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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 which 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. Zilleruelo on
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.

José Strauss
December 1980



I.

CONTENTS

URINARY TRACT INFECTION; INFECTIOUS
AND NON-INFECTIOUS TUBULOINTERSTITIAL NEPHRITIS

Identification and Documentation
of Urinary Tract Infection . . . « ¢« ¢« ¢« ¢ ¢ ¢« « « o « « 3
Barry J. Materson

Bacteriology of Urinary Tract Infection . . . . . . . . 33
Gaston Zilleruelo, Rafael Galindez,
Helen M. Gorman and José Strauss

Highlights
Pathology and Interstitial Nephritis . . . . . . . . . . 51
Robert H. Heptinstall

Acute and Chronic Urinary Tract Infection . . . . . . . 53
Jorge de la Cruz-Paris, Ricardo
Mubtoz-Arizpe and Gustavo Gordillo-Paniagua

Panel Discussion . . . e <
Moderator: dJosé Strauss

Reflux Nephropathy . . . . & « ¢« v ¢ ¢« ¢« & o ¢« « « « « . 83
John Hodson

Highlights
Role of Reflux in Renal Damage . . . « « « « » « . o o .1l11
Robert H. Heptinstall

Highlights
Segmental Hypoplasia with Hypertension
(Ask-Upmark Kidney). . . O B

Renée Habib and Michel Broyer

XI



XII CONTENTS

Highlights
Glomerular Involvement Secondary to
Vesico-ureteral Reflux (VUR). . . « ¢« ¢« ¢« ¢« ¢« « « . . 115

Gustavo Gordillo-Paniagua

- Treatment of Bacterial Urinary Tract
Infection in Childhood. . . P B
Helen M. Gorman, Gaston Z'Llleruelo,
Rafael Galindez and José Strauss

Panel Discussion I e e e e e e e e e e e e e 127
Moderator: José Strauss

Immunologically Mediated Tubular and
Interstitial Nephritis. . . P % |
Bernice Noble and Guiseppe A Andres

Highlights

Immunologically Mediated Tubulointerstitial

Nephritis in Children. . . . e e e e e e e e . . l67
Renée Habib and Micheline Levy

Highlights

Acute Non-bacterial Tubulointerstitial

Nephritis (TIN). . . . CY)

Gustavo Gordillo- Eunzagua

Newer Nephrotoxic Agents. . . . . « « « ¢« « o « « . o 171
Carlos Vaamonde

Case Report

Renal Failure Associated with Hydantoins

Administration in Nutritional Rickets . . . . .. . . 195
Ricardo Gastelbondo-Amaya, Ricardo
Mufioz Arizpe, Felipe Mota-Hernandes,
and Gustavo Gordillo-Paniagua

Panel Discussion . . . e e e e e e & e e e e . . 203
Moderator: José Strauss

Workshop: Clinicopathologic Correlations. . . . . . 217
Moderator: José Strauss

II. NUTRITIONAL ASPECTS OF RENAL DISEASE

Highlights
Relation of Cell Metabolism to

Nutritional State. . .« v ¢ ¢ &« ¢ ¢« ¢ o« o o« o« « « o . 241
Jack Metcoff '



CONTENTS XITII

Water and Electrolytes in Malnourished
and Uremic Children. . . e e e e e e o o 245
Gaston Zilleruelo and Jbse Strauss

Serum Nutrient Alterations in Chronic
Renal Disease. . « v « ¢ o ¢ ¢ o o o o o o o« o« « « « 263
Lewis A. Barness

Highlights

Plasma and Muscle Free Amino Acid Alteration

in Uremic Children . . . e e . . . . 267
Michel Broyer, Genevteve Jean CZazre
Kleinknecht, Anne Marie Dartois and
Francoise Gros

Panel Discussion . . . e e e e e e e e e e« o . 269
Moderator: José Strauss

Nutritional Aspects of Chronic Renal
Disease in Children . . e 0o .. 277
George Christakis and Anthony Kafatos

Nutrient Requirements. . . . . . « ¢« ¢« ¢« ¢ ¢« ¢ ¢ o 295
Lewis A. Barness

Hyperlipidemia Secondary to Renal
Disease . . . e e e e e e e e . 299
Guido O. Perez and Sung Lan Hsza

Aluminum in Chronic Renal Failure:

A Pediatric Perspective . . e« e e« .« . 315
Martin S. Polinsky, Alan B Gruskzn,
H. Jorge Baluarte and James W. Prebis

Highlights

Long Term Constant Rate Enteral

Nutrition in Children with Renal Disease . . . . . . 335
Michel Broyer, M. Guillot, A.M. Dartois,
L. Cathelineau, M. Guimbaud

Highlights

Cell Metabolic Responses to Amino Acid

Infusions in Chronic Uremia . . . . . . . . . . . . 339
Jack Metcoff

Panel Discussion . . . . 7% §
Moderator: dJosé Strauss



XIV CONTENTS
ITII. SYSTEMIC ASPECTS OF RENAL DISEASE

Renal Osteodystrophy: Pathogenesis,
Prevention and Treatment . . . . . . . . « « « « . . . 357
Jacques J. Bourgoignie

Hypertension of Renal Origin in
Childhood. . . . . . o e e e s e e e s . . . 381
Michel Broyer and Jean-Loms Bacm

Usage of Antibiotics in Children with

Renal Insufficiency . . . . . . . T 12
Alan B. Gruskin, H. Jorge Baluarte
Martin A. Polinsky, James W. Prebzs
and Abdelaziz Y. Elzouki

Panel Discussion « « + ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢« ¢« « o + « o . . 403
Moderator: dJosé Strauss

Principles of Diuretic Therapy in

Edematous Conditions. . . . e e e e o o . 417
George A. Richard, Eduardo H Garzn,
Abdollah Iravani, Robert S. Fennell
IIT and John K. Orak

Peritoneal Dialysis Kinetics:

A Pediatric Perspective . . e o e o e . . 439
Alan B. Gruskin, Abdelaziz Y EZzoukt,
H. Jorge Baluarte, James W. Prebis
and Martin S. Pblinsky

Panel DiscusSion . « ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o+ o o o o o 44O
Moderator: dJosé Strauss

Workshop: Immuno-Clinico-Pathological

CorrelationsS. « « « &« ¢ ¢« o ¢ « ¢ o o o o o ¢« o o« o« o 463
Moderator: José Strauss

Participants . « ¢ ¢ ¢ ¢ ¢ ¢ 4 4 4 e s s s e e e s s . 507

Author IndeX . ¢« v v ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o« o « o« o 513

Subject IndeX . . + & « « ¢« 4 « &+ ¢ ¢« ¢« + « + o « o« o 515



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 Tract 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 (l). Covert
infection occurs in 1 to 3.7% 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 Girls 2 mo-13 yrs 0.5-2%
(0.04%) 6-13 yrs 1%

Overt: Not common

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 urolozists.
The major abnormalities identified by urologists for treatment hnave
been vesical neck obstruction, ureterovesical reflux and distal
urethral stenosis.

Vesical neck obstruction was popularized jn 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-
victiog 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. 1
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 studil&d, roughly 50% will have some typé of radio-
graphic abnormality (11-13). Hallett et al. (l4) 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. Proteus 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 identified, 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: 1in neonates because it 1s 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 aminoglycoside
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 t¥%o 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 307 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

Motorcycle or bicycle
Masturbation
Self-instrumentation
Sexual intercourse

Irritation
Vaginal tampons
Vulvovaginitis
Vaginal deodorants
Pantyhose
Bubble baths
Jalapefia 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 jalapeila 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.
Jalapeha 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 jalepefia 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 origin. 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 tube with
an internal diameter of 10F or more should not obstruct flow (37).
Good studies (38,39) including a blinded, 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 patients 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 surrepticiously 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 supra) 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 common findings are hematuria, abdominal tender-
ness, vaginitis, vaginal discharge, vomiting and anorexia (42,43).

Some argument 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 877 of those with positive
urine cultures (13% false negative), but also 497 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 100°F, 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 in 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-
1i, 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 Streptococcus faecalis 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 (x10) 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 10° 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, 797 of 900
specimens grew 10° or more colonies, 137 were between 104 and 10°
and 8% were less than 10", Therefore, no bacteria proved to be a
good predictor of negative culture and one ot 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 localization 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, uringry 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 localization 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 al. (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, 1Instill 50 ml 0.17% neomycin with two amps
eiase. 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 ml 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 ml fluorescein-conjugated antihuman
globulin and incubated for 30 min at 370C. 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 a way 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 887 of the time. When com-
pared with the majority opinion, the sensitivity of an individual
reading was 917 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 best 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 ml
of urine are collected in a sterile container, a mid-stream clean-
catch collection (MSCC) is then made and the patient is instructed
to stop his stream. His prostate 1s then massaged and the expressed
prostatic secretions collected. The next 10 ml 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 localization tests. A number of other localization tests
have been described. Janson and Roberts (70) employed 1311 hippur-

FIG. 3. The "three glass test"., (Redrawn and modified from Meares,
E.M. and Stamey, T.A.: Bacteriologic localization patterns in bac-

terial prostatitis and urethritis. Invest. Urol. 5: 492, 1968, with
permission).



18 B.J. MATERSON, M.D.

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 867 with 157 false posi-
tives and 137 false 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). 1In 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. 1Its 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 ml.
An exception was urine infected with Staph. aureus 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 Serratia, Acinetobac-
ter (Mima and Herellea), alpha streptococci and Candida albicans
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 home. 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 (10l). 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(l-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 37°C 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 semsitivity 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 closeonce 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 10° 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 -
10%4) 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. (111,
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-
uria as a common denominator of all types of UTI (l). 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 <dentification of the etiological
agent and its quantification. 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.
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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
.

Interpretation of laboratory results. Careful interpretation
of urine cultures is essential. In samples obtained by clean
catch, > 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 col/
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. 1If the urine specimen is obtained by

Table 1. Methods of Urine Collection

Single
Pediatric urine collector Double chambered
(U-bag)

Mid-stream clean catch

- 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 zephyroi, 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 -
997% confidence

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 different 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 Escherichia Coli
Klebsiella
Enterobacter Gram (=)
Proteus Sp.
Salmonella i
Pseudomonas
Enterococci Gram (+)
Staphylococcus Aureus |

- Rare urinary pathogens Serratia marcescens
Hemophylus influenza
Streptococcus Group B
Mycobacterium tuberculosis
Anaerobes (bacteroides)

- L-forms and mycoplasmas

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 time 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 play a minor role in UTI. In one study,
1.37% 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 standardization and interpretation. Sensitivity test results
are usually expressed either as minimal inhibitory concentration
(MIC) or minimal bactericidal concentration (MBS) in nug/ml.

The broth dilution 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 dilution method, the antibiotic solution is di-
luted in 2-fold increments and placed in a Petri plate. The bac-
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SENSITIVITY TESTS

SENSITIVE
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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 dise 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

(11).

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 are impor-
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 0j, 0y, O4-g-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 "O0" 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). 1In 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 O circulating anti-
bodies are protective against experimental pyelonephritis (31), with
K antibodies more efficient than O 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 0-Groups )
1,2,4,6,7,16,18,75 79.8 58.7 31.3
Other 0-Groups 18.5 34.8 23.5
Spontaneously
Agglutinating 1.7 6.5 45.2

*Data from U. Lindberg et al.: Acta Paediatr. 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). TUnfortunately, 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 all 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 3T [ESCH. coC
ol | (o788
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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
Culture Urine antibody coated bacteria
Renal biopsy Histology
Immunofluores- Serum antibodies (0 antigen)
cence

Urine concentration ability
Ureteric catheterization

Urinary enzyme excretion
Bladder wash-out

CRP

Erythrosedimentation rate
Prednisolone stimulation test

Serum autoantibodies to Tamm-
Horsfall protein
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FLUORESCENCE +

URINE ANTIBODY COATED
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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 isoenzymes has been shown to be a reliable method of dif-
ferentiating upper from lower infection, although there is an impor-
tant zone of overlapping results (42).

We could say 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 urige 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 Mufioz-Arizpe,
M.D., and Gustavo Gordillo-Paniagua, M.D.

Dept. Nephrol., Hosp. Lorencita Villegas de Santos
Bogot4, Colombia and Dept. Nephrol., Hosp. Infantil de
México, México 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). 1In 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 México in México City and the other at the Hospital Lorencita Vil-
legas de Santos of Bogotd, 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 within the urinary tract, involving any portion of it. Positive
urine cultures are mandatory to reach the diagnosis, but leukocyturia,
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 variablelengths 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 inflammatory 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 common ('"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.



ACUTE AND CHRONIC UTI 55
DIAGNOSIS

Demonstration of the infection should be based on positive
urine cultures. The presence of leukocyturia, WBC 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
10° 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 Mid-stream
20 20%
0 0
0 13

*In 3 cases germs were different from those obtained by SP
technique. From Children's Hospital, Bogot#&, 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 No. of Other
Culture Cases E. Coli Bacteria
Single 22 12 10
Serial 10 10 0

From Hospital Infantil de México, 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 0
Suprapubic 20 0

From Children's Hospital, Bogotd, 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 (obstruc-
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 Results 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 México, 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, Bogotd.

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 México 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
Bogotd. 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

Intra-UT Predisposing Factor

Initial (44) Relapse (71)
Isolated Bacteria¥* No. % No. %
E. Coli 39 86.6 65 91.6
Proteus 2 4.5 2 2.8
Pseudomona 1 2.3 1 1.4
E. Coli + Proteus 1 2.3 2 2.8
E. Coli + Pseudomona 1 2.3 - -
Aeromona H. - - 1 1.4

*Obtained by suprapubic puncture. From Children's
Hospital, Bogotd.
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Table 7. 1Isolated Bacteria and Predisposing Factors
in Children with UTI

Extra-UT Predisposing Factor

Initial (12) Relapse (19)
Isolated Bacteria* No. % No. %
E. Coli 12 100 19 100
Proteus - - - -
Pseudomona - - - -

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

*Obtained by suprapubic puncture. From Children's
Hospital, Bogot4.

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 23.57% 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. 1Isolated Bacteria and Predisposing Factors
in Children with UTI

No Predisposing Factor

Initial (26) Relapse (22)
Isolated Bacteria* No. % No. %
E. Coli 25 96.1 22 100
Proteus 1 3.9 - -

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

*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

Hospital Infantil Habib Holliday
de México (1) et al. (2) et al.(7)
Diagnosis 211 Cases 7 270 Cases % 53 Cases 7
Glomerulopathies 56.5 26 45
Obstructive Uropathy
and UTI 19.5 21 15
Renal Hypoplasia 5.5 22 10
Hereditary
Nephropathies 5.0 23 13
Vascular
Nephropathies 0.5 4 4
Miscellaneous 13.0 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. (1l1) 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 México, Division of Nephrology.
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Table 11. Predisposing Factors and Localization
of the Infection in 100 Children with UTI

Site No. Cases PF
Lower UTI 78 47
Pyelonephritis 22 21
Total 100 68

From Children's Hospital, Bogotd, Division of
Nephrology.

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 al. (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 UTI 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 UTI should be planned
on an individual basis.
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PANEL DISCUSSION

Moderator: José 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. 1Is 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 1is 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 1is 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: 1In 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: 1In 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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antitubular 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-complex glomerulonephritis; 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: 1is 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 failure 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 antitubular 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 injury, 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 1s 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
glant 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? 1Is 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 1s 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 andlasts 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 In 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 hadabout
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, 1is very
important and I think it is one which has to be kept in mind when
dealing particularly with critically 111 patients. That 1is 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. 1Is 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 VCU,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 ug/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 therules 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? 1Is 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: 1In 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 ug/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-vear-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 UTIs, does he/she need
to have a cystometrogram and cystoscopy? Unfortunately in these
children (most specifically little girls), we are going to miss
pathology 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 panel. 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 bea 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;

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.

N
.

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. T 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
we do 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. Wesay "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
10-127% of schoolage females with recurrent UTI had renal scarring
already and approximately 257 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 (f 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 real 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 false 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 1is 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 187 of cases of nephronophthisis, or as it is called in this
country, medullary cystic disease. My question is, why didn't the
speaker mention nephronophthisis among 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 nephronophthisis from a 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 of 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.



REFLUX NEPHROPATHY

John Hodson, M.D., F.R.C.P. (Lond.), F.R.C.R.

Diagnostic Radiol., Yale Univ. School of Medicine
and Yale New Haven Hospital
New Haven, Conn. 06504 USA

"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
today, 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 1is 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 the 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 1is 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 occurrence in transplanted kidneys sub-
jected to reflux (54)), or all of these things, is yet to be estab-
lished. TIts 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



REFLUX NEPHROPATHY 89

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
high titres of 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 only 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 try out 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 pig's
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 mm 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 all 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 whichgives 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 intrarenal reflux

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 of 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 proferred 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 pole, 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
ureteric dilatation (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 reimplantation) 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 so-
called intrarenal reflux or calicotubular 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)

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

Institut National de la Santé et de la Recherche Médicale
Hépital 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. Zilleruelo, M.D.
Rafael Galindez, M.D. and José Strauss, M.D.

Div. Pediatr. Nephrol., 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-
kalinization 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 single daily dose at bedtime. Ef-
fective dosage is one fifth to one half the recommended 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. Toé 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-evalua-
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 radionuclide 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 which 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, cephalexin (35) and
cotrimoxazole (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 tubulointerstitial nephritis is
essential.
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PANEL DISCUSSION

Moderator: José 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,
intrarenal reflux will give rise to total scarring. 1I'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 don't 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 larger. 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?" 1I'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



130 PANEL DISCUSSION

be getting these ischemic changes - you might use that term, stimu-
lating the juxtamedullary apparatus to produce renin and then you
will get changes at a later time if the hypertension was severe
enough in the nonpyelonephritic parts 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 1l4th
week in intrauterine life - just over three months - by the first
glomeruli which are formed, then the whole system will fi1ll 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 paper 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 by 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 may or 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
presence of obstruction.

COMMENT: But if you go and look at these dissected specimens
where they are on view, with beautifully dissected arteries, there
18 classical cystic 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. 1Is

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: 1It'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. T 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 studies, 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 Tamm-Horsfall protein has
been demonstrated in serum of patients who have had massive reflux.
Can you comment 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 Tamm-Horsfall business, that's a bag of worms.

There was a beautiful, extremely good, sensitive radioimmune assay
for this protein and for its antibody in animals but not in man.



136 PANEL DISCUSSION

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 507 who have midzone 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 developed a membranoproliferative 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 originalandavery 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 proposedthat at a certain point the disease progresses because
there is an autoimmuneviscious 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 border, proposed by Dr. Gordillo,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 radioimmune 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. 1In 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 1s 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 C1, 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
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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 times? What is the damp stuff? This bladder isn't empty-
ing when there is’'dampness. 1It'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 ml. Just dip it in the urine and give it a sharp
shake. You get almost exactly .l of an ml. 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. 1It'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 tubulointerstitial 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 hcmorrhages (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 inflammation and tubular cell degeneration, wrinkling,
splitting and fragmentation of the TBMare 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). Genetic 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
required 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 anti-
bodies of both IgGy; and IgGy 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 stimulate 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
TBM 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 with the accumulation of poly-
morphonuclear leulocytes 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 hemadsorption
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 peritubular 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
extraglomerular locations within the kidney (Fig. 4). Extraglo-
merular 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 extraglomerular renal immune
deposits. It 1is generally believed that the complexes responsible
for tubulointerstitial lesions in experimental chronic serum sick-
ness form in circulation and deposit nonspecifically in tissues

to produce pathologic changes and inflammation.

Nonglomerular kidney antigens have also been used to stimu-
late an autoimmune response in rabbits that causes the accumulation
of immune deposits along the TBM of proximal tubules (24). 1In 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 FxlA, 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 extensive 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 situ
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 <n 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 origin
of the transient granular immune deposits found along the TBM in
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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
theglomerular deposits in Heymann nephritis result from an <n 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 and Cq are bound to the BB (see Fig. 5).
The kidney has been perfused in sttu. 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 TUBULOINTERSTITIAL 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.



IMMUNOLOGICALLY MEDIATED T.I.N. 155

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). 1In those patients, serum and
kidney eluates react im vitro with GBM and TBM, and in additionm,
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-IBM 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 circulationm,
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
penicylloyl 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 Complex 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 peritubular 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-anti-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
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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 SLE nephritis 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
attributable 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 immunologic 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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IMMUNOLOGICALLY MEDIATED
TUBULOINTERSTITIAL NEPHRITIS IN CHILDREN

Renée Habib, M.D. and Micheline Levy, M.D.

Institut National de la Sant€ et de la Recherche Médicale
Hépital Necker Enfants-Malades, Paris, France

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 antitubular basement membrane (TBM)
antibodies. Granular deposits of Ig and/or complement (C) are
likely related to the presence of immune complexes (IC). 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
C likely representing the interstitial location of IC (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 wveitis 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 undertaken in IC mediated
TIN (SLE, shunt nephritis, syphilis). Patients with anti-TBM anti-
body related TIN would most likely benefit from plasmapheresis,



HIGHLIGHTS
ACUTE NON-BACTERIAL TUBULOINTERSTITIAL NEPHRITIS (TIN)

Gustavo Gordillo-Paniagua, M.D.

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



NEWER NEPHROTOXIC AGENTS

Carlos A. Vaamonde, M.D.

Dept. Med., Univ. Miami Sch. Med., Div. Nephrol.
Veterans Admn. Med. Ctr., Miami, Fla. 33152 USA

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 (HgCljy, ethylene glycol, CC14), while
in other cases results from exposure to industrial or environmental
hazards (lead, mercury, CCl,, cadmium, hydrocarbons). Although
these forms of nephrotoxicity are important to physicians, the most
prevalent cause of nephrotoxicity now-a-days is drug 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 Renal Dysfunction

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

Analgesics Chronic Interstitial Nephritis
Papillary Necrosis
Nephrolithiasis

Lithium Polyuria
Incomplete RTA

Fluorinated Anesthetics Polyuria
ARF

Antineoplastic Agents 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 elinical 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.

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 glo-
merular filtration 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 protein binding (7). 1In addition, a number of com-
pounds (active drugs and their inactive metabolites) appear in the
urine due to tubular secretion processes (Table 4). Others are
filtered at the glomerulus and subsequently reabsorbed by the
proximal tubular epithelium, such as the aminoglycoside 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. 1In an acid enviromment, weak acids exist pre-

Table 4. Therapeutic Agents Secreted by Renal Tubules

Acidic Basic
Acetazolamide Dopamine
Ethracrynic acid Histamine
Furosemide
Hydrochlorothiazide Morphine
Metolazone Procaine
Spironolactone
Triamterene Quinine
Penicillins Thiamine
Phenylbutazone
Salicylates

Probenecid
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dominantly in their nonionized form. Since the renal tubular -epi-
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 nonionic
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 Uremia

Barbiturates Benzylpenicillin
Diazepam Dicloxacillin
Diphenylhydantoin Sulfonamides
Morphine
Digitoxin Phenylbutazone
Salicylate
Warfarin Clofibrate
Diazoxide Thyroxine
Furosemide

Triamterene
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Table 6. Vulnerability of the Kidney to Nephrotoxic Agents

Large blood flow
(0.4% B. Wt. gets 257 of cardiac output)

Great metabolic activity
(high 02 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 known 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 27 and 107 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 (CCl4, aminoglycosides, lithium)
B. Metabolites
(fenacetin - acetaminophen)
(methoxyflurane + F- oxalate)
(CIS-Platinum -~ PtCl4 ?)
Dose-Related
(affected by decreased renal function)
II. Drug Hypersensitivity
A. Immunologically mediated
Not dose related

Needs sensitization
(penicillins, rifampin, sulfonamides)

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
(11), 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 (11) and 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. Aminoglycosides

1. Amikacin

2. Streptomycin
3. Gentamicin
4. Sisomicin

5. Tobramycin
6. Kanamycin

7. Neomycin

B. Cephalosporins

1. Cephaloridine ()
2. Cephalothin
3. Cephalexin
4, Cefazolin
5. Cefamandole
6. Cephapirin
7. Cephradine

C. Others
1. Colistimethate
2. Pentamidine
3. Amphotericin B
4, Rifampin
5. Sulfametazole
6. Vancomycin

II. Interstitial Nephritis

A. Ampicillin
B. Methicillin
C. Nafcillin

D. Oxacillin

E. Penicillin
F. Rifampin

G. Sulfonamides

ITI. Nephrogenic Diabetes Insipidus
A. Declomycin
IV, Renal Tubular Acidosis
A. Proximal
B. Distal

1. Tetracycline (outdated)
2. Amphotericin B
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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 (Cristalluria)

A. Sulfas

*Partial listing.
Should not be used since less nephrotoxic alternatives
are available.

minimize gentamicin accumulation and damage 