally without suc
cess (45,46). 

The differential diagnosis of dialysis encephalopathy must in
clude other, commoner causes of neurologic dysfunction in patients 
with chronic renal failure. Uremic encephalopathy usually responds 
to adequate hemo- or peritoneal dialysis, and to renal transplanta
tion with establishment of adequate function. Electrolyte and me
tabolic imbalance (hyponatremia, hypocalcemia, hypo- and hypergly
cemia (49» may produce seizures; phosphate depletion has produced 
a syndrome of neurologic dysfunction clinically similar to that of 
dialysis encephalopathy (50), with symptoms usually appearing at 
serum phosphorus levels below 2 mg/dl in the adult (36). The pos
sibility of a pre-existing neurologic disorder should be considered, 
especially that associated with familial or hereditary disease. Hy
pertensive encephalopathy and central nervous system infection (ab
scess, meningitis, encephalitis) should be ruled out by appropriate 
studies. Finally, in the dialysis patient who develops seizures or 
other alterations in mental status, hypotension, dialysis dysequili
brium, intracranial hemorrhage and, rarely, thiamine deficiency 
(49,51) should be considered in addition to the causes just noted. 
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The etiology of this dialysis-related encephalopathy remains 
unknown, although multiple factors have been considered (8). Par
ticular emphasis has been placed on the possible roles of aluminum 
and PTR in the pathogenesis of the syndrome. The serum aluminum 
levels of home hemodialysis patients have been shown to correlate 
with the concentration of metal present in the untreated tap water 
used to prepare their dialysate (24). Alfrey et al. (23) showed 
cerebral gray matter aluminum levels to be significantly higher in 
dialyzed patients with encephalopathy than in those dying of non
neurologic causes; however, these levels were positively correlated 
with the number of months on dialysis. These finds were subsequently 
confirmed by McDermott et a1. (19), who further demonstrated that it 
was not the overall duration of dialysis, but duration of therapy 
with nondeionized, aluminum-rich dialysate which correlated best 
with mean gray matter aluminum levels. The last observation may ex
plain the different attack rates for dialysis encephalopathy noted 
in several adult dialYSis centers in the U.S. (52). Epidemic occur
rences of .the encephalopathy in Chicago (6) and Alma, Michigan (5) 
were temporarily related to the use of alum precipitation in purify
ing water supplied to the dialysis units in those municipalities, 
at a time when no in-center deionization units were operational. 
With the institution of deionization and cessation of alum precipi
tation, dialysate aluminum levels fell dramatically and no new cases 
of the encephalopathy occurred. The development of dialysis encepha
lopathy thus appears to be more closely related to aluminum toxicity 
than to dialysis per se. 

As noted previously aluminum absorbed from the gastrointestinal 
tract .may constitute an additional source of increased uptake for 
dialysis patients ingesting large quantities of antacids for control 
of hyperphosphatemia (23). The extent to which aluminum ingestion 
may be hazardous to patients with chronic renal insufficiency has, 
however, remained controversial because of the failure of some in
vestigators to establish significant relationships between oral 
aluminum intake and either tissue levels (19) or the occurrence of 
dialysis encephalopathy (53). Conversely, Hendricks et al. (13) 
have shown whole blood aluminum levels to be significantly corre
lated with the estimated quantity of aluminum ingested by 21 dialy
sis patients. In addition, several patients with dialysis encepha
lopathy showed symptomatic improvement following withdrawal of 
therapy with aluminum-containing phosphate-binders (54). Failure 
to relate oral aluminum intake per se to body burden or the occur
rence of toxic sequelae may be due to 1) noncompliance with pre
scribed regimens for taking phosphate-binding gels; 2) the concomi
tant uptake of aluminum from other sources, such as dialysate (19); 
or 3) variation in the percent of the ingested dose which is ab
sorbed from day-to-day (7). 

The secondary hyperparathyroidism of chronic renal insuffici
ency has also been identified as a potential risk factor for the 
development of dialysis encephalopathy. PTH in excess can alter 
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brain function in man and laboratory animals (55,56) as manifested 
by abnormalities in the electroencephalogram and, in humans, by 
poor performance on cognitive function studies. These disturbances 
were reversed or prevented by parathyroidectomy. Moreover, two 
patients with dialysis encephalopathy experienced dramatic improve
ment in their neurologic symptoms following subtotal parathyroidec
tomy for severe hyperparathyroidism (46,57). The hormone has also 
been shown to enhance gastrointestinal absorption of aluminum and its 
selective deposition in cerebral gray matter (9). Whether PTH is 
directly toxic to cerebral cortical neurons or acts indirectly by en
hancing neuronal aluminum accumulation has yet to be determined. 

Aluminum and Unexplained Neurologic Dysfunction 
In Childhood Uremia 

Until recently this syndrome of unexplained encephalopathy 
remained an adult problem. However, in 1977 five children being 
treated for progressive renal insufficiency were reported to have 
developed a syndrome of progressive neurologic dysfunction clini
cally indistinguishable from that of adult dialysis encephalopathy 
(58). All of the children had congenital renal disease (hypo- and/ 
or dysplasia) initially diagnosed between 3 weeks and 6~ years of 
age. At the time of onset of neurologic symptoms they were between 
2 and 10 years old, had elevated BUN and creatinine concentrations 
and glomerular filtration rates (GFR) of 5-10 ml/min/1.73 m2• Neuro
logic disturbances in the children differed from those reported in 
adults only in that they developed prior to their having received 
any dialysis. Electroencephalograms were abnormal in all five pa
tients, showing progressive slowing and disorganization of the 
background rhythm and paroxysmal bursts of high amplitude, 2-4 Hz 
polyspike wave discharges (58). 

The encephalopathy in these patients could not be related to 
pre-existing neurologic disease, hypertension, or electrolyte or 
metabolic disturbances associated with uremia per se, which was 
substantiated by failure of hemo- and peritoneal dialysis to ef
fect improvement in the three patients in whom it was attempted. 
No difference in neurologic status was noted between dialyzed and 
nondialyzed patients. Likewise, renal transplantation failed to 
improve the status of two patients with adequately functioning 
grafts (GFR greater than 50 ml/min/1.73 m2), Anticonvulsant ther
apy improved seizure control and myoclonus but did not alter dis
ease progression. (Two patients died and three are currently se
verely neurologically impaired.) 

All of the patients had severe secondary hyperparathyroidism 
as evidenced by serum PTH levels of 500-2100 pg/mI (normal less 
than 300 pg/ml), elevated serum alkaline phosphatase concentrations 
and radiographic changes consistent with osteitis fibrosa. Hyper-
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phosphatemia (serum phosphorus greater than 6 mg/dl) necessitated 
the continuous oral administration of massive doses of aluminum
containing phosphate-binding gels (240-800 mg/kg/day) for 4-12 
months and lesser doses (90-200 mg/kg/day) for 9-62 months, result
ing in considerable exposure to exogenous aluminum. All of the pa
tients experienced the onset of neurological deterioration within 
six months of beginning maximum dose phosphate-binder therapy. Al
though blood and tissue aluminum levels were unavailable, the clini
cal course in all five patients was indistinguishable from that des
cribed in dialysis encephalopathy, and they all had exposure to the 
same potential risk factors for the development of aluminum intoxi
cation as have been identified in adults. These observations sug
gest that the adult and pediatric syndromes may represent the same 
or similar disease processes. 

Additional cases of an unexplained encephalopathy similar to 
those described above were identified in a recent epidemiologic 
survey of 96 pediatric dialysis and transplant centers (59). Four
teen of 61 centers (9 U.S.; 5 foreign) reported that 24 of their 
728 end-stage renal disease patients had developed an encephalopathy 
characterized by mental changes (personality disturbances, dementia, 
regressing of developmental milestones), speech disturbances, sei
zures, and focal or generalized electroencephalographic abnormali
ties. None of the cases could be explained on the basis of pre
existing neurologic disease, hypertension, dialysis dysequilibrium, 
or electrolyte or metabolic disorders associated with uremia per se. 
Nearly 74% of affected children had congenital renal disease; in 
the remaining 26% an acquired etiology was responsible for renal 
failure. All of the centers reported that patients had received 
or were receiving aluminum-containing phosphate-binding gels prior 
to or at the time of appearance of symptoms. Secondary hyperpara
thyroidism was reported in all but one patient. Thirty-one percent 
of centers reported that affected patients had not received dialy
sis prior to onset of symptoms, in contrast to the previously-dis
cussed adult experience. However, the adult encephalopathy has 
also developed prior to initiation of dialysis, to which it then 
failed to respond (60). 

These results indicate that dialysis, secondary hyperparathy
roidism, and aluminum intake are associated with the occurrence of 
a neurologic syndrome similar to that seen in adults with dialysis 
encephalopathy, and that the problem in pediatrics is also global 
in its scope. Most important is the observation that the majority 
of cases occurred in children with congenital renal disease, con
sistent with the fact that the nervous systems of these children 
may ultimately be exposed to the effects of renal insufficiency 
for a longer time and from an earlier stage of development than is 
true for those with acquired disease. Since the congenital nephro
pathies are a major cause of childhood chronic renal insufficiency, 
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the associated problem of progressive and unexplained neurologic 
dysfunction, particularly the nature of its relationship to alumi
num exposure, hyperparathyroidism, and the adult syndrome of dialy
sis encephalopathy, warrants further study. 

Aluminum and Bone Disease 

A number of studies strongly implicate bone aluminum accumula
tion in the pathogenesis of adult renal osteodystrophy, particularly 
in dialysis patients. Nearly ten years ago Parsons et al. (61) de
monstrated a mean 6-fold higher bone aluminum content in Newcastle 
patients receiving, as compared to those with acute and chronic 
renal failure not receiving, dialysis. A strong association between 
aluminum exposure, dialysis encephalopathy, and osteomalacic renal 
osteodystrophy was subsequently noted in an epidemiologic survey 
of chronic renal failure patients who were dialyzed at home in 
several areas of Great Britain (62). A significant correlation 
between biopsy-proven osteomalacia and cortical gray matter alumi
num levels has also been demonstrated by the Newcastle group (19). 
Alfrey et al. (23) demonstrated markedly elevated aluminum levels 
in biopsy specimens of trabecular bone from patients dying with 
dialysis encephalopathy, as compared to control values. More re
cently, an inverse linear relationship was demonstrated between 
the aluminum and ash contents of bone specimens from dialysis pa
tients in several U.S. cities (63). Furthermore, bone aluminum 
correlated directly, and ash content indirectly with duration of 
dialysis. Aluminum may also be associated with bone disease in pa
tients with normal renal function (12). 

That aluminum intoxication may be associated with pediatric 
renal osteodystrophy remains to be investigated. Firidings such 
as those noted above would have important implications in the man
agement of bone disease in uremic children and adolescents, for 
whom growth retardation may pose major emotional problems (64). 
Examination of bone biopsy specimens from children with renal osteo
dystrophy, both histologically and for aluminum content, are neecled 
to clarify this issue. 

Aluminum and the Blood-Vascular System 

Aluminum inhibition of myocardial energy production was sug
gested as the cause of otherwise unexplained acute cardiac death 
in four patients with dialysis encephalopathy (65). Several pa
tients from the same dialysis unit also developed a progressive 
anemia which was attributed to aluminum inhibition of "enzymes con
cerned in haem biosynthesis" (24). These observations remain to 
be substantia.ted. Such relationships have not yet been reported 
in children. 
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CONCLUSIONS 

Although much evidence currently exists implicating aluminum 
in the pathogenesis of the dialysis encephalopathy syndrome and 
some forms of renal osteodystrophy, persuasive arguments to the 
contrary have been put forth (8). Nonetheless, the potentiaZ 
neurotoxicity of aluminum should be considered in the management 
of the metabolic complications of chronic renal insufficiency in 
children. In an attempt to reduce this potential risk for the de
velopment of toxic sequelae related to increased body aluminum 
burden, a number of recommendations have been made: 

1. Dialysate should be prepared from water treated by 
reverse osmosis or deionization, and the aluminum 
levels therein monitored frequently and maintained 
below, 10-20 pg/1 (5,62); 

2. Wherever possible, plasma aluminum levels should be 
monitored periodically in patients receiving dialy
sis and/or aluminum-containing phosphate-binding gels; 

3. In patients exhibiting clinical and electroencephalo
graphic signs of unexplained or progressive neurologic 
dysfunction, the presence of elevated plasma aluminum 
levels (Table 3) should be taken as an indication to 
consider temporarily discontinuing therapy with alu
minum-containing medicinals and to check dialysate 
for possible sources of contamination (66). The pa
tient should then be followed for a prolonged period 
of time before renewed contact with major sources of 
aluminum is permitted, as clinical improvement has 
occurred up to nine months after discontinuation of 
phosphate-binding gels (54). Clinical improvement 
should be taken as evidence that aluminum intoxica
tion was present and no further phosphate-binding 
gels prescribed; 

4. Particular emphasis should be placed on the control 
of secondary hyperparathyroidism in patients with 
elevated plasma aluminum levels, especially if un
explained, persistent neurologic dysfunction develops. 
Severe hyperparathyroidism in such a patient may indi
cate the need for subtotal parathyroidectomy; 

5. The presence of progressive osteodystrophy with frac
tures in a pediatric patient receiving dialysis should 
prompt an investigation for possible causes. The 
presence and severity of osteitis fibrosa and associ
ated secondary hyperparathyroidism should be deter
mined. If the primary lesion identified is rickets 
or osteomalacia, and phosphate depletion and inade
quate therapy with vitamin D metabolites are not 
found to be responsible (67), an evaluation for possi
ble increased bone aluminum burden is indicated. 
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Bone biopsy, with determination of trabecular bone 
aluminum levels (23), may be necessary to establish 
the diagnosis. (It is emphasized that the concomi
tantpresence of osteitis fibrosa and secondary hyper
parathyroidism does not eliminate aluminum intoxica
tion as a factor contributing to the patient's bone 
pathology, as PTH excess may, as previously noted, 
enhance skeletal aluminum uptake (9).) 
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HIGHLIGHTS 
LONG TERM CONSTANT RATE ENTERAL NUTRITION 
IN CHILDREN WITH RENAL DISEASE 

Michel Broyer, M.D., M. Guillot, M.D., A.M. Dartois, 
M.D., *L. Cathelineau, M.D., *M. Guimbaud, M.D. 

Servo Nephol. Pediatr.,H6pital Necker Enfants-Malades, 
Paris, France; *Pouponniere Croix Rouge, Margency, 
France 

Constant rate enteral nutrition (CREN) has been generally 
used in intensive care units for the treatment of surgical or 
medical G.I. diseases, especially after large enteral resection. 
This is a report of the results obtained by long term utilization 
of CREN in infants and young children affected by nephropathies 
in which nutritional factors are involved: congenital nephrotic 
syndrome, severe infantile cystinosis, and chronic severe renal 
failure. 

METHODS 

CREN was administered 16 hr/day through polyvinyl naso
gastric catheters of different sizes by means of an eventually 
portable occlusive pump with careful control of tube position 
in the stomach; the catheter was changed every 3-4 days. Energy 
supply was calculated on the basis of the recommended dietary 
allowance (NRC 1968) for children of the same stature age. 
Protein intake was calculated on the same basis, taking into 
account the renal losses of nephrotic syndrome or the risks of 
uremic toxicity in case of renal insufficiency. Minerals were 
supplied according to the different situations. 

Usual components of the mixture administered this way were, 
for proteins: modified cow's milk, low sodium milk, low lactose 
milk, hydrolysed casein and more rarely, colostrum, human milk 
or beef meat; for fat: vegetable oil, long and middle chain 
triglycerides; for carbohydrates: maltodextrine, polyglucose, 
saccharose, glucose, modified starch (cereal). 
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Congenital Nephrotic Syndrome (CNS) 

Four children with CNS of Finnish type, respectively 29, four, 
one-half and seven months old at the beginning of treatment, 
received CREN during 15, 32, three and one-half, and 32 months. 
One of these patients died. The others are surviving and are at 
this time eight, six, and three years old; 100% mortality rate is 
expecteCl at two years in this disease. CREN was followed by an 
increase of plasma albumin in spite of persistent proteinuria. 
All, except the infant who died, resumed stature growth; one of 
them caught up four standard deviations for height in one year. 

Severe Infantile Cystinosis 

Four children suffering from severe cystinosis with frequent 
vomiting and failure to thrive, respectively seven, 19, 11 and 
35 months old at the beginning of treatment, received CREN during 
14, 11, 37 and 26 months. All improved in condition and resumed 
stature growth. In spite of the severity of the disease, they 
survived and kept a height in the limit' of the third or fourth 
standard deviation. Such cases at the same age usually are below 
the fifth, sixth, or seventh standard deviation for height. 

Chronic Renal Insufficiency 

Three children suffering from renal insufficiency also 
received CREN. The etiology of renal failure was hypoplastic 
kidneys in one case and neonatal bilateral renal vein thrombosis 
in two cases. Age at the beginning of treatment was respectively 
seven, two months and ten days. CREN was administered respectively 
during 15, 14 and four months. 

Renal failure assessed by plasma creatinine varied with time. 
It worsened in the first case from 205 to 400 ~ mol/l but improved 
in the two others respectively from 305 to 103 and from 530 to 230 
~ mol/I; creatinine clearance at the beginning was respectively: 
4, 5 and 7 ml/min/l.73 m2 • The general condition of these children 
improved and stature growth resumed in the first and second cases, 
the latter with a catch up curve; the third case lost three 
standard deviations during the first four months of life under 
CREN. 

Comments and Conclusion 

No complications related to nasogastric catheter occurred 
during a total of 203 patient months. Severing from CREN was often 
difficult but succeeded in two patients with CNS, two with 
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cystinosis and one with renal insufficiency. Several attempts 
to suppress eREN failed ~n one patient with CNS, one with cystinosis, 
and two with renal insufficiency. Negative impact on psycho
affective development has to be considered, but five of these 
children were able to resume a normal family life, and seem to 
have no obvious sequelae of this long term enteral nutrition 
except for several months of refusal of all foods which are not 
mixed and homogenized. One is receiving eREN at home. Attempts 
will be made to generalize this approach in the future. 

In conclusion, eREN has some precise indications in pediatric 
nephrology: it is a life-saving procedure in eNS and in cystinosis. 
In these two diseases as well as in severe renal failure, eREN is 
also almost always associated with a better growth velocity and 
could be a valuable tool for avoiding the irreversible height 
loss currently observed in the first year in patients with some 
renal diseases. 
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CELL METABOLIC RESPONSES TO AMINO ACID INFUSIONS 
IN CHRONIC UREMIA 

Jack Metcoff, M.D. 

Dept. Pediatr., Biochem. and Molecular BioI., Univ. 
Okla. Health Sci. Ctr., Okla. City, Okla. 73190, USA 

There are contradictory reports about whether amino acid 
supplementation (oral or parenteral) will improve nitrogen balance 
and carbohydrate utilization, and presumably protein synthesis and 
energy metabolism, in chronic uremics on maintenance dialysis. 
The circulating leukocyte is a useful cell model to study the 
metabolic effects directly. Following 3 control studies at one 
week intervals, 11 adult chronic uremics on thrice weekly hemo
dialysis (HD), got 500 ml 10% amino acid infusion (AAI) at the end of 
each subsequent dialysis for a 3 month period. Blood was obtained 
pre and post dialysis at intervals and leukocytes isolated. 
Compared to control periods, after only 12 AAI (1 mo) levels of 
cell ATP, amino acids GLY, TYR, PHE, and TRP, and protein synthesis 
(3H-leu incorporation) were improved significantly (p < .05) , 
Cell levels of Fl-6P, 3PGA, and 2PGA, but not PYR or lactate, were 
higher (p < 0.05), indicating altered glucose utilization (incubation 
c 5mM glucose). Multiple regression analysis indicated the improvec 
protein synthesis was associated with simultaneous change in levels 
of cell ASP, CIT, and PHE and plasma THR, VAL, LEU, TYR, and HIS. 
Thus AAI in uremics on HD improve cell amino acid balance, protein 
synthesis and energy levels. 

The effect of AAI superimposed on maintenance dialysis contrasts 
with that of dialysis alone. While protein synthesis and AK activity 
were improved by dialysis, the effects did not persist for more than 
a few days. ATP and amino acid levels were further reduced and 
glucose utilization was not significantly improved. The abnormali
ties in cell bioactivities in chronic uremia resemble those found 
in protein-calorie malnutrition. The lack of significant improve
ment in cell metabolism with dialysis alone strongly suggests that 
the abberations in cell metabolism in chronic uremia result from 
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malnutrition rather than from accumulation of some uremic "toxin". 
Apparently, even a relatively short period (1 mo ) of supplemental 
amino acid therapy (by infusion), coupled with dialysis, reorders 
cell substrates and bioactivity levels, leading to partial correc
tion of malnutrition evidenced by improved cell metabolism. 
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PANEL DISCUSSION 

Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephro1., Dept. Pediatr., Univ. 
Miami Sch. Med., Miami, Fla. 33152, USA 

QUESTION: I want to make a couple of comments first. I am 
really glad that Dr. Barness brought out the important point 
about the psychological value of nutritional aspects. We can talk 
all you want about the research, but as far as what goes on after 
the research, it's very important that we all have our treatment 
modalities together. When we are talking with the patient, we 
must remember the psychological value. Also, about studies to 
be done in the future, as far as drug interactions with dietary 
intake: since dialysis patients are on so many drugs, it would 
be very important to study this further. I do have a couple 
of questions. Do you recommend that these patients be supplemented 
with zinc even though their zinc levels are normal? 

RESPONSE: We have used zinc only when there is either clinical 
or chemical evidence that zinc de{iciency exists. We have not 
used zinc as a routine, no. 

QUESTION: Also, as far as measuring iron stores in these 
patients. I think there has been some controversy on this. I 
believe that most dialysis units use ferritin levels. Could 
you comment? 

RESPONSE: We use the ferritin levels to monitor iron. 

COMMENT: That's what we use also because other methods 
do not exactly show the iron stores of these patients. 

COMMENT: You might be interested in a drug interaction we 
have seen-the use of Basa1je1 with Kayexa1ate in the production 
of metabolic alkalosis. 
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QUESTION: I am puzzled by some of the severe nutritional 
deficiencies you have shown in some of the children. Are these 
exceptional cases, cases of parental neglect or from underdeveloped 
countries? Do you see those right here in South Florida and under 
what circumstances? I have a question regarding the encephalopathy. 
Do you think that the rarity of it might make the aluminum hypo
thesis unlikely? 

RESPONSE: First, I am very happy that you brought that up 
because we should have made it clear that these were examples. 
They were not cases of patients with renal disease. We, by and 
large, are nutritional epidemiologists and are not day to day 
clinical nutritionists (nor do we purport to be). In our review 
of the literature, these were the deficiencies that were described 
and our purpose was to use them as illustrations of the physical 
signs that could be seen with renal failure. We did not nor did we 
intend to show these as actual patients with chronic renal disease. 
I am glad that was clarified. 

COMMENT: We have seen some children who didn't look quite as 
bad as the pictures but were on chronic end stage therapy, a couple 
of transplants which didn't work who were on dialysis, whose 
parents were unable to purchase some of the dietetic supplements, 
and who began to look like this. Your question about the encephalo
pathy: I don't think that the syndrome is as rare as it may sound. 
The recorded incidence in an adult survey of some of the symptomato
logy associated with dialysis dementia is somewhere between three 
and five percent in the adult population. In our particular survey 
of some 700-800 children, the incidence was somewhere between two 
and three percent. It may be a question of length of time of 
exposure. It may also be a question of looking for some of the 
symptomatology which are rather soft. It may be interpreted in 
more than one way. I think it's impossible to say. There 
is probably more of it at least up until the recent switch to 
reverse osmosis. Certainly, in certain areas of the world it is 
higher and in others, it is lower. 

COMMENT: I would like to take up the issue of psychological 
evaluation in uremic patients. It is extremely important but 
it is extremely difficult to do as all of you know. It's particular
ly true when one is intervening with any kind of therapeutic modality. 
The problem is to separate the effect of the therapy from the 
potential psychological effect of the therapy on the patient. I 
would like to call your attention, if you haven't seen it, to an 
article which attempts to qualify a series of neurophysiologic as well 
as psychophysiologic behavioral and cognitive responses in patients 
undergoing management for chronic renal failure. In discussing this 
with our behavioral scientists, they say that there are now some 
newer and additional measures for assessing the cognitive and 
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behavioral performance in patients with chronic disease. This 
is a field that desperately needs attention by those of us who 
deal with kidney patients. The sooner we can get effectively 
involved in such areas the more adequately we will be able 
to evaluate the psychological impact in the potential approach 
to our patients. 
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COMMENT: One of the things we have just begun to do--its 
value remains to be determined--is to use a new instrument 
with many flashing lights, etc. called neuro methods which is a 
computerized EEG sort of thing that looks at 300-400 regions of 
the brain for which there has been some normative data established. 
We've begun to look at some of our children with this particular 
technique. Some people think that you can identify learning 
problems by EEG techniques independent of other variables. I 
couldn't agree more that there is a need for looking at the 
neurologic and psychologic function of the developing child who is 
uremic. That is just beginning to happen and there is going 
to be a lot more done in the next decade. 

COMMENT: We have been following 250 men with detailed 
dietary histories for four years in a study of multiple risk 
factors. These are men in the upper 10% risk for coronary 
heart disease--hypercho1estero1emia, smoking--they do everything 
wrong! My point is that these are intelligent men; we feel 
that a group of them, by non-compliance, in a sense may be 
telling us that the outside world is such a heavy burden they 
are using potential disease (at least clinically potential) as 
a way of committing suicide. We also have to face the fact 
that these children who have something so special about them that 
they are able to tolerate the disease and everything we do to them 
also may be giving us the messages about when enough is enough 
in their own life span. 

QUESTION: One of the panelists said that they have taken 
triceps measurements, etc. Was there any improvement on that 
and did the patients also feel better, those who received the 
aminoacid supplementation? 

RESPONSE: I can't answer with respect to the triceps 
measurements yet because we have not properly analyzed them. With 
respect to the patient's feeling better, yes. I'm not involved 
with the evaluation of those patients but the Nursing Unit staff, 
the doctors involved with their care, rep0rt that as one of the 
striking features, the patients feel better. I just want to 
emphasize again, the fact that if they feel better, we feel 
better, but it may not be real. It may simply be the result of 
having provided some additional substance beyond that which 
is provided by dialysis and other medications and this substance 
requires a certain amount of devotion and time to get. I think 
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we have to evaluate that very carefully. This is why I would 
like to get the behavioral scientists involved. I think from 
the physical point of view, the patients seem to be improved in 
the sense that they seem to have better tissue weight and are 
less edematous between dialyses. The impression of the doctors 
is that they have added tissue which is always a desirable 
situation but is still suspect. 

QUESTION: Is there any recommended treatment for hyper
lipidemia? If there is, what are the results of the treatment? 
Are they encouraging? 

RESPONSE: There hav~ been really very few nutritional 
studies regarding lipid levels of patients on dialysis. The 
recommended treatment, really based on studies that were carried 
out on the West Coast, is to limit the amount of total carbo
hydrate intake. They have shown that reducing the total carbo
hydrate intake in the diet from 50%-60% of intake to about 25%, 
they can obtain a significant reduction of triglyceride levels. 
However, the problem remains: how do you make up the rest of 
the caloric balance of the patient. The only other new development 
I am aware of is the study using new drugs. They are really being 
criticized after results suggesting a high incidence of gall bladder 
disease and other complications particularly in patients with renal 
failure because of the high incidence of side effects. I think 
at the moment the use of these drugs has to be viewed as 
experimental. 

MODERATOR: What about in the nephrotic? A couple of years 
ago we went into some of the potential problems and disagreements 
as to whether anti-metabolites or immune suppressors may be less 
dangerous in the long run than the prolonged use of corticosteroids. 
It was said that if we were not getting good results in inducing 
remissions with corticosteroids and because of the prolonged 
relapses with hyperlipidemia, could this eventually lead to 
atherosclerotic changes? What are your thoughts on that? 

RESPONSE: Well, I think now it's clear that patients with 
nephrotic syndrome who remain unresponsive to treatment really 
have the highest incidence of atherosclerotic compli-cations. 
So, the nephrotic patient who remains proteinuric for many years 
and remains hyperlipidemic for many years is at significant risk 
of developing premature atherosclerosis. As I mentioned before, 
there have been many clinical studies pointing out this relation
ship. Recently there was a very careful autopsy study at NIH 
showing significant increase of atherosclerosis in the coronary 
arteries of nephrotic patients. The problem remains, how to 
handle this complication since again the use of drugs is even 
more dangerous in patients with hypoproteinemia. There is a very 
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high incidence of GI ulcers as complications. At this time, I 
really don't know any way you can really control the severe hyper
cholesterolemia that these patients have year after year. 

COMMENT: I can't contribute any suggestions as far as the 
hyperlipidemia secondary to renal disease but it might be worth
while just to mention that the experimental pathologists have 
shown fat reversal in serum with low cholesterol in the diet." 
At least as we learn what is possible in non-uremic patients, 
hopefully this may shed some light on approaches to the uremic 
patient. 

Another thing that some of us feel is still valid, namely, 
that lowering the serum cholesterol in so-called "normal" 
populations is in fact associated with reduced incidence. of 
coronary heart disease. What is not at all certain is whether 
or not in hyperlipidemic patients, reduction by either drug and/or 
diet is effective in preventing coronary heart disease. 

QUESTION: What do the panelists think about the etiological 
importance of the herpes virus in atherosclerosis·? A group of 
patients without uremia, patients who have ar~erial coronary 
disease, had low cholesterol and normal serum proteins. It 
seems that the herpes virus is important in producing the athero
sclerosis. Is it possible that in the nephrotic syndrome there 
may be a similar situation? Have you looked into that at all? 

RESPONSE: I'm not aware of any studies of this relation
ship in patients with chronic renal failure. There are so many 
theories about atherosclerosis it would be very hard to make a 
statement about this. For instance, in uremic patients actually 
there have been recent studies suggesting that in the aorta the 
main relation is not only with serum cholesterol. It is also 
related with serum calcium. Some people claim that so-called 
uremic atherosclerosis is more related to calcium metabolism 
or abnormalities in calcium metabolism. There are also other 
theories about the origin of atherosclerosis. We are just using 
the lipid theory which we think is the most workable theory of the 
origin of atherosclerosis. 

COMMENT: There has been a study in Middlesex, England, on 
rats with herpes virus, showing that although cholesterol and 
calcium have importance, one can produce atherosclerosis with a 
normal cholesterol and normal calcium-in other words, introducing 
another etiological factor. 

COMMENT: I'm glad you raised this point because it is worth 
emphasizing that the etiology of atherosclerosis in these patients 
is multifactorial, that really you can't blame the lipids; you have 
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a number of complications including hypertension, disturbances of 
carbohydrate metabolism, disturbances of immunity. There is a 
whole host of abnormalities and probably all of them contribute 
to the development of atherosclerosis. Actually, a recent editorial 
by a very well known nephrologist suggests that we should forget 
about the lipids and other things that we can't do anything about 
and try to concentrate on controlling hypertension and osteodystrophy 
which are two things that we can do something about. 

COMMENT: We are getting dizzy with these trace metals. We talk 
about zinc an awful lot, we measure zinc. When you measure zinc 
and you have normal serum levels in spite of stunted growth, then 
you give zinc and the child grows. The whole thing is so empirical 
and at times illogical! We really don't know what we measure these 
days and what does this represent. We have the same experience 
in acrodermatitis enteropathica when the serum zinc levels are 
normal, we give zinc and the child improves miraculously. We have 
the same thing with rheumatoid arthritis where, in spite of the 
normal levels of zinc, we give zinc and the symptomatology improves. 
We have problems with manganese not to do with cholesterol but with 
chromium and toxic effects. Vitamin BIZ is measured in plasma 
but it really doesn't correspond with tissue levels. We have some 
new information about the lack of really zinc deficiency symptoms 
in terms of taste changes or anorexia but how it affects personality 
and learning disability. Is it possible that we have in those 
nutritional problems clearly two groups of patients-one which 
presents with a severe deficiency and the other one with the low 
levels of it but perhaps not measured by us right now? They may 
come out later on with measurements and emotional problems or behavior 
problems. What is the best? Is the patient's hair analysis the 
better representative of measurement of trace metals than plasma 
levels? A number of laboratories using hair analysis such as Case 
Western trace metal analyses laboratories where they rely much 
more heavily on hair analysis than on plasma analysis. 

RESPONSE: This brings up a very good point. If I had ~y own 
choice I would look for a biochemical effect for each one of these 
things that you mentioned. For example, instead of measuring BIZ 
levels it would be important to measure the methylmalonate 
excretion because this would not measure a level which mayor may 
not be available to the child but the methylmalonate will have the 
significance of proving that the pathway is working. Similarly with 
zinc, I think that an enzyme measurement such as alkaline phosphatase 
which is down the biochemical pathway would be a much better way of 
measuring zinc sufficiency or zinc insufficiency. There are some 40 
enzymes that are known to require zinc; so, maybe picking up one of 
these enzymes would be better. I think that the evidence still is 
confusing about which is the best measurement of zinc. It has been 
said that there's no relationship between hair zinc, blood zinc, 
or liver zinc. Some are measuring all three and deciding which one 
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on that particular day is the best measurement. I think that 
most people now do agree that hair zinc is most reflective of 
metabolically active zinc. 
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The kind of enzymes that were mentioned, riboflavin, are much 
better than getting riboflavin levels. The work of enzymes with 
thiamine is much better than getting a thiamine level or a thiamine 
phosphate level. I think we have to look at the biochemical 
pathways. We can measure biotin by looking at propionate, etc. 
This is the kind of thing we should be looking for to find 
development of trace metal defectiveness or adequacy. 

COMMENT: I certainly agree with everything that has been 
said so far. I want to add that trace metals are partially protein 
bound so that zinc, copper, iron are also found in plasma protein. 
The apparent concentration of a trace metal will vary as its 
degree of protein binding in cell transport is related to the 
amount that is not bound. So, it's another complication. 

The comment I want to make is, as I reflect on our state of 
knowledge wit.h regard to nutrition, slow viruses and other factors, 
I am led to think of a book a man wrote about 1860. The book deals 
with the rise of witchhunting in Europe during the early Middle 
Ages and points out that anything we had seen worth grasping to 
explain the large problems that society was facing at that time could 
easily be turned to the item of witchcraft and that a responsible 
individual could easily be identified as clearly responsible and an 
invoker of witchcraft. Accordingly, there wasn't a major family 
in Europe who did not have at least one member burned at the stake 
but I'm not sure that that altered the society's situation except 
by reducing the population. 

COMMENT: I was thinking along the same lines. To illustrate, 
for the atomic absorption spectrophotometer, you can purchase lamps 
that measure most of the elements and if you read some of the trace 
metal articles, you can see all kinds of things that are being 
measured-lithium, cadmium, etc. One of the new items in the last 
year has been vanadium measurement. It's a toy that a number of 
people have-a toy looking for the disease. I'm sure there's going 
to be all kinds of trace metal reports. Following a course analogous 
to the potassium and sodium measurement thirty years ago, it's going 
to take a decade or so before it reaches its level of competence. 

MODERATOR: Changing the subject somewhat, could we hear some 
comments on the psychosocial effects of nutrition? Some fancy 
machines, EEG's etc., have been mentioned. We have several power
houses of social work sitting in the audience. Do you have any 
comments? 
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COMMENT: I certainly agree with some of the statements 
made on the psychological effects of some of the treatments. 
Our staff has great difficulty in determining how much of the 
effect is due to medication and treatment and how much to the 
psychological status that developed before dialysis began. 
That is a problem which we ~ve every day. I was really interested 
in the talk about dialysis dementia. Up to this poing we haven't 
had that experience down here. I wonder why. Is it still possible? 

RESPONSE: You are fortunate if you haven't seen it. It may 
be a question of numbers. One kind of psychosocial aspect, most 
end stage people have a rather large support system for their 
patients consisting of social workers, psychologists, school teachers, 
play therapists, etc. I do agree that in general there has been 
rather limited investigation of these issues. I don't know if the 
question is worth going into but it's obviously something about 
which everybody is concerned. Some of the types of experiences 
that we've had, we've called positive and negative, we've seen good 
families practically destroyed by this whole process. On the other 
hand, we have seen some very disadvantaged families where the group, 
so to speak, has become the parents for these children who, in a 
psychosocial sense, have grown and developed because they've had 
chronic kidney disease. I think a lot depends on where you are 
coming from and what you are exposed to. 

COMMENT: We also find that it has a great deal of significance 
for treatment in terms of medication. That's been one of our major 
pushes this past year. We have seen families and children who were 
extremely non-conforming become very active in our programs and with 
this kind of support, the patients do better and accept treatment 
better. 

MODERATOR: Dr. Gruskin was brainwashed by Paula Mandel who 
was beautifully trained by him. Now we have the pleasure of having 
her in our Unit as our play therapist. It does make a difference 
in terms of compliance and acceptance of those diets and some 
other things we do to the patients in the Division; among those 
"things" is hemodialysis ..• 

QUESTION: From one of the talks yesterday, it seems as though 
some aminoacids have beneficial effects on certain enzymatic 
reactions whereas other aminoacids have negative effects, as 
indicated by a minus sign. Today it was demonstrated to us that 
five ami.noacids were most closely associated with protein synthesis. 
Therefore, I was wondering if you have been working on infusates 
containing different proportions of the aminoacids which you have 
found in all these studies to be the most effective. 
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RESPONSE: That's a super question. It gets right to the 
issue. The answer is, we have been thinking about it, but we have 
not been working at it. The reason we haven't been working at 
it is because.the data are still so tenuous. I offered the 
particular aminoacids which to date would seem to be most closely 
associated with protein synthesis only to show the power of the 
system. Using this kind of approach, I suspect that in due course 
we will know something about which aminoacids are really the 
ones that are important. I don't know whether the aminoacids 
I showed are the last word in terms of protein synthesis. Our 
data base still is too small for that. But the system does give us 
promise that there will be a way of getting at that through this 
approach. Others, I think, have shown that it is possible to 
alter growth patterms, for example, or alter protein synthesis and 
brain responses by manipulation of the proportions of aminoacids 
in the environment surrounding the cell. We think that's probable 
but I don't know which ones yet. As our data base gets to the 
point where I am more secure of the results, then we will start 
actively engaging ourselves in experimentation. 

COMMENT: I am very much impressed to hear that in congenital 
nephrotic syndrome you achieve a positive nitrogen balance by 
parenteral hyperalimentation. Since they have the same increased 
catabolism and protein loss, their increased anabolism probably 
was achieved by getting higher doses of aminoacids. I would like 
to learn what was the dose, the protein equivalent of the aminoacid 
mixture. Was it one or two or three g/kg? My second question is: 
at a time when they could tolerate enteric aminoacid mixture, 
were they ever given such a mixture? What was the result? 

RESPONSE: Regarding the question on parenteral nutrition, 
we did not use an aminoacid preparation neither casein nor 
modified cow's milk nor low lactose milk. We increased progressively 
the quantity of protein up to around 3-4 grams of protein per 
kilogram of body weight per day. So it is possible to attain 
anabolism in such patients, giving enough energy, too. You could 
do both at the same time. 

MODERATOR: Could you give us some details as to when you 
administer your enteral infusions? Was there a specific indication
a patient going into a greater catabolic period or in serum changes? 
Then, when do you stop infusion? 

RESPONSE: It depends, of course, on the problem. In 
congenital nephrotic syndrome, patients died within the first 
two years of life; so it was a life saving procedure if continued 
for at least one year. We tried to discontinue after a time when 
we felt that the patient was better. In cystinotic patients the 
indication for its use was the impossibility to continue to use the 
gastrointestinal tract to give electrolytes and to give a sort of 
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normal energy and protein intake. But is is not decided within 
days; it is decided within weeks. When there are evidences that 
it is not possible to continue in the usual way giving supplementa
tion, we were forced to go into enteral alimentation. In some 
cases we began by total parenteral alimentation. It's in rather 
exceptional cases. 

MODERATOR: When do you discontinue them? When the patients 
reached what you thought was the maximum growth potential? Was 
that the only parameter? 

RESPONSE: It depends again on the etiology. For cystinotic 
patients, for example, when we observed that the growth curve 
was demonstrating a catch-up process, we continued so as to not 
interrupt this process, for at least one year. Several attempts 
were made to stop this type of continuous nutrition so we were 
forced to continue enteral nutrition if our attempts to stop, 
failed. But we don't have absolute criteria for when to stop. 

QUESTION: On the enteral nutrition, in our country it 
started only in the last five to seven years. Anybody who dares 
to mention that there is anything other than parenteral nutrition 
usually gets strung up by their toes. I think there are conditions 
other than chronic renal disease where a child in particular has a 
relatively good GI tract but for other reasons such as muscle 
weakness, severe pulmonary disease, etc., is unable to receive 
an adequate amount of nutrients, and subsequently gets infections, 
goes down hill and the cycle goes on. I heard that you were 
giving it over a sixteen hour period of the 24 hour day. Is that 
correct? 

RESPONSE: Yes. 

QUESTION: Which means that you were not, I assume, using the 
overnight period. Is there any particular reason for that? 

RESPONSE: We try to save some hours of the day to give them 
normal activity and normal feeding of the child. We try to give 
enteral nutrition during 16 hours and to save the other time. 

QUESTION: Did you have any problems with aspiration which is 
what everybody tells me every time I put a tube down? 

RESPONSE: No, we had no such problem. 

QUESTION: I wanted to address this question to one of the other 
panelists. In noticing the substrates along the glycolytic path
way, you had a baseline and after dialysis and after aminoacid 
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infusion. Do you have any normal control neutrophil studies, and 
how do these fluctuations vary compared to normals? 

RESPONSE: If you recall, the first glycolytic flux diagram 
that I showed related the dialyzed uremics to the normal controls. 
The base line was normal controls. The second diagram with 
respect to the aminoacid infusions were made in each individual 
group of patients, dialysis or aminoacid infusion to their own 
baselines. The change with respect to aminoacid infusions and 
normal controls is if there has been improvement in the energy 
flux compared to the controls. It's closer to the controls. 

QUESTION: Have you measured oxygen consumption? 

RESPONSE: No, we have not. 

QUESTION: What is the significance of those two spikes
those two substrates? What do you feel in terms of improving 
energy metabolism of the cell? Why is that giving you more ATP? 

RESPONSE: Those particular spikes, they are not getting 
more ATP, I don't believe. The first one suggests that 
there is less utilization of ATP. The spikes relate to two 
enzymes that we have found measured. One of them, triose-isomerase 
may be related to utilization of glycerol and that in turn to tri
glyceride synthesis. We have not measured it. We should measure 
it. The other one is related to a1phaglycero1 phosphate dehydro
genase which in turn ought to be associated with secondary electron 
transport phenomena. We have not measured those items. 

MODERATOR: If you want to measure oxygen consumption, it 
should be possible to make a suitable electrode. 

RESPONSE: I would be very pleased to do that because, as 
you know, in the leucocyte we have attempted to use oxygen 
electrodes and the one that was available to us was simply too 
crude to get any good data. I hope that you would be interested 
to try it because it would be of some interest. The leucocyte 
does undergo quite a good oxidative phosphorilation but, of course, 
not in the same level as you would find in other tissues like liver 
or kidney. 

MODERATOR: In terms of the rearrangement of the aminoacid 
sequence or levels that would improve the protein synthesis, what 
do you think is going on? What do you do that induces a change? 
Could more frequent or continuous dialysis be one approach to a 
continuous improvement in their metabolic situation? 
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RESPONSE: With respect to the first question, I think 
we will know better when we have some more data, but I 
suspect that what's happening is that we are altering the 
competitive transport of aminoacids across the cell membrane 
and that alteration is leading to a new balance between intra
cellular and aminoacid exchange which in some way is more 
favorable to protein synthesis. I don't know what that proper 
balance is nor have we produced it except by the administration 
of these aminoacids which in some way tell the cells that they 
ought to take up this one and not that one. Which aminoacids 
are the ones most responsible, as I mentioned earlier, I also 
am not sure. But I think that the system of going through a 
multiple regression procedure with subset analysis is going to 
tell us that, when we get a sufficiently large data base. At 
the present, the number of independent variables is so great 
compared to the sample size that the validity of the analysis 
has to be questioned. So, I'm not sure. As far as continued 
dialysis, I think you must be continuing infusion because all 
these patients have been on dialysis for long periods of time 
and are reasonably stable as adult dialyzed patients. Some of 
them have been on dialysis for as short a period of time as . 
weeks and are not stable. Others have been on dialysis for 
years and are reasonably stabilized. The aminoacid infusion 
effect I think probably requires time. We will know better when 
we get to analyze our data completely after 36 infusions which 
is just an arbitrary period of time as well. There is nothing 
magical about it. But it should show whether there are some 
critical changes. 

MODERATOR: My question about the dialysis was regarding the 
period of time the dialysis lasts, four or five hours, then you 
go for two to three days and you find that at the end of the 
four-five hours you had a marked improvement which has 
basically disappeared at the end of the two to three days. If 
instead of the four to five hours two or three times a week, we 
did one or two hours every day or if we used continuous pumps, 
portable systems, or chronic peritoneal dialysis, could more 
frequent procedures or semi-continuous procedures be beneficial? 
Obviously you don't have the data but do you have any thoughts on 
that? 

RESPONSE: Well, I am certain it would be another approach. 
Whether it would offer more, I don't know. It should be tried. 
It's conceivable that we do some harm with the kirtds of dialysis 
that are carried out. After all we are reducing the cell pool 
of aminoacids and that, I bliink, is not a desirable thing to do. 
Perhaps· that wouldn't be as prominent a feature if dialysis 
occurred for a shorter period of time and at more frequent 
intervals. I think there are many variations that could be and 
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should be tried. My only criterion, however, is that if there 
are variations tried, that somebody make the measurements and 
document them. 

MODERATOR: A further point, and I may be stretching your 
conclusions: could it be that we are using the wrong end-point 
in deciding when the patient needs dialysis or when not to 
dialyze a patient that was scheduled to be dialyzed. In other 
words, now we go by the level of BUN and serum creatinine. 
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Is that a good end-point? It's like the proteinuria in the 
nephrotic syndrome. Those are handy end-points, easy to 
document, and accepted subjectively, if you want, by most people. 
But maybe we need to go one step further and get to more basic 
measurements as to what the cell is doing and what is changing 
in a mare subtle manner. I would hope that studies like yours 
would help along these lines. 

RESPONSE: I think that's a very good and perceptive comment. 
We do what is the easiest thing to do. As was said a few minutes 
ago, when flame photometers came out, everybody measured sodium 
and potassium. When a chloridometer became available and you 
didn't have to go through the laborious chloride measurement, 
there was a rash of papers on chloride activity. Atomic 
absorption is another. BUN and other simple parameters have 
been used by doctors for a hundred years and they are very 
reluctant to give up these easy crutches. They have some clinical 
relevance but that does not mean that we should forever be stuck 
with it. So, I am certain that as new insights become available 
and are relatively easy to measure, they will begin to use them. 
I would hope that the cell state would be a much better determinant 
of therapeutic intervention, indeed, for therapeutic intervention 
and response to it. I am very uneasy about the level of anything. 
As was mentioned a few minutes ago, to question which level to 
use is the proper position to be in because you don't really 
know. A more dynamic measure is required, as may be indicated. 
I believe that looking at certain cell pathways is going to be one 
of the ways of approaching it more dynamically. 

QUESTION: There are two general statements made. One is that 
you exercise people with chronic renal disease. They feel better, 
do better. And, two, if you give some of the vitamin B complex to 
people, they feel stronger, maybe the muscle mass is better. I'm 
curious as to whether there has been any aminoacid measurements 
similar to what you describe done in patients in looking at 
exercise or the use of vitamin B complexes. I am not aware of 
any. 

RESPONSE: Probably one of the other panelists could answer 
that better than I. There haven't been many groups that have 
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attempted to look at cell composition with respect to anything. 
I have been reviewing a number of papers and data on the subject 
are quite limited. To my knowledge there are no pathway studies 
or cell composition studies respecting aminoacid composition and 
protein synthesis with the response to exercise or the administration 
of vitamin B. 

MODERATOR: We must end now. Thank you all. 
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Renal osteodystrophy is a complex disorder expressing at the 
musculoskeletal level the metabolic abnormalities of renal disease 
(1). It is universally present in patients with chronic renal dis
ease and continues to be one of the more difficult problems that 
confront the clinician charged with the responsibility of managing 
patients with chronic renal failure. A major difficulty in attempt
ing to adopt a rational approach in these patients'management has 
been the lack of a complete understanding of the pathogenesis of 
the deranged skeletal metabolism (2,3). Recently, development of 
morphometric analysis of bone biopsies, sensitive assays of vitamin 
D metabolites and parathormone (PTH), specific vitamin D metabolites 
for experimentation combined with formulation of testable hypothese~ 
have expanded our understanding of calcium and phosphorus homeosta
sis in renal osteodystrophy. New therapeutic trends, based on re
cent pathophysiologic information, can be perceived which have al
ready changed the often dramatic clinical picture seen 10-15 years 
ago. Treatment of renal osteodystrophy undoubtedly will undergo 
much refinement within the next five years and its prevention ap
pears as a reachable goal. 

This review briefly lists the classical modes of expression 
of renal osteodystrophy and states our current knowledge of its 
pathogenesis with particular emphasis on vitamin D and PTH. 
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MODES OF EXPRESSION 

Clinical 

The clinical picture of decreased intestinal calcium absorp
tion, excessive bone resorption and defective bone mineralization 
that can eventually lead to disabling symptoms of bone pain and 
pathologic fractures is familiar. Other symptoms include articular 
pain, muscular weakness and pain (proximal myopathy associated with 
osteomalacia), pruritis, soft tissue calcification, necrosis and 
ulcers, tendon rupture, ocular calcifications (4). 

Biologic 

Serum calcium concentration and intestinal calcium absorption 
are decreased. Levels of serum phosphorus, magnesium, alkaline 
phosphatase, hydroxyproline, and parathormone are increased. 
Circulating levels of vitamin D metabolites are normal (25 OH 
cholecalciferol) or decreased (1,25 and 24,25(OH)2 cholecalciferol). 
While radioimmunoassayable levels are increased, calcitonin activity 
may be normal by biologic assay (2,4). 

Radiologic 

The incidence of roentgenographic abnormalities of renal osteo
dystrophy is much more frequent than its clinical manifestations (2, 
4), and include: 

1. Subperiosteal bone resorption (osteolysis) in small 
tubular bones of hands and feet, in phalangeal tufts, 
distal clavicles, pubis, skull. The presence of 
"brown tumors" (long'bones, phalanges, skull, meta
carpals, ribs) is rare in uremic osteodystrophy and 
raises the possibility of primary hyperparathyroid
ism. 

2. Looser-Milkman pseudofractures (woven bone of de
creased density) in ischion, ribs,femoral neck, 
metatarsals, external border of scapula and, later, 
in long bones and pelvis. 

3. Osteosclerosis: Bugger-jersey spine. 
4. Metastatic calcifications in soft tissues (periarti

cular, vascular, mediastinal, pulmonary). 

Technetium scanning may be more sensitive than roentgenography to 
demonstrate uremic bone abnormalities. In one series, abnormal 
bone activity was observed in 90 percent of chronic hemodialysis 
patients when bone x-rays were abnormal in only 33 percent (5). 
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Histologic 

The bone presents a picture of increased turnover with: 

1. Osteitis fibrosa: increased osteoblastic and osteo
clastic activities, increased bone resorption, medul
lary fibrosis and fibrotic bone (woven osteoid). Some 
of these manifestations occur early in·chronic renal 
disease; woven osteoid can be present at a GFR of 80 
ml/min,while endosteal fibrosis does not appear be
fore GFR has fallen below 30 ml/min (6). 

2. Osteomalacia (increased osteoid volume with abnormal 
mineralization and absent calcification front) is a 
frequent but late manifestation of renal osteodystro
phy and is never severe at a GFR greater than 40 ml/ 
min (6). However, pure osteomalacia is rare,occur
ring in less than 10 percent of chronically uremic 
patients (4). 
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3. Osteosclerosis (increased bone mass as calcified bone 
plus osteoid bone) is present in 30 percent of patients 
with chronic renal insufficiency (4). 

4. Osteoporosis (decreased bone mass) is never present in 
chronic renal disease in the absence of heparin or ster
oid treatment. 

5. Finally, bone collagen is defective and immature (4). 

PATHOPHYSIOLOGY 

The views of Dent (7) on the variable histologic patterns of 
renal osteodystrophy are presented in Figure 1. Three different 
patients are illustrated: one with osteomalacia, another with os
teitis fibrosa cystica, osteomalacia and osteosclerosis and a third 
with osteitis fibrosa and osteosclerosis. Osteomalacia predominates 
in diseases characterized mainly by renal tubular failure or inter
stitial diseases of the kidney as a result of vitamin D deficiency, 
while glomerular diseases are complicated by osteitis fibrosa and 
osteosclerosis as a result of excess PTH. Not everybody agrees with 
this view nor with the classic separation between the histologic 
manifestations of renal osteodystrophy due to vitamin D lack and 
those due to PTH excess. Indeed, although a lack of 1,25(OH)2D3 
supposedly is the main pathogenic factor of osteomalacia, the latter 
is not easily accessible to therapy and is not corrected by adminis
tration of 1,25(OH)2D30n1y (8). Rather, the metabolisms of both en
docrine systems are intimately interrelated. 

Many factors contribute to the development of renal osteodys
trophy (Table 1). Hyperparathyroidism and vitamin D deficiency, 
however, are principally responsible for the syndrome. 
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patient 1 patient 2 patient 3 

osteitis fibrosa 

osteomalacia 

oSTeosclerosis 

more renal tubular failure. ,,~;-----------------

--------------)~more renal glomerular failure. 

FIG. 1. Schematic illustration of bone manifestations in renal os~ 
teodystrophy. Vertical lines indicate the composition of bone dis
ease in 3 hypothetical patients. (From Dent, C.E. and Stamp, T.e.B., 
Vitamin D, Rickets and Osteomalacia. In: Avioli, L.V. and Krane, 
S.M. (eds.): Metabolic Bone Disease, Vol. 2, New York: Academic 
Press, 1978, p. 296). 

Hyperparathyroidism 

PTH normally functions to maintain serum ionized calcium within 
narrow limits in the extracellular fluid (9). When serum ionized 
calcium decreases, the parathyroid glands secrete PTH. PTH then 
tends to restore eucalcemia directly by increasing calcium resorp
tion from bone and calcium reabsorption by the kidney and, indirectl~ 
by enhancing intestinal calcium absorption through renal stimulation 
of 1,25(OH)2D3 production. As the level of serum ionized calcium 
rises, PTH secretion decreases. This feedback loop system between 
ionized calcium and PTH operates in chronic renal disease (10). 

tration 
In chronic renal disease, as renal function and glomerular fil

rate (GFR) decrease, the concentration of PTH in blood (iPTH) 
The more advanced the renal disease, the greater the level of 

Importantly, secondary hyperparathyroidism occurs as an early 
rises. 
iPTH. 
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Table 1. Pathogenesis of Renal Osteodystrophy 

1. Hyperparathyroidism 
2. Abnormal Vitamin D metabolism 
3. Other factors 

a. Acidosis 
b. Relative deficiency in calcitonin 
c. Aluminum, fluoride, magnesium 
d. Drugs: - steroids, heparin 

- barbiturates, dilantin 
- excess phosphate binding gels 

e. Hypoproteinemic diets poor in phosphorus, cal
cium and Vitamin D. 
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manifestation of renal disease and small decreases in GFR are associ
ated with increased levels of iPTH (11) in agreement with the early 
skeletal abnormalities mentioned above. 

A number of factors (Table 2) contribute to the pathogenesis 
of secondary hyperparathyroidism in advanced renal disease, but no 
unanimity exists on the initial event leading from a decrease in 
renal function to hyperparathyroidism in early renal disease (12-
17). Several hypotheses with hypocalcemia, at least transient, as 
a common denominator have been advanced. These theories implicate 
phosphate retention (18,19), abnormalities in vitamin D metabolism 
(14,20) or skeletal resistance to PTH (21) as the predominant fac
tor responsible for the development of hyperparathyroidism. 

Administration of one gram phosphorus (equivalent to a steak 
dinner) to normal volunteers results in a progressive increase in serum 
phosphorus, a reciprocal decrease in ionized calcium and a progres
sive rise in serum iPTH (22). Thus, the pathogenesis of early se
condary hyperparathyroidism has been attributed to phosphate reten
tion (18,19). When GFR decreases, retention of phosphorus occurs 
that is attended by a reciprocal drop in ionized calcium and secre
tion of PTH. In this context the increase in iPTH occurs to enhance 

Table 2. Pathogenesis of Hyperparathyroidism 
in Chronic Renal Disease 

1. Hypocalcemia 
a. phosphate retention 
b. deficient vitamin D metabolism 

2. Bone resistance to PTH 
3. Impaired PTH metabolism 
4. Decreased sensitivity of the parathyroid 

glands to calcium 
5. Lack of PTH suppression by vitamin D metabo

lites 
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urinary phosphate excretion per nephron and restore phosphate ba
lance, thereby returning to normal the concentration of serum phos
phorus. In chronic renal disease, daily phosphate balance would be 
maintained but at the expense of a progressively increasing secre-
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FIG. 2. Urinary excretion of phosphate in six normal dogs (GFR 69 
ml/min), six dogs with a remnant kidney and chronic renal insufficiency 
(GFR 12 ml/min) and five thyroparathyroidectomized dogs with a rem
nant kidney (GFR 13 ml/min). After three control clearance periods 
(C) all animals were challenged orally with 500 mg phosphorus and 
five one-hour clearance periods were obtained (10). 

tion of PTH. In dogs with a remnant kidney and chronic renal insuf
ficiency given an oral phosphorus load, the urinary excre~ion of 
phosphate is severely blunted and retention of phosphorus ensues 
(Fig. 2). As a consequence, hyperphosphatemia is augmented leading 
to prolonged hypocalcemia (Fig. 3) (10). 
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FIG. 3. Changes in serum phosphorus and serum ionized calcium in 
normal and in remnant dogs after a 500 mg oral phosphorus. Data 
from animals described in Fig. 2. 

This concept, which ascribes a central role to phosphorus reten
tion in the genesis of uremic hyperparathyroidism, is experimentally 
supported by the observations that dietary phosphorus restriction can 
prevent the development of hyperparathyroidism or reverse existing 
hyperparathyroidism in chronic renal insufficiency (23-25). Never
theless, despite phosphate restriction, dogs with a remnant kidney 
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develop late, albeit mild, hyperparathyroidism (23). It is now 
also apparent that the bulk of circulating iPTH is not necessary 
for maintenance of external phosphate balance in uremic dogs with 
a GFR about 30 percent of normal (26). Even totally parathyroidec
tomized animals can maintain phosphate homeostasis (27-29) and thy-
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FIG. 4. Net cumulative 5-hr excretion of a 500 mg phosphorus load, 
expressed as a percent of the load, in normal, hyperparathyroid rem
nant and thyroparathyroidectomized (TPTX) remnant dogs. The dogs in 
the different groups are the same as described in Fig. 2. In five 
hours the normal animals excreted 60 + 4.9 percent of the load, the 
remnant dogs 27 + 1.9 percent and the-TPTX remnant dogs 22 + 6.6per
cent. 5-hr phosphate excretion in both groups of remnant dogs was 
markedly blunted (p < 0.001 vs normal group) without significant dif
ference between the remnant animals with and without thyroparathy
roidectomy. 

roparathyroidectomized dogs with chronic renal insufficiency chal
lenged with 500 mg phosphorus orally exhibit the same blunted phos
phate excretion as non-thyroparathyroidectomized equally uremic but 
hyperparathyroid dogs (Fig. 4) (10). Finally, the hypothesis does 
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not explain the inverse relationship that must exist in chronic 
renal disease between serum phosphorus and serum calcium, a relation
ship that is not always present in fasting patients early in the 
course of chronic renal disease (13). These observations indicate 
that phosphorus retention, although important in the genesis of hy
perparathyroidism, is not the sole and only an indirect factor since 
phosphorus has no direct effect on parathyroid gland secretion (30). 
Rather than being directed at phosphorus homeostasis, the hyperpara
thyroidism of renal insufficiency may be a compensatory mechanism 
directed at calcium homeostasis whereby development of dangerous 
hypocalcemia after a phosphorus load is prevented. Indeed, in the 
absence of PTH, administration of phosphorus leads to severe hypo
calcemia, tetany and death (15). 

The evidence that altered vitamin D metabolism contributes to 
abnormal calcium metabolism in chronic renal disease is considerable. 
Patients with advanced renal failure have little or no production of 
1,25(OH)2D3' an important metabolite for intestinal calcium absorp
tion and for a normal skeletal response to PTH. In the absence of 
adequate production of 1,25(OH)2D3' a lowered intestinal calcium ab
sorption and skeletal resistance to the calcemic action of PTH would 
reduce ionized calcium in blood, thereby stimulating the secretion 
of PTH and leading to secondary hyperparathyroidism. 

Since hyperphosphatemia or phosphorus retention inhibits 1,25 
(OH)2D3 formation in the kidney, a variant of the phosphorus reten
tion hypothesis has been proposed in which changes in 1,25(OH)2D3 
would mediate the effects of phosphorus on serum ionized calcium 
(20). As renal mass is reduced, there may be a slight decrease in 
the renal generation of 1,25(OH)2D3 leading to a fall in serum cal
cium and a rise in the secretion of PTH. The latter, in turn would 
stimulate the renal production of 1,25(OH)2D3 leading to normal le
vels of the sterol in blood and return of intestinal calcium absorp
tion to normal. This tendency to normalization is maintained only at 
the expense of a sustained elevation in serum iPTH level and would 
continue as long as the surviving nephrons of the diseased kidney 
are capable of increasing their production of 1,25(OH)ZD3' Phosphate 
retention may be the signal to the impaired generation of 1,25(OH)Z 
D3' Preliminary results in patients with early renal failure show 
that dietary phosphorus restriction may lead to an increase in 1,25 
(OH)2D3 production, return of blood PTH levels to normal, improvement 
in the calcemic response to PTH and intestinal calcium absorption 
and healing of bone disease (14). 

Infusion of PTH is normally attended by an increase in serum 
calcium. In comparison with normal subjects or animals, the same 
dose of PTH results in a markedly blunted calcemic response in pa
tients or dogs with renal insufficiency (21,31) (Fig. 5). This 
skeletal resistance to PTH is independent of serum phosphorus and 
is not reversed by hemodialysis (31). It occurs after two days of 
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acute uremia and is seen in patients with GFR's above 50 ml/min 
(31-33). Pretreatment with 1,2S(OH)2D3 improves tee response in 
anephric and in remnant animals (32,34) (Fig. 4) while 1,2S(OH)2D3 
alone in acutely uremic dogs with an intact renal mass (33) and 
1,2S(OH)2D3 plus 24,2S(OH)2D3 in anephric animals completely normal
ize the skeletal response (35). The effects of the metabolites com-
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FIG. 5. Changes in serum ionized calcium in five normal (N) dogs 
(GFR 71 + 4 ml/min) and in ten dogs with a remnant (R) kidney and 
chronic renal insufficiency (GFR 11 + 2 ml/min) during and after 
intravenous infusion of a standard dose of purified bovine parathy
roid hormone (Inolex Corp.). Half of the remnant dogs were tested 
after pretreatment for 3 days with 400 pg 1,2S(OH)2D3 (Data from 34). 
*Indicates greater calcemic response in normal (N) dogs than in each 
remnant group (P < 0.05). 

+Indicates greater calcemic response in 1,2S(OH)2D3 treated (R 1,25) 
than in untreated remnant (R) dogs. 

bined need to be evaluated in chronic uremia. The pathogenesis of the 
skeletal resistance to PTH, thus, may relate to an impaired vitamin 
D metabolism. Uremia per se, however, has been implicated (33,36) 
and, in vitro, an increased phosphate medium concentration has been 
shown to decrease the release of calcium from bone in response to 
PTH (36,37). 
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This skeletal resistance has been viewed as a major factor in 
the genesis of secondary hyperparathyroidism (17,21). Although bone 
resistance to PTH may contribute to hyperparathyroidism, the blunted 
calcemic response to PTH in renal insufficiency does not appear to 
be a predominant factor in the pathogenesis of hyperparathyroidism 
since the chronically uremic dog treated with reduction of phosphorus 
intake, which prevents phosphorus retention and maintains a normal 
iPTH level, also demonstrates this abnormality (34). 

In addition to phosphorus retention, alterations in vitamin D 
metabolism and skeletal resistance to PTH,other mechanisms contri
buting to hyperparathyroidism in renal insufficiency include an ab
normal PTH metabolism, a decreased sensitivity of the parathyroid 
glands to calcium inhibition and possibly a lack of suppression of 
PTH secretion by vitamin D metabolites. 

Although under conditions of hypercalcemia fragments of PTH may 
be released by the parathyroid glands, PTH is usually secreted as 
the intact molecule (9,38) and undergoes metabolism in the liver 
and the kidney (39). The fragments containing the amino end of the 
molecule are extracted by bone and by the kidney through peritubular 
capillary uptake and glomerular filtration while those fragments con
taining the carboxyl end are catabolized in the kidney where they 
only undergo glomerular filtration. Thus, as GFR decreases, the 
clearance of the C-terminal fragments also decrease~resulting in 
retention and increasing circulating levels of immunoreactive PTH 
(40,41). This metabolism of PTH explains why immunoassays directed 
at different portions of the PTH molecule provide different results. 
Thus, in chronic renal insufficiency, the levels of iPTH are in
creased not only because of increased production and secretion by 
the parathyroid glands but also because of impaired elimination. 
The biologic activity of the C-terminal fragments accumulating in 
uremia is unknown. 

An altered negative calcium feedback on parathyroid gland se
cretion adds another reason for the sustained hyperparathyroidism 
of chronic renal insufficiency. A loss of the negative feedback 
mechanism of calcium on PTH secretion is evident in patients with 
end stage renal disease who progressively become hypercalcemic and 
develop "tertiary hyperparathyroidism". Abnormalities in the cal
cium ion regulation of PTH secretion, however, has also been ob
served in eucalcemic patients with chronic renal failure (9). In 
vitro, an increased affinity for magnesium, a decreased sensitivity 
for calcium and an abnormal cyclic nucleotides metabolism have been 
described in hyperplastic parathyroid glands from chronically uremic 
subjects (42). 

Finally, although conflicting data exist, observations suggest 
that some metabolites of vitamin D may affect PTH secretion via a 
direct action on the parathyroid glands independent of changes in 
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serum ionized calcium (43-48). If one of the vitamin D metabolites 
has a direct inhibitory effect on PTH release, its deficiency in ad
vanced renal insufficiency would remove one of the negative feedback 
mechanisms of PTH secretion. 

Vitamin D Deficiency 

The metabolism of vitamin D, though a very important subject, 
will only be briefly commented upon. Vitamin D is generated 
by ultraviolet light in the skin. It is also present in food. Its 
absorption is intact in chronic renal disease. In the liver, vita
min D is hydroxylated to 25(OH) cholecalciferol. This metabolite 
undergoes further hydroxylation in the kidney to form 1,25(OH)2D3 
or 24,25(OH)2D3 which are under strong regulatory influences. For
mation of 1,25(OH)2D3 is stimulated by PTH but inhibited by phos
phorus. Conversely, in the absence of PTH or when serum phosphorus 
is norma~ there is preferential hydroxylation in the 24 rather than 
in the 1 position and formation of 24,25(OH)2D3' 1,25(OH)2D3 is 
exquisitely active in stimulating active intestinal calcium absorp
tion possibly through a calcium-binding protein. In addition, 1,25 
(OH)2D3 acts on bone (49-51). 

Until recently it was believed that only 1,25(OH)2D3 had bio
logic activity. Indeed, on a molar basis 1,25(OH)2D3 Is the most 
potent metabolite of vitamin D. However, 1,25(OH)2D3 circulates 
in blood in very small amounts of about 20-40 pg/ml. Other vitamin 
D metabolites which circulate in much higher concentrations (about 
50-100 fold larger for 24,25(OH)2D3 and lOOO-fold for 25(OH)2D3) 
have also been shown to possess biologic activity on gut and on 
bone. 

In chronic renal failure, the levels of 25(OH~D3 are usually 
normal. On the other hand, preliminary data indicate that 1,25(OH)2 
D3 levels are low in advanced renal failure and may be undetectable 
in anephric patients (15,52-54). Thus, chronic renal failure is a 
vitamin D deficient state. However, early in the course of renal 
disease, the levels of the di-hydroxy metabolites of vitamin Dare 
normal and an absolute deficiency of 1, 25.(OH) 2D3 or 24,25 (OH) 2D3 
has not been demonstrated (14,15). Nevertheless a state of relative 
deficiency has been postulated by investigators who noted improve
ment of osteodystrophy with 1,25(OH)2D3 treatment at an early stage 
of renal insufficiency (14,20). 

The impaired intestinal calcium absorption was well recognized 
forty years ago when patients with chronic renal failure were shown 
to absorb only 7 percent of dietary calcium as opposed to 28 percent 
for normal subjects given the same calcium diet (55). The defect in 
calcium absorption may be apparent in patients with GFR's of 75 ml/ 
min and is corrected by 1,25(OH)2D3 (14,56). Normalization of cal-
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cium absorption also occurs with administration of 25(OH) D3 in 
pharmacological doses or with 24,25(OH)2D3 (57). Other consequences 
of vitamin D deficiency include defective mineralization of bone and 
osteomalacia, myopathy and possibly impaired suppression of PTH (see 
above). 

It is interesting to compare the biologic actions of 1,25 and 
24,25(OH)2D3 in the context of renal osteodystrophy. 1,25(OH)2D3 
increases intestinal calcium absorption. It also increases serum 
calcium and urinary calcium excretion and has variable effects on 
calcium balance. It has only late effects on serum alkaline phos
phatase and decreases iPTH indirectly by increasing serum calcium 
(20,49-51). Although 24,25(OH)2D3 also increases intestinal cal
cium absorption, it does not increase serum calcium or urinary cal
cium excretion (20,45,57,58). Nevertheless it leads to a positive 
calcium balance presumably with deposition of calcium in bone. 
Thus, 24,25(OH)2D3 may have an anabolic effect on bone which is 
often not apparent for 1,25(OH)2D3. 24,25(OH)2D3 also decreases 
circulating iPTH as a result of a direct effect on the gland (43, 
44). However this effect has not been observed consistently (57). 

As discussed earlier it is presently unclear whether the de
creased production of 1,25(OH)2D3 in renal failure is due to loss 
in renal mass or to phosphorus retention. Other factors contribu
ting to a decreased production of renal metabolites of vitamin D 
include the lack of precursor formation in the skin due to seasonal 
variation in sunlight exposure, accelerated metabolism of 25(OH) D3 
in the liver by drugs (barbiturates, dilantin) or excessive urinary 
losses of 25(OH) D3 in the nephrotic syndrome (20,59). 

Treatment 

Because of the evolving state of the art of the vitamin D 
field, a complete therapeutic regimen cannot be proposed presently. 
Nevertheless the pathogenic mechanisms discussed above allow the 
development of a rational approach of prevention and treatment of 
renal osteodystrophy (Table 3). Efforts must be directed at con
trolling serum phosphorus and the hyperparathyroidism, while cor
recting the vitamin D deficiencies and providing enough calcium for 
patients to maintain a positive calcium balance without hypercalce
mia. 

Evidence reviewed earlier clearly indicates that hyperparathy
roidism can be minimized by decreasing dietary phosphorus intake. 
Although not practical on a long term basis, administration of a 
phosphate restricted diet is effective in lowering serum phosphorus. 
The use of phosphate binding antacids (aluminum hydroxide) seeks to 
achieve the same goal and is a more practical and now common, al
though unpalatable, means to decrease serum phosphorus. These 
antacids bind phosphorus in the intestinal lumen preventing its ab-
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Table 3. Treatment of Renal Osteodystrophy 

1. Phosphorus: - diet 
- Al(OH)3 

2. Calcium: - diet 
- dialysate 

3. Vitamin D: - 25(OH) D3 
- 1,25(OH)2D3 
- other preparations 

4. Parathyroidectomy: 

- surgical 
- "medit:;al": - calcium 

- propranolol 
- 24,25(OH)2D3 

cimetidine 

sorption across the gut. As a consequence, postprandial hyperphos
phatemia and hypocalcemia are blunted and the stimulation of PTH 
after each meal is attenuated (60). Enough antacids should be given 
to lower and maintain a serum phosphorus level of about 4 to 5 mg/dl 
without inducing hypophosphatemia (61-63). 

Passive intestinal absorption of calcium can be increased by 
providing enough calcium in the diet to avoid development of a nega
tive calcium balance (64). When necessary, calcium supplementation 
should be given to provide a daily intake of 1.5 g calcium. To in
crease active intestinal absorption of calcium, a vitamin D prepara
tion is necessary. Vitamin D therapy is beneficial not only for im
proving enteric calcium absorption but also to provide the hormone 
to other target organs (bone, kidney, parathyroid gland, muscle). 

Which specific preparation should be used remains uncertain. 
The literature abounds with conflicting data on the effects of spe
cific vitamin D metabolites in apparently similar disease entities. 
Only a few metabolites have been tested and a number of others have 
been described with undetermined biologic activity. It is quite 
possible, if not probable, that some of these may prove more speci
fic than currently available preparations for certain pathophysiolo
gic conditions. One must remember that the generic term of renal 
osteodystrophy masks heterogeneous disease entities of different 
pathogenesis (20). Hopefully, these uncertainties will resolve as 
stable preparations of different metabolites of vitamin D become 
available for experimental and clinical use together with reliable 
assays of vitamin D metabolites in blood. The use of a precursor, 
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such as 25(OH) D3, may be more beneficial than a renal metabolite 
when kidney function is normal to allow renal production of the 
metabolite or.metabolites that may be most useful for the disabled 
body. When kidney function fails a precursor may be an ineffective 
substitute for a specific metabolite formed in the kidney. 

The only metabolite of vitamin D presently available on the 
market is 1,25(OH)2D3. Although some report beneficial effects 
with the use of 1,25(OH)2D3 in renal osteodystrophy, this experi
ence is not universal (2,3,65-67). The high potency of the drug 
requires careful monitoring. Indications for its use in renal dis
ease include symptomatic uremic bone or muscle disease. Asymptoma
tic bone disease with roentgenographic evidence of bone resorption, 
increased alkaline phosphatase, increased iPTH, and histologic evi
dence of osteitis fibrosa is another indication. However, prophy
lactic use cannot be systematically recommended at this time in 
asymptomatic patients. It is less effective when osteomalacia pre
dominates (20). 24, 25(OH)2D3 may then be more useful whether renal 
disease is present (68-68a) or absent (69). Whenever 1,25(OH)2D3 
is used,serum concentration of calcium and GFR must be carefully 
monitored (20,70-72). Other indications for 1,25(OH)2D3 may in
clude hypocalcemia associated with the nephrotic syndrome or renal 
tubular acidosis. It is possible that renal osteodystrophy results 
from an imbalance between 1,25 and 24,25 (OR) .p rather than from a 
single metabolite deficiency. Future therapeutic regimens may very 
well include both metabolites. 

When all measures fail and hyperparathyroidism persists with 
progressive bone disease or hypercalcemia develops, parathyroidectomy 
is necessary (73). Subtotal parathyroidectomy is performed or total 
parathyroidectomy with implantation of parathyroid fragments in a 
site easily accessible in the event of later recurrence of hyper
parathyroidism (74-76). A recent census in the Miami area indicates 
that 50 percent of patients undergoing chronic hemodialysis for four 
years needed parathyroidectomy while 100 percent of patients treated 
for eight years or more had been subjected to parathyroid surgery 
(W. Anderson, personal communication). 

An alternative to surgical parathyroidectomy may be pharmaco
logic inhibition of PTH secretion. The most physiologic way to in
hibit PTH secretion is with calcium ions. Calcium administration 
is obviously contraindicated in hypercalcemic patients and dangerous 
in hyperphosphatemic subjects. However, oral pharmacologic agents, 
propranolol, a beta-adrenergic antagonist, 24,25(OH~D3' a vitamin 
D metabolite, and cimetidine, an H2 histamine receptor antagonist, 
have been shown to decrease iPTH in patients or animals with chronic 
renal failure, presumably by acting directly on the parathyroid 
glands. Although the data available are scanty, they introduce the 
concept of "medical parathyroidectomy" as a possible future means of 
treatment of uremic hyperparathyroidism and renal osteodystrophy. 
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iPTH, alkaline phosphatase and radiologic bone lesions of les
ser magnitude have been observed in chronic hemodialysis patients 
receiving propranolol for 4-22 months than in a comparable popula
tion not receiving the beta blocker (77). Propranolol has also been 
shown to decrease iPTH following intravenous administration (78). 
In primary hyperparathyroid patients propranolol normalized circula
ting iPTH in 5 of 8 patients but convincingly decreased serum cal
cium only in 3 patients (79). iPTH in hyperparathyroid chronically 
uremic dogs given 2 ~g 24,25(OH)2D3 daily p.o. decreased by 50 per
cent after 3 weeks of treatment (45). Finally, cimetidine adminis
tered prospectively to chronically hemodialyzed patients at a dose 
of 600-900 mg daily p.o. decreased circulating iPTH from 419 to 107 
~IEq/ml (normal values: less than 75 ~IEq/ml) after 10 weeks of 
treatment (80). Similar observations with cimetidine have been 
made in dogs with chronic renal insufficiency (26). Interestingly, 
with each drug, the inhibition of iPTH occurred without an increase 
in serum ionized calcium and was reversible upon withdrawal of the 
drug but none inhibited iPTH completely. For all three agents these 
preliminary data are experimental and need confirmation. Although 
for all three drugs the PTH inhibition is supported by physiologic 
data (81-87), the effectiveness of these agents in the long term 
treatment of renal osteodystrophy remains an open question. Never
theless, they could prove useful in individual patients to correct 
the hypercalcemia of tertiary hyperparathyroidism when contraindi
cation to surgical parathyroidectomy exists (88). 
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HYPERTENSION OF RENAL ORIGIN 
IN CHILDHOOD 

Michel Broyer, M.D. and Jean-Louis Bacri, M.D. 

Servo Nephrol. Pediatr., Hopital Necker Enfants-Malades 
Paris, France 

From 1960 to 1980, 280 children and adolescents were referred 
to the pediatric nephrology department of the hospital "des Enfants 
Malades" in Paris for hypertension (HT). This series was defined 
by a diastolic blood pressure (BP) > 90 mm Hg. Of these 280 pa
tients, the hypertension in 86% (240) was of renal origin. This 
percentage is an overestimation of the frequency of renal causes 
of childhood HT since these patients were referred to a special
ized service. However, the amount is in accordance with previous 
studies performed under the same conditions; Still and Cotton 
found renal causes in 70% (1), Gill et al. in 83% (2), Royer et 
al. in 90% (3), and Aderele and Siriki in 95% (4). In contrast, 
Londe et al. found renal causes in only 5% but here hypertension 
was defined by the 97.5th percentile (5). 

Thus, the exact prevalence of HT of renal or1g1n in childhood 
is not known; it depends upon the definition of HT and also on age: 
the younger the child, and the higher the BP, the more likely the 
HT is secondary and of renal origin. Consequently, and in spite 
of the increasing interest raised by essential hypertension in the 
pediatric age, renal causes warrant careful analysis, as is at
tempted in this paper. 

SYMPTOMS AND BLOOD PRESSURE VALUES 

The majority of cases of renal HT reported here were sympto
matic. The most frequent signs/symptoms were headaches, dizziness, 
abdominal pain, vomiting, polyuria, polydipsia, weight loss, sight 
defect, seizures, facial nerve palsy, and mucosal or post surgical 
bleeding. Nevertheless, nearly half of these cases (10 of the 
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last 22 cases) have been detected by incidental physical examination 
at times indicated by the discovery of proteinuria, but often without 
any reason. 

Severe complications have been observed, including congestive 
heart failure, blindness, coma and hypertensive encephalopathy. 
Malignant hypertension as defined by accelerated renal failure with 
very high blood pressure and hemolytic anemia, which looks like 
hemolytic uremic syndrome, was rare; 4 such cases were observed in 
this series. 

Blood pressure values at time of diagnosis generally were very 
high. In 27 children with small, scarred kidneys for whom there 
were at least 3 BP measurements before any treatment, the mean BP 
was 185/119 mm Hg. In 38 children with renovascular HT by the same 
criteria, the mean BP was 192/114 mm Hg. In contrast with these 
figures, 15 patients belonging to the same series and finally clas
sified as essential hypertension, had a mean BP of 158/96 mm Hg. 

ETIOLOGY (Table 1) 

The main causes of these 240 cases of HT were: glomerular dis
ease, 71 cases; hemolytic uremic syndrome, 15 cases; scarred small 
kidneys, 77 cases (of which 30 were histologically defined as seg
mental hypoplasia); vascular changes (renovascular HT), 48 cases; 
obstructive uropathies, 18 cases; and various, 11 cases (Wilm's tu
mor 4, trauma 3, polycystic kidneys 3, sequellae of renal ischemia 
1). 

Glomerular Nephropathies (GN) 

Only patients with persistent HT beyond the first weeks of the 
onset of the disease have been selected here. Acute GN, which re
presents a major cause of HT in childhood but generally is transi
ent, is not included in this list. Rapidly progressive or crescen
tic GN frequently was associated with HT (15/22), as was periarteri
tis nodosa (12/14), and lupus GN (10/25); in contrast, membranopro
liferative GN rarely was complicated by HT (2/106), neither was mem
branous GN (3/60) nor idiopathic steroid unresponsive nephrotic syn
drome (4/136). Henoch Schonlein GN had an intermediate position 
(10/100). Berger's disease, frequently associated with HT in adult 
patients, was not in children (3/100). Whatever type of GN, there 
was generally a correlation between microscopic arterial lesions 
and the development of HT. 

Hemolytic Uremic Syndrome 

Severe HT may develop and persist beyond the acute phase of 
the disease. The frequency of this complication was nevertheless 
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Table 1. Etiology of 240 Cases of Renal Hypertension in Children 

Cause 

Glomerular disease 

Hemolytic uremic syndrome 

Scarred small kidneys 
histologically defined 
without histology 

Renovascular 

Obstructive uropathy 

Various 
Wilm's and other tumors 
post traumatic 
polycystic kidneys 
sequelae of renal ischemia 

Cases 

71 

15 

77 
(30) 
(47) 

48 

18 

11 
(4) 
(3) 
(3) 
(1) 

% 

29.4 

6.3 

32.3 

19.7 

7.5 

4.6 

different according to the age of the patient. It was rare in child
ren under 2-3 years of age (5 of 60 cases), and frequent in those 
above 3 years (10 of 15 cases). Here again, important vascular le
sions were found upon microscopic examination of the kidney. This 
form of renal HT sometimes was extremely severe, especially in older 
children; bilateral nephrectomy was required in 10 cases. 

Small Scarred Kidneys 

Considerable controversy remains about this group of patients, 
one of the most important in all series of renal hypertension in 
children under different eponyms (Ask-Upmark kidney, pyelonephritis, 
segmental hypoplasia, etc.). Calling it "segmental hypoplasia", 
Habib et al. (6) can be credited with giving the precise descrip
tion of this histological lesion and drawing attention to the fact 
that this kind of renal alteration is often observed without any 
antecedent infectious episode and proposing an alternative to the 
general opinion that pyelonephritis is its usual cause. 

Segmental hypoplasia is well defined anatomically and histolo
gically (7). At macroscopic examination, the kidney appears reduced 
in volume. The atrophy involves both cortex and medulla with dilata
tion of corresponding calices. At microscopic examination, the main 
characteristic is the sharp demarkation of the scarred zone from the 
apparentl~ normal zone. In the cortex the major alterations involve 
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tubules and vessels. Tubules are either totally collapsed or di
lated and their lumen is filled with colloid casts. Arcuate and 
interlobar arteries are severely altered with sclero-elastic endar
teritis and complete obstruction of their lumen. The medulla is 
reduced to a thin layer of fibrous mesenchymatous tissue with oc
casional collecting ducts. These changes are not accompanied by 
an inflammatory infiltration of the interstitial tissue. In this 
series, using these histological criteria, 30 cases of HT were 
found fitting the definition of segmental hypoplasia. Age at diag
nosis was 5-14 years. There was a predominance of female patients 
(22/30). The diagnosis was suspected after IV pyelography (IVP) 
which showed abnormalities affecting one or both kidneys, reduced 
size or abnormalities of the renal contour and of the calices. 
These lesions often were found at the upper pole with blunting or 
clubbing of calices and parenchymal amputation. Voiding cystoure
thrography (VCU) showed vesico ureteral reflux in 2/3 cases, usual
ly marked and bilateral. Of 30 cases, only 8 had unilateral lesion 
with compensatory hypertrophy on the other side, suggesting that 
the lesion was unilateral. 

HT was completely cured by nephrectomy in unilateral cases 
when this operation was performed before the development of contraa 
lateral lesions of nephroangiosclerosis. In cases of bilateral le
sions, treatment was purely symptomatic and evolution toward ter
minal renal failure (TRF) was observed in the most severe forms and 
when HT was not easily under control. 

Physiopathology of HT is linked to renin secretion in the 
scarred zone of the kdiney; this was shown by PRA assay from renal 
vein in unilateral cases, or by finding granules of renin in the 
pathologic arteries. The cause of scars remains a subject of dis
cussion. Three hypotheses which have been proposed are: defect 
of renal development, reflux nephropathy during fetal life or the 
first months after birth, or late sequelae of early infection of 
renal parenchyma. 

Vascular Changes 
(Renovascular Hypertension) 

This group of 48 cases is defined by HT associated with alter
ations of the main renal vessel and its first branches (1). HT was 
generally severe. Arterial stenosis was suspected in 7 patients 
after finding an abdominal bruit; in 4 others, clinical symptoms 
of neurofibromatosis oriented the diagnosis toward a renovascular 
cause. 

IVP generally drew attention to the kidney, but was noninfor
mative in 13 of the 48 cases. Kidney size usually was reduced, and 
the' contrast material appeared more opaque in the renal pelvis on 
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the side of ischemia. After IV furosemide administration, this 
last finding was observed in 75% of the cases with unilateral le
sions. The diagnosis in all cases was confirmed by arteriography. 
Two main subgroups may be described. 

Localized alteration of renal arteries occurred in 22 cases. 
Of these, 5 were cases of penaZ aPtepy stenosis; only one was 
clearly related to a precise cause - radiotherapy done 13 years 
before for neuroblastoma. RenaZ aptepy thPombosis was suspected 
on clinical grounds in 3 infants who underwent umbilical artery 
catheterization after birth and had cardiac failure. Two were 
nephrectomized; the HT of the third one was successfully treated 
but he was left with a small kidney. One girl whose first symptom 
was lumbar pain, rapidly developed severe HT which was cured only 
by nephrectomy; renal artery thrombosis was discovered upon histo
logical examination. She had an important and persistent increase 
of factors V and VIII. A diagnosis of lupus was confirmed 3 years 
later based on biological criteria. Three other cases of renal 
artery thrombosis remained idiopathic. There were 4 cases of 
penaZ aptepy aneurysm. This diagnosis was based on arteriography 
in 3. In the fourth, the right kidney was not visualized and ar
teriography did not show a right renal artery; the diagnosis of 
massively thrombosed aneurysm was made at laparotomy. No systemic 
disease was found in these patients. Several types of fibpomuscu
Zap dyspZasia have been described in adult patients but the four 
cases in this series were unusual. Two were characterized by an 
anarchic proliferation of muscle fiber in the media, the rarest 
type; in another case, this abnormality was limited to a segment 
of the vessel. Two cases of endaptepitis remained without an ex
planation. 

Alteration of renal artery as part of a generalized vascular 
disease occurred in 20 cases. Neurofibpomatosis of Von Reckling
hausen is the most frequent cause of generalized angiodysplasia. 
Out of the seven cases in this series, five had unilateral and 
two, bilateral lesions. The diagnosis was suspected because of 
"cafe au lait" spots or familial antecedents in 5 of the 7 cases. 
Arteriography showed a banal stenosis in 4 cases, and multiple 
vascular abnormalities in the others. In two cases the diagnosis 
was made after microscopic examination of the renal artery which 
showed the specific lesion characterized by irregular prolifera-
tion of fusiform cells in the tunica intima, breaching of the la
mina elastica interna and, here and there, disappearance of the 
tunica media. Pseudoxanthoma eZasticum (2 cases), a rare heredi
tary disease, is clinically characterized by skin lesions (yellow 
papuli) , specific abnormalities of the eyegrounds (angioid streaks), 
gastrointestinal bleeding and progressive obstruction of arteries. 
HT is rare in children. Diagnosis was ascertained on familial 
antecedents, microscopic examination of arteries, and ultras truc-
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tura1 abnormalities of skin elastic fibers. Multiple thrombosis 
and fusiform aneurysms of branches of renal, iliac and mesenteric 
arteries were noted in our cases, giving a characteristic feature 
to the arteriography. Ehlers-Danlos syndPome (type IV of Sack) was 
found in one case, a boy of 14 years who had an aneurysm of the aor
ta with an irregularly dilated left renal artery; he had recurring 
pye10uretera1 stenosis after surgery and an abnormal skin. 

Takayasu's disease or coarctation of abdominal aorta occurred 
in 5 children ages ,2-14 years (3 from north Africa). Three had no 
or feeble peripheral pulses. Arteriography revealed extended sten
osis of the abdominal aorta and ostial stenosis of renal arteries. 
Histological examination in two cases confirmed the diagnosis of 
nonspecific aortitis with predominant lesions in the adventitia. 
The pathogenesis of this disease remains obscure. A congentia1 
malformation may be considered in very young children. An infec
tious process has been proposed. Tuberculosis was found frequently 
in some areas. Two out of these 5 patients had strongly positive 
tuberculin skin tests. An autoimmune inflammatory process has also 
been advoc~ted. william and Beuren syndPome was observed in one 
case. This child had the characteristic "elf" facies. He became 
hypertensive at age 13. Arteriography showed stenosis of one renal 
artery and of the aorta. Idiopathic arteritis with calcification 
of the media was found in 2 cases with severe HT, ages 3 and 12 years 
with diffuse microscopic calcification of arteries including renal, 
without coronary involvement. The relationship between these 2 
cases and the classical idiopathic infantile arterial calcification 
is not clear. Unclassified abnormalities were found in 2 cases. 

Miscellaneous causes of renovascular HT included renal vein 
thrombosis followed by HT in 2 cases and external compression of 
the renal artery by hematoma or a tumor in 4 cases. 

Treatment of renovascular HT. This type of HT is of great 
interest because there is the possibility .of surgical cure. In the 
past, nephrectomy often was thought to be the only way to avoid the 
problems stemming from renal ischemia. Now, efforts are as conser
vative as possible, to try to repair vascular lesions by eventually 
using ex vivo surgery or autotransplantation. Each case raises a 
particular problem which can be solved only after complete investi
gation which includes renal vein plasma renin assay (PRA). 

In the last 3 years, 8 patients with renovascular HT under
went vena cava and renal vein sampling for PRA. Six of.them had 
unilateral arterial lesions and a ratio R/RC between 1.5 and 10; 
all have been cured by surgery. Two patients had asymetrica1 bi
lateral vascular disease and had a ratio R/RC > 1.5; they also had 
a ratio RC/VC > 2 which gave evidence of a persistent renin secre
tfon on the better side. They were treated medically. 
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OVerall results of the present series are difficult to inter
pret because of the long period of time during which the cases were 
collected. Out of 27 cases of unilateral lesions, 25 have been 
operated. Thirteen nephrectomies have been performed as first 
operation with 12 definitive cures. Ten surgical reconstructions 
of renal arteries have been undertaken, and if 3 subsequent nephrec
tomies are included, 7 of these patients are completely cured of 
their HT. The case with renal artery stenosis secondary to irra
diation underwent autotransplantation with improvement of HT. 
Another case healed after evacuation of a hematoma. Of the 19 
children with bilateral lesions, 10 underwent surgery but only 3 
with Takayasu disease could be satisfactorily recontructed with 
complete cure of HT. 

Obstructive Uropathies 

Eighteen cases of HT were recorded under this title but only 
6 of them really may be considered as such. In these 6 cases HT 
was cured or improved after correction of the urinary obstruction. 
In the other cases the result of surgery was less clear and the 
kidneys gnerally were altered. These patients might be classified 
with the group defined as "small scarred kidneys". 

OTHER CAUSES 

Hypertension Associated with Renal Tumor 

Wilm's tumor classically may be complicated by 
was the case for 2 children of the present series. 
one case of hamartoma of the kidney and one case of 
sympathoblastoma. 

severe HT as 
There was also 
compressive 

Hemangiopericytome or renin secreting tumor is lacking in this 
series. This cause has to be carefully looked for in children with 
high renin HT without obvious etiology. Arteriography usually de
tects the tumor but this investigation may be negative and the tu
mor is then only suspected after segmental renal vein sampling for 
PRA. 

Post Traumatic Hypertension 

Three cases of mild HT developed after renal trauma, without 
apparent involvement of the main renal artery, but with a reduction 
of renal size. 
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Polycystic Disease and Hypertension 

Of a total of 12 cases followed with polycystic disease, 3 
exhibited HT during the first 2-3 years of life. 

Sequelae of Renal Ischemia - Unclassified Case 

One case difficult to classify deserves to be reported. N.J., 
a boy 11 years old, became suddenly and severely hypertensive; IVP 
showed a right kidney smaller than the left but without any abnor
mality of calices. Arteriography did not show any alteration of 
the renal art~ries, but scintigraphy and ultrasonography revealed 
a slight abnormality in the right kidney structure. As PRA was 
higher on this side (R/RC = 1.8),' a biopsy and a right nephrectomy 
were successively performed and hypertension disappeared. Histolo
gical examination revealed a limited zone of ischemic lesions with
out any vascular alteration. Antecedents of prematurity and neo
natal difficulties were the only explanation that could be suggested. 

In conclusion a number of renal causes may be involved in 
childhood and adolescent hypertension. These causes sh9uld be 
carefully looked for in these age groups because of surgical pos
sibilities for correction. From a practical point of view, it 
must be recalled that renal hypertension usually is severe. We 
propose limiting complete investigation to patients who have 
blood pressure consistently at least 10 mm of Hg above the 97.5th 
percentile of normal distribution, or in the case of symptomatic 
or complicated HT. 

SUMMARY 

Two hundred and eighty cases of hypertension in children and 
adolescents were collected over a twenty year periotl (1959-1980). 
Definition of hypertension was a diastolic BP > 90 mm Hg. Two 
hundred and forty cases were of renal origin. Seventy-one cases 
(29.5%) were related to glomerulonephritis, the majority of which 
were rapidly progressive GN, periarteritis nodosa and lupus nephri
tis. Fifteen (6.03%) cases occurred after hemolytic uremic syn
drome, especially in children older than 3 years. Seventy-seven 
cases (32.3%) had small scarred kidneys of which 30, after histo
logical examination, were classified as "segmental hypoplasia". 
Forty-eight cases (19.7%) had abnormalities of renal arteries or 
branches, 22 had localized alterations of the renal artery, 20 
were part of a general vascular disease (7 neurofibromatosis, 5 
Takayasu's disease, 2 renal vein thrombosis, and 4 external com
pression by tumor). There also were 19 cases (7.5%) of obstructive 
uropathy and 11 (4.6%) miscellaneous causes. 
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The mean blood pressure before treatment was 185/119 in pa
tients with small scarred kidneys and 192/114 in renovascular HT. 
lt is proposed in childhood hypertension to limit complete renal 
investigation to those cases where BP is consistently at least 10 
mm Hg above the 97.5 percentile. . 
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The control of infection remains an important aspect of treat
ment in patients with renal insufficiency. A large fraction of 
deaths associated with acute renal failure as well as the three 
phases of end stage renal disease, the period of chronic uremia, 
dialysis and transplantatio~are due to infection. A large frac
tion of patients with renal disease need antibiotics for treating 
bacterial infections exclusive of urinary tract infection. Little 
data is available in children with renal failure on the incidence 
of infection or its treatment with anti-infectious agents. In a 
recent survey of our transplantation experience involving 107 trans
plants at St. Christopher's Hospital for Children, positive blooq 
cultures were obtained in 10 patients in the initial 21 days follow
ing the transplant (1). Moreover, antibiotics have been administered 
for a variety of infectious problems to virtually all of our patients 
with end stage renal disease. In one report of 497 children under
going maintenance dialysis, infection was responsible for death in 
13 percent (2). Thus, the need to understand how best to administer 
antibiotics to uremic children is obvious. 

We are aware of three publications dealing with the subject of 
the pharmacokinetics of usage in children with renal failure. Two 
deal with the use of gentamycin (3,4). The third is a study per
formed by us. We have recently completed a study which to the best 
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of our knowledge is the first to evaluate the pharmacokinetics of 
antibiotic elimination following the administration of a single 
dose of antibiotic to stable uremic children and to evaluate the 
relationship between drug removal and progressive renal insuffi
ciency as well as maintenance hemodialysis in children. 

The purpose of this presentation is four-fold: 

1. To review a few pharmacokinetic principles involved 
in clinically evaluating antibiotic usage. 

2. To illustrate these principles using our experience 
with Cefazolin in children with chronic renal failure. 

3. To consider the use of antibiotics in children under
going maintenance dialysis based on our experience 
with Cefazolin. 

4. To provide on the basis of our experience with Cefa
zolin some suggest~d guidelines for using other anti
biotics in children with renal insufficiency. 

PHARMACOKINETIC GENERALITIES 

Studies of the pharmacokinetics of antibiotics have been per
formed in two clinical settings (6,7). The first involves the 
study of drug elimination after administering a single dose of 
antibiotics to a stable, non-infected patient with normal and re
duced renal function. The second approach involves administering 
a minimum of three doses of antibiotic at appropriate intervals 
to an infected patient and then evaluating drug kinetics. The 
former permits the study of drug elimination in a stable patient 
under controlled conditions while the latter approach often neces
sitates study in patients whose renal function may be changing. 
The latter approach, however, may be somewhat more representative 
of what actually happens in an ill patient who is receiving multi
ple doses of drugs and has had time for maximal distribution 
and binding of the drug to occur. 

The goal of antibiotic therapy is to administer sufficient 
drug so that the concentration of drug within the plasma and in 
cells will exceed the minimum inhibitory concentration necessary 
to obtain antibacterial activity. Simultaneously, toxic levels 
must be avoided. In general, a loading dose of antibiotic is ini
tially given. Subsequentl~maintenance doses are administered. 
The frequency of drug administration must be at intervals which 
permit adequate drug levels to be achieved for periods long enough 
to destroy infectious agents, yet avoid toxic levels. In general, 
the frequency of antibiotic administration used in clinical medi
cine is to administer the antibiotic at intervals equal to 2 to 4 
times the half-life of the drug. Drugs will accumulate in the 
body if they are administered more often than intervals less than 
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1.4 times the half-life. Theoretically after 1,2,3 and 4 ha1f-
1ifes the concentration of drug remaining is 50,25,12.5 and 6.25 
percent of the original peak concentration. Depending on the drug 
involved, the maintenance dose given at times corresponding to 1,2 
or 3 half-1ifes would be 50,75 and 87.5 percent of the loading 
dose. The administration of drugs at such intervals permits the 
serum level of drug to fall to a level which is sufficiently low 
so that the next dose will not raise drug levels to toxic levels. 
Practical considerations, however, require that the frequency of 
administration of antibiotics be greater so as to prevent toxic 
accumulations. 

Exclusive of the effect oI dialysis on drug removal, the sum 
of the contribution of other factors can be estimated by ascertain
ing the serum half-life, i.e. biologic half-life, of the antibiotic. 
It should be remembered that the half-life of an antibiotic is quite 
variable and may change daily in a given patient, for 'a number of 
reasons. The biologic ha1f-1ifes of antibiotic are determined by 
administering the antibiotic either orally, intramuscularly, or 
intravenously, waiting 30-60 minutes for mixing to occur within 
the body and then obtaining blood samples at periodic intervals 
over a number of hours, usually 1-12 (5,6,7). The formula used is,: 
C = Co • e-kt where C = drug concentration at time t, Co = drug 
concentration at time zero, e -kt= natural logarithm of two raised 
to the power kt where k represents the elimination rate constant 
and t equals time. The elimination rate constant (k) is usually 
determined by plotting the log of the concentration of the drug 
against time and the slope of this line or k determined by a least 
squares regression line. Once k has been determined, the half-life, 
t~, is easily calculated. Ha1f-1if~ can be shown to be equal to 
-0.693/k equals t~. C or the peak concentration of the drug and 
the volume of distribution of drug can also be determined by ex
tending the slope of the line back to time zero. Peak levels 
should not exceed toxic levels. 

A number of parameters influence the removal of antibiotics from 
the body (7,9). They include the renal elimination rate, i.e. the 
level of renal function, the non~rena1 excretion rate, the level of 
function of organ systems involved in the non-renal excretion of 
drugs, the rate of biotransformation of antibiotics, the volume of 
distribution of antibiotic, and the influence on the rate of removal 
of antibiotic by dialysis. Alterations in anyone of these para
meters by altering the t~ of an antibiotic will either increase its 
toxicity or render the drug less effective. In addition to the 
above, a number of other factors are known to influence drug metabo
lism in uremic individuals. These factors include the effects of 
uremia on drug biotransformation (9), protein binding sites (10,11), 
gastrointestinal function, altered volumes of distribution of drug, 
i.e. increased extracellular volume, and reduced quantities of albu
min. In order to simplify matters, the discussion to follow will as
sume that all factors other than renal function have remained constant. 
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ANTIBIOTIC USAGE IN PROGRESSIVE RENAL FAILURE 

With the above as a background, we can now proceed to illus
trate how alterations in renal function in children influence the 
drug elimination. As already mentioned, this will be done using 
our experience with Cefazolin (5) and comparing our results to 
studies on Cefazolin pharmacokinetics in adults with renal insuf
ficiency (12,13,14,15). Cefazolin is a cephalosporin with a broad 
spectrum of antimicrobial activity. It is highly bound to serum 
proteins, but not tightly bound,and readily dissociates from serum 
proteins when the free level of drug decreases. The principal mode 
of excretion of Cefazolin is through the kidney by means of glomer
ular filtration. We have studied its pharmacokinetics in two groups 
of children with renal insufficiency. The first group included 11 
children with varying levels of renal function. We found that the 
t~ of Cefazolin increased as the GFR fell. As the GFR fell from 
60 to 1.0 ml/min/1.73 m2 the t~ of cefazolin increased from 3.8 
hours to 115 hours. In evaluating how best to express GFR so that 
children of varying age and body size could be considered together, 
we found that the classical hyperbolic relationship between GFR and 
drug half-life was best demonstrated when the GFR was corrected for 
surface area. When this was done, the t~ for Cefazolin in relation 
to creatinine clearance was similar to values previously reported in 
adults. When the GFR was not corrected for surface area the antici
pated relationship was not as apparent. When the creatinine clear
ance was estimated, using the formula GFR in ml/min/1.73 m2 equals 

.55 Ht in cm (16), close agreement between the estimated 
serum creatinine mg/dl clearances were obtained. 

On the basis of our studies, our current practice in using 
antibiotics in children over 1 year of age with renal failure is 
as follows. First, obtain a serum creatinine and estimate the GFR 
per 1. 73m2• Secondly, if pharmacokinetic data are available in 
children with renal failure modify the dose according to specifi
cally available pediatric data. The specific recommendations which 
have been developed for the use of Gentamycin and Cefazolin in 
children with renal failure are tabulated in Table 1. When such 
data is unavailable - the usual case - we make the assumption that 
the antibiotic will be handled in uremic children over age one in 
a manner anal6gous to that in adults and modify the dose and/or 
interval according to the recommendations based on pharmacokinetic 
data developed in adults (17-20). For example, if a child age 7 
with a height of 47 inches or 120 cm had a serum creatinine of 2.4 
mg/dl, we would assume his clearance to be 27.5 ml/min/1.73 m2 and 
would follow the recommendations made for adults whose renal func
tion is 25-30 percent of normal assuming a normal creatinine clear
ance of 100-120 ml/min/1.73 m2, or use the recommendation for adult 
individuals with a GFR of 24-40 ml/min (Table 2). Unfortunately the 
level of renal function in the majority of pharmacokinetic studies in 
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adults report clearances simply as ml/min and do not take into ac
count the body size of the individual. The current recommendations 
for the use of antibiotics as derived for adults with renal insuffi
ciency are summarized in Table 2 (17-20). The variable intervals 
are due to differences in the biologic half-life which in turn re
flect the influence of those factors previously mentioned as influ
encing drug metabolism. The recommendations are based on giving 
the usual dose at prolonged intervals rather than a lower dose at 
the usual interval. We are unaware of any clinical data supporting 
the superiority of either approach. 

ANTIBIOTIC USAGE IN DIALYSIS PATIENTS 

The second aspect of our studies with Cefazolin focused on 
the rate of removal of Cefazolin during five hours of hemodialysis. 
We found that the t~ for Cefazolin varied with the efficiency of a 
particular dialysis as evaluated by the percentage drop in either 
BUN and/or creatinine occurring during the dialysis. In these 
children the t~ for Cefalozin ranged from 8-29~ hours. The para
meters which are known to influence antibiotic removal during dialy
sis are modified by the mechanics involved in the dialysis procedure 
itself. The more important factors (18,19) are: the molecular 
weight of the drug, the degree of protein binding, the rate of ul
trafiltration and its accompanying solute drag, the rate of blood 
flow through the coil, ongoing biotransformation of drug, the intrin
sic characteristics of the dialysis membrane, including surface area 
and size of pores, and the extra-renal excretion of drug. The rea
sons for the large individual variation in the change in drug con
centration observed in our studies are multiple. We individualize 
each dialysis treatment and often vary both the rate of ultrafiltra
tion and the rate of blood flow throughout a dialysis. Both will 
affect drug removal,especially those drugs which are highly and/or 
tightly bound to serum proteins. The smaller the transcoil drop in 
drug concentration the longer the t~ of the drug,as only a small 
quantity of drug is removed during each passage through a dialysis 
coil. The transcoil difference in the concentration of Cefazolin 
by virtue of its being highly protein bound is small. Rates of re
moval of antibiotics occurring during peritoneal dialysis may be 
different from those occurring during hemodialysis, for the overall 
efficiency of a single peritoneal dialysis as evaluated by changes 
in BUN and creatinine is not as great as in hemodialysis. Moreover, 
the type of peritoneal dialysis being performed, i.e. continuous 
hourly exchanges, continuous ambulatory, or chronic intermittent 
will influence the rate of removal of antibiotic. Solute removal 
of small molecular weight compounds is slower during peritoneal 
dialysis, yet the peritoneal membrane permits the removal of as 
much larger molecular weight compounds as does hemodialysis. This 
occurs because the peritoneal membrane is more permeable to large 
molecular weight compounds, that is, the artificial membranes used 
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USAGE OF ANTIBIOTICS 

in hemodialysis. The ability of peritoneal dialysis to remove 
antibiotics is also summarized in Table 2. We are aware of only 
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one study which deals with the pharmacokinetics of an antibiotic, 
Gentamycin, during peritoneal dialysis in children (4). Following 
an intravenous injection of 1 mg/kg of Gentamycin the half~life 
ranged from 9-37 hours (mean 21 hours). The large range of half
life may have reflected in part the varying length of dwell time of 
dialysate. It was felt that the peritoneal clearance of Gentamycin 
of 4 ± 2.6 ml/min/m2 in the five children ages 8-15 years was simi
lar to values reported in adults. On the basis of the large varia
tion in half life it was suggested that therapy should be individual
ized and if possible, drug levels measured. 

Insofar as the amounts of dialysate in relation to body size 
and dwell times are similar to those in adults, rates of removal 
of antibiotic in children undergoing peritoneal dialysis should be 
similar assuming that the peritoneal surface area and permeability 
are also similar. This state probably applies to older children and 
adolescents, but not to neonates and infants. We have recently de
monstrated in the experimental animal that the peritoneal membrane 
of the young is relatively larger than that of the adult and that 
it is also more permeable (21). On the basis of the available data 
and the need to know more about peritoneal dialysis kinetics in in
fants, we feel that additional information is needed prior to de
veloping more specific guidelines for using antibiotics in children 
undergoing peritoneal dialysis. 

It is apparent that antibiotic dosimetry must be modified twice 
in patients undergoing dialytic therapy in order to insure that the 
maximum therapeutic benefit is attained. First, the dose must be ap
propriately modified for the interdialytic period according to the 
level of renal function. Second, the dose must be again modified 
in accordance with the amount of drug removed during dialysis. 

A summary of the dialyzability of antibiotics is provided in 
Table 2. As indicated,a number of antibiotics are dialyzable to 
an extent that requires that their use be modified. By establish
ing the relation between the overall efficacy of dialysis and the 
t~ for antibiotic removal during dialysis, the concentration of 
antibiotic remaining in the blood at the end of the dialysis can 
be estimated and a post dialysis dose calculated to again raise 
the serum level to a therapeutic level. We have utilized this ap
proach in our studies with Cefazolin. For example, if the drug 
level at the start of dialysis was assumed to be ~ of its peak 
level because dialysis was started a number of hours after adminis
tering the drug, and the drug level was estimated by the change in 
serum creatinine or urea to fall by 50% during dialysis, the as
sumed drug concentration would be 25% of its peak level at the end 
of dialysis and a dose equal to 3/4 of a maintenance dose could be 
given to again achieve a therapeutic concentration of antibiotic. 
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Bear in mind that the relationship between dialysis efficiency and 
drug remaining in the body, i.e. drug removal, would vary for dif
ferent antibiotics. Some antibiotics are so highly diffusab1e that 
the concentration of drug remaining in the body after hemodialysis 
approaches zero. When this happens,a full sustaining dose of anti
biotic should be given at the end of dialysis. 

SUMMARY 

In conclusion, much still remains to be learned in children 
with renal insufficiency about the metabolism and pharmacokinetics 
of antibiotics. More meaningful data about the pharmacokinetics of 
antibiotics in neonates and infants as well as the influence of 
uremia per se on antibiotic metabolism in developing children are 
needed. Meanwhile, the development of knowledge about the pharmaco
kinetics of antibiotics in uremic children has begun. We feel that 
we have contributed toward establishing a clinical basis upon which 
rational decisions concerning antibiotic dosimetry in uremic chil
dren can be based. It should be remembered that the actual measure
ment of serum levels of drug remains the best method of monitoring 
treatment and avoiding toxicity. The complexity of drug measure
ments as well as their availability continues to limit the practical 
use of measuring drug levels and requires that we continue to use 
doses of drugs and intervals of administration of drugs based on 
carefully performed pharmacokinetic studies of antibiotics. 
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PANEL DISCUSSION 

Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephro1., Dept. Pediatr., Univ. Miami 
Sch. Med., Miami, Fla. 33152 USA 

QUESTION: What are the hematological aspects of the hemolytic 
uremic syndrome? 

RESPONSE: I don't know what the exact nature of the hemolytic 
uremic syndrome is. I happen to believe that it occurs following 
GI or other types of infection. It is a disease characterized by 
intravascular coagu10pathy and microangiopathic hemolytic anemia 
leading to the renal problem. That is, the vascular problem is 
the primary one and the renal disease is secondary. I believe 
it is a variant of thrombotic thrombocytopenic purpura and that 
virtually there are no differences between the two entities. 
There has been a significaht breakthrough in management of thrombotic 
thrombocytopenic purpura (TTP) which I believe would apply to the 
hemolytic uremic syndr·ome. 

Some of you may be familiar with it. Based on observation that 
exchange transfusion is effective in some patients with TTP, a 
fellow by the name of John Byrnes in the Department of Medicine of 
the University of Miami, tried an infusion of plasma in patients 
with TTP. Now there are some 20 patients who were treated with the 
infusion of plasma in various amounts who had complete remission 
in the majority of cases. Furthermore, lately an important 
aggregating factor has been found in the plasma of these patients; 
normal plasma, on the other hand, contains an inhibitor of this 
aggregating factor. So by infusing plasma. you are providing 
the inhibitor which apparently causes the complete remission. 
However, I should point out that the nature of this factor or 
factors is currently under study. I would urge pediatricians who 
see patients with the hemolytic uremic syndrome to administer 
plasma to them. As a matter of fact, I know a pediatrician who 
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already has applied this treatment to two patients and obtained 
very interesting results. 

COMMENT: There is a group who has done some work along 
these lines and they have hypothethesized that maybe a deficiency 
of prostacycline production is responsible for the development 
of the vascular lesions. I don't know whether you would care 
to comment on that or whether there have been measurements of 
prostacycline metabolism. The argument is that there is a 
deficiency in a serum factor which is responsible for prosta
cycline generation. 

COMMENT: This is an interesting possibility. I am sure that 
it has to be studied. I think that it obviously is an acquired 
problem. What happens when it recurs, for example, sometimes 
after years of remission, has to be studied. 

QUESTION: The normal creatinine clearance in children 
reported per surface unit is not the same as in adults or children 
older than one. It starts around 40 and goes up to around 100, 
reaching 100 quite late. I wondered if it wouldn't be more exact 
to take as a coordinate the proportion of glomerular filtration 
of an individual patient to the normal for age. 

RESPONSE: Of course there is a problem of dealing with the 
changes of GFR. (We are not talking about all children, only 
about those less than 1 year of age). When you look at creatinine 
clearances, there are two aspects. One, I agree that there may 
be a small increase over age but in a practical setting your GFR's 
for most children over two, at least my understanding of it, is 
a number that's greater than 80 or 90 to 100 ml/min/l.73 m2 . From 
a practical point of view the recommendations based on broad ranges 
of GFR appear to work. Obviously, if you have a child who has a 
GFR of 60 you can look at and interpret it in two different ways. 
You could say 60 rnl-this will correspond to some recommendation 
between this level and that level. You could also say percent of 
100% and then decide what you wanted for your 100% value, whether you 
wanted 100, 90, or 120 ml of GFR, and it would work out in a very 
similar way. 

COMMENT: I would like to comment on the problem of shortcutting, 
using a Schwartz formula on a creatinine clearance. There is a 
group of patients in whom it is totally inapplicable. That's your 
patients who are paraplegic and patients with muscle disease. We 
always seem to forget where creatinine comes from. I take care of a 
large number of paraplegic patients and I have lost two when they 
entered other hospitals where it was not recognized that 1.5 mg/dl is 
much too high a creatinine level for a teenager who has no muscle 
below a T 10 or a C 7 level. I really think we ought to encourage 
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people to use creatinine or glomerular filtration rate particularly 
when aminoglycosi,des are used. 

These patients, of course, have frequent urinary tract infec
tions and an undue number of them are being done in because we don't 
recognize the fact that their creatinine levels really have different 
norms. 

COMMENT: You are obviously right. We run into the problem 
with a number of our cases. We must remember that there are two 
components. Obviously you are always better off measuring clearance. 
If you can't get a clearance, what do you then do? I think that 
Schwartz's formula is an approach dealing with the problem when you 
can't get a clearance. Probably, the most reasonable and practical 
thing to do would be to get a serum creatinine and one respectable 
measurement of clearance; if you have an acute problem, monitor 
drug changes on the basis of what that individual serum creatinine 
is in comparison to the clearance and the rate of change of serum 
creatinine. By the way, I don't think Y0U need a 24 hr urine 
collection to get a respectable, usable creatinine clearance for 
this purpose. I know of very few places that can, consistently 
collect respectable 24 hr urines in children. You probably are better 
off using one hour or two hour timed urines. 

MODERATOR: We are going to review some of these subjects (such 
as treatment modalities) in other sessions; but since we may overlook 
this particular one later on we can talk a little bit about 
treatment of systemic disorders with the hypertensive ,syndromes that 
were presented. In particular, I am referring to something that we 
have been interested in: the use of cyclophosphamide in polyarteritis 
and other situations. I wonder whether the panel would like to 
address that subject. I'm sure that the subject will come back 
again, when we discuss the treatment of rapidly progressive nephritis. 
Would you have any comments on that? We've had a patient with 
Takayasu arteritis that our group published recently and we have 
some very exciting results with the use of immune suppression and 
aggressive anti-hypertensive medication. We have in the audience 
a nurse who is the mother of one of our prize patients in this 
regard-a patient who, according to a consensus evaluation 
at one of the Seminars should not have survived and who is now, 
for all intents and purposes, with normal kidney function, doing 
very well, though still receiving antihypertensive medication. Do 
you have any comments? 

COMMENT: Of course, polyarteritis nodosa is a cause of severe 
hypertension which could be modified by immunosuppressive treatment. 
We have several cases with good evolution under long term treatment 
associating prednisone and cyclophosphamide. But the results on 
hypertension were never rapid and medical treatment, symptomatic 
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treatment of hypertension, was always necessary for at least some 
months. I think that I haven't seen good persistent control with 
improvement of the vascular damage in polyarteritis nodosa, though 
it may happen. But at the beginning of the disease, it is necessary 
to use in addition, symptomatic treatment of hypertension. About 
Takayasu's disease, I have no experience with immunosuppressive 
treatment, but when you have a severe narrowing of the aorta, I 
doubt that you can change the histological lesions and return the 
aorta to its normal size with immunosuppressive treatment. 

MODERATOR: We have not repeated those studies, but the 
patient with Ta.kayasu, by some coincidence also the daughter of a 
nurse, was expected to die~ She had documented progression of her 
disease and had severe symptomatic expression of her disease. 
She was put on triple therapy (cyclophosphamide, azathioprine and 
prednisone). The pathologist got fooled because he was expecting 
the autopsy but it has not arrived because the patient is alive 
and fairly well; it has been about three years or so now. We 
have not repeated the studies. That's another question, how to 
document progression of the diseases or lack of progression by either 
repeating the biopsy or other means in cases as complicated as 
those two. Do you have any suggestions about that? 

RESPONSE: We have operated on three of five c~ses of stenosis 
of the aorta. I don't know if all these cases are the same disease. 
It may be the same; there are several processes described under 
this pathology. I don't know whether in some countries where 
Takayasu's disease is frequent, if there is some experience with 
immunosuppressive treatment. For example, in Southwest Asia 
and in Korea they reported patients with a kind of aortitis, 
probably related to tuberculosis. I wonder about the results of 
immunosuppressive drugs with such an infection. 

MODERATOR: Obviously, we had absolutely not even the slightest 
suggestion of tuberculous infection and the patient had a negative 
tuberculin test. That is basic and should be always ruled out 
before starting such treatment. 

COMMENT: On this problem in a general way, it is very difficult 
to draw conclusions about the value of treatment in rare diseases. 
You can either go on the body of previous limited experience and 
show cases who, as in your patient, have done remarkably better 
and take that as some indication that the therapy is of value--nothing 
more; or you can try and set up a controlled trial which is 
difficult to do in rare diseases even if you are involved in many 
centers because the standards and uniformity of management and 
diagnosis and all the rest of it are very difficult to achieve. You 
need a uniformity of management and diagnosis in order to get a 
proper trial. It's inherent in the design. The second approach is 
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difficult and all that remains is to hope that there are some 
good ways of monitoring effective treatment. The point is to have 
some kind of parameter or variable to be measured and shown 
immediately to be altered by the kind of intervention that you 
carry out. That in itself can't prove that the treatment works, 
but it adds to the body of knowledge. Difficulties in 
evaluating treatment regimens in rare diseases are almost 
insuperable. We've been with this problem in nephrology now 
since the early controlled trials in the 1960's, and we are 
not much farther along. It does make life very difficult. In 
response to your point about hypertension in polyarteritis, for 
example, it's almost inevitably the case. You are dealing with 
a large vessel disease in the kidney, medium sized vessel 
disease. One advantage to that is that one can see an ischemic 
segment afterwards. But, of course, it's conceivable that this will 
go away or become no longer responsible for producing renin. You 
can imagine the opportunities for variation in the natural 
history. It's a mess. So, I think that if you have a case that 
has done well, you have a case that's done well and that's about 
all you can say about it--until we have accumulated a substantial 
body of information and everybody agrees that things have changed 
dramatically since a certain treatment was introduced. 

MODERATOR: We contacted the people with most experience in 
the ~orld (in Mexico and in Japan). Corticosteroids were most 
frequently used with Takayasu arteritis and their results, like 
ours, were just anecdotal statements. 

COMMENT: We doctors very often are inclined to draw conclusions 
from some successful treatments that we have had. For instance, 
I had a case of periarteritis nodosa which I treated with 
aspirin with very good results. But it does not mean that aspirin 
would be good for any kind, any type of periarteritis nodosa. This 
particular child had received aspirin for one month; then the 
disease disappeared and the child was completely well until one 
year later when he had a relapse. Then, as we were aware of the 
severity of the disease, we did not want to give aspirin; we gave 
prednisone and the disease subsided. If we had had at the very 
beginning the idea of giving the triple therapy, then it would 
have been the cause of this success. Now, talking about the 
Takayasu's disease, the unspecific arteritis, we have several 
cases in Mexico of renal artery hypertension. We haven't been 
able to demonstrate very well the relationship with tuberculosis. 
But the first case we had subjected to surgical treatment, was 
a unilateral renal artery stenosis in whom a segment of the 
artery was removed; by histopathology it was unspecific arteritis. 
The hypertension was corrected but remained with normal growth ratio 
for about three months. After this time, hypertension came back 
again. We repeated the arteriogram and we saw exactly the same 
feature. Then we didn't want to repeat the surgical operation. 
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We tried with the prednisone for about two months, 60 mg/m2 
daily dosage. The blood pressure went down and remained so even 
though the new arteriogram showed that the stenosis was still 
there through the two or three years that we were able to follow 
this patient. Since that time, many other patients have been 
receiving similar treatment with generally good results. There 
was not complete disappearance of the hypertension but at least 
there was improvement in the majority of the cases. 

MODERATOR: Regarding the patient that improved with aspirin 
which was documented by biopsy, would you say that it was a severe 
disease? 

RESPONSE: Yes. As a matter of fact we didn't know that it was 
a periarteritis nodosa until we presented the case to another 
pathologist and she made the diagnosis. But the child was already 
in a good state from receiving only the aspirin. 

MODERATOR: I want to emphasize the fact that we have not 
concluded anything about treating these patients nor recommend 
that all patients that look alike be treated similarly. We are 
asking questions, not presenting gospels or magical solutions. 
Recently there have been some reports, one in particular, in the 
New England Journal of Medicine, proposing that cyclophosphamide 
made a significant difference in polyarteritis nodosa. The problem 
is that it was an uncontrolled study. It was not a single blind 
or double blind design. But the proposal has been made, and it's 
in the literature. It's a question that needs to be resolved. We 
need to talk about the theoretical possibilities of that type of 
medication being desirable or being justified in its use. Do you 
have any comments about that? Also, what about the logic behind 
the combination of cyclophosphamide with azathioprine and prednisone? 

RESPONSE: There are two questions. Do I share the views which 
many people hold that cyclophosphamide has a place to play in the 
management of severe generalized arteritis? I certainly do. I 
think there is a body of information which is not controlled but 
which is persuasive that cyclophosphamide has a positive effect. 
I don't have any doubt in those patients who've got a syndrome of 
generalized vasculitis with something that amounts to Wegener's 
Granulomatosis. There's really very little doubt in my mind, based 
on our own quite substantial experience--more than twenty or so 
patients with Wegener's Granulomatosis--and the group at NIH, that 
this drug produces a dramatic and immediate improvement in aspects 
of this disease including the granulomata and vasculitic lesions. 
The natural history of the development of ideas is that somebody 
tries a treatment that works and is very obvious, and controlled 
trials are not generally regarded as a major necessity. It's only 
when the effect of treatment is more marginal or that someone 
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can claim that it doesn't work that a controlled trial starts 
to become much more compelling. 

To come back to vasculitis, at one end of the spectrum I 
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also think that it's of value in patients with systemic vasculitis 
without clearly defined Wegener's Granulomatosis. There the data 
are slightly less convincing, I think. I just don't know how it's 
to be evaluated. My guess is that there are enough patients around 
for that kind of thing to be subjected to a controlled study. 
The difficulty is what kind of placebo-what kind of control group 
you have when someone's got a fulminating, rapidly progressive 
disease which is likely to lead to death shortly, the type of 
patient which will be left untreated by most physicians under 
those circumstances. So, that's on one question. 

You also asked me what are the grounds for triple therapy. 
There are very few rational grounds for combining azathioprine 
and cyclophosphamide. I could produce arguments that would have 
some kind of scientific basis. The two drugs do seem to have 
different effects on the immune system. But since in man we don't 
know what we are aiming at when we treat patients with these severe 
vasculitic diseases, it's hard to go from what is known in 
experimental animals about taking azathioprine and cyclophosphamide 
to man. To summarize some of the more major differences, it does 
seem as if azathioprine has slightly different effects on the 
immune system, slightly more depressive effects on the T arm of 
innnunity whereas cyclopho sphamide seems, under some circumstances, 
to have different effects along the B side of immunity. Also, 
under experimental circumstances and possibly in man, cyclophosphamide 
may induce the formation of specific suppressor cells which actually 
switch off the immune response under some circumstances. So, there 
are differences. All I can say is, if there were to be empirical 
experience suggesting that cyclophosphamide and azathioprine together 
were better than either alone, I wouldn't be that surprised. But 
I think that what's going to happen is that empiricism is going to 
rule, that we are not going to find a treatment that works better, 
and that it will be a long time before this is analyzed in scientific 
basic terms. Of course, a major part which again is to unravel, it 
may well be that these drugs, corticosteroids, cyclophosphamide and 
azathioprine, certainly in the short term, have very little immuno
suppressive properties as we are currently using them, and that the 
effects are almost entirely anti-inflammatory. I doubt if that will 
turn out to be a complete explanation. I have grounds for saying 
this. For example, in patients undergoing plasma exchange, you 
compare the rate of rebound of IgG levels after it's been removed from 
the circulation and patients who have been recently started on cyclo
phosphamide, azathioprine and steroids, against people not receiving 
that triple combination of drugs and you find a highly significant 
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inflammatory properties are more likely to be important. I'm 
afraid that we have to go by empirical clinical results and then 
have people start to unravel the components of the system that 
has been effected by the treatment. 

MODERATOR: Several times in past Seminars, we have quoted 
experimental work which suggested that the combination of the 
three drugs was better than prednisone and cyclophosphamide, as 
I recall. 

RESPONSE: In doses that were comparable to those used in 
man? I think not. This is one of the great problems. The 
doses of drugs that are effective as immunosuppressive agents 
in mice are enormously greater than what we normally use under 
usual circumstances. 

QUESTION: I would like to ask if anybody has had any 
experience with treatment of vasculitis with hypertension using 
pulses of methyl prednisolone? We treated a number of children 
who have had different types of vasculitides with pulse 
therapy along with the subsequent switch to more conventional 
triple therapy. It seems to have been effective. 

MODERATOR: Anybody want to comment? 

RESPONSE: I am not sure that pulse therapy has much to offer 
in the treatment of vasculitis. I also think that it is pretty 
dangerous as well. There was a report from a London group on the 
effects on circulating. immune complex, for example, which has not 
been confirmed, not even by them. My own impression in studying 
mainly adult nephrology patients, is that there are many more 
complications associated with pulse therapy, severe infections, 
for example, than we see in patients who don't use it. I'm 
not at all convinced that it does anything that a non-methyl 
prednisone won't do. I don't know how my colleague here feels. 
He must have many patients with this problem. 

COMMENT: Yes. I fear the complications of pulse therapy. 
We experienced a burst of severe hypertension during pulse therapy 
used for transplant rejection and some deaths were reported in 
this country. I am not completely certain that it is useful 
therapy for vasculitis. I am reserving this treatment for 
transplanted children because it seems to be less toxic than very 
high doses of every day prednisone. 

MODERATOR: Not in patients with vasculitis, but in patients 
with systemic lupus erythymatosus, we are using pulse therapy. 
Again, in an uncontrolled fashion, we feel that we are getting 
acceptably good results. Would you comment on that? 
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RESPONSE: Yes. You may be interested to know that I recently 
reviewed a paper on corticosteroid treatment in lupus. I think 
nephrologists would agree that high dose steroids are indicated 
in patients with severe lupus nephritis. That's based upon work 
of nearly twenty years ago. If that data are analyzed properly-
by proper statistical methods, mainly life-table analysis, the 
differences between the treated and the non-treated groups will not 
be found to be significant. Now, it's very interesting. So far 
as I know that is the only study which compares in any reasonably 
formal way, although again historical cases were probably used, 
high dose versus normal doses of corticosteroids in lupus. 

Now you asked me to comment on pulse (hig~l intravenous) doses 
of therapy under these circumstances. You can see that we really 
are in the jungle of ignorance. If you want my own bias, I see 
a lot of patients with lupus. My own feeling is that high dosages 
of corticosteroids administered as pulse therapy are very rarely 
indicated for systemic lupus. Most patients I see for lupus have been 
controlled with conventional doses of steroids and when they are not 
being controlled with conventional doses of steroids, it is usually 
because other clinical aspects have been ignored. For example, 
the problem of undiagnosed or inadequately treated infection is a 
major factor. The only type of lupus where I am sometimes tempted 
to use pulse therapy is in cerebral lupus which can be extremely 
difficult to manage. I'm not sure at all that pulse therapy is 
of value in those people. I'm quite sure of one thing-that if more 
people with lupus would be "calmed" by pulse therapy then they 
would be better off. That I have seen. You know, I work in a 
major tertiary referral center where patients are referred from 
other hospitals-I get lots of patients referred with lupus. Should 
we carry out a plasma exchange on them because they are not 
responding to treatment? In the majority of them, you don't have 
to do it. All they need is the proper care, proper general medical 
therapy. I'm not suggesting that that is the state of affairs 
here but certainly it is a major problem where I come from. 

MODERATOR: We have had the experience of patients who have 
progressed to end stage renal disease. We have an adolescent girl 
right now undergoing hemodialysis. In cases like that where we 
see that the conventional, even high doses of continued oral 
corticosteroid therapy do not induce any change, we are trying 
either pulse therapy or triple therapy. In one case which 
came to us last year about this time, we were again at a loss. 
This adolescent girl with systemic lupus had a progressive down 
hill course. She had reached end stage renal disease levels, pulse 
therapy was applied and she was readied for hemodialysis. She did 
not require even one dialysis as I recall. She is doing well now. 
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COMMENT: I think the problem that has to be addressed in 
something like severe lupus is: now that dialysis and transplantation 
are, relatively speaking, an effective form of treatment, is it safer 
to give patients sufficient doses of steroids just to control their 
sort of systemic features of the disease and let the renal disease 
take its course, if it's already moderately severely advanced? Or, 
is it better to go all out with the dangerous combination of 
treatments that are available (plasma exchange is one of these)? Is 
it better to go all out to save glomeruli at all costs? I think 
that this is a judgement which will have to vary from patient to 
patient, depending upon social, economic, other factors. But I 
strongly suspect that many patients with severe renal lupus are 
in fact overall being damaged more by agressive treatment than 
they would be if they were given just enough steroids to keep 
them systemically controlled and allowed to go into renal failure and 
then take their chances by getting treatment for renal failure. 
Again, I would like to hear what my colleague has to say about 
this. I know you've had lots of experience with problems like 
these. 

RESPONSE: I would agree with you at this point that the treat
ment could be the cause of death of the patient. We have had some 
patients in the past who died, for example, from viral infection and 
probably would not have died without this kind of treatment. So, 
your remarks are quite pertinent. I feel that in the absence of 
renal involvement, the aggressive treatments are questionable. 

MODERATOR: I guess it's a philosophical problem which is 
very difficult to resolve. In practical terms also it is difficult 
in our hands to decide when to treat those patients with what, 
whether to follow the renal disease or the systemic disease. We 
attempt to follow both, but, again, who has the answer? 

QUESTION: On a different topic, in discussing the evaluation 
of the efficacy of the reticuloendothelial system, you mentioned 
that clearances of antibody coated red cells and heat damaged 
red cells were improved by plasmapheresis. I was wondering if 
you thought that the plasmapheresis itself could in any way 
mechanically damage these red cells to further enhance their 
clearance. 

RESPONSE: No, I don't think that's a possible explanation. 
To enlarge on this for a moment, the reason that this project 
developed was the observation in some patients that after one or 
two plasma exchanges or after a series of small volume plasma
pheresis, there was sometimes protracted clinical improvement. In 
patients who had certain of the immune complexes, they disappeared 
prom~tly and they stayed away for periods of sometimes three, four, 
or five weeks-much longer than could have. been accounted for on the 
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basis of the simple, physical removal from the circulation of 
what was there at the time. 

There are several explanations one could have drawn under 
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these circumstances. One is that the generation of immune complexes 
returned very, very slowly and that they gradually accumulated over 
a period of three or four weeks; this just didn't seem inherently 
likely" The other explanation is that plasmapheresis was doing more 
than simply removing something. It was allowing physiological 
mechanisms for clearances to be restored to normal. Now, based 
on that problem, the question was, how is it possible to study 
what the RES is doing? It is extremely difficult, and all that is 
really useful and technically possible in man at the moment is to 
take heat damaged red cells or antibody for red cells which are 
cleared by the spleen. Then, one assumes that the cleared red 
cells are a reflection of splenic macrophage function although 
there are other things that could be happening such as changes in 
blood viscosity, blood flow, arterial disease in the spleen, 
lots of other things which affect delivery of these cells to sites 
where they are going to be removed from the circulation. So, 
that is how that came about. It is inconceivable that there could 
be any changes in red cells induced by plasma exchange which 
would be reflected two or three weeks later. I don't see how 
that kind of process could possibly have happened as a result of 
the plasmapheresis procedure due to the spinning in the bowl. 

The real trouble is, how do I know that this test isa good 
test of RES function? We don't really know. It's all we have 
at the moment. The evidence that we are measuring something 
which is relevant is that in patients who got immune complexes, 
and became infected, there is a correlation between the level of 
complexes and performance of their spleens. If their spleens 
are good, the complexes are not present. If the spleens go ba~ 
the complexes tend to reappear. 

MODERATOR: I would like to go to another subject now from 
an earlier presentation. I may have missed the point about the 
in~ication for Vitamin D administration. Let's not get into the 
clinical part yet; I believe that it has been found experimentally, 
that administration of Vitamin D when GFR starts decreasing, may 
prevent or decrease some of the changes that accompany osteodystrophy 
or increased PTH production. Is that correct? What are your 
thoughts on that? Have you done work on it? 

RESPONSE: No. We have not studied that directly. There are 
studies in rats that were made uremic and then followed. One group 
was fed a normal diet; the other group was fed a low phosphate diet. 
The result was, I think, that after five months the animals fed the 
normal diet all died while the group fed the low phosphate diet, 
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all survived. These studies have been amplified. Until now 
there are some strange observations that have been made. 
For example, these animals become nephrot.ic, with time. If you 
do a parathyroidectomy, in time the nephrotic syndrome disappears 
which may have some implications in terms of the pathogenesis of 
the nephrotic syndrome and the relationship between PTH and GFR. 
This is a very active area of research at the present time. 

In uremic dogs that we have followed on a long term basis, 
some animals were studied, for instance, with either a low phosphate 
diet or administration specifically of 24,25 or cymetidine which 
decreased in these animals also. The normal course in these 
animals is that the GFR drifts slowly down in time; in the animals 
in which PTH was prevented from increasing, the GFR went down more 
slowly. This is very preliminary but it is very exciting, obviously. 

MODERATOR: At Pediatric Grand Rounds, the State of the Art 
was presented two or three years ago. At that time, the speaker 
described some experiments that I believe were done by him where 
the vitamin D administration seemed to have prevented changes in 
the animals. He was reluctant to extend those benefits to the 
clinical situation. You are not aware of those studies? 

RESPONSE: No, I am not. 

COMMENT: Aren't there some data that the use of 1,25 DHC may 
result in a more rapid loss of GFR because of problems related to 
hypercalcemia? 

RESPONSE: Yes. Indeed, if you give 1,25 (the most active 
vitamin D metabolite), the danger is to induce hypercalcemia. 
Usually you don't see hypercalcemia when you start treatment. At 
the t~e when alkaline phosphatase goes down, suddenly calcium goes 
up. If the patient has osteomalacia, then he will become hyper
calcemic immediately. Indeed, the effect of calcium per se on the 
kidney is to enhance progression of the disease. 

QUESTION: We've had some problems with the interval extension 
method for adjusting aminoglycoside dosages because a single 
dose may cause acutely toxic levels. I was wondering if you have 
run into the problem and if, for that reason, you use smaller 
doses more frequently or how do you handle this? 

RESPONSE: No. We use aminoglycosides with a prolonged interval 
regimen rather than a lower dose. Clinically, our documented 
infections seem to have responded to t~t treatment regimen. 
I think the available data would suggest, from a practical point 
in terms of the therapy of infection, that we can do it either way 
and still get effective eradication of bacteria. Are you saying 
that you had problems with.the treatment of the infectious process? 
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RESPONSE: No. Just toxicity. 

COMMENT: The toxicity issue becomes one, of course, of 
how much you give in relation to what the GFR is. There is 
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one paper describing the use of gentamycin given intramuscularly, 
looking at recommended doses, but their range mean ± 2 standard 
deviations for a~y level of GFR was quite wide. If you pick a number 
that's a little higher, you will have more toxicity. If you pick a 
number that's a little lower, you may not have enough antibiotic. 
The classical conflict. 

MODERATOR: Thank you. We must adjourn now. 
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The clinical use of diuretics should be based on a good un
derstanding of the pathophysiology of edema and the disease being 
treated, the pharmacology of the diuretics and their reported side 
effects. This knowledge allows one the best opportunity to effec
tively and safely match the mechanism of action of the diuretic to 
the altered physiology caused by the disease. The major clinical 
conditions for which diuretics have been used in the treatment of 
edema are shown in Table 1. It is generally agreed that, whatever 
the pathophysiology of the primary disease, the retention of sodium 
by the kidney ultimately determines the magnitude of the fluid over
load and consequent edema formation. Thus, an understanding of nor
mal salt and water handling by the kidney is esse~tial. 

SALT AND WATER HANDLING BY THE KIDNEY 

Regulators of Salt and Water Handling (1~4) 

The amount of sodium excreted into the urine is equal to the 
filtered load at the level of the glomerulus minus the sodium re
absorbed as the filtrate passes down the tubule. At least three 
faatops are known to regulate sodium balance within the kidney. 
CZomeruZaP fiZtpation pate (fipst faatop) has been most extensive
ly studied and therefore the best understood. However, the over
all roles of aZdostepone (seaond faatop) and the thipd faatop(s) 
remain controversial. The mean gZomeruZap fiZtpation pate (CFR) 
in man is 125 milliliters per minute per 1.73 meters squared. 
Each day, the kidneys produce approximately 180 liters of glomeru
lar filtrate containing about 25,000 mEqs of sodium. Ninety-nine 
point 5 percent of the filtered sodium load is reabsorbed along 
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Table 1. Clinical Conditions Associated with Edema 

Renal Failure, acute and chronic 
Nephrotic Syndrome 
Congestive Heart Failure 
Hepatic Failure and Cirrhosis 
Protein Losing Enteropathy 

the nephron, yielding an average of 125 mEqs excreted in the 
urine. The amount of sodium filtered is directly proportional to 
the GFR, and if only GFR were involved, a 1% change in the GFR 
would result in changes of as much as 250 mEqs of sodium excreted 
in the urine. These large changes in the amount of filtered so
dium are modified by a corresponding decrease or increase in tubu
lar reabsorption of sodium. This cooperative working relationship 
between GFR (first factor) and tubular reabsorption is called glo
merulotubular balance. 

Aldosterone (second factor) is the most potent of the mineral
ocorticoids in sodium reabsorption. The principal site of action 
is in the collecting duct where sodium is reabsorbed in association 
with but not directly dependent upon the secretion of potassium and 
hydrogen ions. Since only one percent of the filtered sodium load 
reaches the collecting duct, aldosterone would have a relatively 
small effect on sodium excretion. Aldosterone requires 30-60 
minutes to induce the intracellular or membrane-bound proteins 
which allow for potassium secretion and subsequent sodium reab
sorption, and thus could not participate in minute to minute con
trol of sodium reabsorption. Chronic administration of mineralo
corticoids causes only a transient salt retention after which so
dium balance is restored. This phenomenon called "DOCA release" 
mitigates against aldosterone's relative importance as a regulator 
of sodium balance. 

Because of such circumstantial evidence, factors other than 
GFR and aldosterone have been hypothesized to explain minute to 
minute control of the concentration and volume of the extracellu
lar fluid. Direct evidence for the existence of additional fac
tor(s) was first established by de Wardener (5). While maintain
ing GFR and aldosterone concentration constant, he was able to 
demonstrate in the dog a brisk diuresis and natriuresis in res
ponse to an intravenous saline infusion. Because neither the 
first nor second factor could account for the diuresis, he postu
lated the existence of a natriuretic or third factor(s). In two 
decades since de Wardener's original work, several hypotheses have 
been proposed to explain the mechanism(s) by which third factor(s) 
participates in glomerulotubular balance. A circulating substance 
of hormonal nature (6,7), changes in the peritubular physical 
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forces (8), and changes in the distribution of intrarenal blood 
flow (9) are the three most accepted mechanisms for third factor 
activity. Several animal and clinical studies appear to demon
strate the existence of a circulating hormone possessing natriure
tic properties. This natriuretic or salt losing hormone inhibits 
proximal tubular transport of sodium under conditions of volume ex
pansion. However, the search to isolate and identify this factor 
has been unsuccessful. 

Since the majority of the filtered sodium is isosmotically 
reabsorbed in the proximal convoluted tubule, examination of fac
tors influencing sodium reabsorption in this area would seem ap
propriate. Brenner and colleagues postulate a second mechanism 
for third factor activity (8). In their experiments on volume
expanded states, diuresis and natriuresis depended largely on 
changes in the peri tubular physical forces. These changes include 
a decrease in plasma colloid oncotic pressure resulting from dilu
tion of plasma proteins and the increase in capillary hydrostatic 
pressure which act in concert to inhibit the outflow of reabsorbate 
from the tubular lumen and to increase the rate of back-flux. The 
reversal of these mechanisms during contraction of the extra-cellu
lar volume would result in an increase in proximal tubular reabsorp
tion of salt and water. 

Changes in intrarenal blood flow have been proported to con
tribute to third factor activity. During volume expansion, there 
is a redistribution of intrarenal blood flow from the inner juxta
medullary nephrons (salt-retaining, long loop) to the outer corti
cal nephrons (salt-losing, short loop). This would result in a 
decrease in the fraction of sodium reabsorbed with a consequent 
natriuresis and diuresis. With contraction of extracellular vol
ume, redistribution of the blood flow to the juxtamedullary nephrons 
results in salt and water retention. Recent studies have cast some 
doubt on this hypothesis, suggesting that changes in the distribution 
of intrarenal blood flow may not be as significant as previously in
dicated (10). Earley has proposed a somewhat different theory which 
states that the increase in medullary blood flow, occurring with 
volume expansion, inhibits sodium reabsorption in the ascending 
limb of Henle by a wash-out of the medullary interstitium (11). 

Finally, the renal prostaglandin3 PGE3 may have a direct na
triuretic action on the tubule. Preliminary studies in normal man 
show increased levels of urine PGE following a saline load. How
ever, the prostaglandin antagonist, indomethacin, does not inhibit 
the natriuresis. Thus a direct role for prostaglandin on sodium 
balance in normal man remains unproven, but it may play an indirect 
role on sodium balance through the effects of prostaglandins on 
renal blood durin~ renal ischemia (12). 
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Major Sites of Tubular Reabsorption 

There are four major sites for the tubular reabsorption of 
salt and water. The ppoximaZ tubuZe (Site 1) accounts for 50-70% 
of the salt and water reabsorbed along the nephron (1). The pro
cess involves the energy dependent active extrusion of sodium from 
the tubular epithelial cell into the intercellular spaces and peri
tubular interstitium of the cortex. Chloride follows sodium pas
sively and water is isosmotically reabsorbed. The high rate of 
cortical blood flow rapidly removes the salt and water deposited 
in the peritubular interstitium. As the remaining fluid passes 
down the straight proximal tubule and the descending thin limb of 
Henle, sodium passively diffuses into the tubular lumen from the 
area of high concentration within the surrounding interstitium. 
The highly concentrated tubular fluid enters the ascending Zoop of 
HenZe (Site 2) where chloride is actively extruded into the inter
stitium and sodium follows passively. This segment of the tubule 
is impermeable to water; thus, the solute reabsorption leads to a 
hypotonic tubular fluid and a hypertonic medullary interstitium. 
At each level an osmolar gradient develops between the ascending 
loop and medullary interstitium. This process is called counter
current multiplication of the concentration. The osmotic gradient 
increases from the cortex to the deep medulla from 300 milliosmols 
to 1200 milliosmols per kilogram of water, respectively. Urea and 
sodium are the major solutes which.contribute to the osmolality. 
Approximately 20-25% of the sodium is reabsorbed in the ascending 
loop of Henle (Site 2). The distaZ convoZuted tubuZe (Site 3), 
lies between the juxtaglomerular connection (macula densa) and the 
confluence with other distal tubules which marks the beginning of 
the cortical collecting tubule. At this site sodium is actively 
reabsorbed and chloride transport is passive. Water is isosmotical
ly reabsovbed in the presence of ADH, but if the level of circulat
ing ADH is low as with water diuresis, the epithelium of the distal 
tubule and collecting duct is impermeable to water and a very di
lute urine results. Site 3 accounts for approximately 10% of the 
reabsorbed salt and water. The remaining one percent of the salt 
and water is reabsorbed in the coZZecting ducts (Site 4). Aldos
terone influences sodium reabsorption and potassium secretion at 
this site; but, the sodium concentration and volume of the collect
ing duct fluid are the major factors which affect the final reab
sorption of sodium and secretion of potassium and hydrogen ions. 

The Pathophysiolosy of Edema (1,2) 

Edema is a condition in which there is an increase in the 
amount of fluid within the extracellular space of the body, par
ticularly the interstitial space. Clinically, edema becomes ap
parent when either the extracellular fluid volume has increased 
by approximately 50% or the body weight by 7 to 10%. It is pro-
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duced by an imbalance between the intravascular hydrostatic pres
sure generated by the pumping action of the heart and the plasma 
colloid oncotic pressure produced by serum proteins, principally 
albumin. Starling showed that these forces normally are in balance 
with each other such that hydrostatic pressure is higher than col
loid oncotic pressure at the arteriolar end of the capillary beds 
(13), allowing fluid to leak into the interstitial spaces. At the 
venular ends, the colloid oncotic pressure is higher than the 
hydrostatic pressure allowing the fluid to be absorbed into the 
intravascular compartment of the circulation. The small amount 
of fluid remaining returns to circulation via the lymphatic system. 
Edema occurs when a disruption in this normal balance allows fluid 
to accumulate within the interstitial space at a rate greater than 
it can be returned by the lymphatic system (13). 

Sodium and water are so important to the survival of the or
ganism that a complex system has evolved to maintain their balance. 
This integrated system includes the heart and blood vessels, Star
ling's Law of tissue perfusion, salt and water handling by the 
kidneys, the pituitary-adrenal axis and protein metabolism by the 
liver. The entire process is dependent upon normal renal physiol
ogy. Other than the syndrome of inappropriate release of the anti
diuretic hormone, generalized edema is due to sodium retention by 
the tubular system of the kidney or a decrease in GFR. In either 
situation, it is the retained sodium rather than the water which 
determines the extracellular fluid volume and the degree of edema 
(2). 

In the various edematous conditions listed in Figure 1, sever
al intrarenal mechanisms are activated to play an essential role in 
producing and maintaining the excess salt and water. The initial 
signal for the kidney to retain salt and water is a decrease in 
plasma volume and particularly effective arterial volume (14). 
This decrease in plasma volume may result from loss of plasma col
loid oncotic pressure as seen with the nephrotic syndrome or cir
rhosis of the liver. It may also occur in congestive heart failure 
where the decreased cardiac output causes a decrease in effective 
arterial volume. The kidney compensates for the deficit by retain
ing salt and water. Both renal blood flow and glomerular filtration 
rate are reduced to decrease the amount of salt and water presented 
to the nephron for excretion. The renin-angiotensin-aldosterone 
system is activated, allowing for an increased recovery of sodium 
in the collecting duct. Other forces which contribute to increase 
salt and water retention include the previously discussed redistri
bution of intrarenal blood flow, peritubular physical forces, sup
pression of the postulated natriuretic hormone and possibly a sup
pression of PGE. 
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PHARMACOLOGY AND SITES OF ACTION OF DIURETICS (TABLE 2)(15-17) 

Several decades ago, sodium reabsorption was considered to be 
a single bulk operation performed by the renal tubules. However, 
through the study of the modes of action of the various diuretics, 
we have come to realize that there are at least four sites for so
dium reabsorption within the tubular system affected by different 
hormonal and hemodynamic signals. It is apparent that these same 
mechanisms are also operative along the renal tubule to produce the 
edema seen in the nephrotic syndrome, heart failure, cirrhosis of 
the liver and in renal failure. Having previously reviewed the 
tubular reabsorption of salt and water by the kidney, we will now 
review the pharmacology and sites of action of the various diure
tics. Knowledge of the site of action of these drugs permits the 
appropriate choice of therapy to reverse or counterbalance the 
pathophysiologic processes causing the edematous state. Table 2 
outlines the pharmacology of the various diuretics. 

Water Diuresis 

In patients with normal heart and kidney function, the inges
tion of water allows for the production of dilute urine and a marked 
diuresis (1). Water is the ideal diuretic to irrigate the lower 
urinary tract in infections, and to prevent deposits of insoluble 
urinary substances as in prophylaxis for urinary calculi. Of 
course, it can not be utilized as a diuretic in edematous states. 

Osmotic Diuretics 

The osmotic diuretics, mannitol and urea, increase the urine 
volume by their osmotic attraction of fluid into the lumen of the 
tubule. This has been the basis for the use of mannitol in the pre
vention or early treatment of acute tubular necrosis. Research with 
mannitol diuresis has demonstrated clearly that although the reduc
tion in fractional reabsorption of sodium and water in the proximal 
tubule was only 5% and 10% respectively,excretion into the urine 
amounted to as much as 30% of the filtered water and sodium. Micro
puncture studies demonstrated a continued effect of mannitol diure
sis within the ascending thick loop of Henle. In essence, this 
confirmed the suspicion that any drug exerting its primary action 
on the proximal tubule will have its overall potency as a diuretic 
affected by transport processes at more distal tubular sites. In 
a similar way, the tubular reabsorption of sodium chloride and water 
in the ascending loop of Henle (15) will be affected by the mechan
isms that control reabsorption in the distal convoluted tubule and 
collecting duct. For example, in clinical conditions complicated 
by secondary hyperaldosteronism,considerable salt and water will 
be reabsorbed in the collecting duct in exchange for potassium and 
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hydrogen. This will decrease the effect of diuretics acting at 
more proximal tubular sites. It is also very possible that vari
ous intrarenal and extrarenal hemodynamic and transport processes 
may increase proximal tubular reabsorption of sodium to compensate 
for 10sBes secondary to these induced distal losses. These mecha
nisms are essential to the homeostasis of the patient and they may 
vary with the disease process, potency of the diuretic and duration 
of its use. These concepts must be strongly considered in the use 
of any diuretic and may be an indication for combination therapy. 

Xanthines Diuretics 

The xanthines (caffeine, theophylline and theobromine) are 
weak diuretics and have no role in the treatment of edema. They 
have been shown to cause a slight increase in both glomerular fil
tration rate and medullary renal blood flow. 

Carbonic Anhydrase Inhibitors 

The carbonic anhydrase inhibitor3 acetazolamide (Diamox), pro
duces a decrease in the fractional reabsorption of sodium and bi
carbonate in the proximal tubule. Although these diuretic agents 
are excellent inhibitors of salt and water reabsorption in the prox
imal tubule, their net effect is nullified by an almost complete 
recovery of the sodium and water within the ascending loop of Henle, 
For this reason they are weak diuretics and have no place in the 
treatment of edematous patients. The carbonic anhydrase inhibitors 
work well in the presence of a metabolic alkalosis; but with their 
continued use, the loss of bicarbonate and potassium within the 
proximal convoluted tubule produces a metabolic acidosis and hypo
kalemia. 

Organomercurials 

The organomercuriaZs are potent diuretics which inhibit the 
tubular reabsorption of sodium chloride in the ascending loop of 
Henle and the distal convoluted tubule. They inhibit 15% of the 
fractional reabsorption of sodium. Their use is limited, because 
they must be given parentally, they are potentially nephrotoxic, 
and they depend on a state of hyperchloremic metabolic acidosis 
for effectiveness. They interfere with both diluting capacity 
(free water clearance) and concentrating capacity (negative free 
water clearance). With the advent of less toxic and equally effec
tive oral diuretics, the organomercurials are no longer used in 
the treatment of patients with edema. 
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The remaining discussion will be limited to examples of the 
most commonly used diuretics. These include the thiazides~ (chloro
thiazide), metolazone, the Loop bLoakeps (furosemide and ethacrynic 
acid) and the potassium spaping aompounds (spironolactone, triam
terene and amiloride). As organic acids, they are protein bound, 
limiting their filtration by the glomerulus. There is evidence 
to suggest that these drugs and acetazolamide are taken up from 
the peri tubular capillaries and secreted into the luminal fluid 
of th~ proximal straight tubule in a manner similar to paramino
hippurate (PAR). The advantage of these drugs being secreted by 
the tubule is that even at low plasma concentrations, relatively 
high concentrations may be obtained at the site of drug action of 
the luminal surface of the tubular epithelial cell (16). Recent 
evidence suggests that these diuretics can be blocked by drugs 
that inhibit this organic secretory pathway. 

Thiazides 

The thiazides3 particularly chlorothiazide, remain the diure
tics of choice in clinical practice. Although they inhibit proxi
mal tubular carbonic anhydrase, this is of little clinical signi
ficance since the ascending thick loop of Henle compensates to re
absorb the extra salt and water. The major effect of the thiazides 
is to interfere with the tubular reabsorption of sodium in the dis
tal convoluted tubule. This results in a decrease in diluting 
capacity (decreased free water clearance) but there is no effect 
on concentrating capacity (negative free water clearance). The 
thiazides are not influenced by acid-base balance. They may de
crease renal blood flow and glomerular filtration rate. The thia
zides are not effective at glomerular filtration rates below 20 mIl 
min since they are very much dependent upon an adequate load of fil
tered sodium. The thiazides are able to increase the fractional 
excretion of sodium and water by approximately 5%. The many types 
of thiazides, some more powerful than others by weight, offer no 
advantage of increased potency or margin of safety over chlorothia
zide when utilized at the maximum recommended dose. There have 
been some claims that certain of these agents have lesser degrees 
of kaliuresis, hyperchloremia or hyperuricemia, but this has not 
been proven. Thiazide diuretics have been commonly used in the 
prevention of renal calculi in patients with hypercalciuria. Thia
zides enhance distal tubular reabsorption of calcium through a 
mechanism probably separate from the inhibition of sodium reabsorp
tion. The increased reabsorption of calcium appears to be a direct 
tubular effect rather than through parat~ormone (17). 
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Metolazone 

One of the newer compounds which deserve special mention is 
quinazolinone, metolazone (18). This has been approved for use in 
adults and is currently being investigated in children. This is 
a safe and effective diuretic with moderate potency. The major 
site of action is in the cortical diluting site of the distal con
voluted tubule. It differs from the thiazides in that the proximal 
site of action does not seem to be related to carbonic anhydrase. 
Metolazone offers at least two advantages. First, its duration of 
action allows it to be given once each day. Second, when glomeru
lar filtration rate falls to less than 20 ml/min, metolazone main
tains diuretic potency. 

Loop Blockers 

Furosemide and ethacrynic acid are the most potent diuretics 
in clinical use today. These two compounds are chemically,ldiffer
ent, although very similar in their pharmacologic behavior. They 
also share many properties in common with chlorothiazide. These 
agents work at the level of the thick ascending limb of Henle's 
loop. The mechanism by which they inhibit the active tubular re
absorption of chloride at this site remains unknown. Maximal doses 
of these agents are able to completely abolish urinary concentrating 
action at both the medullary and cortical portions of the ascending 
thick limb. Furosemide and ethacrynic acid increase the fractional 
secretion of sodium to as much as 30%. This can be increased con
siderably by prior saline infusion inhibiting proximal tubular re
absorption of sodium and thus increasing the amount of sodium pre
sented to the loop of Henle. These studies support the concept 
that for a diuretic to be maximally potent, it must not only inhi
bit sodium chloride transport in the loop of Henle, but have an 
additional inhibitory effect in the proximal tubule enhancing so
dium delivery to the loop of Henle. Furthermore, those factors 
which reduce the concentration of sodium in the proximal tubule, 
such as reduced glomerular filtration rate and volume depletion, 
must also reduce the effectiveness of all diuretics. 

Potassium-Retaining Natriuretic Agents 

There are two types of diuretic agents which act on the col
lecting duct to induce potassium retention while at the same time 
causing a natriuresis. The first, spironolactone, is a true com
petitive inhibitor, blocking cell receptor sites of aldosterone. 
This agent is most effective in conditions associated with secon
dary hyperaldosteronism such as cirrhosis of the liver and the 
nephrotic syndrome. Examples of the second type are triamterene 



430 GEORGE RICHARD, M.D. ET AL. 

and ame10ride. They act independently of aldosterone. Triamter
ene inhibits the tubular reabsorption of sodium in the collecting 
duct while at the same time causing potassium retention. Ame10r
ide acts both on the distal convoluted tubule and the collecting 
duct. Although both triamterene and ame10ride are more rapidly 
acting, spironolactone has been shown to be safer. Both of these 
non-steroidal inhibitors block hydrogen ion secretion and cause a 
metabolic acidosis. They also produce a reversible decrease in 
glomerular filtration rate with a consequent azotemia. Although 
these drugs are not potent diuretics, they are very helpful in pre~ 
venting potassium loss and may produce a significant diuresis in 
conditions that are caused by secondary hyperaldosteronism. Ame-
10ride has yet to be approved by the Food and Drug Administration 
for pediatric use. 

REPORTED COMPLICATIONS OF DIURETIC THERAPY (19) 

All drugs have potentially harmful side-effects, diuretics be
ing no exception. They rarely cause serious toxic and allergic 
complications. Patients with a prior history of either sulfona
mide sensitivity or photosensitive skin eruptions should not re
ceive thiazides or furosemide. The metabolic disorders produced 
by the chronic use of diuretics have been reported frequently. 
These include: hyponatremia, hypokalemic alkalosis, other acid
base disturbances, hyperuricemia, and hyperglycemia, Additional 
complications which may occur and need to be-considered as one 
monitors a patient on diuretics include severe decreases in extra
cellular fluid volume, decreased glomerular filtration rate and 
renal blood flow, and rarely vasculitis, pancreatitis, cholecysti
tis, and occasional hematologic disorders. Hypokalemia and meta
bolic alkalosis usually occur together. They-may be seen follow
ing the use of either the loop blockers or the thiazides. The in
crease in sodium presented to the collecting duct is exchanged 
with either hydrogen or potassium ions. The loss of hydrochloric 
acid and potassium chloride produces the metabolic alkalosis and 
potassium deficiency. The degree of alkalosis is further augmented 
by the contraction of the extracellular fluid volume which stimu
lates inc.reased bicarbonate reabsorption in the proximal tubules. 
The severity of the hypokalemia and metabolic alkalosis will de
pend on the potency of the diuretic and the quantity of sodium 
which reaches the collecting duct. It may also be affected by 
the co-existence of hyperaldosteronism which would aggravate the 
hypokalemia. The common complications of potassium depletion in
clude weakness, neuromuscular disorders, ileus, and an increased 
susceptibility to digitalis glycoside toxicity. Recognizing that 
the chloride depletion is the common denominator of the hypokalemia 
and the alkalosis, the treatment of choice is potassium chloride. 
Supplementing the diet with potassium or using potassium-retaining 
diuretics such as spironolactone or triamterene may help to mini-



DIURETICS IN EDEMATOUS CONDITIONS 431 

mize the incidence of alkalosis and hypokalemia. The potassium
retaining diuretics should not be utilized in patients with azo
temia. Treatment should be limited to patients on diuretics with 
serum potassium concentration of less than 3.0 mEq/liter, and used 
prophylactically in patients receiving cardiac glycosides or pred
nisone. Although diuretics frequently cause hypePUPicemia3 gouty 
attacks are rare, particularly in children. Two mechanisms have 
been proposed for the hyperuricemia. First, both uric acid and 
diuretics compete for secretion in the proximal straight tubule. 
Second, there may be an enhanced tubular reabsorption of uric 
acid caused by the diuretic induced plasma volume contraction. 
This reduction in blood volume acts to augment the proximal reab
sorption of uric acid and may possibly inhibit the distal secre
tion due to the increases of angiotensin II. Hyperuricemia may 
be treated with allopurinol, an inhibitor of uric acid production. 
Hyponatremia occurs when the diuretic has caused severe contraction 
of the extracellular fluid volume. This will result in increased 
ADH levels with retention of water in excess of sodium, as well as 
a decrease in glomerular filtration rate. The decrease in urine 
volume occurs in the face of a continued intake of hypotonic fluids 
either orally or parentally. The treatment of choice is to restrict 
hypotonic fluids and carefully re-expand th~ extracellular fluid 
volume with isotonic fluids. Diuretics, particularly the thiazides, 
are known to produce hypergZycemia. Some investigators have attri
buted the carbohydrate intolerance to potassium depletion. The im
portance of this diabetogenic effect of diuretics need not be exag
gerated. In non-diabetic patients, the administration of diuretics 
rarely has been associated with diabetes. In the prediabetic pa
tient diuretics may induce definite diabetes but this also occurs 
infrequently. The complications of a decreased extracellular fluid 
volume, decreased vascuZar volume and azotemia are preventable 'by 
closely monitoring the patient's clinical condition. The more po
tent diuretics, such as furosemide, may acutely produce a marked 
diuresis to decrease extracellular and vascular volumes to levels 
which cause a decrease in renal blood flow and glomerular filtra
tion rate. The chronic use of thiazides may also cause a reversi
ble decrease in renal function. On the other hand, the non-steroid
al diuretics, triamterene and ameloride may decrease GFR independent 
of changes in vascular volume. These complications are reversible 
with expansion of vascular volume and reducing drug dosages. Gyne
comastia is a reported complication of spironolactone therapy. 
Table 2 outlines some of the side effects of the various diuretics. 

PATHOPHYSIOLOGY AND TREATMENT OF EDEMAT6US STATES (20-24) 

Congestive Heart Failure (20) 

Congestive heart failure results in an increase in hydrostatic 
pressure at the venous end of the capillary circulation, due to the 
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increased fluid and pressure within the venous system. The inabil
ity of the lymphatic system to handle the increased load of inter
stitial fluid causes generalized edema beginning in the feet and 
legs. Both the decrease in cardiac output and the loss of fluid 
into the interstitium contribute to decrease the effective arterial 
volume. There are several responses within the kidney which result 
from the decrease in effective arterial volume. First, total renal 
blood flow decreases and redistributes to the juxtamedullary, salt 
retaining, long loop nephrons at the expense of blood flow to the 
cortical, salt losing, short loop nephrons. Efferent arteriolar 
constriction, possibly due to angiotensin II or norepinephrine, in
creases the filtration fraction to maintain GFR despite the decrease 
in renal blood flow. Changes in peri tubular physical forces, par
ticularly decreased hydrostatic pressure and increased plasma col
loid oncotic pressure, produce an increase in proximal tubular re
absorption of salt and water. The decrease in effective arterial 
volume is also a stimulus for the release of renin by the kidney 
to activate the renin-angiotensin-aldosterone system. Aldosterone 
increases salt reabsorption and potassium secretion within the 
collecting ducts. The overall effect of the kidney through the 
altered intrarenal hemodynamics is to increase salt and water re
absorption, and thereby produce an increase in the effective 
arterial volume. This is accomplished in the face of a further 
accumulation of edema. 

Because decreased renal perfusion is a major factor in the 
disturbed salt and water retention of congestive heart failure, 
therapeutic management must begin with improvement of renal blood 
flow. This can be best accomplished by the use of an inotropic 
agent such as digitalis which acts on the myocardial muscle to 
decrease the left ventricular end diastolic pressure and increase 
cardiac output. Once good cardiac function has been re-established, 
dietary salt restriction and diuretic therapy will help further to 
improve the patient's clinical condition. The proximal tubular 
acting diuretics have not been efficacious in treating the edema 
of congestive heart failure. On the other hand, the loop diure
tics, furosemide and ethacrynic acid, have been shown to be very 
effective. As previously mentioned, patients treated with the 
loop blockers must be monitored closely since serious extracellular 
fluid volume and electrolyte problems might develop in these pa
tients who are receiving digitalis therapy. The loop diuretics 
are particularly effective since they have a rapid onset of action, 
especially when given intravenously. The thiazides are excellent 
drugs in the long term management of patients with mild to moderate 
congestive heart failure. However, they are not as effective in 
patients with severe congestive heart failure, particularly those 
with glomerular filtration rates of less than 20 ml/min. An excep
tion to this would be metolazone which seems to maintain its diure
tic potency at lower glomerular filtration rates. Metolazone has 
yet to be approved by the Food and Drug Administration for use in 
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children. A potassium sparing diuretic should not be used as a 
single agent in congestive heart failure. However, spironolactone 
is indicated in combination with other diuretics because of its ef
fectiveness in treating the secondary hyperaldosteronism of conges
tive heart failure. When prescribed, supplemental potassium chlor
ide should be discontinued in order to reduce the risk of hyperka
lemia. In summary, the approach to the treatment of congestive 
heart failure must be to improve cardiac output so that renal blood 
flow and glomerular filtration rate might return to normal. Follow
ing this, dietary salt restriction and diuretic therapy can be ef
fective. The success of therapy depends on the cooperation of the 
patient and commitment of the physician to closely monitor treat
ment. 

Cirrhosis of the Liver 

The initial effect of cirrhosis of the liver is to increase 
the portacaval venous pressure and to increase flow through the 
lymphatics. These hemodynamic changes result in the development 
of an extensive portacaval venous collateral network. This in
crease in the volume of the venous system causes a relative de
crease in the effective arterial volume. The decreased effective 
arterial volume stimulates various renal compensatory mechanisms; 
however, renal blood flow and GFR remain normal. Acites becomes 
evident as more salt and water are retained. The mechanism by 
which the kidney continues to reabsorb salt and water is unknown. 
As the cirrhotic process progresses, albumin synthesis by the 
liver decreases to further compromise the plasma albumin concen
tration and the plasma colloid oncotic pressure. The increased 
hydrostatic pressure, decreased plasma colloid oncotic pressure 
and obstruction of the lymphatics combine to further aggravate 
the acites and generalized edema. The first steps in the treatment 
of edema of cirrhosis of the liver should be to limit the amount of 
salt and water through careful dietary management. When these con
servative measures are no longer effective, diuretic therapy should 
be considered. Satisfactory therapy usually includes a combination 
of furosemide and spironolactone. In some refractory patients one 
may also add chlorothiazide, keeping in mind that the maximum re
sponse from spironolactone will take several days. During therapy 
the patient must be monitored closely for weight loss, clinical 
changes and alterations in serum electrolytes. One must be careful 
that the aggressive use of potent diuretics does not cause vascular 
collapse and decreased renal blood flow. This is especially true 
for the patient with severe hypoproteinemia. The patient should 
participate actively in the therapeutic regimen by closely monitor
ing his salt and water intake, as well as daily weight. 
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Nephrotic Syndrome and Protein Losing Enteropathies (22,23) 

The edema of the nephrotic syndrome is secondary to an in
creased permeability of the glomerular basement membrane which al
lows for loss of plasma proteins, principally albumin into the urine. 
A similar gastrointestinal loss of plasma proteins occurs with the 
protein losing enteropathies. Thus, the subsequent pathophysiology 
of these conditions is quite similar. The decrease of plasma albu
min to less than 2.5 grams percent results in a significant decrease 
in plasma colloid oncotic pressure. The decrease in plasma colloid 
oncotic pressure at the venular end of the capillary beds reduces 
the amount of fluid returning to the intravascular compartment and 
increases the load of fluid which must be returned via the lympha
tics. The residual fluid produces interstitial edema. The decrease 
in plasma volume and the effective arterial volume causes a decrease 
in renal blood flow. However, glomerular filtration rate is main
tained by a compensatory increase in the filtration fraction. The 
latter is due to an increase in efferent arteriolar resistance. 
The increased filtration fraction produces a slight increase in the 
concentration of plasma proteins within the peritubular capillaries; 
however, this probably does not affect salt and water retention as 
would occur with normal concentrations of plasma proteins. The in
creased efferent arteriolar resistance also produces a decrease in 
hydrostatic pressure within the peritubular capillaries. These 
changes in the peri tubular capillary physical forces, do not com
pletely explain the retention of salt and water seen in the nephro
tic syndrome. The decrease in effective arterial volume also stimu
lates the renin-angiotensin-aldosterone axis to increase sodium re
absorption in the collecting duct. However, this e.ffect is too 
small to explain the edema. The intrarenal hemodynamic and physiolo
gic processes which produce the edema of the nephrotic syndrome re
quire further research. 

Prednisone is the treatment of choice for minimal change nephro
tic syndrome of childhood. Diuretics should not be used in the ne
phrotic syndrome unless the patient is clinically resistant to pred
nisone therapy and has biopsy findings compatible with a steroid 
resistance process. Because these patients are hypovolemic, treat
ment with diuretics, particularly those with significant potency, 
could result in hypovolemic shock and vascular thrombosis. However, 
in those children with severe edema, particularly when there is res
piratory embarrassment, diuretics can be helpful. Initial therapy 
should utilize a thiazide or metolazone, perhaps in combination with 
spironolactone. This may often permit the gradual loss of edema 
fluid, as well as protect the patient from developing severe hypo
kalemia. In those patients with generalized acites resistant to 
therapy, more potent diuretics such as the loop blockers can be 
used. Recently, Garin reported good success in the treatment of 
refractory edema of the nephrotic syndrome in children using a 
combination of furosemide and metolazone (25). Patients with severe 
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refractory edema may need to be admitted to the hospital for paren
teral therapy with a combination of salt-poor albumin in a dose of 
1 gm/kg body weight, administered over 2-4 hours in combination 
with an intravenous dose of a loop blocker. In this way, general
ized edema can be often successfully managed without the necessity 
of abdominal paracentesis or peritoneal dialysis. 

Acute and Chronic Renal Failure 

The pathophysiology of renal failure in producing edema is 
even more complex. In both acute and chronic renal failure there 
is a severe compromise of glomerular filtration rate, usually in 
the face of a normal plasma colloid oncotic pressure. Consequently, 
these conditions are most often associated with hypervolemia, in
creased hydrostatic pressure, and generalized edema. The increase 
in hydrostatic pressure in the face of a normal plasma colloid on
cotic pressure results in a loss of plasma water at the arteriolar 
end of the capillary beds which is in excess of what can be re
turned to the circulation at the venular end of the capillary beds 
and via the lymphatics. This type of generalized edema may become 
complicated by congestive heart failure, pulmonary edema and cere
bral edema. Effective treatment must incorporate an understanding 
of this basic pathophysiology. 

The edema of the acute and chronic renal failure requires 
that limitations be placed on the patient's salt and water intake. 
This ceiling should equal urine output plus insensible water loss 
minus the volume of water which one can safely remove each day, 
usually through dialysis. One must take every effort to determine 
whether or not there is a way that renal function might be improved. 
The causes of reversible renal failure which should be considered 
are hyponatremia, hypovolemia, congestive heart failure, pericar
dial effusion, sepsis, severe anemia, hypertension, and surgically 
correctable obstructive processes of the urinary collecting systems. 
Often, acute renal failure of either glomerular or tubular origin 
is reversible, but may take several weeks to resolve. As soon as 
every measure to improve glomerular filtration rate has been ex
hausted, one should consider diuretic therapy. By definition, 
these patients have ~ severe decrease in glomerular filtration 
rate. For this reason, the diuretics available are limited, in
cluding only the loop blockers and sometimes metolazone. In general, 
furosemide is the drug of choice. It is potent and may slightly 
increase glomerular filtration rate in patients with lower levels 
of kidney function. 

SUMMARY 

In summary, the proper use of diuretics in clinical medicine 
requires that the physician becomes knowledgeable in understanding 
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their mechanism of action on the kidney, particularly in various 
edematous and non-edematous states. In order to accomplish this, 
he must first understand the normal salt and water handling by the 
kidney, as well as the pathophysiology of various edematous condi
tions. 

Two decades ago our understanding of diuretic action on the 
kidneys was limited to the overall effect on tubular readsorption 
of sodium. Today, we have a variety of agents which are well under
stood with respect to their sites of action and usefulness in 
various edematous conditions. The clinician will continue to have 
the excitement and challenge of new and more potent diuretics to 
utilize in his treatment of edema. It is essential that he main
tain a basic knowledge of renal physiology and pathophysiology. 
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Although the technique of peritoneal dialysis is being used 
with increased frequency in children, relatively few studies deal
ing with dialysis kinetics, i.e. the movement of solute and water 
across the peritoneal membrane, have been performed in children 
and/or the developing animal. The purpose of this presentation 
is three-fold. Firstly, a few general principles of transperito
neal solute and water movement will be reviewed. Secondly, the 
available data describing peritoneal dialysis kinetics in children 
will be reviewed. Thirdly, certain aspects of studies which we 
have performed in order to increase our knowledge of peritoneal 
dialysis kinetics in the experimental animal as well as in children 
will be reviewed. 

GENERAL PRINCIPLES OF PERITONEAL TRANSFER OF SOLUTE AND WATER 

The peritoneal membrane functions as a passive semipermeable 
membrane through which solute diffusion occurs between the extra
cellular fluid compartment and the dialysate in the peritoneal 
cavity (1). The Fick equation for solute diffusion, n = cAPt, 
states that the number of particles of solute (n) crossing the dif
fusing membrane per unit time (t) is a function of the concentra
tion gradient (c) across the membrane, the permeability (p) of the 
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membrane for a given particle, and the functional area (A) of the 
membrane through which solute and water can move. Since the per
meability of most solutes in physiologic solutions is inversely re
lated to its radius, larger molecular weight solutes move across 
diffusing membranes siower than solutes having smaller molecular 
weights. The actual area as well as the size of the holes in the 
membrane which participates in the transperitoneal movement of 
solute and water is not known. As regards the peritoneum, there 
are differences between the anatomically measurable surface area 
of the peritoneum and the segment of the peritoneal membrane through 
which solute and water flow (2). The term, functional peritoneal 
surface area has been utilized to describe the latter. 

It is not possible to determine the actual mass transfer co
efficients for peritoneal membranes. The measurement of either 
peritoneal clearances and/or peritoneal dialysance are used in 
lieu of being able to measure mass transfer coefficients. Both 
clearances and dialysance measurements reflect the combined influ
ence on transperitoneal transport of permeability and membrane 
area. 

The more easily understood and widely utilized of the two 
measurements is peritoneal clearance (1): CI = DV where CI = 
clearance in ml/min; D and P = the solute conceniiation in the 
drained dialysis fluid and plasma at the midpoint of the dialysis 
exchange; V = total volume in ml of the dialysis fluid drained; 
and t = the time in minutes from the start of the inflow of dialy
sis fluid at the beginning of an exchange to the end of the drain
ing period. Peritoneal clearance is a direct measurement of what 
was actually accomplished; however it has certain limitations (3). 
No distinction can be made between the inflow, dwell and drain seg
ments of a peritoneal exchange. During each of these segments dif
ferent areas of the peritoneal membrane are utilized. Peritoneal 
clearance represents a mean clearance per exchange. It is highest 
during the initial moments of an exchange when the concentration.~: 
gradient between blood and dialysate is greatest and diminishes 
throughout the exchange and becomes zero when the solute concentra
tion in the dialysate equals that in the blood. Since the measure
ment of peritoneal clearance does not take into account the changin~ 
decreasing gradient in solute concentration between blood and dialy
sate occurring with time during an exchange, there is no correction 
for the deteriorating gradient as the exchange progresses when peri
toneal clearances are measured. 

A more quantitative estimate of solute transfer can be obtained 
by measuring the peritoneal dialysance of a solute. The following 
formula which is used to determine peritoneal dialysance is especial
ly helpful when the movement of molecules of varying weights, i.e. 
ratios of solute dialysance, is being evaluated (2,3). 
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D = 

D peritoneal dialysance in ml/min 
Sb concentration of solute in blood or plasma at the 

midpoint of the dialysis exchange 
Sd concentration of solute in the dialysis fluid 

drained at t (time) 
t = total time in minutes involved in a dialysis ex-

change including inflow, dwell and drainage 
Vd = milliliters of dialysis fluid drained by the end 

of the exchange 
Vb = the volume of distribution of solute within the 

body external to the peritoneal cavity 

Peritoneal dialysance can be defined as the rate of solute 
movement across the peritoneal membrane per unit of concentration 
gradient. It also has been defined as the peritoneal clearance 
occurring at time zero of an exchange. In developing the concept 
of peritoneal dialysance, four assumptions were made: 1) that the 
volume of distribution of a solute within the body remains constant 
throughout an exchange, 2) that ultrafiltration resulting in solvent 
drag is not occurring, 3) that the exchange process is not limited 
by the rate of capillary blood flow within the peritoneum and 4) that 
exchanges are precisely performed as regards the duration of inflow, 
dwell and outflow periods of an exchange. Assumptions one and two 
are valid when peritoneal exchanges are performed with solutions 
isoosmotic to plasma. Assumption four permits comparative studies 
to be made as the error introduced by changes in the time permitted 
for inflow, dwell and outflow will be similar. 

The dialysance of an individual solute is a function of both 
membrane area and permeability of the peritoneum. Changes which 
occur in dialysance indicate that a change in one or in both of 
these parameters has occurred (2,3). It has been demonstrated that 
changes in the dialysance of a low molecular weight solute such as 
urea (mol. wt. = 60), which has a comparatively high rate of diffu
sion, reflects alterations in either the membrane area or peritoneal 
capillary blood flow. Changes in the dialysance of a larger solute 
such as inulin (mol. wt. = 5200) have been shown to reflect changes 
in either the permeability of the peritoneal ~embrane and/or al
terations in membrane area. 

The ratio of the dialysance of inulin to urea, DI, or the per
meability index reflects the relative permeability oVUthe dialyzing 
membrane. Since DI e uals permeability/inulin. membrane area, nu q permeability/urea Nembrane area 
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it is apparent that the membrane area for the simultaneously deter
mined dialysances of multiple solutes is identical. When the dialy
sance ratio is calculated, the value corresponding to the size of 
the membrane area is cancelled. Because the DI/DU ratio provides 
a dimensionless index of permeability, changes occurring in this 
ratio, e.g. before and after the addition of vasodilators to dialy
sis fluid, reflect changes in permeability. 

When comparing the technique of clearance versus dialysance 
certain similarities between the two measurements can be shown as
suming that no ultrafiltration has occurred (1). It has been shown 
that clearance approximates dialysance only for large molecules 
when the surface area permeability product is low and the dwell 
time short. When the peritoneal surface area permeability product 
is large, when t is long and/or varied, and when small molecular 
weight compounds such as urea are being evaluated, significant dif
ferences between clearance and dialysance will occur. 

The rate of ultrafiltration which is determined by the osmotic 
gradient between dialysis fluid and blood influences dialysis kine
tics by increasing water movement across the membrane together 
with whatever solute may be trapped and moved across the diffusing 
membrane by solvent drag. The use of hyperosmotic dialysis fluid 
will increase peritoneal clearances and dialysance by virtue of 
increasing solute movement. It may also alter the SD/SB ratio and 
change the dialysance ratios of molecules of varying size. Thus, 
despite the obvious importance of ultrafiltration in the clinical 
care of patients, the process of ultrafiltration is best avoided 
when attempting to evaluate other aspects of dialysis kinetics such 
as the influence of peritoneal surface area, permeability, dialysate 
flow rate, and peritoneal blood flow, and the influence of growth, 
development and drugs on dialysis kinetics (4). 

KINETICS OF PERITONEAL DIALYSIS IN THE YOUNG 

When evaluating the kinetics of peritoneal dialysis in children 
the following factors need to be considered: 

1) the actual size of the peritoneal membrane 
2) the size of the membrane which participates in the ex-

change process 
3) the permeability of the peritoneal membrane 
4) the dialysate flow rate 
5) the rate of delivery of water and solute to the perito

neal membrane, i.e. peritoneal blood flow 
6) the manner in which studies of dialysis kinetics in in

fants, children and adults can be compared 
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Relatively few studies which deal with.the question of the ac
tual size of the peritoneal membrane are available (5,6,7). It has 
been suggested that the peritoneal membrane surface area approxi
mates the surface area of the skin and is approximately 2.0 m2 in 
area in the adult human (7). Two studies comparing the peritoneal 
surface area in children to that of adults are available (5,6)(Table 
1). Both studies demonstrated as expected that the actual perito
neal surface area in children is smaller than in adults. When cor
rected for body weight, however, both studies indicate that the sur
face area of the peritoneum per unit of weight in infants is approx
imately twice as large as it is in adults. 

The question arises as to what segment of the peritoneal mem
brane actually participates in the exchange process. The entire 
peritoneal membrane does not participate equally in the exchange 
process (1). It is probable that only the juxtacapillary peritoneal 
membrane participates in solute exchange. The visceral mesentery 
has been shown to be more permeable than the parietal peritoneum 
(8). A number of studies have shown that the capillaries involved 
in the exchange process can vasoconstrict and vasodilate in response 
to topically applied solutions such as hypertonic dialysate (3) and 
drugs (nitroprusside) (9). These agents are felt to act by alter
ing the quantity of the peritoneal surface area participating in 
the exchange process. 

If the functional peritoneal surface area is also twice as 
large in infants as it is in adults, similarly performed dialysance 
studies should yield a dialysance value per unit of body weight in 
infants twice that of the adults. 

Table 1. Surface area of the peritoneal membrane measured by 
anatomical measurements. Data derived from references five and six. 

Ratio of Surface Area 

cm2 
to Weight 

Size Surface area cm2/kg 

Infant 1,512 522 

Adult 20,281 284 

Infant 2,743 383 

Adult 10,379 177 
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The permeability of the peritoneal membrane may be examined 
by examining the relationship between the concentration of solute 
in the dialysate and blood (or plasma) after instilling dialysis 
fluid into the peritoneal cavity. It is difficult to decide how 
to compare individuals of differing sizes, realizing that the 
anatomic area of the peritoneum is relatively greater in infants 
than in adults. Because diffusion occurs across the peritoneal 
membrane according to concentration gradients and because the move
ment of water between various body compartments should remain con
stant throughout dialysis to maintain systemic hemodynamics, we de
cided to examine diffusion across the peritoneal membrane in child
ren of different ages by performing diffusion curves after instill
ing an isoosmotic solution into the peritoneal cavity (9). Similar 
dialysis mechanics were utilized in all studies. Forty ml/kg of 
body weight of 5% dextrose in water was introduced into the peri
toneal cavity over 5 minutes and allowed to remain in the peritoneal 
cavity for 60 minutes. Each 10 minutes a sample of dialysate was 
withdrawn and a sample of blood obtained. 

Our initial studies suggested that the rate of movement of 
solute with time was similar in children below 2 years of age as 
well as in children greater than two years of age (9,10). The in
fants when compared to the older children had similar SO/SB ratios 
for urea, creatinine and uric acid suggesting that similar clearances 
and/or solute dialysance occurred in both groups. However, only two 
of the four children were less than 6 months of age and one had the 
hemolytic uremic syndrome which by virtue of its being a vascular 
disorder might also have affected peritoneal blood vessels and its 
transport characteristics. We have recently studied two premature 
infants requiring peritoneal dialysis for acute renal failure secon
dary to shock. A high dialysate to blood ratio for urea and creati
nine and uric acid was found in both neonates when compared to the 
older children. This would suggest that peritoneal clearances and 
dialysance are higher in neonates than in older children. 

Assuming that the dialysate flow rate relative to body weight 
remains constant,the finding of a high peritoneal fluid to blood 
ratio (SO/SB) of solute in young infants indicatesrhat the young 
human has a higher peritoneal clearance than the adult and that 
if a dialysance were calculated on the basis of the above,the peri
toneal dialysance in the young would also be greater than that of 
the adult. In order to critically evaluate this suggestion we have 
performed dialysance studies of urea C14 and inulin H3 in a group 
of puppies less than 1 month of age and in a group of adult dogs 
(11,12). Because the dialysate to blood ratios of urea and inulin 
were higher in the puppies, the dialysance of both of these solutes 
were increased in the puppies. As already mentioned, if the SO/SB 
ratios were similar in both groups the dialysance would be similar. 
The results of these studies suggest that either the functional 
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area and/or the permeability of the peritoneal membrane in infants 
is greater than in adults. The fact that the larger molecular 
weight species had a greater dialysance in infants than in adults 
suggests that not only is the surface area larger in infants, but 
that the permeability of the perit~neal membrane is also greater 
in infants than in adults. 

The available studies reported by other investigations in in
fants and young animals suggest that the peritoneal membrane in 
the young permits a greater rate of transfer to solute than does 
the peritoneal membrane of adults. These studies also permit al
ternative explanations because the dwell time as well as the quan
tity of the dialysis fluid utilized had not been kept constant (6, 
13). Inspection of either the clearance qr dialysance formula 
demonstrates clearly that manipulation of either of these parameters 
can alter clearance or dialysance without any change in membrane 
permeability or functional area. Thus, exchange times and volumes 
of dialysate relative to body fluid compartments must be kept con
stant in order to obtain comparative data when large differences 
in body size exist. As regards the published studies dealing with 
peritoneal dialysis kinetics in young animals and children, 'data 
relative to dialysis volume and/or dwell time are often lacking. 
Also, dialysis volume and dwell times have not been maintained con
stant when individuals of different sizes have been dialyzed. The 
suggestion that peritoneal dialysis is more efficient in infants 
as compared to adults in these studies can be explained by the fact 
that volumes and dwell times were different. In retrospect these 
studies have not critically examined the issues of peritoneal per
meability and functional surface area involved in the exchange pro
cess. We have performed clearance studies in children and dialy
sance studies in puppies and adult dogs using two different volumes 
of dialysate. As expected,clearances and/or dialysance varied with 
changes in dialysate flow rate. A doubling of dialysis volume did 
not double either clearance or dialysance. Consequently, if compara
tive studies are desired dialysate volume must. remain constant in 
relation to body fluid compartments, otherwise any differences will 
be able to be explained in part by changes in dialysate volume. 

There are no studies of peritoneal blood flow in infant and 
young animals. The available studies in adult animals suggest that 
the rate of peritoneal blood flow does not limit solute exchange in 
normal animals across the peritoneal membrane (14). However, in 
certain disorders such as diabetes, heat stroke and scleroderma 
the rate of blood flow through the peritoneum may limit solute ex
change (15). Also, it has been demonstrated that vasodilatation 
of peritoneal capillaries increases the rate of movement of solute 
across the peritoneal membrane. 

In summary, our various studies have addressed three of the 
four variables involved in the kinetics of peritoneal dialysis -
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permeability, functional surface area, and dialysate volume. They 
demonstrate that the peritoneal permeability as well as the func
tional surface area of the peritoneum is greater in infants than 
in adults, and that changes in dialysate volume influences perito
neal clearance and probably dialysance. The practical implications 
of these studies on peritoneal dialysis kinetics in the young are 
that the rate of removal of solutes is quicker in the young than 
in the adult for a given set of dialysis mechanics. Also, the re
moval of larger molecular weight compounds, i.e. middle molecules, 
should be anticipated to be more efficiently dialyzed in the young 
because the peritoneal membrane in the young is more permeable to 
larger molecules. 
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PANEL DISCUSSION 

Moderator: Jos~ Strauss, M.D. 

Div. Pediatr. Nephrol., Dept. Pediatr., Univ. Miami Sch. 
Med., Miami, Fla. 33152, USA 

QUESTION: About Saralasin, do you think that has a future 
for therapeutic and various hypertension needs? 

RESPONSE: Saralasin, I believe, is intravenous. As a block
ing agent (with blocking activity), captopril (which is the generic 
nameh Dr. Broyer was telling me during the coffee break that he 
has had a reasonable experience with it now using captopril to 
treat severe hypertension in 20-30 children; he thinks that it is 
the drug of the future. I would tend to agree. It is very diffi
cult to get it in this country to study in children because of the 
questions which have been raised and bantered around because of the 
fact that it may produce proteinuria. I have a feeling that the 
proteinuria issue will get itself resolved and I think it is a 
drug that has tremendous potential as both a diagnostic and thera
peutic agent. I foresee it being widely used if it doesn't have 
this problem of toxicity. 

MODERATOR: We recently had a patient that had a nephritis 
of acute onset, went into acute renal failure with severe pulmonary 
distress. X-rays of the chest revealed a few infiltrates. We 
thought we had a sure case of Goodpasture. The mother described 
bloody striae in the sputum. The patient went home to recover com
pletely after several peritoneal dialysis procedures. We obtained 
a kidney biopsy and the finding was endocapillary proliferation 
with typical electrodense and immunofluorescence of post-infectious 
glomerulonephritis. Since the initial clinical description of the 
so-called Goodpasture syndrome was renal and lung involvement, do 
you have any tips on how to differentiate those patients who look 
like one but are not from those that are the true Goodpasture 
syndrome? 

449 
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RESPONSE: It's very important to get your terminology right. 
In the sort of patient you describe, measuring the hemoglobin is the 
way to distinguish pulmonary hemorrhage from pulmonary edema, if you 
have any doubt and there can be doubt sometimes. But, if somebody 
has got Goodpasture syndrome with a white out on chest x-ray and 
hemoglobin way down - 6 or 5 or 4 or 3 or sometimes even less -
then, there is no doubt. 

QUESTION: Just a mild decrease would not qualify? 

RESPONSE: That's a clinical distinction to make in a few mo
ments. Otherwise, Goodpasture syndrome, of course, is the clinical 
association of extensive pulmonary hemorrhage and nephritis. There 
are many patients who have lung hemorrhage from conditions such as 
polyarteritis, lupus, Wegener Granulomatosis, anti-TBM nephropathy, 
etc. 

As I said yesterday, you can generally distinguish these if 
they have clearly a one system disease of some kind. It may not be 
the sort that you can diagnose specifically but you have a patient 
who is generally ill with weight loss, pyrexia, muscle aches, that 
type of thing while patients with anti-GBM disease are suffering 
from typical symptoms such as anemia, sometimes vomiting, a con
gested lung. The disease in the lung and the kidneys fares generally 
well. 

MODERATOR: I should mentlion that Dr. Pardo did try for cir
culating anti-basement membrane antibodies and did not find them. 
So, we had the suspicion that the impression was not correct but 
we also thought that maybe his method was in error. 

QUESTION: I would like to ask if you have any experience wi'th 
the complement system in IgA nephropathy. Do you ever see decreas,ed 
serum complement levels associated with this "disease"? 

RESPONSE: The general pattern in IgA nephropathy is that the 
complement is normal. There is one very solitary patient described 
with a very curious system of complement activation with involve
ment of the alternate pathway of activation. At that time there 
was a great deal of uncertainty about the mechanism involved and this, 
as far as I know, has not been resolved. After that happened, 
people in my laboratory carried on an extensive search of serum 
properdin levels on patients with IgA nephropathy with no abnormal
ities found in the complement system. Some people at the Institute 
of Child Health in London have found IgA and IgE contained in im
mune complexes. Often these complexes in fact are not detected by 
Clq binding but are detected by one of the other techniques. 

QUESTION: The efficiency and safety of peritoneal dialysis in 
the case of post-operative period for pancreatic processes - could 
you comment? 
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RESPONSE: A number of people have used peritoneal dialysis 
following abdominal surgery for different types of procedures and 
have found that you can effectively use peritoneal dialysis after 
intra-abdominal surgery. We have used it in a couple of children 
who had abdominal surgery. I think if you are going to do that, 
though, you should use a smaller volume rather than larger volume 
so that you don't put too much stress on. the inside, so to speak, 
of the suture. It certainly can be used without much difficulty. 
If you have a patient who has adhesions, for example, who has 
been on chronic peritoneal dialysis and has had some infection, 
then it makes sense to apply continuous peritoneal dialysis to 
such a patient so that one gets the mechanical factor - whatever 
that is - of preventing adhesions. 

QUESTION: How long do you keep plasma exchange and immune 
suppression treatment in anti-GBM disease and which are the para
meters of the treatment? 

RESPONSE: That's a good question. Our practice has changed 
as we have gained experience. What we currently do is to carry 
out daily plasma exchanges until such time as the clinical evidence 
of disease activity ceases. By that I mean stabilization of serum 
creatinine, and a substantial clearing of the urinary red cells. 
That you can do in any routine laboratory. We also are fortunate 
in having anti-GBM assay available to us. What we now do is get 
daily assays of circulating antibody. When antibody is no longer 
detectable and has been undetectable for a period of two to three 
weeks, then we take the patient off of any special treatment. We 
stop plasma exchange when the disease becomes clinically quiescent. 
We stop immune suppressive treatment within two to three weeks. 
We s~art reducing anyway within two to three weeks of the antibody 
having been cleared from the circulation. Now, this applies par
ticularly in the patient seen early and who suffers from moderate
ly preserved renal function. The problem arises in what to do with 
a patient who presents anuric, wham you treat because of pulmonary 
hemorrhage and that resolves. You s~ill are left with a patient 
with a high level of antibody in the circulation but with irrever
sible damage to the kidneys. How long should you continue with 
plasma exchange and treat the patient with drugs? I think the 
answer to that is a bit uncertain. The difficulty is that we've 
seen a number of patients in whom we've stopped treatment, who 
have been left with a high titer of antibody in the circulation 
and are apparently well, gone back to the referring physician and 
developed a respiratory infection. Some have died under those cir
cumstances. So, that's a difficult judgement to make. I can't 
give you clear guidelines on it. It's still a course between the 
danger of continuing cyclophosphamide and steroids in an anuric 
patient who is on regular dialysis and that's a patient in consider
able danger of infections and hemorrhage. But, in those patients, 
I think, probably you can start to reduce the cytotoxic drugs. 
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As I said yesterday, we've only very exceptionally continued cyclo
phosphamide anyway for more than 6-8 weeks. 

QUESTION: I was going to ask if vou might spend a minute or 
two just describing the mechanics of how you do your plasmaphere
sis - using shunts, grafts, single needle, double needle, etc. 

RESPONSE: Well, it just depends upon what kind of problem 
you are dealing with. If you've got somebody who comes in with 
life threatening anti-GBM disease you can be pretty sure that you 
are going to need to do upwards of 14, 20 or even 30 daily plasma 
exchanges. Under these circumstances one needs top quality vas
cular access. I still think that under most circumstances you will 
be forced to have an arteriovenous shunt before that. I say that 
with some reluctance because I also told you that the infection of 
the shunt site causes trouble. For this reason, we tried other 
approaches such as femoral catheters, or more recently, subclavian 
catheters, after the experience of the group in Toronto, particular
ly, who have used it very extensively for hemodialysis. That does 
seem to be useful in an unfortunate patient who requires an inten
sive plasma exchange. I think that that is the easiest way you 
can get intermittent plasma exchange which may be of value and 
I'm referring now to patients with severe lupus where you may want 
a few plasma exchanges or some of these other immune complex dis
eases where the plasma exchange seems to tip the patient into a 
state of cardiac decompensation. Then, we would try, if possible, 
to use just a venous access. The trouble with that is that you 
get poor flow and the whole procedure drags on for three to four 
hours instead of the usual two hours. In a few patients with 
anti-GBM disease who, for example, look as though they are heading 
for renal failure and regular dialysis anyway, we have early fistu
las put in. The problem is that you can't use them as soon as you 
would like to. In most circumstances where you want to do plasma 
exchange, you want to do it that night, not in two weeks. 

QUESTION: I would like to ask you to give us a summary of 
your experience with chronic peritoneal dialysis. 

RESPONSE: We have about fifteen patients dialyzed every other 
night. We have been able to compare about five patients that went 
into hemodialysis for a period of six months and then they decided 
or asked us to shift to peritoneal dialysis. We compared another 
period of six months. We were then able to see that we had had a 
good control of the hypertension. The patients who went to peri
toneal dialysis, arrived with lower levels of urea, creatinine, and 
with normal levels of hemoglobin. So, I think we got very good re
sults. Then, we thought that maybe these kids were stabilizing be
cause of the previous periods of hemodialysis, but when we compared 
another number of patients who went from the very beginning to 
peritoneal dialysis, we got exactly the same results. So, I think 
it is an improvement. 
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On the other side we had two patients whom we put on chronic 
ambulatory peritoneal dialysis. It worked very well. We were able 
to keep these two patients for about six months in very good condi
tion so. I think that it also, is a good dialysis modality. 

QUESTION: Did the infants grow on CAPD? 

RESPONSE: No, I don't think so. 

QUESTION: Regarding the individual variability in the amount 
of fluid needed to maintain balance, during intermittent peritoneal 
dialysis at times we must make adjustments in terms of the amount of 
fluid lost over and above that put in. Do you find that in chronic 
peritoneal dialysis? 

RESPONSE: I am not aware of any studies looking at how much 
fluid you lose in children dialyzed with different glucose concen
trations, different volumes, etc. I do know that there is some 
published data but I can't remember the numbers, as to how much 
fluid you remove in an average exchange with a certain concentra
tion of glucose. In terms of acute dialysis, I agree with you. 
We see patients in whom the amount of water that has been removed 
is great; others in whom we can't get much out. We occasionally 
see some patients, when they first start,in whom we get almost 
nothing back in relation to what we put in for reasons which I 
am not sure about. Some of these children probably have had lots 
of stress, intermittent episodes of hyperglycemia with a gradient 
such that water will move into the patient. One of the things 
that we have done on a couple of occasions in children with post
operative open heart surgery and acute renal failure, who have 
had high blood sugars - even before we started- when the blood 
sugar even went further up to 400-500-600 mg/dl, we even had to ad
minister intermittent insulin. 

MODERATOR: By the way, your review of antihypertensive agents 
regarding hyperglycemia in peritoneal dialysis,using dfazoxide 
when given under those conditions can really create havoc. We had 
that situation. We had not thought about it but the patient had 
crystals of glucose in his eyegrounds on fundoscopy. I wonder 
whether one of you could touch on the point of implantation of 
catheters in terms of surgical versus medical, whether you need 
to go into an operating suite, and whether it makes any difference 
whether the catheter is one that you buy for $40 or one that you 
make at home for $2-4? 

RESPONSE: We've taken the easy way out. We have had the sur
geons put our catheters in for practical reasons. We have used 
the Tenkoff catheters because they have been available. I do be
li~ve that there is a somewhat different catheter in Toronto that 
apparenhly has been helpful. There is some difference between the 
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dacron sleeves at the two ends which if anybody is interested in 
getting the catheter I can provide names for them. The other thing 
we have done in acute patients, we have in the last few years used 
Tenkoff catheters rather than straight catheters with the idea that 
most of the children whom we dialyze. we don't dialyze but one or 
two days. Based on our past experience they will have dialysis for 
a week or ten days - a minimum of a week to ten days. So, having 
a catheter that you can use intermittently with less problems may 
be helpful. 

MODERATOR: What do you do in those cases? Do you continu
ously dialyze those patients? 

RESPONSE: When we put a Tenkoff in we need to do the dialysis 
every day for the first five days. Now it may not be 8 or 12 hours -
it may be a few hours. It seems as though - and it's recommended 
by some people - that some exchange must be done daily for the first 
number of days. This allows trap formation to occur, inhibits the 
infection process, etc., and the catheter will work better. What 
we now do in anyone, either an acute or chronic patient who has a 
Tenkoff put in, we'll do some exchange daily for the first five or 
six days. 

COMMENT: For chronic peritoneal dialysis we use the one 
made by our staff because it cuts down the cost from $40 to $4. 
We use either one of the implantation procedures according to the 
age of the patient. If it is a small infant we use the surgical 
procedure; in the older child, we do it by ourselves. We start 
using the peritoneal dialysis immediately daily for five or six days 
and then we start with the intermittent approach. 

QUESTION: Could I ask a question from last night's workshop? 
I may not have understood exactly what you said, but I gather from 
what you said regarding treatment of apparent or presumed renal 
immunologic disease, based on your rationale. you use either one or 
two criteria: number one, documentation of the exact nature of the 
disease with definite, demonstrated evidence from scientific data 
that the therapy is going to work. Number two, r think you said that 
you must not treat such patients if there has not been previous ex
perience with similar cases showing or indicating success. We had a 
case which we had never seen before and which had not been reported 
specifically in all its complexity which we happened to treat. Now, 
if we saw a similar case next year and treated her or him similarly 
and achieved the same good result, would you praise the treatment 
next year as opposed to condemning it this year? 

RESPONSE: As you put it to me, basically, you either treat 
or try a treatment because you think you understand the nature of 
the disease - its rationale - and that, of course, happens fairly in
frequently\or you use drugs in an entirely uncritical way. Along 
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those lines, who would have thought that the nephrotic syndrome 
associated with minimal change nephropathy, on the basis of the 
evidence that we have accumulated over the past 25-30 years, would 
have responded the way it has? Are there grounds for believing that 
there are mechanisms involved that steroids or cyclophosphamide are 
likely to influence? I don't think there are. But, the treatment 
works. When you come to a disease that you haven't seen before, that 
nobody else has seen before and don't know how to treat, then you 
are entitled to do almost anything within reason provided you don't -
it's not a question of what you do, it's how you write it up. What 
I was objecting to last night was a mixture of empiricism and sci
ence. 

QUESTION: I saw in one of your slides that you almost doubled 
the efficiency of your dialysis by increasing the dwell time to 60 
minutes. I have been traditionally taught that when you increase 
the dwell time up to and beyond 60 minutes you are really going to 
decrease your efficiency. Have you carried out any studies to see 
what is the optimum dwell time? 

RESPONSE: No, we haven't except that we have performed a 
number of diffusion curves, the data of which I did not show, as to 
changes of dialysate concentration with time. This has been done 
many times in adults. For example, urea with 30 minutes dwell tim~ 
you'll get maybe 40-50% of plasma level. If you leave it in for 60 
minutes, you'll get 60 or 70% of plasma level; if you leave it in 
for three hours, you'll get 100% of plasma level. The calculation 
I showed you was a theoretical level calculation. That is, if you 
leave time as a factor, it would almost double. On the other hand, 
from a realistic point of view, if you leave the solution in there 
for a longer amount of time, the concentration builds up as well, 
but that's falling off with time. So when you have all of these 
variable things to field, you'll practically - most people, I believe, 
do exchanges that range from 30 to 40 minutes. Sixty minutes may be 
a tad too long. Some people have looked at several exchanges, one 
every 30 minutes versus one every 60 minutes versus one every two 
hours. I think it's decided that every 30-40 minutes probably 
you get the most solute removed. 

QUESTION: Regarding the more efficient dialysis of infants 
versus the adult individuals, is there anything to do with peritoneal 
elasticity or surface area in relation to total body mass or weight? 

RESPONSE: As far as the elasticity, I can't make any comments 
except to say that there are some data on the isolated perfused tu
bules studied suggesting that the endothelial membrane or basement 
membrane are more volume pliable in general. The question of sur
face area, I think there is no doubt that the surface area of the 
peritoneal membrane in relation to body size is larger in ~nfants 
whereas it has been pointed out that it is not necessarily the en-
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tire surface area which participates in the exchange process. It 
is more likely to be the visceral peritoneum than the parietal 
peritoneum. There's also some data that suggest the length of 
capillaries may have something to do with the exchange process. 

QUESTION: Do you find that peritoneal dialysis when peritoni
tis exists, is contraindicated? 

RESPONSE: We have not looked at it. I am not aware of any 
data on that. But I'm not sure of any study supporting it. 

QUESTION: I was wondering how the progression of the osteo
dystrophy in the peritoneally dialyzed children compared to those 
in hemodialysis. 

RESPONSE: We haven't carefully looked at it. We get monthly 
calciums, phosphoruses, PTH's. Twice a year we get x-rays. I 
could not answer you whether the rate of progression is that much 
different or not. 

MODERATOR: How solid are the data on increased ADH levels 
or production in patients with the nephrotic syndrome? You mentioned 
that that is evident. 

RESPONSE: I can't answer that as far as how solid the data 
are. I guess I was assuming that because of the lowered effective 
arterial volume, that there would be a stimulus for ADH release. 

MODERATOR: We are interested in this subject, as you know. 
We feel that the explanations that we have data for in terms of 
edema are insufficient and that probably ADH is increased; we are 
looking into that. It is obviously a logical assumption but it 
would be important to know how much of that has been documented. 

RESPONSE: As you know, it is difficult to measure ADH levels. 
The accuracy or at least the availability is not the best. One 
thing I wanted to comment on is that in pediatrics my experience 
in the last 15 years, seeing a huge number of children with renal 
disease, I think Goodpasture below age 18 approaches about zero
zero. I would be interested to know what some of the others here 
have experienced with Goodpasture disease. We talked about plasma 
exchange. If I had had this procedure, over the last 15 years I 
would not have had any patients. 

RESPONSE: I guess you would have been very fortunate, 
wouldn't you? I think the point that I was trying to make is not 
whether plasma exchange is or is not of value in this form of renal 
disease. I think that what we get from plasma exchange is an indi
cation of how the treatment is to be brought about or which monitor
ing methods should be used. It's interesting that one rare disease, 
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with this treatment, appears to be curable under some circumstances. 
As a proportion of patients in pediatric practice that's not very 
important. As an idea, as a concept of how diseases of this group 
may be treated, it's very important. I think that is really the 
point. In relation to immune complex disease it is much more 
important. As I say, I don't know how valuable plasma exchange is. 
Formal data of studies are not yet available. But, again, there 
are india.ations from plasma exchange of the sort of things one 
might wish to do. It's far less expensive, less dangerous, and 
less invasive than hemodialysis. Again, not what it does, it's 
the way it points. I run a clinical research department and my 
approach to renal disease has always been that existing forms of 
treatment are inadequate. Our knowledge is not adequate and what 
we have to do is fundamental research on methods of treatment 
and use those insofar as possible to try to help patients but to 
bear in mind constantly that empirical clinical observations 
may well turn out to be much more interesting in the long run. 

MODERATOR: You also mentioned last night that there was an 
increase in ~he reported incidence or number of reported cases. 

RESPONSE: I think that it's just in the diagnosing part. It's 
quite interesting. I remember going to a meeting in Paris in 
about 1971, I think it was, when an American immunologist came and 
spoke about pathogenic mechanisms in nephritis. It was a gathering 
of very distinguished French nephrologists. He talked about anti-
GBM disease and described the mechanisms-a beautiful thing. He 
discussed immune complex disease in the most erudite manner. An 
elegant talk. Afterwards a French pathologist got up and showed his 
slides--an analysis of the past 400 cases of primary glomerulonephritis 
at his hospital--400 immune complex disease, zero anti-GBM disease. 
For a long time, the French nephrologists claimed that anti-GBM disease 
was exceedingly nare and even non-existent. It's very interesting how 
much the disease has increased in incidence recently. I have seen 
more reports coming through of anti-GBM and anti-TBM diseases than 
ever before. I think it's the usual thing. Once a form of treatment 
is apparently successful, these patients are identified. I used to see 
one case a year in a major internal medicine practice. Now we have 
two or three cases on the ward at the same time. 

QUESTION: Changing the subject, did you have any problems in 
relation to body image with the Tenkoff catheter, particularly in 
adolescents? And, have you considered or used any of the r,everse 
osmosis units? 

RESPONSE: Our children have not, to the best of my knowledge, 
verbalized body image problems because of a catheter. I think they 
have sufficient body image problems without the catheter to begin 
with. They also have body image problems with access routes, etc. 
I would assume that they feel that it's a body image problem. On 
the other hand, you can conceal a Tenkoff or other catheter in terms 
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of daily dress very easily. Reverse osmosis machines: the unit 
that I showed you, we opened approximately a year and a half 
ago. We do use reverse osmosis. So all of our hemodialysis 
patients now are hooked to water treated by reverse osmosis. The 
groups that have observed the epidemics of dialysis dementia 
(particulary I'm thinking of the Newcastle, England, group) make 
the statement that after they have switched from some other kind of 
water to reverse osmosis, the epidemic has disappeared-presumably 
from reducing the aluminum content in the dialysate water. So, 
in terms of hemodialysis, the use of reverse osmosis may have a 
significant impact in the future on the incidence of the whole 
problem of dialysis dementia-if you believe it's aluminum. 

COMMENT: I have not been aware of the psychological impact 
of this procedure but I have to look at this particular aspect. 
I think that most of our patients are already depressed because of 
the disease or because of procedures they have had. 

COMMENT: I would like to make one other point about the use 
of the Tenkoff catheter. At least in our experience, it always 
has been associated with going to home dialysis. I think these 
particular groups of children tending to themselves, because 
they have bpen at home, in more of a routine life style, in general 
have improved, so the trade off may be well worth the catheter. 

MODERATOR: In terms of safety of plasmapheresis or plasma 
exchange, we hear some of the commercial companies say, "It's a 
very simple procedure; we can train the nurse in a couple of days 
and that's all you need". In our discussions, letters, etc. 
regarding the establishment of such a procedure in our hospital, 
it has been my assumption that we needed to approach this 
program very much like the establishment of a dialysis facility, 
with all the support personnel, monitoring and physician supervision. 
Could you give 11"l your thoughts on that, on how you operate? 

RESPONSE: It is a rather straightforward procedure, easy 
enough to do. We have a nurse technician who does it under medical 
superv~s~on. Now the way it's done in my unit is, when we first 
started it, it was a problem of responsibility of one person we call 
a registrar, a Resident Phy~l~ian (with other duties) and then as we 
increased our activities, we got a full-time person. Now it's more 
routine, is easier, and we have a junior Staff doctor, a group of 
three people who are on one night in three, and one nurse. There's 
a machine and it's done in a side room off of our ancient Victorian 
ward. The major problem we have is vascular access. The rest is 
simple and there is little to discuss, really. 

MODERATOR: You have not had any acute problems during the 
performance of the procedure? 
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RESPONSE: We have been very fortunate in that people have 
been very careful. Other people have had pulmonary edema. You 
need to be very, very sure you don't overload your patient with 
priming and that kind of thing. We don't have problems with 
hypotension which has been reported in this country. Mainly, 
we are very fortunate in having a very safe protein fraction 
preparation which is free of hypotensive effects. The problem 
with plasma exchange is that it is too easy and its use is 
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becoming very widespread under circumstances where the information 
is not subject to monitoring of a scientific kind or under a process 
of controlled trial. In Southern England, I know of people having 
attacks of migraine who occasionally have plasma exchange! 

MODERATOR: That is without having the stimulus of making a 
few bucks which would be so in our Society with private enterprise. 
We are fortunate in having very responsible physicians in private 
practice who are most cautious in the use of the few machines 
available in this community. 

RESPONSE: Yes. We don't have those stimuli in England. We 
just do it for the glory. 

MODERATOR: What about the question of immune complexes in 
the nephrotic syndrome? You touched on the nephrotic syndrome 
and we are very interested. We have visited and shared information 
with the group at the Child Institute in London. What is your 
interpretation of their data and methodology in general for immune 
complexes? 

RESPONSE: It's a difficult question to answer simply. Certain 
groups find certain immune complexes in patients with steroid 
responsive nephrotic syndrome. They further sh~w that in patients 
who've got persistence of circulating immune complexes, after the 
nephrotic syndrome responded to steroids, the immune complexes 
decrease when compared to relapse. That seems to be the sort of body 
of evidence that could be used to argue the case for a role for 
circulating immune complexes. There is an enormous body of evidence 
against it. There are patients who have minumum change nephrotic 
syndrome without immune complexes in the circulation and relapse 
without immune complexes in the circulation. So, if you are a cynic 
you might want to agree that immune complexes in the circulation 
in these patients are some kind of secondary phenomenon and not 
related in a primary way to the disease of the kidney. My own 
position is that I just don't know. I don't understand that disorder. 
I think what you've got to hang on to is that the disease responds to 
steroids and cyclophosphamide. That seems to me to suggest that it 
is inherently more likely to be related to a product of a steroid or 
cyclophosphamide sensitive cell. That's about as far as I would take 
it. 
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MODERATOR: It has been suggested that what they measured 
was not immune complexes or that the different so-called immune 
complex determinations may measure different substances. Is that 
logical? 

RESPONSE: Yes. That's logical. One measures by all the 
tests for immune complexes, material which he1s reactivity that also 
can be ascribed to immune complexes. Clq dependent reactions, for 
example, measure Clq binding properties of immune complexes, but 
substances other than immune complexes bind Clq • This kind of problem 
underlies all the assays. It's the reactivity you are measuring, 
not like when you measure zinc, calcium or aluminum; in those cases 
you are measuring molecules which are defined. With an immune 
complex, even when it is an immune complex, it is not defined; 
it's in a state of continuous equilibrium with antigens and antibodies, 
where the complexes are aggregated and disaggregated and so on. 
This is the reason why people have received about 20 or 30 different 
assays because the underlying philosophy has been that when you 
fail to find immune complexes in the circulation of a patient in 
whom you feel on certain grounds that there ought to be immune 
complexes, you conclude that the techniques are wrong. But the 
techniques are not wrong; they are right and the concept is 
wrong. The whole position is in limbo, really. 

MODERATOR: Changing the subject, what about complications 
from diuretics. We had the experience a number of years ago 
(Dr. Mel Grumbach, Dr. Schotland and myself were working with 
some patients with nephrogenic diabetes insipidus) with a patient 
on one of the thiazide diuretics who developed bone marrow 
aplasia. I wonder how often that is present? How would one 
go about detecting such a severe complication? 

RESPONSE: I've not seen a patient with that. It's so rare 
that I would not advise routine, regular white blood cell count 
in patients who are on diuretic therapy. 

RESPONSE: Going back to a previous question, we've seen 
a number of children who had not only severe renal osteodystrophy 
but have had myelofibrosis. This question you brought up, I wonder 
if you have any experience with that. In response to the question, 
"Have you ever seen Goodpasture?", we have seen two children with it
one of whom, one morning while we were waiting for the biop-sy report 
to come back, sat up, started having lung hemorrhage, and died in 
about nine minutes. 

COMMENT: We haven't seen any patients with myelofibrosis but 
we haven't looked for it. In terms of diagnosis, how do you 
diagnose it apart from bone marrow aspiration? 
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RESPONSE: These were children who have had persistent thrombo
cytopenia, neutropenia, who had had bone marrow aspiration routinely. 

COMMENT: We absolutely don't do bone marrow routinely. Some 
of the children tend to run low white counts but we don't see any 
thrombocytopenia and they are all anemic. But no, I can't say that 
we have specifically seen it. 

MODERATOR: What about other methods short of bone marrow 
biopsy or bone biopsy to assess osteodystrophy? 

RESPONSE: There are methods, such as radioactive techniques 
to determine bone marrow mineral density, which apparently are 
much more sensitive than ordinary straight x-rays. However, 
mineral density does not necessarily indicate correction of 
osteodystrophy because with calcium alone you can increase bone 
density. You can increase the mineral but the pattern of the 
bone is irregular. So it is not as specific. On the other 
hand, bone biopsy is not that specific either because on different 
areas of the skeleton there are different stages of alteration and 
perhaps iliac crest biopsy may not be representative of the total 
net situation in the body. Anyway, as far as we are concerned, 
bone biopsy is rather theoretical. 

COMMENT: We have quite a number of patients with myelo
dysplasia and we've had a Research Protocol for the last couple 
of years to look at the children on hemodialysis or in renal failure 
to come up with some ideas on the pertinent subjects to clarify 
the patho.logy and the etiology of it. Another thing to look at 
along with what has been mentioned, is the evidence of leukopenia 
and, of course, anemia; also, extra-medullary hematopoiesis, and 
radio iron incorporation, over the liver and spleen. Compare 
this to bone marrow following injection. It's our feeling right now 
from the data, that there is secondary hyperparathyroidism. It seems 
to be much more common in those patients who have urological type 
diseases rather than glomerular diseases. We are now in the process 
of putting our data together. 

QUESTION: Changing the subject, would you go into more detail 
about the training process that is used with peritoneal dialysis and 
also if there is any differentiation between the diet requirements 
of hemodialysis patients as compa~ed to peritoneal dialysis patients. 

RESPONSE: We have a training manual put together. What we 
have done is ask one of our nurses to assume responsibility for all 
home peritoneal dialysis training; she works with the kid and the 
family. They have a step-wise procedure including a number of 
check points with examination, etc. 
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QUESTION: Is there any difference in diet between the 
different dialysis procedures? 

RESPONSE: We tend to be a little more liberal with the kids 
on peritoneal dialysis. You also probably remove more albumin 
during peritoneal dialysis than you do during hemodialysis, so 
you are able to offer a higher protein diet in terms of trying 
to deal with the problem of hypoproteinemia. It's interesting, 
just as an aside, to mention that there are studies trying to use 
dialysis solution as a way of providing nutrients-putting amino
acids and seeing what happens in terms of moving their metabolism 
in the other direction. 

QUESTION: What preparation would you use in patients with 
kidney and liver disease when you cannot use a vitamin D 
metabolite that has not been hydroxylated ? 

RESPONSE: I would have to pass that question to someone 
else because I don't know. You had a child, so you tell us 
what you did. 

COMMENT: We did not succeed in treating him because we gave 
him Hytacherol and he didn't respond. 

RESPONSE: With these end stage kidney diseases, a lot of 
times we give the 1,25 metabolite, that apparently is the most 
active metabolite. You cannot give anything that has to go 
through the liver and 1,25 fulfills that requirement. 

COMMENT: Hytacherol supposedly has to be hydroxylated in 
the liver. 

RESPONSE: Hytacherol yes, but not 1,25 dihydroxycholeealciferol. 
Anything else available has to go through the liver. 

MODERATOR: Neither of you was here during another discussion 
when one of the panelists mentioned that he would add, I believe, 
the 24,25 compound also. 

RESPONSE: I didn't mention it because it was explained so 
well. Certainly, 1,25 is not the whole answer but it is the only 
thing we have. Experimentally, the 24,25 compound is available. 
One may end up giving a combination of the two. The alternative 
would be, in the absence of glomerular disease, to give a combination 
of 25 hydroxycalciferol and 1,25 dehydroxycholecalciferol. The 25 
may be hydroxylated to the 24,25. But that's all very experimental at 
this time. 

MODERATOR: We will have the answer when our group finishes its 
study on 24,25 dihydroxycholecalciferol! We must adjourn for now. 
Thank you. 



WORKSHOP: 
IMMUNO-CLINICO-PATHOLOGIC CORRELATIONS 

Moderator: Jose Strauss, M.D. 

Div. Pediatr. Nephrol., Dept. Pediatr., Univ. 
Miami Sch. Med., Miami, Fla. 33152 USA 

MODERATOR: The first case will be presented by Dr. Gaston 
Zilleruelo. 

DR. ZILLERUELO: This is an 18 year old black female who has 
the history of nephrotic syndrome started in September 1972 at the 
age of 11 years old. At that time she was found to have moderate 
edema, heavy proteinuria, hematuria and mild hypertension. She 
had been a well developed and completely healthy child. No 
history of familiar renal disease except that her father died at 
32 years of age due to hypertension and "Chronic Glomerulonephritis". 

Laboratory work-up on the first admission included, in blood: 
Rb 12.9 gldl, Rct 36.7%, a normal total protein of 4.4 gldl, albumin 
2.0 gldl, calcium 7.7 mgldl, phosphorus 4.6 mgldl, cholesterol 465 
mg/d1, BUN 10 mg/d1, serum creatinine 0.6 mg/d1, C3 normal" ASO and 
ANA titers negative, LE cell preparation negative, serum immuno
globulins with decreased IgG and increased IgM, protein electropho
resis with a nephrotic pattern (decreased albumin and increased alpha 
2 globulins). In urine: protein 3+, blood small, RBC casts +; IVP 
with enlarged kidneys and left double renal artery. 

The patient had a kidney biopsy in October 1972 that showed 
an acute diffuse exudative and proliferative GN with electron 
dense deposits and gammaglobulin in the mesangium. She had a second 
renal biopsy in July 1973 that showed "segmental disseminated mesan
gial sclerosis (10/10)." 

She was started on prednisone therapy, did not respond and also 
was resistant to a vincristine trial. Because of persisting protein
uria and edema, a three month course therapy with cyclophosphamide 
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and prednisone was instituted from April to June 1975 with some 
improvement in her condition (edema decreased). Patient received 
therapy with prednisone until December 1975. Because of serum 
immunoglobulins with decreased IgG and increased IgM, a trial 
of transfer factor was done in January 1976, without significant 
improvement. 

During this time, she persisted with heavy proteinuria 
(ranging from 2 to 4 g/day). Several ANA titers were negative. 
Also complement was found to be normal except for occasional 
low level up to our lower normal which is 80 mg!dl for C3 . Her 
renal function showed at first a slight decrease of the creatinine 
clearance (Ccr) from 76 ml/min/l.73 m2 (July 1973) to 68.8 ml/min/ 
1.73 m2 (June 1976). However, in December 1976 her Ccr was normal, 
92 ml/min/l.73 m2, with a serum creatinine of 1 mg/dl. She 
remained relatively stable with normal renal function and no 
evidence of edema until November 1977 when she presented a clinical 
reactivation of her disease with increased proteinuria and re
appearance of edema. After then a progressive deterioration of her 
renal function occurred. In February 1979 her BUN was 28, creatinine 
3.5. In March 1979 BUN was 36 and creatinine 4.5. An A-V fistula for 
hemodialysis was placed on her arm on April 25, 1979. Four months 
later, her BUN had gone up to 74 and creatinine was over 15 mg/dl. 

The patient had to start on chronic hemodialysis on September 
8, 1979. Bilateral nephrectomy and splenectomy were performed in 
November 1979. Finally, on December 21, 1979, she had a successful 
renal transplant obtained from one of her brothers. At the present 
time, she is doing well with normal renal function and normal 
urinalysis. 

DR. PARDO: The first biopsy as you see in Figure 1 is from 
October 1972. The first impression I had when I looked at this 
biopsy was that there is an increase in nuclei; also, an increase 
in granulocytes. You can see this on high magnification, the 
detail of these cells. You get the impression that there is 
an increased cellularity. There is something I missed when I 
looked at this slide. You notice that this area here seems to 
have some small adhesions. I interpreted this initially as 
displacement of the loops. I was very impressed with the 
lesions in the loops. I think you can see the increase in 
granulocytes here and there. This is an exudative component. 
Again some of the loops seem to approximate the basement membrane 
of Bowman's capsule but I really didn't pay as much attention to 
that as I should have done. I was more impressed with the 
exudative component and perhaps a slight mesangia1 proliferation 
but this is not demonstrated. It is very difficult to demonstrate. 
I think that the main component was the exudation. 
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FIGURE 1 

FIGURE 2 
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FIGURE 3 

FIGURE 4 
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On high magnification, look at those areas which seem to 
be just areas of loops adjacent to the Bowman's capsule (Fig. 2). 
You can see that there is fusion of the basement membrane of Bowman's 
capsule with some of the basement membrane of the loops. For 
example, here you can see the contours of the basement membrane of 
Bowman's capsule, parietal epithelium and a loop. Very minute 
lesions. There were no foam cells at this stage. There were no 
hyaline insudative lesions. 

One of the things that threw us off was the electron microscopy 
study. In Figure 3, we have the lamina densa; this is the endo
thelial side. Here we have the cytoplasm of the epithelial cells. 
I think you can see mostly subepithelial electron dense deposits. 

The second biopsy, done in July 1973, I think shows now very 
clearly an adhesion (Fig. 4). There is foamy material in here, 
probably a foam cell. You can see some hyaline type material in 
the lumen. The epithelial cells have large granules containing protein 
that you see quite frequently on the epithelial lesions of focal and 
segmental glomerular sclerosis. 

This is something that appeared now (Fig. 5). On the silver 
stain you can see that there is initiation of tubular atrophy, 
basement membrane of many tubules is wrinkled and irregular, and 
there is increase in interstitial connective tissue. So, there 
were some patchy areas of interstitial fibrosis and tubular atrophy. 
The nephrectomy specimen was that of "end stage" and was not 
helpful in the diagnosis. 

FIGURE 5 
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MODERATOR: Basically, we are back to a case we presented two 
or three years ago when the late Dr. McIntosh was with us. There 
was some confusion; just a few statements suggested that maybe 
this was a case of focal segmental sclerosis but Dr. Pardo wanted 
to bring this back to emphasize the difficulty in the diagnosis. 
Some of the panelists were here, and have helped us diagnose 
difficult cases in the past. Would you like to comment? 

COMMENT: It seems to me clear that it is an idiopathic 
nephrotic syndrome. The first biopsy was clearly mild mesangial 
proliferation and there were some adhesions ,in the glomeruli to 
Bowman's capsule. In the second biopsy, really the aspect of the 
adhesion is more apparent. I have not seen the glomerulosclerosis 
so it is not clear to me. From that point to the end, six years 
have passed, so anything could happen in that time. It would be 
very rare if it stopped as a mesangial proliferation. It could 
develop glomerulosclerosis during these years. It's quite possible. 
Again, if it was a mild mesangial proliferation, it is not 
surprising that this is a case that didn't respond to the usual 
therapy for the nephrotic syndrome. My guess is that maybe it is 
a case of idiopathic nephrotic syndrome with mesangial proliferation. 

MOllERATOR: Without focal and segmental glomerulosclerosis? 

RESPONSE: Yes. I couldn't see it. But it s just a picture 
so it is quite possible. If it was mesangial proliferation 
progressing to glomerulosclerosis, it's quite possible. 

COMMENT: I think that there is a great danger of getting 
involved in a semantic discussion about this patient. Words 
have got to have some meaning. The understanding that I have 
of focal segmental sclerosis or hyalinosis is a histology which 
is accompanied by a nephrotic syndrome which is resistant to 
treatment-in most instances steroids. That is a core observation. 
That, you can say, defines an entity. What we have here, you have 
a patient who starts off with a proliferative nephritis, an 
acute exhudative nephritis with adhesions, the sort of lesions 
that could represent the starting point of crescents. Now this 
inflammatory process, like all inflammatory processes, is followed 
by a degree of scarring, mesangial sclerosis. To use the term, 
focal segmental sclerosis to describe this, seems to me to just lead 
to confusion when it is not the core entity. The definition of focal 
segmental sclerosis presents a great difficulty. For example, some 
patients who have a steroid responsive nephrotic syndrome will show 
on careful examination some focal and segmental sclerosis. But quite 
clearly, that is a different condition from the focal segmental 
sclerosis that accompanies steroid resistant nephrotic syndrome. 
What we are talking about here is one of the difficulties of basing 
classification of disease on what you see down the microscope at 
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anyone time. The thing that has been shown to be very important 
about focal segmental sclerosis is that that process of scarring 
is not a consequence of previous inflammation. This sclerotic 
lesion appears de novo. When the disease recurs in transplants-
which it does in an important proportion of transplanted patients-
the first lesion that is seen is the sclerotic one. It is not 
a consequence of previous inflammation. The only way you could 
reconcile the histology you showed in the beginning with the 
diagnosis of focal segmental sclerosis which is called the 
nephrotic syndrome, and then for some reason there was superimposed 
upon that an acute nephritis which resolved leaving this basic 
underlying pathology. That is a very messy explanation. I would 
favor the view that this is a child with a nephrotic syndrome due 
to a proliferative nephritis with an exudative component that 
didn't resolve upon treatment and showed the expected natural 
history. It is not inconceivable that it is even a streptococcal 
infection although not very likely. The normal ABO titer and C3 
level make a post-streptococcal nephritis unlikely. What you've 
got is a proliferative nephritis, which is what you had at the 
beginning. 

COMMENT: Whenever you have to invoke two diseases at the same 
time, you have a big problem. I am in favor of the interpretation 
that this patient had basically focal segmental sclerosis. She had 
an acute glomerulonephritis by the early biopsy findings. Let me 
make a scheme here. We have seen quite a number of focal segmental 
sclerosis minimal lesions. For example, we had about four or five 
women who during pregnancy had a nephrotic syndrome. The only 
thing that showed was lesions similar to these. 

COMMENT: There is a great danger of getting entities mixed 
up. You have to define the disease. How would you define focal 
segmental sclerosis? 

RESPONSE: I would define it morphologically. 

COMMENT: If you don't define more positively, then you don't 
have an entity because focal scarring can result from focal 
inflammation. It is part of the natural process of inflammation. 

COMMENT: But not isolated focal scarring. You get this from 
focal mesangial proliferation. 

COMMENT: I don't accept your views, with respect. What I am 
saying is, there are two sorts of processes-one in which focal 
scarring follows focal inflammation. There is another process where 
this hyalinotic or sclerotic process seems to develop without an 
increase in inflammatory cells and exudate. I am not saying that 
you couldn't be right-that somebody with focal sclerosis isn't 
entitled, just as all the rest of us are, to get an additional 



470 WORKSHOP 

focal proliferative glomerulonephritis. But that becomes 
intellectually untidy. 

RESPONSE: In the second biopsy, there is very little 
mesangial proliferation. I am conservative on that. However, 
there is an area where you can feel secure that there are more 
than three nuclei in the mesangium. What you see mainly is an 
exudative component. The other thing you see in these loops is 
the picture of post-infectious glomerulonephritis. Probably you 
have some mesangial increase. This is a pure lesion of peripheral 
loops. That is the reason I don't see any other possibility 
except focal segmental glomerulonephritis. 

QUESTION: How often do you see adhesions in focal sclerosis? 

RESPONSE: Like this? I see them quite frequently. 

Q'UESTION : And polymorphs? 

RESPONSE: Polymorphs, no. I think that it was superimposed 
on a focal segmental sclerosis. You may be right or I may be right. 
But my working hypothesis is that when an exudative component 
disappears, in order for the sclerosis to be related to the 
exudative process, it has to be a completely peripheral lesion 
without mesangial hyperplasia or mesangial sclerosis. I don't 
think that this is the usual picture we see in late stages of post
infectious glomerulonephritis. 

QUESTION: And the electronmicroscopy findings? How often do 
you see those? 

RESPONSE: That also confused me initially because they were 
subepithelial. The patient probably had an acute glomerulonephritis 
and that threw me off completely. 

QUESTION: SO, two diseases then? 

RESPONSE: Yes, that's a valid assumption. 

QUESTION: Have you performed immunopathology studies in this 
biopsy? 

RESPONSE: It was a very small biopsy. There was some IgG. 
I don't think it was too good. There was only one glomerulus for 
this purpose. Also, at about that time we started our immuno
fluorescence. The second biopsy had some focal IgM. I think 
that would favor the diagnosis of focal sclerosis. 

COMMENT: It seems to me that with the theory which was set up 
by the people in Paris, this case is quite easy to explain. In this 
explanation, idiopathic nephrotic syndrome could have four 
histological patterns. First, minimal lesions; second, focal 
sclerosis; third, mesangial proliferation; and, fourth, mesangial 
proliferation plus focal sclerosis. With this interpretation, 
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this case is possible within the frame of idiopathic nephrotic 
syndrome with steroid resistance. The fact that focal sclerosis 
was not obvious on the biopsy is not an evidence that sclerosis 
did not develop afterwards and reached this stage of destruction 
of the glomeruli. So, it seems to me that it is an idiopathic 
nephrotic syndrome with steroid unresponsiveness which did not 

II 
recur at transplant. But it's one of those patients who evolve 
to renal failure within more than three years. As you know, 
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there was a study some years ago that showed that the cases which 
evolved to renal failure within two or three years had recurrence 
in 3/4 of the cases. If we consider the cases with the longer 
evolution, the recurrence is rare, but it's possible, too. 

COMMENT: Well, I think I tend to agree with one of the 
earlier comments a little bit. Recently, I was sitting on one 
side of the microscopy and Dr. Pardo was sitting on the other 
side. I said "Gee, I can see all these lesions from this side 
of the microscope as well." I was sitting in his chair at the 
time. He may see a lot more of the focal segmental sclerosis 
on his side of the microscope. I think that it is a semantic 
problem. Dr. Pardo and I agree on most of these logical diagnoses. 
Maybe to expand the discussion a little more, I'd like to say that 
it is morphological rather than just a semantic confusion. I don't 
have a lot of experience with focal segmental sclerosis, but to me, 
as somebody who deals with inflammation and the treatment of 
inflammation by immunosuppression, I think that focal segmental 
sclerosis is a pathological diagnosis which probably has nothing 
to do with the etiologic entities involved. Depending upon the 
time that the disease is diagnosed morphologically, is all that 
the bearing shows in the pathology. What I mean by that is that 
focal segmental sclerosis, when it recurs in a transplant, recurs 
because that's the type of response that the transplanted patient 
is able to produce morphologically. The reason you don't see an 
exudative proliferative glomerulonephritis in the transplanted patient 
is because immunosuppression has now made that response aberrant 
for the most part. What you do see, however, is hyalinization and 
mesangial proliferation. I think that the other components are 
inhibited. 

COMMENT: If you take anti-GBM disease, you see a very nice, 
active, acute inflammatory process in the transplant. 

COMMENT: Depending upon the stage, if you had an anti-GBM, 
Goodpasture syndrome, if you hit that patient hard enough and 
often enough with cortico-steroids, you are not going to see the 
polys. You might see the deposition of immunoglobulins; certainly 
you would see that. There was a lot made about polys in transplant 
patients earlier in the prognosis as to whether there was going to 
be an acute rejection or not because of an early biopsy that revealed 
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polymorphonuclear cells in the glomeruli. This has come to mean 
absolutely nothing, depending on how much or how little immuno
suppression the patient is given. You can certainly get rid of 
polys by high dose steroids. The thing that you can't get rid 
of without killing the patient is humoral immunity. I think that's 
probably what you are seeing although nobody has demonstrated that 
this is an immune disease. 

COMMENT: One of the great advances these days is that in order 
to make a gooa classification we have not only a morphological 
description but also the immunopathology which helps a great deal
particularly in this case. We have a nephrotic syndrome which 
persisted with the usual therapy. Then, we have a proliferative 
glomerulonephritis. We should have immunopathology and if this 
has the classical deposition of immunoglobulins and complement, 
then we shouldn't have any difficulty in making the diagnosis. 
If, on the other hand, we have negative immunofluorescence or just 
a focal deposit like seems to be in the second biopsy, then we have 
to be inclined to make the diagnosis of one of the patterns of the 
idiopathic nephrotic syndrome which is mesangial proliferation. 
So, the only difficulty that I see is that, if we are not following 
the exact classification, we get confused because there are many 
patterns. In this case, there is mesangial proliferation; the 
adhesions, which are circumstancial, are not going to change the 
diagnosis. The same applies to the exudative changes and the 
adhesions to Bowman's capsule. I don't think they are the most 
important features in this case. So, I would stay with the 
possibility that this is a mesangial proliferation, a nephrotic 
syndrome which is resistant to steroid therapy. In many of these 
cases, we may see progressive renal failure as happened in this case. 

QUESTION: What about these lesions; can they be used for 
classification? I guess the only thing we can say which is 
clinically valid is whether a patient has a steroid resistant or 
a steroid sensitive nephrotic syndrome. 

MODERATOR: Everybody agrees on that. There is another point 
we need to touch on; we need to say something about transplantation 
questions in these patients. 

COMMENT: It was alluded to; I think there was some evidence 
pr~sented. I think he said 30% recurrence. 

COMMENT: Depending on duration of the interval prior to 
transplantation. 

COMMENT: Well, I'm not sure also because of my way of 
thinking about focal segmental sclerosis in that probably it is 
due to humoral immunity. I think that humoral immunity is quite 
hard to abolish. The question is whether you can detect humoral 
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immunity or whether you can't detect it, but it still might be 
there. And whether on immunosuppression it can be inhibited to 
the point that it will not recur in a transplanted patient. 
I'm not sure that we know the answer to that and perhaps the 
prognostic sign of a long-standing disease is a very good one, 

473 

that we ought to try and transplant the ones who are long-standing. 
The other question is whether the disease itself can burn out 
after a period of years and perhaps then be more amenable to 
transplantation. I'm having several other thoughts about this as 
far as how to transplant these patients. There has been experimental 
work in animals and some early work in humans of putting a kidney 
in and then putting another kidney in to try and absorb the initial 
factors known or unknown and then using a second kidney from a 
cadaver donor for the actual transplant. This early work was done 
in Boston. That's the work I know of anyway. But some of these 
do recur after transplantation and I am not sure that it is all 
related to the rapidity of the disease. I think any disease that 
is rapid and hard is going to recur more frequently. For instance, 
the transplant that is rejected rapidly has a much greater chance 
on the second transplant of being rejected rapidly. So, I think 
this is an immune disease which in some way can recur. The question 
is whether transplantation is efficacious or not. The answer is 
not known so we do transplant them because we have no way, really, 
of classifying the etiology of the disease as it exists in a 
morphological state. 

MODERATOR: Do you think that the patient should not have been 
transplanted? 

RESPONSE: I'm a little bit concerned. I didn't realize this 
patient had a father who died of what was called glomerulonephritis. 
Are there any thoughts about the inheritance pattern in diseases 
like this? 

MODERATOR: Nobody present has information in this regard. 
We shall now go to case number two which will be presented by 
Dr. Rafael Galindez. 

DR. GALINDEZ: This is a fourteen year old white female who 
presented at Jackson Memorial Hospital Emergency Room on November, 
1979 with a three weeks history of weight gain and pedal edema 
and a one week history of facial edema. She had been in excellent 
health until approximately four weeks prior to admission. Then 
she developed an upper respiratory infection with fever which lasted 
approximately one week. For that she took decongestants and improved. 
She did well until approximately five days prior to admission when 
she noted periorbital edema in the morning which slowly decreased 
throughout the day. She had gained approximately 6 lbs, from 108 
to 113 lbs in three weeks. The patient denied other symptoms such as 
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arthra1gias, mya1gias and skin rash. She never had gross 
hematuria or any other problems. Past medical hi~tory was 
essentially unremarkable except for asthma. Family history 
was unremarkable. Physical examination on admission showed the 
patient in no acute distress, moderately hypertensive (blood 
pressure was 160/92 mm Hg, weight 114 1bs and she had as 
remarkable findings in the rest of the physical examination, 
a systolic murmur grade II/VI, which was heard in the apex 
area. Laboratory on admission: she was obviously anemic with a 
hemoglobin of 7.6 g%, hematocrit 23.9%, WBC 9,400/mm3, platelet 
count 288,000/mm3 • The urinalysis showed a pH of 6, positive for 
protein (3+), and there were RBC, hyaline and granular casts. 
Serum electrolytes showed mildly increased potassium at 6.1 
mEq/L; the rest of the electrolytes were within normal limits. 
BUN was 69 mg/d1 .and creatinine on admission was 5.3 mg/d1. 
Calcium was 8.3 mg/dl; liver enzymes (SGOT and SGPT) were both 
normal, as well as alkaline phosphatase. ANA was negative. C3 
and C4, repeated several times, were normal. VDRL was nonreactive. 
ASO titer was negative as well as streptozyme; Coombs test was 
negative. Sedimentation rates were 78 and 47 mm/hr. Australia 
antigen was negative; haptoglobin test was normal. CRP was normal. 
A 24 hour ur ine col1ec t ion for protein ranged from 1.7 to 2.8 g 
throughout the admission. Creatinine clearance on admission was 
6 ml/min/1.73 m2• Cholesterol and trig1ycerides were normal. 
Chest X-ray was normal as well as the EKG. KUB showed no signs 
jf obstruction and the kidneys were fully visualized. No calcifica
tions were seen. Diagnosis on admission was acute glomerulonephritis. 
rhe patient was treated initially with bed rest, fluid restriction, 
2 g sodium for 24 hours, 2.5 g potassium for 24 hours and 50 g 
protein for 24 hours. Five days after admission a percutaneous renal 
biopsy was done and showed crescentic glomerulonephritis associated 
I1it.h a microscopic form of polyarteritis nodosa. She was placed on 
3teroids, 80 mg/day; however, since BUN continued to climb, prednisone 
~as decreased to 60 mg/day. After two weeks of steroids, and due to 
the fact that the patient didn't respond as expected, cyclophosphamide 
lnd azathioprine, 50 mg of each, were added. In December, 1979, an 
\~V fistula was created on her right arm and she was started on hemo
lia1ysis. Currently she is scheduled for dialysis three times a week. 

DR. PARDO: This case has little difficulty. You can see (Fig. 6) 
:lhe artery with the fibrinoid changes in the wall and then the 
~xtensive inflammatory infiltrate with quite a large number of eosino
)hi1s. The arterioles in the vicinity appear to have a thickened 
ledia. In Figure 7, a higher magnification shows the transition 
)etween the normal wall and the necrotic band with the inflammatory 
Lnfi1trate with marked predominance of eosinophi1s. 
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FIGURE 6 

FIGURE 7 
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Figure 8 shows the thickening of the wall of the arterioles. 
I asked the clinicians about the possibility of hypertension and 
they told me she was only mildly hypertensive, but I was. very 
impressed with the involvement of the non-arteritic vessels. 

In Figure 9 are the glomeruli with the crescentic reaction 
with partial collapse of the loops. And here we see another 
crescent. There is really quite an extensive interstitial 
infiltrate, fibrosis and tubular atrophy. 

By electron microscopy (Fig. 10), we found the classical 
deposits of fibrin. This is the lamina densa which appears 
to be normal in thickness. These are the proliferated epithelial 
cells. This is the fibrin with its fibrillar pattern, and here 
is a granular type of deposit. 

FIGURE 8 
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FIGURE 9 

FIGURE 10 
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FIGURE 11 

Figure 11 (nephrectomy specimen prior to transplantation) 
shows rupture of the elastica interna as the only remnant of the 
original lesion. Here is the denuded basement membrane. 

There was something a little bit atypical in this case, at 
least in my limited experience with polyarteritis. It was that 
the glomeruli showed quite a number of deposits of IgG, also C3 
and some IgM. Other cases I have seen have negative immunofluores
cence or just mild changes; in this case, they were strongly 
positive. I don't know what is the significance. 

COMMENT: I am slightly surprised that the patient didn't 
show more response to treatment. I don't think I can find any 
doubts about the diagnosis. It's just that patients with poly
arteritis who are started on treatment with serum creatinine at 
about 6 mg/dl, often do reasonably well at least in the short 
term. It's interesting that this patient didn't respond. 

MODERATOR: Would you have started this patient on 
treatment? 

RESPONSE: Yes. 

QUESTION: Don't you think that the fact that she has a 
crescentic glomerulonephritis associated with almost 90% of 
glomeruli is really the decisive point? When you have a case of 
polyarteritis with a mild or limited glomerular lesion you may 
have a better response. This is really a full grown crescent. 
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RESPONSE: I think that you must be right. The biopsy you 
showed is, mn fact, more representative than the serum creatinine. 
It's very interesting. We have a very large experience with 
microscopic polyarteritis and related diseases. You take patients, 
for example, with anti-GBM disease with crescentic nephritis, if the 
patient is anuric or oliguric or shows that kind of biopsy, he 
virtually never shows any improvement. Every now and then, there 
may be one patient. We have one patient out of 34 with anti-GBM 
disease who is anuric who has recovered. But, by contrast, this 
sort of patient can do remarkably well. For example, we had a patient 
recently with 19 out of 20 glomeruli completely surrounded by 
crescents, who was oliguric, with a serum creatinine of l200--that's 
about 15 mg/dl, I suppose, whose creatinine came down to about two. 
I don~t know why this is, but there does seem to be a distinction 
in a group Qf patients--the non anti-lgM patients--who do better. 
I am not sure why that is. Maybe it has something to do with there 
being less collapse of the glomerular tufts or something like that. 
Do you have access to the measurement of circulating immune complexes? 

DR. PARDO: We have only anti-glomerular basement membrane 
immunofluorescence-an indirect method; we don't have any immune 
complex method. 

COMMENT: It is unusual to see much in the way of deposits 
of immunoglobulins and C3' 

COMMENT: Once the methods are used, they are going to be 
found to be present in almost every renal disease. 

COMMENT: In this type of case that has almost 90% glomeruli 
affected with crescents, that has such extensive vascular lesions, 
that if they are going to be cured, they are going to be obliterated, 
that already has lesions in other vascular beds, that has extensive 
interstitial fibrosis and tubular atrophy. What is the poJnt of 
treating the renal disease? 

RESPONSE: Well, the point is that some patients like this 
can, although it's a surprising histology, go back to a creatinine 
clearance of about 30 to 40 ml/min and may have 3 or 4 or 5 years 
before the scarring process takes over and they come to renal 
failure. That's the point. Of course, you've got to be sure you 
don't kill the patient with immunosuppressant drugs on the way. 

MODERATOR: This patient was a very clear example of that 
problem. She came back with really massive pneumonia. The question 
came up, should we discontinue the so-called immunosuppression? We 
really have been worrying and wondering all along whether we were 
entitled to treating her at the risk of killing her. We felt that 
there was no clear evidence for or against but that the suggestions 
seemed to favor treatment. Therefore, we continued treatment 
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because there were some systemic indicators of activity but the 
questions continued and we now favor tapering off medication. 

COMMENT: It's our practice, except in people who got Wegener's 
Granulomatosis, of not giving cyclophosphamide for more tha1;.l 
eight weeks even in patients of this kind. That's one of the 
ground rules. The other is that the dosage--this doesn't affect 
pediatric nephrologists, but it's very important in adult nephrology-
if you give nQrmal doses to people over the age of 55-of cyclophospha-

mide, say 3 mg/kg, and if you combine with azathioprine, say I mg/kg, 
you are going to invariably run into serious problems. So, there 
needs to be dose reduction at the other end. In most of these 
patients, if you regard cyclophosphamide of value, you should start 
it early on and if you don't need to continue for too long, you 
should be all right. The one exception is Wegener's where there is 
a clear example of not being able to control the disease with 
azathioprine. 

MODERATOR: We administer I mg/kg of each one of the two drugs 
but we are aware of the limitations-the need'to limit the period 
of time, as suggested by the London studies. 

COMMENT: This is frQHl the infectious point of view rather 
than from any other side effect. 

QUESTION: I'm unfamiliar with the use of azathioprine and 
cyclophosphamide simultaneously. Could you make some comments 
on that? 

MODERATOR: We touched on that this morning. Anybody want 
to summarize that? 

COMMENT: I think it is. empirical. It just happens in our 
unit in the treatment of anti-GBM disease. This regimen has 
been adopted and it seems to be curiously effective with plasma 
exchange in arresting all antibody synthesis. Then, there are 
groups around the world--I think one of the first groups to do 
this probably was people in Singapore--who claimed remarkable 
results with some histological backing. The argument is that 
giving cyclophosphamide and azathioprine together you produce 
a more profound immune suppression, if that is your aim. 
But, as you know, there are no data on this. It's entirely 
empirical. 

MODERATOR: We shall continue then with case number three. 
Dr. Helen Gorman will present this case. 
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DR. GORMAN: The patient is a 4 yr old white girl who was well 
until March 1978, when she developed anuric acute renal failure, 
anemia, hypertension, seizures and coma. She was admitted to 
a Florida University Hospital. Blood smear showed fragmented 
and helmet-shaped red cells. BUN was 310 mg/d1, C3 was low and 
C4 normal. Peritoneal dialysis was performed. Later, a maculo
papular erythematous rash and thrombotic microangiopathy of the 
left fifth distal digit developed. These gradually resolved. 

Three weeks later, renal function began to improve; hematuria 
and proteinuria were present. The first renal biopsy was obtained 
and was reported to be consistent with the recovery phase of hemolytic 
uremic syndrome. Fifty percent of glomeruli were hya1inized. 
Mesangia1 deposits of IgM and C3 were present in a granular pattern. 

BUN and creatinine fell to normal, C3 remained low and the child 
was well until February 1979 when she was admitted to a hospital 
in Jacksonville with nephritic - nephrotic syndrome and BUN 45 mg/d1. 
A second renal biopsy was consistent with membranopro1iferative 
glomerulonephritis type I. Granular deposition of IgM, C3 and fibrin 
was observed in the mesangium. 

In April 1979, creatinine was 2.2 mg/d1 and BUN 59 mg/d1. She 
was hypertensive and remained edematous. Hematuria and proteinuria 
continued. She developed diarrhea and vomiting and was admitted 
to Jackson Memorial Hospital in Miami on April 18, 1979. BUN was 
66 mg/d1, creatinine 3.8 mg/d1, C3 was low and C4 normal. ESR was 
42 mm/hour. Hb was 5.9 g %. She was severely hypertensive and 
very lethargic. On April 28, a nodular purpuric rash appeared on 
her limbs. Biopsy of a lesion showed 1eukocytoc1astic vasculitis. 
Peritoneal dialysis was instituted. By April 29, BUN had risen to 
102 and creatinine to 11 mg/d1. Hemodialysis was begun. The rash 
resolved, and the main management problems were severe hypertension 
and repeated clotting of her external shunt. On May 10, a third 
renal biopsy was obtained. The findings were consistent with 
hemolytic-uremic syndrome; there were mesangia1 deposits of C3 • 
After less than a week at home, she was readmitted on May 28, 1979 
because of recurrence of nodular purpura on the left arm and 
shoulder. A skin biopsy was studied by direct immunofluorescence. 
IgM and C were found in a broad band pattern. C3 was 37 and C4 
was 24 mg~d1. Coombs, ANA and HBsAg were negative. IgG 1234, A 247 
and M 190 mg/d1. Viral cultures were negative. Platelets were 
normal. Treatment with prednisone, azathioprine and cyclophosphamide, 
1 mg/kg/day of each, was begun on June 7, 1979. By June 22, C3 had 
risen to 67 mg/d1, and ESR was 20 mm/hour. Pre-dialysis serum 
creatinine had fallen to 1.3 mg/d1 by July 10. During subsequent 
weeks, however, creatinine gradually rose to a level of about 4.0 
mg/d1. 
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On August 13, bilateral nephrectomy and splenectomy were 
performed, and hypertension resolved. On September 10, 1979, C3 
was 85 mg/dl. Treatment with prednisone, azathioprine and cyclo
phosphamide was continued until the patient received a renal 
transplant donated by her mother on October 3. Immunosuppressive 
therapy was then changed to methylprednisolone and azathioprine 
in dosage appropriate for management of transplant recipients. 
Since then, there has been no recurrence of her rash or of 
proteinuria, and renal function is normal. No rejection episodes 
have occurred. 

DR. PARDO: These two biopsies were sent to us from an outside 
hospital. The two light microscopy slides are quite similar, so both 
biopsies are going to be shown as a single slide of light microscopy 
(Fig. 12). The number of glomeruli were quite limited. There were 
only about two or three glomeruli. The slides are a bit pale. If 
you look at this glomerulus here you can see some areas with "double 
contour". You can see also that there is a mesangiocapillary 
component. It is a very early one. I don't think it is very 
prominent. The mesangium is widened. You have to look carefully 
to pick out the areas of "splitting" of the baselllent membrane. 

FIGURE 12 
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Figure 13 is a peripheral blood smear showing the schistocytes. 
There was positive immunofluorescence for IgM and complement C3 
(Fig. 14). I interpreted this as being predominantly of mesangial 
distribution. This type of deposits I believe in general are non
specific. They may be deposits of plasma proteins and not due to 
immunological mechanisms. 

Figure 15 is EM. At this magnification, the most we can see 
is that there is a subendothelial deposit going along the inner 
portion of the lamina densa. This dense deposit shows some 
fibrils in it. The deposits are in the inner aspect of the lamina 
densa. There was another EM picture which showed increase in 
mesangial cells and matrix. 

Figure 16 is a more advanced lesion in which we can see that 
the mesangium is growing inside the capillary loop. This is typical 
for the late stages of the fibrin deposit oeing partially re
absorbed or depolymerized. You can see the lumen of the capilla~y, 
the endothelium, the lamina densa, and the epithelium on the side. 
You can see the type of material which is characteristic of the 
late stages of fibrin deposition. We know also that secondary 
to this fibrin deposition, you may have a mesangiocapillary reaction 
and the lesion may be very similar to mesangiocapillary type I or 
membranoproliferative GN type I. I think the thing that helps here 
is the appearance of the deposits. That means it's just a late stage 
of the hemolytic uremic syndrome or any other process associated with 
intravascular coagulation and deposits of fibrin in the capillary 
wall of the glomeruli. 

Figure 17 is our biopsy of April, 1979. The lesion, I believe, 
has advanced a little bit. There is quite an amount of mesangial 
sclerosis. Once in a while one can see some capillaries opened. 
One can see some lumina in the peripheral portion of the capillaries 
which is suggestive also of mesangiocapillary extension. And there 
are a few granulocytes here and there. So, there is an exudative 
component here also. 

There were some arteriolar lesions (Fig. 18). You can see this 
arteriole, very similar to the one I showed you in the previous 
case. I don't think it is obliterated but at the least the lumen 
is so small that any tangential section produces a lumenless vessel. 
We have here an old vessel which shows lesions which may be hyaline 
changes. There is arteriolar nephrosclerosis. These tubules here 
show some wrinkling of the basement membrane, suggestive of early 
stages of atrophy. 

Figure 19 is a skin biopsy that shows the leukocytoclastic 
angiitis. I believe here we have the dermis, the vessel coming 
here, bifurcating probably. You can see an area of fibrinoid 
necrosis, and the extensive deposition of granulocytes. 
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FIGURE 13 

FIGURE 14 
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Figure 20 is the nephrectomy specimen; it shows essentially the 
same type of glomerular changes, perhaps more sclerosis, interstitial 
fibrosis and tubular atrophy. You can see extensive tubular atrophy. 

Figure 21 is another vessel showing probably an interlobular 
vessel, a larger vessel with thickening of the intima. So, the 
patient has severe vascular disease. Looks like a hypertensive 
type. 

In summary, my interpretation is that this is a case of the 
hemolytic uremic syndrome with development of a mesangiocapillary 
type of lesion later associated with vascular changes. 
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FIGURE 21 
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MODERATOR: Thank you Dr. Gorman and Dr. Pardo. Any comments? 
Questions? Diagnostic disagreements? Treatment disagreements? 

COMMENT: Somebody said this morning that he thought that 
some plasma might be beneficial in this entity as in TTP. I 
wonder if there is any experience with that approach. 

MODERATOR: He did mention that during the panel discussion. 
Anybody want to comment on that? 

QUESTION: Not on that question. I would like to know why 
did you give immunosuppressive therapy to this child. Also, did 
you check the C3 level in the family members? 

MODERATOR: Who would like to answer that question? It was 
a combined decision between the Transplantation and Pediatric 
Nephrology Services. 

RESPONSE: In terms of transplantation, this disease has 
also had a recurrence rate, again unpredictable but there have 
been a number of different case reports, sometimes very early, 
sometimes later. It's my philosophy in these patients and in 
the previous patient that was presented, when there is a humoral 
component that is suspected most of the time, but can't be clearly 
demonstrated, we ought to apply immunosuppression and wait as long 
as possible before transplantation because I think this is the 
hardest type of disease entity to prevent recurrence or prevent 
some type of aberrant immune response in the transplant. So, 
it was our decision to start on immunosuppression even before we took 
the kidneys out in preparation for a subsequent transplant. Since 
we had evidence of immune activity by the low complement levels, 
at least the C3 level that was done, we felt that we could measure 
something objectively before we did the transplant and see if we 
got an improvement. We started the patient on drugs that we thought 
would be helpful in preventing or affecting humoral immunity such as 
cyclophosphamide because we ~re very limited at the present time. 
Our armamentarium after transplantation primarily affects T-ce11s 
and we do a lot of monitoring in the post-transplant period. When 
humoral immunity is present after a transplant, as we said before, 
you are really sunk; either in the short or long haul, that kidney is 
going to be lost. So we do our best to try and treat humoral 
immunity first. It's interesting that the T-cell has to have a 
component in most cases of humoral immunity as well. And helper 
cells are very important in amplifying a humoral immune response. 
When you start a patient on an immunosuppressive regimen, you are 
affecting both suppressor cells and helper cells. The question is: 
how much are you really going to affect the humoral immune component? 
I really think it's a subjective type of decision but because there 
was the potential for recurrence of this particular disease, we 
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started on immunosuppression. We did do bilateral nephrectomy 
and just as in Goodpasture's, we would wait until we had actually 
objective evidence and long afterwards of defervescence of the 
process by the lack of glomerular basement membrane antibody 
directed against the kidney. After nephrectomy, we wait six months 
longer than that even before we do a transplant. Here we really were 
forced because of the smallness of the child in that we felt 
long term dialysis and also the problem of transportation from 
where she lived was not going to be very effective. We waited 
two months with immunosuppression ra~s~ng the C3 level, and then 
did the transplant. Of course it remains to be seen whether 
it's going to work or not. 

MODERATOR: The C1 did normalize and the erythrosedimentation 
rate which was elevatea also came down. 

QUESTION: In a child who has a hypocomplementemic type of 
glomerulonephritis, would you routinely measure the complement 
in the potential living related donor? Do you think this would 
be worthwhile? If the mother were hypocomplementemic but 
asymptomatic, what kind of difference would that make? 

RESPONSE: Well, I don't know. I think it's an interesting 
thing to do. Maybe there is a susceptibility and it may even have 
to do with an inheritance pattern with HLA, not only with the 
complement level. Maybe we ought to be doing a study like that. 
Certainly, if there are low complement levels in the recipient, 
this has been shown not only with this type of hemolytic uremic 
syndrome but in other types of glomerulonephritis such as rapidly 
progressive hypocomplementemic glomerulonephritis. In those 
patients we would like to see evidence of normalization. 

MODERATOR: We did not do complements in the family, right? 

RESPONSE: No, we did not. 

QUESTION: On what basis were you working? Which kind of 
disease were you talking about because for me it was not so 
obvious. 

RESPONSE: I don't really know too much about renal disease. 
Again, the morphological entity and how it behaves clinically might 
not really have much to do with what the etiology of the disease is. 
All that I could say was that there appeared to be an immune component 
that perhaps might be modified by immunosuppressors in the very 
elementary immunosuppressive regimen that we have. 

COMMENT: I asked because apparently the treatment of the 
disease was based only on a low level of complement but if we 
go to the biopsy"the immunopathology, these findings were not 
consistent with a membranoproliferative glomerulonephritis. 
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There were some deposits in the mesangium but the characteristic 
deposits in the loops, you don't see. I don't think we can make 
this diagnosis. 
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MODERATOR: Which diagnosis are you questioning or proposing? 

RESPONSE: I'm questioning the diagnosis of membranoproliferative 
glomerulonephritis. 

MODERATOR: Would you accept the hemolytic uremic syndrome? 

RESPONSE: I would accept the renal microangiopathy and if 
we accept this diagnosis, I don't think there is any basis to 
give this kind of treatment. 

COMMENT: To me, hypocomplementemia is usually associated 
with a humoral immune response. We had systemic manifestations 
of the disease that are also probably associated with a humoral 
immune component. That was my only reason. 

COMMENT: The low level of C3 has been described, too, in the 
hemolytic syndrome. Usually, it is a transient decrease; 
sometimes it could last for weeks. Another point, I am not aware 
of any effect of immunosuppressive treatment in hemolytic syndrome. 
On the contrary, there were some cases of hemolytic syndrome 
occurring during immunosuppressive treatment. So, I continue not 
to be satisfied with that answer. 

COMMENT: I would like to clarify something that I'm sure 
most of you have already in your minds. I have limited experience 
with mesangiocapillary glomerulonephritis, the so-called membrano
proliferative glomerulonephritis. But morphologically, by EM, 
we have thickening of the basement membrane and increase in nuclei. 
With EM we know that's a peripheral extension of the mesangium. 
It's a morphological diagnosis. So we can have mesangiocapillary 
glomerulonephritis that corresponds to the hypocomplementemic 
variety of membranoproliferative glomerulonephritis type I; 
we can have a membranoproliferative type II; we can have hemolytic 
uremic syndrome; we can have sickle cell anemia; we can have a lot 
of· entities which may produce similar morphological changes. But, 
when you clinicians are talking of membranoproliferative, I think 
in general, you are talking about this one. So we have to dissect 
the morphological criteria. I think this case you can call mesangio
capillary because morphologically it is a mesangiocapillary glomerulo
nephritis. 
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COMMENT: I agree very much with what has just been said. 
We've got a morphology and we need more impact from the 
information before we can make specific assignments. I must 
say, I join forces with other members of the panel in being 
concerned about treating this patient the way she was with 
immunosuppressive drugs. There is no doubt, it seems to me, she 
is a rather unusual patient with some curious systemic features. 
You may well be right but I don't think you are right for the 
reason you put forward. I think to treat hypocomplementemia as 
some general indication of a disturbance in humoral immunity 
could be debatab1e and lead to the most terrible trouble. I can 
show you populations of patients with lipodystlophy who have 
C3 levels about 5% of normal who are absolutely healthy except 
for the fat problem. I do hope they don't get into your hands 
if you are going to fill them up with cyclophosphamide. 

I think that in this day and age, you need to be able to say 
something more than "the complement is low". Because we 
don't understand the process in the kidney, it doesn't have to be 
due to the humoral arm of immunity. I think that when methods 
which could seriously affect the patient's life are to be adopted, 
you do it either because you have an empirical basis, mainly it's 
been done before and it works but we don't understand why, or 
because you've got some rational approach based upon hard data. 
One or the other is OK but I don't think somewhere in be~ween is 
acceptable. 

RESPONSE: I guess I am used to working with witchcraft and 
we do quite a few assays. I think that the assays for immune 
complexes are in their infancy. Some of the things that are now 
being thought to be immune complexes probably are not immune 
complexes. But., I think that in this individual patient we were 
very justified. In some of the other patients that we see, in whom 
we have a suspicion of humoral immunity occurring, we are probably 
justified. Certainly hypocomplementemia can be due to either a 
comsumption problem or a production problem. I would agree 
that if somebody has an inherited hypocomp1ementemic abnormality 
due to an HLA link or DR link, in general the problem is an 
immune deficiency in itself which you would not treat with immuno
suppression. On the other hand, we do know that many of the 
entities that were called glomerulonephritis in the past that 
were associated with just the elementary disturbance of low C3, 
have had their recurrences in transplants. Also, we had a four 
year old patient here who for all intents and purposes is only a 
transplant candidate. So what is the best way to treat this 
patient? I simply don't know the best way to treat this patient 
but I would tend to err more on the side of more immunosuppression 
than less immunosuppression. One of the things that we do here 
which t think is very helpful in our post-transplant period, and 
we did her actually pre-transplant as well, is follow the T-cell 
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quantitation weekly in the post-transplant period for several months 
actually. We've found that this is an extremely sensitive index of 
the degree of immunosuppression. Because T-cells are the most 
sensitive in terms of being able to affect with immunosuppression, 
that doesn't mean that the graft isn't going to be rejected. But 
it does help tell us when we are giving too much immunosuppression. 
So this is what we did and I would do it again. I'm not sure that 
we are treating this patient correctly now. I think that if I 
could follow her a little more closely, I'd probably put her on 
cyciliophosphamide as well as azathioprine and use triple therapy 
although cyclophosphamide would be a little bit lower. 

COMMENT: Well, it seems to me that there is an approach 
which is somewhat more rational. If you believe that humoral 
factors are predominately responsible for a particular renal or 
vasculitic disease, then the technique that makes most sense to 
me is to carry out plasma exchange and see if there is a response 
to it. If there is no response to it, then the hypothesis that 
you have put up !is not supported. If there is a response, it is 
supported-not proven, but supported. You may well be right that 
immunosuppression was the right treatment for this patient. What 
I am quarreling with you about is the argument you used to support 
it. The recurrent disease that has occurred in membranoproliferative 
glomerulonephritis certainly can't be attributed to hypocomplementemia 
directly. The fact is that in the hypocomplementemic nephritis, C3 
levels give no guide as to what happens in the kidney. If treatment 
works, then it works, If that's what you believe, that's fine but 
you cannot blame complement for it. On the question of monitoring 
by measuring T-cells, OK. If you say this is a good way of adjusting 
the dose of steroids, cyclophosphamide, azathioprine, or whatever 
happens to be your favorite poison, that's alright. That is really 
gauging the dosimetry of a drug after the transplant takes place. 
I don't see that as an argument for or against. I am neutral in 
respect to whether or not the drug might be of value at a time 
when there is a leucocytoclastic vasculitis of unknown etiology 
or a low C3 brought about by the enzymic activation of complement. 
That has nothing to do with it. If you said, "I believe this; I don't 
have any evidence but I've done it before and it seems to work", I'd 
say "OK, fine, that's what doctors are entitled to believe". But that 
is not the pursuit of science. 

COMMENT: I would go further and call it witchcraft. I'm 
afraid that I must have been misinterpreted because I'm telling you 
a rationale that I used but I don't think that we have any objective 
evidence. I hope that the audience did not understand me to say that 
we had objective evidence of an immune problem other than some 
peripheral evidence. Also, that this patient is an entity in itself. 
In similar patients, in patients where we are dealing with either 
transplant and live or dialysis and perhaps extension of a long or 
more chronic interval before death, I think that is essentially 
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what we have in most patients of this age and size. I would 
err on the side of more immunosuppression than less, especially 
when we have some evidence for a systemic immunologic process and 
I think we do although we don't have objective, iron clad evidence. 
I think that most pathologists and individuals involved in these 
diseases would say that this patient had evidence of some type 
of immunodeviant state, although we couldn't characterize it, that 
was giving her systemic manifestations and kidney problems. 

QUESTION: In cases of rapidly progressing glomerulonephritis 
when you have immune complex demonstrated, do you treat the 
patient with plasmapheresis alone, and you don't have to treat 
them with immunosuppressant therapy? 

RESPONSE: The question is: would you use plasma exchange 
alone without drugs in treatment of rapidly progressive glomerulo
nephritis due to immune complexes? The answer is no. We have used 
plasmapheresis alone in the treatment of peripheral vasculitis 
where there is no life-threatening condition with some very striking 
short term results. But in patients with rapidly progressive 
glomerulonephritis it doesn't make any difference whether you detect 
any immune complexes in the circulation or not so far as we can 
discern in respect to plasma exchange. In that sense, I am with 
what my colleague said earlier. We are at a stage of early 
development of these assays and it would be wrong if we put too 
much weight upon them except when they are positive and they do 
go away with the treatment. Then you can use that as evidence 
for yourself as you are disposed. 

MODERATOR: Shall we go to the next case? Dr. John Richardson 
has been kind enough to come and present this case. 

DR. RICHARDSON: This case is an 8 year old boy admitted to 
Variety Children's Hospital, Miami, Florida, on November 11, 1979, 
with history of intermittent, mild abdominal pain for two months. 
One month before the admission, the family physician found anemia 
and started oral iron preparation. After failure to improve, he was 
referred to the pediatrician who arranged for hospitalization. Exam
ination was normal except for pallor. 

Urinalysis showed 1-2+ protein, 25-30 WBC and 80-100 RBC/hpf. 
WBC was 6500 with normal differential. Hemoglobin was 6.8 g/dl, 
hematocrit 22%, platelets 32l,000/mm3, BUN 19 mg/dl, creatinine 
0.6 mg/dl, uric acid 4 mg/dl; total serum protein 6.2 g%, albumin 
4.1 g %. Direct and indirect Coombs tests and ASO titer were 
negative. Total iron binding capacity was 228 and serum iron 
25 mcg/dl. Bone marrow changes were consistent with iron 
deficiency. ANA titer and serum C3 and C4 complements were 
normal. 
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Chest x-ray films showed borderline cardiomegaly and dense 
infiltrate in the right middle and lower lung fields and left mid
lung field. Several small nodular densities were seen at the 
left apex. An infectious etiology was thought most likely. Upper 
G.I., barium enema and IV pyelogram films were normal. 

Several small blood transfiusions were given. Secretions from 
the pharynx showed large number of iron-laden macrophages. 
Nephrology consultation was requested on November 15, 1979. The 
urine sediment was loaded with RBC's and casts. Many casts were 
composed of REC. A needle biopsy of the kidney was carried out 
two days later. 

DR. PARDO: In Figure 22, you can see in this portion of 
the biopsy section, that there is a crescent here with the 
collapsed capillaries in the center. This is a PAS stain. 
This glomerulus is preserved; it may show some mesangial hyper
plasia but no crescents. You look at the parenchyma and there 
is no inflammatory infiltrate. It's a pure crescentic lesion. 
Usually one sees more inflammatory infiltrate, plasma cells, and 
reaction of the parenchyma between the glomeruli. 

t o 

FIGURE 22 
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Figure 23 shows a great variation in the number of affected 
glomeruli from section to section. There were about 50% of glomeruli 
showing crescents. 

By electronmicroscopy (Fig. 24), there is increase in intra
capillary and epithelial cells. The only thing that is important 
here is the lamina densa; you can see that it is thinned out 
in one area, and almost lost in another. This is quite frequent 
in cases of rapidly progressive glomerulonephritis or crescentic 
glomerulonephritis of any etiology, seen frequently in lupus and 
other types of diseases. There seems to be a destruction of the 
lamina densa. There are no electron dense deposits. 

By immunofluorescence (Fig. 25), there were linear deposits 
of IgG that are demonstrated here. We took the serum of the 
patient and we obtained a positive reaction incubating the serum 
with the target kidney and then using antihuman IgG fluorescein 
conjugated to demonstrate the localization of the antibody (Fig. 26). 
The patient's serum reacted at up to a dilution of 1 to 5,000. 
In summary, we thought it was a case of crescentic glomerulonephritis 
with anti-glomerular basement membrane disease. 

DR. RICHARDSON: We felt sure that thi"s was a Goodpasture 
syndrome. 

The child felt well until November 18, 1979 when he developed 
spiking fever and nonproductive cough. Ampicillin was given. Tempera
ture elevation increased daily until November 21, when it reached 
103 degrees and he began vomiting repeatedly. Vomitus contained 
a great deal of dark red material. Arterial P02 was 55 mm Hg, PC02 
30 Torr and pH 7.41. Chest x-ray films showed marked increase 
of the right lower lobe infiltrate. Creatinine clearance was 
65.8 ml/min or 126 ml/min corrected for body surface area. Methyl
prednisolone 0.5 g was given IV daily for three consecutive days 
and cyclophosphamide 50 mg (2 mg/kg body weight) daily was started. 
Within a few hours after the first dose of methylp~ednisolone, 
vomiting stopped and temperature fell to normal where it remained. 
Cough decreased in severity. BUN rose to 32 mg/dl and creatinine 
to 1.3 mg/dl. Chest x-ray films on November 25 showed slight 
improvement. Treatment with prednisone 40 mg and cyclophosphamide 
50 mg daily was continued and plans were made to utilize plasma
pheresis in case of further decline in renal function. 

On December 1, he had mild facial edema and ascites. Two days 
later BUN was 49, creatinine 1.5 mg/dl, creatinine clearance 16.6 
ml/min or 32 ml/min corrected for surface area. Implantration of 
arterial and venous cannulas was scheduled for the next day with 
plasmapheresis to follow, but early December 4, hemoptysis recurred, 
respirations increased to 32/min, and he developed fine rales bilater
ally. He was transfused, given oxygen by mask and transferred to ICU. 
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FIGURE 23 

.~ 

FIGURE 24 
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FIGURE 25 

FIGURE 26 
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Pa02 was 46 nun Hg. He was given furosemide·, methylprednisolone 
0.5 g IV and IPPB. Endotrachial intubation was required and PEEP was 
given. However, pulmonary hemorrhage became massive and he died that 
evening. 

One unusual feature of this case is the young age. Few of this 
age have been reported. 

DR. PARDO. I am going to show now the autopsy material. 
Figure 27 is the kidney. It was normal in size for this child. 
The only gross finding is the multiple petechiae. This is the 
so-called flea bitten kidney, classically described as glomerular 
hemorrhages. But I wonder if in most instances they are really 
glomerular hemorrhages or tubular hemorrhages that are seen at the 
surface. Some of them may be congested stellate veins. So I 
think that the classical criterion that these petechiae are 
hemorrhagic glomeruli is questionable. 

This is the light microscopy (Fig. 28). Ninety percent of the 
glomeruli showed crescents. There is extensive tubular hemorrhage. 

FIGURE 27 
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Figure 29 is the lung with the massive hemorrhage. I don't 
have the reticulum stain here, but when you do reticulum stain 
you can see that some of these areas do not show any alveolar 
septa. It looks almost like a pulmonary infarction. Massive 
destruction. When I tried to do e1ectronmicroscopy of many of 
these areas, I couldn't do much because there was a total 
destruction of the wall. So, it's going to be a very difficult 
problem to get an area that shows initial changes by EM. 

We also did a second serum determination from the patient 
ten days after he was first treated. The level was the same: 
1 to 5,000. 

MODERATOR: I imagine most panelists will have comments. 
This is presented as an unusual case in pediatric nephrology 
but your comments on plasmapheresis and related subjects will be 
appreciated. 

COMMENT: The number of children with anti-GBM disease is 
rapidly increasing. That is known. There have been at least 
two in England in the past 18 months. One died recently, last 
summer. And there have been several in France as well. Perhaps 
with more awareness it is not quite as rare. This patient is 
very interesting in a number of points that we've learned the 
hard way as you have. Perhaps I can just take a few of them. 
Clinically, you have made the diagnosis of anti-GBM disease. 
The features of anemia, nephritis, and the absence of any 
evidence of a systemic disorder other than anemia is very 
suggestive. If you do quite simple things like looking at the 
protein strip, measuring the total proteins you find that the 
albumin is 4.1, the total protein is 6.2. There's no hyperglobulin
emia. There's an absence of systemic disease which means that in 
nine out of ten cases you can make a diagnosis with ordinary 
clinical information, without resorting to anti-GBM antibody assay. 
The next thing it illustrates is that it is a striking example 
of infection precipitating disease activity. The child got sick 
on November 11th and developed fever. I would guarantee that 
that is the set-off for anti-GBM disease, as it did here. Then, 
the next point to make is the way this disease can go from 
apparently quiescence into fulminating nephritis. We've seen 
patients go from having normal blood ureas to anuria in five 
days-in no time in fact. It's very easy to say in retrospect 
that we might do things a little differently. What we would do 
if this patient had come to us is, back in November, we would 
presumably have confirmed the high titer of anti-GBM antibodies. 
The chest x-rays, by the way, are almost cettain to give you just 
pulmonary hemorrhage. You get this low pattern, quite extra
ordinary. Typical lower pneumonia just due to pulmonary hemorrhage. 
What we would have done at that stage, on the basis of the evidence 
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of disease activity, namely, the day after urine sediment, is 
then to start treatment with intensive plasmapheresis. We regard 
this kind of constellation of things--high titer of antibody and 
an active deposit--as something requiring immediate action 
because you never know when the patient is going to get an infection 
and just go off like this. We've had them from the beginning when 
we couldn't get plasmapheresis and we couldn't get vascular access 
and so on, and lost several of them. Nowadays, we don't do a 
renal biopsy, for example, because if you do renal biopsy you can't 
do plasma exchange very easily the following day because of problems 
with anti-coagulants and danger of bleeding and so on. So we make 
a diagnosis clinically. We get a serum sample off for antibody 
levels. We make an analysis of disease activity based on urine 
sediment and decide whether to treat them or not on that basis. This 
is a very interesting case, very interesting. 

MODERATOR: You must realize that we are very back in the woods 
in terms of having plasmapheresis, plasma exchange facilities. 
This is a very difficult item for us yet. We have been working and 
trying to set it up. It':s quite hard. We are making progress but we 
don't have it available yet. 

RESPONSE: I appreciate that. This kind of experience, 
unfortunately, is what happens in most places. One of the problems 
of any treatment is that in many centers, by the time you get around 
to plasma exchange, you've lost a lot of glomeruli and it's very 
difficult to turn the clock back. Our own position at the moment, 
because we can do it quickly since we've got it all set up, we 
have not failed to cure--I use the word in the sense of eliminating 
anti-GBM antibody--anybody like this in the last year or so. 

QUESTION: How do you follow the levels? Do you use radio
immunoassay? 

RESPONSE: Yes. We do radioimmunoassay which gives us an 
answer within two hours. 

COMMENT: Again, as a backwoodsman, and suicidal, one of the 
things that we used to do with this disease in the absence of 
plasmapheresis was an emergency nephrectomy. I just. wonder, 
again using the retrospectroscope and very liberally, whether 
there was some time during the period between the 18th of November 
and the time the patient expired, when this was considered. I feel 
that by then, your back is up against the wall and there is not too 
much you can do. The question is: when the P02 is 55 mm Hg, when 
pulmonary infiltrates are beginning, it's certainly not the best 
type of treatment but we have, luckily I guess, pulled some patients 
through that period. It really does depend upon the rapidity of the 
disease. 
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COMMENT: I've been aware of the use of bilateral nephrectomy 
for a good many years but our review of the information is that 
it is frequently not effective and to my mind, frequently not 
effective at all. Certainly it's a very major operation, at that 
point the kidney function has not been wiped out and I would be 
more than loathe to take out someones kidneys if they were not 
truly end stage. 

COMMENT: I am playing the devil's advocate but in some of 
these patients, the kidneys in some of the cases that were mentioned 
are just gone very rapidly and you don't know whether they are going 
to come back or not. Certainly, you are on the horns of a dilem-
ma but the pulmonary infiltrations sometimes are more insidious and 
don't come on as rapidly. I've been involved in a number of these 
and we have done the bilateral nephrectomy and the disease has under
gone remission after that. 

MODERATOR: If there are no further comments or questions, 
we will go to the next case. Dr. Gustavo Gordillo will present 
the case. 

DR. GORDILLO: This is a 16 y/o female with an unremarkable 
past history. She started her present illness when she was 7 y/o 
with generalized edema, hematuria and oliguria 2 months prior to 
admission. 

On admission, she was found to have generalized edema, B.P. 
130/90 mm Hg, proteinuria 143 mg/hr/m2, serum creatinine 0.7 mgt 
dl, serum complement (CH 50%) 30 U (normal> 100 U). A percutane
ous renal biopsy revealed type 2 MPGN. The immunofluorescence showed 
IgG, IgM and C3 deposits in the mesangium with a slight linear 
deposit in the loops characteristic of Dense Deposit Disease (DDD) 
(Fig. 30). 

She was in chronic renal failure 2 years later. She was 
placed in the chronic hemodialysis program within 2 months. She 
was transplanted from a live related donor (her father) in May, 1973. 

Her evolution was excellent until 4 years post-op, when she 
developed seizures. EEG revealed generalized high voltage and slow 
waves. She was put on phenilhydantoins (200 mg/day) in divided 
doses. Because of high blood pressure difficult to control, the 
original kidneys were removed. The nephrectomy material revealed 
progression of the lesion already seen in the biopsy. After this 
procedure, her B.P. was 120/90 rom Hg; diuresis 1500 ml/day, serum 
creatinine 1.2 mg/dl. Two years later, in September 79 (6 years, 4 
months post-transplantation) they noticed polyuria (3 liter/day). 
Maximal urinary concentrating capacity 244 mOsm/liter, serum creati
nine 7 mg/dl. Methylprednisolone 1 g 1. V. daily was given for 3 
days with no response. 
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FIGURE 31 
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Percutaneous graft biopsy was made. Fourteen glomeruli were 
seen, 2 normal and 12 sclerosed. Findings included interstitial 
fibrosis with mononuclear cell infiltration (Fig. 31), collapsed 
tubuli and arteriolar walls hypertrophy with almost obliterated 
lumen. There were twa glomeruli that were preserved in this small 
area of sclerosis. Immunofluorescence was negative. Xfter seeing 
the biopsy, pheny1hydantoin was discontinued and she was shifted 
to myso1ine. 

Four months later she was asymptomatic, B.P. 130/80 mm Hg, 
with less polyuria, serum creatinine 1.5 mg/dl. She is receiving 
prednisone 10 mg on alternate days, and azathioprine 25 mg daily. 
The reason I brought this case was that we would like to have 
comments about what seemed to be a chronic rejection. But we were 
in doubt about a possible interstitial nephritis caused by the 
pheny1hydantoin. We stopped this treatment and the patient 
improved very rapidly. 

COMMENT: I don't know if it is interstitial nephritis linked 
with pheny1hydantoin but L can say that use of such medication 
certainly causes difficulties with steroid therapy because of 
acceleration of metabolism and elimination of corticosteroids. 
It was shown some years ago that transplant recipient patients 
who were on phenobarbital did less well than others and rejected 
more frequently. So maybe in the discussion of this case, we can 
include, besides the toxic nephritis, some effect of less effective 
steroid therapy which after discontinuation of the hydantoin, 
disappeared. 

MODERATOR: What about the possibility of PTH or other 
hormonal changes? As discussed at one of our previous Seminars, 
there are some problems with vitamin D at the time of administration 
of an anti-convulsant. 

QUESTION: What was the percentage of normal glomeruli and 
affected glomeruli on the biopsy? 

RESPONSE: Fourteen glomeruli. Two were preserved; twelve 
were affected. 

QUESTION: How much interstitial fibrosis and tubular atrophy? 

RESPONSE: In the whole specimen. 

COMMENT: There must be some sampling problem. I don't see how 
a kidney so destroyed can recuperate so well. 

RESPONSE: This is not the only case I have seen. I have seen 
some other cases that are even worse than this one, and they recovered 
at least functionally. I didn't want to make another biopsy after 
the improvement. 
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COMMENT: We rely on the histopathology very heavily. I'd 
better preface my remarks by saying that on the other hand, rejection 
is a focal phenomenon and I would have to agree that admi~istration 
of anticonvulsants, mainly phenobarbital and Dilantin, has been 
as.sociated in my "objective" experience with increased difficulty , 
with immunosuppressive management. So again, relying on rumbles 
of our own intestines, we increase our immunosuppressive doses and 
watch our T-cells very closely. 

The other thing-about the biopsy-I found that it is very 
difficult to correlate in the post-transplant period, the function 
with the biopsy. It may well be that it is just focal. I think 
perhaps, getting a little more science into it, we really don't know 
what those lymphocytes are doing in the kidney. When you don't have 
glomeruli, that's a different story, but looking at a kidney 
and seeing a lot of interstitial infiltrate does not necessarily 
mean that the kidney has a loss of function. Some of those 
lymphocytes may be other than cytotoxic or killer cells and it's 
difficult to correlate. Now, when you don't have glomeruli, again, 
I would ldwk at that biopsy and say: "My God, there's no way it's 
going to come back". On the other hand, we would have treated it 
anyway to see if it would. 

COMMENT: I've got the wrong sort of memory for this kind 
of thing. Am I not right in thinking that this type of interstitial 
nephritis was described when receiving hydantoins in the absence of 
transplantation? 

COMMENT: No, except two years ago in the 4th Seminar of this 
Series, in one case that turned out to be a carencial rickets, it was 
stated that the child had a convulsion and received phenylhyd.antoin. 
And then, this child went into renal failure. We performed a biopsy 
and it was a very severe tubulointerstitial nephritis. We just 
stopped the medication and the child recovered. 

QUESTION: I gather that in this case at the moment you are 
giving very iliow doses of immunosuppression, aren't you? 

RESPONSE: Yes. 

QUESTION: Is there a reason why she is on 25 mg of azathioprine 
rather than the usual dose for what I presume is a reasonably sized 
child? 

RESPONSE: She is 16 years old now. I really don't know why. 
Probably theoretically it would be indicated to increase the dose, 
but she is doing quite well on the low dose, so ••• 

MODERATOR: Well, on that cheerful note, we shall adjourn for 
now. Thanks to all participants. 
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