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The freguent association between chronic
atrophic pyelonephritisand vesicoureteral re-
flux (VUR) was noted just over 25 years ago,
and the term reflux nephropathy (RN) was
quickly substituted for other words used pre-
viously to describe the localized injury and
scarring from suppurativeinflammationinthe
renal parenchyma [8]. In the pre-antibiotic
era, chronic atrophic pyelonephritis was rec-
ognized as a common cause of hypertension
and chronic renal insufficiency. In fact, up to
20% of patientsat autopsy werefound to have
pyelonephritis and, when datawere available,
45% of them were known to be hypertensive
before death [43].

In 1929, an wunusua but consistent
pathol ogic finding was observed in kidneys of
several patients with severe hypertension [6].
An aglomerular, fibrous band of tissue over-
lying acalyx gavetheappearance of acircum-
ferential groove in the renal parenchyma
These peculiar lesions were considered con-
genital and, subsequently, were referred to as
the Ask-Upmark kidney [33]. Whether the
lesionswereassociated with VURisunknown
because the observations were made before
theintroduction of radiocontrast cystography.
Similar renal lesionsin hypertensivechildren,
some of whom were studied for VUR, were
often, but not always, associated with VUR
and urinary tract infection (UTI). For nearly

two decades, these aglomerular lesions were
referred to as segmental rena hypoplasia,
which implied a localized failure of normal
metanephric development. Finally, aseries of
patients whose kidneys had segmental renal
lesionssimilar to Ask-Upmark kidneysand to
segmental renal hypoplasia were observed in
serial radiographic and pathologic studies;
most of these patients had VUR as well as
documented UTI [4]. Careful dissection in
some of these kidneys revealed parenchymal
lesions in various stages of development —
acute inflammatory lesions only days old ad-
jacent to compl eted aglomerular scarswith no
evidence of inflammation. It became quite
evident that the aglomerular grooves or hy-
poplastic segments, described previoudly,
were actually atrophic parenchymal scars re-
sulting from localized pyelonephritis in pre-
viously normal renal tissuethat had contained
glomeruli and tubular structures. These le-
sionscould now bereferred to, morecorrectly,
as segmental renal atrophy [11].

The proposed mechanism for pyelonephri-
tisin humans hasbeen that bacteria, multiply-
ing rapidly in bladder urine, cross an incom-
petent ureterovesical junction as intravesical
pressure increases during micturition. Thein-
noculum reachesthe renal pelvisand calyces,
enters the papillary collecting tubules in one
or more rena pyramids through the ducts of
Bellini —intrarenal reflux (IRR) —and causes
suppurative inflammation. The resulting in-
jury may heal by scarring, and even asingle
scar may be associated with severe hyperten-
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sionlater inlife. When scarring ismore exten-
sive and both kidneys are damaged, not only
hypertension, but also chronic rena insuffi-
ciency or end-stagerenal disease (ESRD) may
develop. Although characteristic radiographic
findings and histopathologic features of RN
may be observed in kidneys never known to
be infected or subjected to VUR, such cases
have been considered unusual .

Once the relationship of renal injury to
VUR was established, it was reasonable to
think that eliminating VUR by surgery could
prevent subsequent episodes of pyelonephri-
tisand its clinical consequences. Clinical ef-
forts over more than 30 years produced about
3,000 published reports on VUR and UTI
[20]. Most so-called studies were focused on
surgical techniques for restoring competence
totheureterovesical junction. When appropri-
ate clinical trials were finally completed, just
in the past decade, surgical correction was
found to offer no advantage over conservative
medical management in preventing renal scar-
ring [13, 37]. Further understanding of the
mechanismswhereby VUR injuresthekidney
acutely and initiates progressive injury with-
out further infection, therefore, must come
from future studies, not of the ureterovesical
junction, but rather of the human kidney’s
responses to sterileinjury aswell as suppura-
tive inflammation both before and after birth.

Incidence

The true incidence of RN is unknown. Per-
haps the best evidence for RN being adistinct
and, therefore, significant clinical problem is
that it accounts for 15 — 25% of patients
treated for ESRD in Europe and Austra-
lia/New Zealand [19]. There is no reason to
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think that the prevalence is less among pa-
tients with chronic renal insufficiency in
North America, where RN has been shown to
be a major cause of hypertension and ESRD
in children and adolescents (Table 1).

Primary VUR includes only those patients
in whom no other anatomic or functional ab-
normality can beidentified and hasbeen dem-
onstrated in < 1% of humans with no prior
history of UTI [2]. However, primary VUR
will befound in 20 —50% of children investi-
gated following the first UTI (the highest in-
cidence in the first year of life), 20% at 12
years of age, and only 5% in adults. A long-
held notion has been that the incidence of
VUR is higher when the voiding cystoure-
throgram (VCUG) is performed soon after an
acute UTI, so the recommendation has been
towait for 4 to 6 weeks after the UTI to order
the diagnostic study. Although no report has
been made of the incidence of VUR between
early and late studies within a single center,
theincidence of VUR among children of vari-
ous ages has not varied when studiesat differ-
ent centers were done either within the first
week or morethan 3weeksfollowing UTI [2].
There seems to be no merit in the practice of
delaying a diagnostic VCUG once the urine
has been rendered sterile, only to “minimize”
the number of children with VUR. There may
have been atimein the past when the diagno-
sisof VUR of any graderesulted in an attempt
at surgical correction, but thisisno longer the
case. Today, children with UTI managed con-
servatively tend to get better clinical supervi-
sion, more education about the consequences
of UTI and longer periods of follow-up when
VUR isidentified.

There is no gender difference in the inci-
dence of primary VUR with UTI. The abso-
lute number of girls with VUR is actually
greater than the number of boys, but this is
related more to the higher incidence of UTI in
girlsthan boys after thefirst year of life. This
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Table 1. Causes of ESRD in Pediatric Patients (Birth — 18 years old). UT Southwestern Medical Center

at Dallas 1980 — 1989.

Primary Uropathies
Primary vesicoureteral reflux
Renal hypoplasia/dysplasia
Obstructive uropathy
Prune-belly syndrome
Neurogenic bladder

Glomerulopathies
Focal segmental glomerulosclerosis
Rapidly progressive glomerulonephritis
Unclassified chronic glomerulonephritis
Membranoproliferative glomerulonephritis
Anaphylactoid purpura
Systemic lupus erythematosus
Hemolytic-uremic syndrome
Goodpasture syndrome
Congenital nephrotic syndrome

52%

P ERPNNNWWWO

Miscellaneous
Nephronophthisis

Autosomal recessive polycystic kidney disease

Neonatal cortical or medullary necrosis
Oligomeganephonia

Cystinosis

Hyperoxaluria

32%

P PP WO O

16%

Total number of patients

incidence of VUR is similar among white,
Hispanic and Asian children with UTI, but
VUR isidentified less oftenin black children.
Moreover, RN is an unusua cause of hyper-
tension or chronic renal insufficiency among
black adolescents and young adults.
Primary VUR will beidentifiedin 27 —45%
of asymptomatic siblings of children with
VUR [36]. If one child in afamily has rena
scarring at thetimeprimary VUR isfound, the
incidence of VUR in siblings may be even
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higher. As more genetic studies of families
with VUR have been conducted, it would
appear that primary VUR, with or without
RN, does occur in multiple generations im-
plying vertical transmission suggestive of a
pattern of autosomal dominancewith variable
penetrance. A specific gene locus has not yet
been identified. Scarred kidneys may also be
associated with secondary VUR from ana-
tomical obstruction as in posterior urethral
valves, prune-belly syndrome, ureteropelvic
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junction obstruction and urolithiasis, as well
asfromfunctional obstructioninaneurogenic
bladder or with dysfunctional micturition —
none of which are inherited problems.

One of the most common serious bacterial
infection in infants and young children pre-
senting with fever is UTI. Some general idea
of the prevalence of RN in the general popu-
lation can be learned from the frequency of a
first UTI being, on average, 2.8% in children
under five years of age. In the 1990 census
there were 18,264,096 of these infants and
young children in the United States. There-
fore, approximately 511,394 children will
have a first UTI by their fifth birthdays, and
30 — 50% or between 150,000 and 250,000
will, if examined, have VUR. The estimates of
any degree of rena scarring from VUR and
pyelonephritis — one simple scar, perhaps, or
multiple scars involving one or both kidneys
— have been reported between 12 — 50%, de-
pending upon length of follow-up and meth-
ods used to assess renal scarring. The longer
the follow-up and the more experienced the
investigator, the more often renal scarring will
be detected. Also, carefully performed intra-
venous pyelograms (IVP) and technetium-
99m-dimercaptosuccinic acid (DM SA) renal
scans found more scarsthan renal ultrasonog-
raphy or poorly-done IV P. In arecent study of
very young infants with acute pyelonephritis,
for example, up to 40% of infants with VUR
studied by DMSA scans six months after a
UTI had somedegreeof renal scarring, but not
al had VUR [24]. It will be important to
follow these patients long-term to record the
clinical significance of renal scars detected at
this very young age.

If, for example, only 30% of infants and
young children under 5 yearsof agewithVUR
and UTI develop renal scarring, there should
be around 61,367 of themwith RN. Assuming
no renal scarring ever occurred after 5 years
of age and no deaths among children and
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adolescents with rena scarring, approxi-
mately 368,204 people (3.3:1000) currently
under 30 years of age in the United States
alone should have RN. Only half of children
recognized to have acute pyel onephritis, how-
ever, will have VUR demonstrated. One study
found renal scarring following an episode of
acute pyelonephritisin 37% of children with-
out VUR [40]. Until recently, those children
with UTI but without VUR have not been
subjected routinely to follow-up renal imag-
ing studies. Just how many of them will de-
velop hypertension or renal insufficiency later
in life is yet to be determined, but these pa-
tients will add to the overall incidence of RN
in the general population.

More than half of children with afirst UTI,
with or without VUR, will experience another
UTI within 6 months [31]. With each sub-
sequent infection, the risk of renal injury is
increased from 9% after the first UTI to 58%
after thefourth [28]. A delay in effectivether-
apy, which isnot unusual in an infant or child
whose complaints do not suggest UTI, can
double the rate of scarring, and, therefore,
increase the incidence of RN.

Despite opinionsto the contrary, acuterenal
injury from pyelonephritis definitely causes
scarring in children over 5 years of age—even
in the absence of detectable VUR [10]. As
children grow, VUR tends to resolve gradu-
aly in most infants and young children [20],
whiletheincidenceof UTI increasesto 6—8%
of school-age girls. Moreover, the rate of
VUR resolution in these older children is
slower. The conseguences of secondary VUR,
particularly in decompensated urinary blad-
ders with recurrent UTI, as well as
pyelonephritiscomplicating urolithiasis, only
add to the total number of individuals suffer-
ing from RN. Perhaps the only reliable state-
ment that could be made about RN to date is
that its incidence has been underestimated —
especialy in the United States.



Etiology

RN has been attributed to pyelonephritis
associated with VUR —more specifically IRR
— in infants and young children (Figure 1).
Few, if any, would argue that suppurative
pyelonephritis can cause significant and per-
manent renal injury. The pathogenesisof renal
scarring from VUR-associated pyel onephritis
has been produced experimentally in animals
either by injecting bacteria into the renal pa
renchyma or inoculating the bladder with fe-
cal floraafter VUR had been created. Shortly
thereafter, one or morefocal lesions of suppu-
rative inflammation could be demonstrated in
the renal parenchymaand, if effective antibi-
otic therapy was not provided within 5 days,

Figurel. Intrarenalreflux (arrows)into the collect-
ing ducts which extends into the outer cortex of the
upper pole of a young girl's left kidney during voiding
cystourethrography. There is no evidence of cortical
thinning or scarring.
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renal scarring developed even though further
bacterial growth was eradicated [38]. When
treatment was delayed in children with UTI,
the incidence of renal scarring was increased
4-fold over those treated promptly [49]. It
seems that an inflammatory cascade is initi-
ated by the bacteria within the renal paren-
chyma, much like that described for endotox-
emia, which permits the inflammatory re-
sponse to continue long after effective antibi-
otic therapy isintroduced [39]. The evolution
of the acute inflammatory lesions either to
complete resolution or permanent scarring
has been demonstrated by serial DM SA renal
scintigraphy. Pyelonephritis caused by P-fim-
briated E. coli seems related more frequently
to rena scarring than some other common
pathogens. The unique ability of this organ-
ismto attachitself to uroepitheliummay allow
it to cross the ureterovesical junction when
VUR isnot present and, perhaps, persistinthe
urinary tract longer than other bacteria.

Whether sterile VUR can cause similar re-
nal injury, however, is still actively debated.
There is no doubt that typical atrophic rena
scarring can be induced when sterile VUR is
produced experimentally in animals, but the
intravesical pressure required for scarring ex-
ceeds 60 cm water — higher than normal void-
ing pressures measured in children. Somewill
argue, therefore, that in the absence of bladder
outlet obstruction or a decompensated, non-
compliant bladder generating high intravesi-
cal pressures, renal injury is never associated
with sterile VUR. The greatest argument fa-
voring arolefor sterilereflux, however, isthe
scarring associated with VUR in the fetal uri-
nary tract where the urine is always sterile.
The developing kidney of thefetusand young
infant appears more easily damaged from
VUR than does the kidney of an adult and
probably older children as well. As more fe-
tuses with dilated urinary tracts have been
identified as having rena scarring associated
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with VUR — not obstruction — at birth, it is
hard to deny sterile VUR causes renal injury
with scarring which is different from dys-
plasia. Segmental scars have been described
in dysplastic kidneys subjected to primary
VUR aswell as obstructed urinary tracts [4].
When studied postnatally, a kidney with dys-
plasia will have the same ultrasonographic
and, perhaps, DMSA scintigraphic appear-
ance as the scarred kidney; however, an IVP
will demonstrate segmental scarsand calyceal
deformities characteristic of RN even in ab-
normally small kidneys (Figure 2). Kidneys
that are small from dysplasia alone will not
excrete the radiographic contrast material, so
thekidney will not bevisualized by IVP. This
limitation to moremodern diagnosticimaging
studies, now favored widely over IV P, isoften
overlooked as a means of establishing the
diagnosis of RN in small kidneys.

Just what kind of intravesical pressure is
“normal” for human infants and children?
Before toilet training, intravesical pressures
generated in normal bladders during micturi-
tion rarely exceed 35 cm water. On the other
hand, during or after toilet training, when
young children are rewarded for postponing
micturition or, on their own, delay bladder

emptying to continue playing or engage in
other activities, intravesical pressures can eas-
ily exceed 35 cm water. Add to this any in-
crease in intra-abdominal pressure that will
increase intravesica pressure further, as
would occur when the child jumps down
steps, lands prone in a fall or coughs vigor-
ously with arespiratory illness, and intravesi-
cal may exceed 100 cmwater. M oreover, there
is little dampening of pressure transmitted
from the bladder to the renal pelvis across a
refluxing ureterovesical junction. A distinct
group of young children, for reasons yet un-
explained, suffer from dysfunctional micturi-
tion, where there is poor coordination of
sphincter relaxation during bladder contrac-
tion. Higher than normal intravesical pres-
sures may reach 200 cm water in some chil-
dren both during and between attempts at
micturition. Recurrent UTI, which is typical
in children with dysfunctional micturition,
adds to the incidence and severity of rena
injury. Other symptoms of dysfunctional mic-
turition include infrequent micturition, dy-
suria in the absence of UTI, diurnal inconti-
nence, nocturna enuresis and constipation.
This condition is complicated by VUR, but
when unrecognized and inadequately treated,

Figure 2. Intravenous pyelo-
gram in 3 yo male discovered
to have right Grade Il vesi-
coureteral reflux following a
first recognized urinary tract in-
fection. There is generalized
cortical atrophy (arrows) in the
abnormally small right kidney
with deformed calyces. Note
how well the small kidney ex-
creted the contrast agent that is
typical of chronic atrophic
pyelonephritis or reflux neph-
ropathy. The left kidney is un-
usually large because of com-
pensatory hypertrophy, but is
otherwise normal.



VUR failsto resolve spontaneously asit does
inother children, and anti-reflux surgery often
fals.

Statements have been made that only IRR
can cause renal injury. When the renal pelvis
of either the human or animal kidney was
filled with contrast material under pressure,
the contrast solution was found not only to
enter the papillary collecting ducts but also to
traverse the length of the entire nephron
reaching Bowman's space. Because IRR is
rarely identified or, perhaps, recognized when
avoiding study is done, the conclusion stated
in many referencesisthat the actual incidence
of IRR islow. Again, this problem isrelative
only to the detection of IRR which, when
seen, isatransient phenomenon at peak void-
ing pressure (Figure 1). Thefreguency of IRR
being identified isdirectly related to theinter-
est and skill of the observer performing the
VCUG. If renal scarring were possible only
with IRR, but IRR is never identified — even
in repeated studies — then an entirely new,
aternate mechanism for the development of
segmental renal lesions must be tendered.

Renal scarringismost evident on diagnostic
imaging studiesin either upper or lower poles.
The porcine model of the refluxing kidney
was favored by some investigators because,
like the human kidney, the pig kidney has
compound papillae draining polar pyramids.
The assumption was that IRR occurred more
easily in these compound papillae; however,
scarring occurs frequently in association with
simple papillae as well and in the mid-region
of kidneys where small scars seem more dif-
ficult to detect by IVP or ultrasonography.
Another popular hypothesis advanced 20
years ago was the “ Big-Bang theory” which
meant that the kidney was scarred, sometimes
irreversibly, after a single episode of infected
IRR. For example, onemonth following afirst
UTI, the right kidney of a 3-year-old child
with mild (Gradel) VUR wasnormal (Figure
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Figure 3a.

Figure 3b.

Figure 3. The appearance of the right kidney (A)
was normal following the first urinary tract infection
in a 3 yo female who had right Grade | vesicoureteral
reflux. One year later, during which the urine was
documented to have remained sterile and the reflux
had not worsened, the same kidney (B) is reduced
in overall size from 4.5 to 3.0 vertebral bodies due
to cortical atrophy. The calyces in all regions exhibit
the swallowtail deformity of chronic atrophic
pyelonephritis or reflux nephropathy.
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3a). Oneyear later, VUR remained mild, com-
pliance with conservative management in-
cluding antibiotic prophylaxis was good and
theurinehad been confirmed sterileby culture
at regular intervals. Thekidney, however, was
reduced to approximately half its previous
size and exhibited generalized renal scarring
with calyceal abnormalities (Figure 3b). On
the other hand, new and progressive scarring
over severa or many years have been reported
oftenin patientssubjected to serial IVPduring
follow-up for VUR [37]. The histopathol ogic
identification of lesions in various stages of
development supports the idea that multiple
scarsmay result aswell froma* seriesof little
bangs’ [12]. Thislatter hypothesis appearsto
have support from the increase in the inci-
dence of rena scarring with recurrent
pyelonephritis [28].

It iswidely accepted that the prevalence of
renal scarring among all patientswithVUR is
related directly to the grade of VUR observed
during voiding cystourethrography. When
VUR is associated with a dilated collecting
system (International Grades Il — V), renal
scarring will be noted in 28 —50% of kidneys.
The number of scarred kidneys associated
only with non-dilating VUR (Grades| —11) is
usually overlooked because the incidence of
scarring is only about 10%. Many seem will-
ing to attribute the rena injury in children
with lesser grades of VUR to an earlier time
when “VUR must have been more severe”
because VUR tends to resolve in most, if not
all children, with time and continued growth.
Wheninfantsand young children with radiog-
raphically normal kidneys were followed in
serid studiesfor 5yearsafter their first recog-
nized UTI, 28% of kidneys subjected to grade
1l VUR were scarred while only 10% of
kidneyswith gradesO, | and Il VUR had scars
[3]. The importance of these observations is
not that the incidence of renal scarring was
less with mild and moderate VUR, but rather
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that the total number of scarred kidneys is
greater because more patients have mild and
moderate VUR than severe VUR. The conse-
quences of renal scarring from any grade of
VUR should not be ignored.

Case Presentation

Following her first recognized UTI, a 3-
year-old white female was found to have
Grade | VUR on theright. Both kidneyswere
normal by rena ultrasonography. There was
no additional UTI, but 5yearslater, the patient
presented to an emergency department with
heart failure. Her blood pressure was 210/160
mm Hg. Once her hypertension was control-
led, the heart failure abated. Evaluation re-
vealed Grade | VUR till on the right — no
changein 5 years. However, the VP revealed
a single scar in the upper pole of the right
kidney.

There has been along running debate over
whether renal scarring from UTI and VUR
ever occurs after 5 years of age. In fact, some
would arguethat all renal injury isinitiated by
VUR in utero and detected only when diag-
nostic imaging is performed postnatally fol-
lowing thefirst UTI. Othershave claimed that
renal scarring never results from VUR and
UTI and that so-called scarsare actually areas
of renal dysplasia. Certainly, most patients
with recognized RN have a history of UTI in
early childhood. A recent retrospective study
could identify few scars by DMSA scintigra-
phy to develop in children with VUR after 4
years of age [48]. One prospective study in
children of all ages found no renal scar to
develop beyond 2 years after the last episode
of pyelonephritis [13]. On the other hand, 2
other prospective studies noted new scars not
only later than 2 years from the last febrile
UTI but also to occur in subjects older than 5



Figure4. Bothkidneys were removed from this 14
yo female before transplantation. Grade Ill vesi-
coureteral reflux was demonstrated into both ure-
ters of the duplicated but unobstructed right collect-
ing system as well as the single left ureter. This girl
presented at the age of 9 years with hypertensive
encephalopathy and had only one recognized prior
urinary tract infection. In spite of satisfactory control
of her hypertension without ACE inhibition, surgical
repair of her reflux, and sterile urine, progressive
deterioration in renal function was observed over
the next 5 years (see Figure 11, upper panel, square
symbols labeled SR).

years of age [3, 37]. Recently, adolescent pa-
tients with febrile UTI — a group rarely sub-
jected to diagnostic imaging — were studied
by DM SA scintigraphy. Therate of renal scar-
ring wascompared ininfants(43%) and found
actually to be higher in young children (84%)
and adolescents (80%) [10].

Pathology

The gross morphologic appearance of kid-
neys scarred by pyelonephritis associated
with VUR isillustrated in Figure 4. The kid-
ney is usualy reduced in weight as well as
overal dimension if scarring is extensive.

13 Arant - Reflux Nephropathy
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Figure 5. The left kidney from a 13 yo female who
presented with ESRD and no evidence of prior
hypertension or urinary tract infection. A thin rim of
aglomerular parenchyma was present over each
calyx. In the upper pole an unscarred pyramid (ar-
row) had evidence for compensatory hypertrophy
and what was responsible for most of her residual
renal function. There was no histopathologic evi-
dence of renal dysplasia.

When thereisonly one or, perhaps, 2 segmen-
tal scars, however, the kidney may otherwise
appear normal. Any irregular contour of the
uncut kidney’'s surface is due to areas of seg-
mental atrophy separated by unscarred paren-
chyma that has undergone compensatory hy-
pertrophy. When the scarring is mainly in
polar regions, the mid-portion of the kidney
may have a nearly round appearance because
of the compensatory growth in unscarred
pyramids. When the kidney is bisected longi-
tudinally through the pelvocalyceal system
(Figureb), scarred areas can be seento overlie
a dilated or deformed calyx. Pelvocalyceal
dilatationisnot aconstant finding in RN. The
histopathol ogic features of RN will be missed
if the pathologist, hoping to find renal tissue

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - 1-13 9

1.13



Chapter | - Clinical Nephrology and Hypertension

Figure 6.
aglomerular fibrous band of tissue (b) overlying a
calyx (c). The segment is well demarcated from the
normal renal cortex with glomeruli and tubular struc-
tures to the right of the calyx (arrow). (PAS stain;
18x magnification).

Microscopic examination of the

not yet completely destroyed, examines only
sections from the most normal looking areas.
To make the diagnosis of RN, a section for
microscopic examination should be taken
across a scar to include both the adjacent,
more normal appearing parenchyma, as well
as the underlying calyx.

Microscopically, acompletely atrophic scar
will be seen as an aglomerular band of tissue
overlying acalyx (Figure6). Thisband repre-
sents once normal renal cortex and medulla
injured when IRR, with or without infection,
disrupted the collecting duct epithelium and
caused local inflammation. Theinflammatory
response irreversibly damaged either the
medullary or papillary collecting ducts asso-
ciated with those nephrons, the post-glomeru-
lar medullary vessels, or both. In time, the
segmental injury causes|oss of normal histol-
ogy with the lesions variably containing atro-
phic tubules, tubular microcysts, sclerotic
glomeruli and arcuate vessels separating the
atrophic cortex from the atrophic medulla[4,
11]. Depending on thetiming of the histologic
examination after theinjury wasinitiated, the
various phases of acute tubular disruption
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with mild to marked inflammation — even pus
—may be found in proximity to amuch older,
completely atrophic lesion, especially in a
kidney which has been or continues to be
injured repeatedly over aperiod of years. The
lesions of RN have been identified even in
patientswhose VUR was surgically corrected
years before the kidney was removed [12].
Other histopathologic features of RN may
include renal dysplasia in kidneys subjected
to intrauterine VUR or obstruction during
metanephric development, but kidneys in-
jured only after birth should not contain dys-
plasia[4]. When onekidney isscarred in RN,
the contralateral kidney, if never subjected to
VUR or infection, may exhibit focal glomeru-
losclerosis [29]. This finding suggests a hu-
moral mechanism by which injury to onekid-
ney can cause changesin the opposite kidney.
Based on studies of remnant kidneys focal
glomerulosclerosis in RN may be explained
better as evidence of glomerular hyperfiltra-
tion. A very good candidatefor thecirculating
factor may be angiotensin 1l (Ang Il) pro-
duced either after renin is released in in-
creased amountsfrom the scarred kidney or to
increased efferent arteriolar resistance and
glomerular filtration by the normal kidney.

Diagnosis

Confirming the clinical diagnosis of RN in
any given patient requires a high index of
suspicion. Firstly, one must believe that the
renal lesionsassociated with VUR represent a
distinct pathologic entity. Distinguishing the
problem from other clinical entities, in which
akidney may also be small, requiresacertain
familiarity with the specific featuresof RN. A



history of UTI or VURInasibling should a ert
the clinician to the possibility of RN. The
medical history of apatient with RN isimpor-
tant, but the physical examination is usualy
unhel pful unlessthe patient already hasdevel-
oped complications of rena scarring, particu-
larly hypertension and its clinical conse-
guences. Not all patients presenting with RN
will have had a UTI recognized in the past
and, if so, will not have had radiographic
investigation to document the presence of
VUR. This was the case of the 13-year-old
white female who presented with ESRD and
normal blood pressure; one of her kidneysis
pictured in Figure 5. The absence of VUR,
particularly in older children with UTI and
rena scarring, does not guarantee that VUR
was hever present because the natural ten-
dency isfor VUR to resolve with age[3, 20].

One or more febrile UTIs in infants and
young children, with or without VUR, place
them at risk of renal injury with subsequent
parenchymal scarring. A longer interval be-
tween the clinical onset of pyelonephritis to
the first dose of an effective antibiotic will
increase the chance for rena scarring [49].
With recurrent UTI, the incidence of rena
scarring increases from 9% after thefirst UTI
to 58% after the fourth [28]. When VUR is
detected, renal scarring can be expected to be
present or develop in 50% of children with
severe VUR (Grades 1V and V), 28% with
moderate VUR (Gradelll) andin 10% of mild
VUR (Grades| and I1) [3, 44]. Symptoms of
dysfunctional micturition such as diurnal in-
continence, infrequent and incomplete mic-
turition and constipation, mostly in females,
imply higher intravesical pressures, persistent
dilating VUR, recurrent UTI and a greater
likelihood of renal scarring.

13 Arant - Reflux Nephropathy

Voiding Cystourethrography
(VCUG)

Clinical recommendations have been made
consistently in general pediatrics, pediatric
nephrology and urology literature for more
than 50 years that each infant or child with a
first febrile UTI undergo radiologic investiga-
tion to detect an anatomic or functional abnor-
mality which may causefurther damagetothe
urinary tract [34]. In addition, boys at any age
and girlsunder 3 years of age should be stud-
ied following the first UTIs whether it is
symptomatic or not. More recently, the rec-
ommendation has been made to investigate
asymptomatic siblings of children with VUR
— at least those < 5 years of age—in the hope
of detecting VUR before the first UTI can
occur [36]. These directions have been fol-
lowed reluctantly by some and inconsistently
by others. The principlesof treating cystitisin
sexually active women often prevail in man-
aging UT]I in children, particularly when the
physicianisnot apediatrician. There seemsto
be an aversion by many parents to subject
their child to the perceived emotional and
physical trauma of bladder catheterization.
Substituting rena ultrasonography for the
cystogram may identify an upper tract abnor-
mality, like adilated calyx or advanced corti-
cal atrophy, but will not eliminate the possi-
bility of VUR [14]. When the child’'s physi-
cian is not convinced of its value, the workup
is often not pursued.

Until recently, contrast VCUGs were done
initially and as frequently as every 6 months
during follow-up of apatient withVUR. Inthe
past, when VUR worsened or arenal scar was
noted, surgical correction of the VUR was
recommended. Upon learning from prospec-
tiveclinical trialsthat all gradesof VUR either
resolved spontaneoudly or the renal outcome
could not be altered appreciably by surgical
intervention, whether or not the kidney was
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Figure 7. Grading of vesicoureteral reflux accord-
ing to the classification of the International Reflux
Study in Children. The black areas of the collecting
system represents contrast material from the blad-
der, which flows retrograde across the ureterovesi-
cal junction during micturition. If the contrast mate-
rial enters the ureter but does not reach the renal
pelvis, Grade | is assigned. When the contrast ma-
terial fills but does not distend either the ureter,
pelvis or calyces, Grade Il is assigned. If either the
pelvocalyceal system or ureter is distended, reflux
is considered Grade lll. In Grades IV and V, the
ureter becomes progressively more tortuous, the

pelvis is more dilated and the calyces are more
blunted, losing their papillary impressions.

already scarred, follow-up radiographic stud-
ies were ordered less often. A more sensitive
test to detect VUR is the radionuclide cysto-
gram, which isrecommended for all females,
for sibling screening and for follow-up stud-
ies. Grading VUR asbeing morethan dilating
or non-dilating is not possible with radionu-
clide cystography, but this does not diminish
its clinical value. The contrast VCUG is till
recommended for the first study of the male
bladder to detect posterior urethral valves.
Either type of cystographic study should in-
clude observations after the catheter is re-
moved and during micturition whenintravesi-
cal pressure is highest and the possibility for
VUR being detected and graded in a stand-
ardized fashion ismore likely.

Through the years, there have been 3 or
more different grading classifications of
VUR. The classification used by the Interna-
tional Reflux Study in Children has now re-
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placed al othersand facilitates compari son of
datafrom one study to another (Figure7). The
grading of VUR should be done under stand-
ardized conditions. The bladder is gradualy
filled, but not overdistended, at 70 cm water
pressure. If VUR isobserved before the blad-
der isfilled with radiocontrast or radionuclide
material, the reflux is said to occur when
intravesical pressure is low. When VUR is
noted only during micturition, the reflux is
considered to occur at high intravesical pres-
sure only. The grading of VUR depends on
whether the contrast or radionuclide reaches
the renal pelvis; if it does not, the VUR is
gradel. If thereflux fills but does not distend
theureter or renal pelvis, itisgradell. Grades
111, 1V and V depend on the extent to which
the collecting system is distended by VUR
and how tortuous the ureter has become — an
effect of dilating VUR and time. An acute
distention of the collecting system by an
overly aggressive filling of the bladder can
causemild VURto beassigned ahigher grade.
A renal ultrasound examination or VP done
before or sometime after the VCUG will, in
this case, not show the collecting systemto be
dilated. When studied subsequently, the VUR
may have “improved” or even have resolved
if the intravesical pressure remains normal
during the procedure. Patients whose collect-
ing systems by VP or rena ultrasonography
are dilated and who exhibit grades 111, 1V or
V VUR usually havelong-standing reflux that
may havebeen originally under high pressure.
Once the collecting system is damaged, how-
ever, the benefit of elastic fibers and smooth
muscle layers do not permit its return to its
former caliber, and VUR will occur even at
low intravesical pressure. The grade of VUR
in these uretersismuch lesslikely toimprove
even after many years of observation.

While great importance has been paid and
much time spent on the grading of VUR, itis
probably enough to know whether the VUR



Figure 8a.

Figure 8b.

Figure 8. Bilateral vesicoureteral reflux, Grade IlI
on the right and Grade IV on the left, noted during
a VCUG (A) in a 2 yo female following her second
recognized urinary tract infection. The renal ultra-
sound examination was reported as normal. Be-
cause the calyces were deformed on the voiding
study, an IVP (B) was performed and revealed
cortical atrophy on the right with the very same
calyceal deformity (arrows).

caused dilatation of the collecting system or
not — a reflection of the intravesical pressure
and, perhaps, the pressure exerted at the ducts
of Bellini to causel RR. When VVUR causesthe
entire collecting system to be filled com-
pletely (Grade Il or higher), the calyceal ab-
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normality associated with scarring is often
identified and, if therenal outlineisseen well,
parenchymal thickness over the calyx can be
assessed. These findings, when present, are
important and should never be overlooked —
the VCUG isnot just a VUR detecting study.
InFigure8, the same calyceal deformitiesand
parenchymal thickness over the calyx can be
appreciated on both the VCUG (Figure 8a) as
well asthe IVP (Figure 8b).

I ntravenous Pyelography (IVP)

The standard IV P was the diagnostic study
done most often in the initial, and usualy
annual, evaluation of patients with VUR to
detect scarring. While imaging studies intro-
duced morerecently may be moreconvenient,
aswith renal ultrasonography, or more sensi-
tive in detecting renal injury earlier, as
claimed for DM SA scintigraphy, | VPremains
the best and, sometimes, only test available
which depicts the anatomy of the calyces,
renal pelvisand ureters. Thehistory of allergic
reactions to the contrast material used before
the availability in most centers of non-ionic
preparations, now used in most centers, has
been another excuse used to forego the IVP.
The sensitivity of identifying significant renal
injury among the various studies depends
more on the experience of the technician/ob-
server than on the inherent superiority of the
study itself [45]. Although many radiologists
have abandoned the practice of bowel prepa-
ration beforean VPisdone, itisstill essential
to empty the colon of feces to assure good
visualization, especialy of the renal paren-
chyma, but also to see the collecting systems
well. Fecesin either flexure of the colon may
obscure a rend cortical defect or abnormal
calyx. To further improve the quality of the
imaging, the patient should be hydropenic
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(thirsted until the urine specific gravity is >
1.025, or 8 — 12 hours, except in infants), and
the volume of contrast material should be
injected in age-related doses to get a good
nephrogram on afilm at 1 — 3 minutes after
injection. Subsequent films should be ob-
tained to visualize the contrast-filled pelvoca-
lyceal systemsand ureters. The characteristic
renal lesion of RN will bethinning of therenal
cortex overlying acalyx that may or may not
be abnormal. As originally described, the ca-
lyx associated with the scar was referred to as
aswallowtail deformity [25] (Figure 8). Basi-
caly, this calyx has no papillary impression
and, when filled by the excreted radiographic
contrast material, no longer has its normal
appearance, which resembles a white china
teacup.

The radiologic diagnosis of a renal scar
should be suspected when a calyx is clearly
abnormal or deformed either on IVP or
VCUG (if VUR is present), when the rena
length or parenchymal surface area is > 2
standard deviations (SD) below the recog-
nized mean size for age or height, or when
there is a discrepancy between the lengths of
theright and left kidneys of > 0.5 cm. A scar
may be present when the renal cortex is thin
in one area (> 2SD below the mean normal
value), usually overlying a calyx which may
or may not bedeformed[37]. Thetwo-dimen-
sional measurement or planimetric surface
area (PSA) of the kidney will give important
information for determining whether there
has been any reduction of functioning renal
parenchyma compared to normal, especially
when renal injury has resulted more in poor
renal growth rather than discrete segmental
scarring [16]. Changes in the combined PSA
of both kidneys have been correlated well to
changes in glomerular filtration rate (GFR)
[1]. Theremay belittledifference between the
apparent thickness of the scarred segment and
the adjacent normal renal tissue especially in
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infants whose cortical height may be < 10
mm. When the normal renal parenchyma on
either side of the scar grows or undergoes
compensatory hypertrophy, the scarred seg-
ment — which does not grow — may be noted
on the next VP [42]. Even when done care-
fully and interpreted by an experienced ob-
server, the IVP may not show convincing evi-
denceof renal scarring for 6 monthsto 6 years
after the diagnosis of VUR was made, espe-
cialy in infants and young children [4]. Sug-
gestive evidence of renal scarring, which may
precede the detection of a definite renal scar,
isadiscrepancy in size between kidneys. The
kidney with scarring may be smaller than
normal, whilethe contral ateral kidney, if truly
unaffected, will belarger than normal because
of compensatory hypertrophy (Figure 2). If
the PSA of the two kidneys were combined,
thetotal PSA (scarred + normal largekidneys)
may actually be normal, as will overall renal
function.

Renal Ultrasonography

The factors of convenience and safety pro-
vide the basis for recommending that renal
ultrasonography is preferable for diagnostic
screening of at least the kidney and upper
urinary tract of children with UTI. Infact, the
suggestion that the ultrasound exam be the
only diagnostic study for a child with febrile
UTI has been made, but is not yet widely
accepted. The basis for this recommendation
has been that when kidneys appear normal
following a UTI and the collecting systems
are not dilated, then it matters little whether
the patient has VUR because management
will be directed at preventing further UTI,
rather than deciding for or against surgical
repair of VUR. There is some merit to this
proposal. However, ultrasonography is rela



tiveinsensitiveat detecting all but severerenal
scarring and does not identify VUR unlessthe
collecting system is dilated — even then one
study reported the sensitivity to be no more
than 25% [14)]. Dilated calyces are often mis-
taken for simplerenal cysts (Figure 10a). For
those who have relied on knowing whether
VUR is present, not knowing about the status
of the VUR presentsaclinica dilemma.

Case Presentation

A whitefemale had 2 recognized UTIswith
fever and several other episodes of unex-
plained fever treated with antibiotics before
her first radiologic investigation at 4 years of
age. The rena ultrasound was reported to be
normal, and no VUR was detected on a ra-
dionuclide VCUG. The patient was treated
with antibiotic prophylaxisfor one year with-
out breakthrough UTI. Once the treatment
was discontinued — the patient had no VUR
and the ultrasound was normal —afebrile UTI
occurred within 2 months. After appropriate
antibiotic treatment for the acute pyel onephri-
tis, prophylaxis was prescribed again for 6
months, and the patient remained free of UTI.
After stopping daily antibiotic therapy, the
patient had another febrile UTI one month
later. Re-evaluation of the patient at 6 years of
age reveaed both kidneys to be “normal” by
ultrasound (Figure 9a) except that the length
of the left kidney (6.4 cm), which at 4 years
of age had been at the lower limit of normal,
had not changed during the 2 years between
the studies and was 6.6 cm (> 2SD below the
mean normal value for age). Theright kidney
measured 8.1 cm and had grown normally. A
DM SA rena scan was performed to investi-
gate the small left kidney (Figure 9b). Exten-
sive parenchymal scarring of the upper and
lower poles of the left kidney was identified.
Careful re-evaluation of both renal ultrasound
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Figure 9a.

L

Figure 9b.

Figure 9. Renal ultrasound examination of the left
kidney in a 6 yo female with a history of recurrent
urinary tract infection. The overall appearance of the
image (A) is normal but the length (+) was 6.4 cm
(> 2 SD below normal mean length for age). A
DMSA renal scan (B) revealed extensive scarring of
both upper and lower poles of the left kidney.

studies revealed no evidence of renal scarring
other than the small size of left kidney. Had
the variable of renal size been overlooked,
which is all too often the case, this patient
would have been considered normal and ap-
propriate follow-up for a child with a scarred
kidney would not have been planned.
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Technetium-99m-
Dimer captosuccinic Acid (DM SA)
Scintigraphy

The DM SA scan offers less radiation than
conventional urography, is much more con-
venient for the patient, requires no bowel
preparation or fluid restriction and haslittleor
no risk of an alergic reaction. The shortcom-
ings of the DMSA renal scan include an in-
ability to estimate renal size or function or to
assess calyceal morphology. Moreover, the
DMSA scan takes a minimum of 3 hours, is
expensive — about twice that of the IVP or
renal ultrasound examination — and has what
is probably too much interobserver variabil-
ity. Individual observers may be consistent
with their interpretations of DMSA rena
scans only about 85% of the time, but the
interobserver variability may be even greater.
Some clinicians have recommended aDM SA
renal scan be performed during an acute epi-
sode of UTI to confirm the diagnosis of
pyelonephritis. Then, a follow-up DMSA
scan at least 3monthslater, after acuteinflam-
matory changes have resolved, will confirm
the presence of any rena scarring in the areas
of inflammation noted on the origina study.
M anaging the costs of such recommendations
may prove problematic in the future. More-
over, knowing rena parenchymal inflamma:
tion is present in afebrile child with signifi-
cant bacteriuriawill have no impact on clini-
cal decision for treatment. Recently, 40% of
infants [24] and 80% of children and adoles-
cents[10] withfebrileUTI werefoundto have
renal scarring by DM SA studies done 2 — 6
months later. There are no long-term data on
the outcome of scarred kidneys identified so
soon after acute injury.

There are now just about as many opinions
for how UTI in children should be evaluated
as there are physicians treating them. While
clinicians more experienced with themanage-
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ment of UTI and VUR in children may have
held on for too long to outdated ideas, inexpe-
rienced observers — especially non-clinicians
who perform meta-analyses on other people’s
incomplete data — are recommending radical
departures from conventional approaches.
One such meta-analysis [17] concluded that
there was no correlation between diagnostic
imaging and clinical outcomein patientswith
UTI —an obvious notion, just as there would
be no expected relationship between bone
marrow aspiration and the outcome of pa
tients with leukemia. Because there has been
little progressto datein preventing renal scar-
ring associated with UTI and VUR, several
reports have recommended little or no inves-
tigation be done to detect VUR or renal scar-
ring —just treat the UTI when it occurs. After
acareful and extensive review of the medical
literature for the past 30 years, the American
Urological Association published a report to
give clinical guidelines, especially for urolo-
gistsbut for other physiciansaswell, to stand-
ardize the diagnostic approach and clinical
management of children found to have VUR
following afirst UTI [20].

Clinical Outcome

The natural history of acute pyelonephritis
can be characterized from clinical descrip-
tions in the pre-antibiotic era as fever and
flank pain lasting 4 — 7 days. Subsequently,
the patient either died from urosepsis or be-
came entirely asymptomatic. Many of those
who apparently recovered from acute
pyelonephritis exhibited recurrent bouts of
“suppurative nephritis’ and died years later,
sometimes of heart failure or stroke. When



indirect measurements of arterial blood pres-
sure came to be measured more routinely
about 60 yearsago, therewasaclinical debate
over what the upper limits of normal systolic
blood pressure should be - 120 or 140
mmHg. The higher limit was accepted. Nev-
ertheless, it became possiblein autopsy series
to correlate antemortem hypertension with its
cardiorenal complications. A direct relation-
ship between pyel onephritisand hypertension
was established more clearly when nephrec-
tomy inunilateral renal scarring wasfollowed
by an abrupt return of the blood pressure to
normal. Of particular interest wasthefrequent
finding of pyelonephritisin patients who had
succumbed to cardiovascular disease that
likely was secondary to unrecognized or un-
trested hypertension. Effective pharma-
cologic control of hypertension and, there-
fore, prevention of its cardiorena conse-
guences became possible only in the past 30
years. Recently, the upper limit of normal
blood pressure which appears to afford some
cardiorenal advantage — 125 mmHg — seems
to be closer to the recommendation of the
losersin the original debate.

Hypertension

The cause of sustained hypertensionin 26%
of adolescents at one U.S. center [5] and in
35% of children referred to asingle center in
the U.K. [18] was renal scarring or RN. Hy-
pertension has been detected in up to 50% of
adults with RN [30], depending, again, on
how long patients with renal scarring were
seen for follow-up evaluations. In one series,
hypertension was detected, on average, 8
years after the diagnosis of VUR was made
and 2 years after the first rena scar was de-
tected onserial IVP[42]. Another study found
hypertension 27 years after the diagnosis of
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VUR wasmade[26]. The most common pres-
entation of RN-associated hypertension in
women is encephalopathy or heart failure
which usually occurs around puberty, when
taking birth control pillsor during pregnancy:
all periodsassociated with increased estrogen.
Estrogen isthought to increase the production
of angiotensinogen, at |east during pregnancy.
Many women are unaware of their RN before
their hypertension is identified. For reasons
yet unexplained, hypertensionfrom RN isless
common in adolescent males. Themechanism
for hypertension in older adults with renal
scarring, mainly from pyel onephritis associ-
ated with urinary tract obstruction or urolithi-
asis, may be multifactorial and reguires a
slightly different kind of clinical evaluation
and management.

Hypertension in RN is angiotensin medi-
ated and easily controlled in most cases with
an ACE inhibitor or ATy receptor blocker
given oncedaily. Plasmarenin activity (PRA)
in the segmental venous drainage of a renal
scar hasbeen demonstrated, whereasthe PRA
from blood sampled only from the main renal
vein may benormal, owingtoitsdilution with
blood draining normal areas of the kidney
[27]. The resulting increase in angiotensin
production raises vascular resistance and
pressure in both the systemic and renal circu-
lations. The hypertension may not produce
recognizable symptoms often until there is
headache, a disturbance in visual acuity, sei-
zure activity, heart failure, or stroke. Reti-
nopathy consisting of arteriolar changes,
hemorrhages, cotton wool spots and
papilledemawill be noted on physical exami-
nation in many patients. Moreover, concentric
hypertrophy of the left ventricle will be de-
tected by echocardiography. The duration of
sustained hypertension required to produce
these changes before severe symptoms neces-
sitate a precipitous evaluation is not known,
but it is thought to be at least 2 months and
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maybe longer. Before the availability of reli-
abletreatment, not every case of severehyper-
tension in adults was associated with reti-
nopathy for as long as 2 years of more. Un-
suspected and uncontrolled hypertension may
itself damage the scarred kidney further and
accelerate deterioration of renal function as
recognized for many years in patients with
malignant nephrosclerosis.

Case Presentation

A typical presentation in which the diagno-
sisof RN wasmissed initialy isillustrated by
the following case. A 15-year-old white fe-
male was treated by a gynecologist for severe
menorrhagia and anemia with blood transfu-
sion and an oral contraceptive agent. The pa
tient’s blood pressure was 100/68 mmHg at
the outset of treatment. Within a month, the
patient began to complain of blurred vision
that worsened over several months before she
presented to the emergency department with
encephalopathy,  retinopathy  including
papilledema and a blood pressure of 260/140
mmHg. A CT scan of the head was reported
to be normal. The only biochemica abnor-
mality detected was a serum creatinine con-
centration of 2.0 mg/dL, which represented an
estimated reductioninoverall kidney function
to < 50% of normal. In an adult critica care
setting, the patient’s blood pressure was |ow-
ered, but not well controlled, first by nitro-
prusside then by nitroglycerin with the addi-
tion of labetalol and clonidine. Nevertheless,
the encephal opathy improved. Further evalu-
ation included renal ultrasonography which
was interpreted as normal except for a small
“cyst” in the outer renal cortex (Figure 10a)
No observer appreciated that the length of
each kidney (8.3 cm and 8.8 cm) was > 2 SD
below the normal mean length for age [22].
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Selectiverenal arteriography revealed no vas-
cular abnormality and was considered nor-
mal, except for what appeared to be fetal
lobulations bilaterally, (Figure 10b). Because
norenal arterial lesion wasidentified, delayed
films were omitted, so the pelvocalyceal sys-
tems were never visualized.

Upon discharge from the hospital, the par-
ents consulted yet another physician because
the blood pressure was poorly controlled on
increasing doses of clonidine and labetalol.
Thepatient’sschool performance had deterio-
rated, and she was sleepy during the day de-
spite adequate sleep at night. After reviewing
thepatient’sprior records, the physician noted
the small size of both kidneys and ordered an
IVPto*“complete” theangiographic study and
demonstrated conclusively that the “fetal
lobulations”, which do not have such an exag-
gerated appearance in the mature kidney, re-
aly represented hilateral rena scarring. The
segmentationsin the renal cortex of both kid-
neyswere immediately above abnormal caly-
ces and the “cyst” noted on the ultrasound
examination was, in fact, a dilated calyx
(Figure 10c).

The estrogen-containing oral contraceptive
agent was discontinued, and an ACE inhibitor
was prescribed as monotherapy for severe
hypertension. The patient’s blood pressure
has remained at 110/65 mmHg with enalapril
10 mg daily as the only medication. Within a
month, the patient’s school performance had
returned to its previous superior level. Six
months later, the concentric left ventricular
hypertrophy had resolved. However, the se-
rum creatinine concentration remained ele-
vated at 1.6 mg/dL, meaning the patient is at
highrisk to experiencefurther deterioration of
renal function.

Whileal 3 studies either suggested or con-
firmed thecorrect diagnosisof RN, neither the
internist who admitted the patient for hyper-
tensive encephal opathy nor the various radi-
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Figure 10a.

Figure 10c.

ologists performing the imaging studies ap-
peared to be familiar with the typical presen-
tation and diagnostic features of RN. Unfor-
tunately, this clinical scenario is not uncom-
mon. The absence of aprior history of UTI or
recurrent febrile illnesses in the first years of
life is not so unusual in patients with RN.
Acute UTI at this age is not recalled by the
patient and the parents may not recall the past
medical history of the child or may not be
available to provide such a history in adult
patients. However, there is ailmost no other

Figure 10b.

Figure 10. A 15 yo female presented with hyper-
tensive encephalopathy. The renal ultrasound ex-
amination (A) was read as normal except for a “small
cyst” (limits demarcated) in the upper pole of the
right kidney. Selective renal angiography (B) was
interpreted as normal with bilateral “fetal lobula-
tions” (arrows; right kidney), but the study is charac-
teristic of angiographic findings in reflux neph-
ropathy. An IVP (C) demonstrated segmental corti-
cal atrophy with deformed calyces — reflux neph-
ropathy. The “cyst” noted on the sonogram (arrow)
is actually a dilated calyx.

cause of hypertension with such a dramatic
onset of symptomsin adolescent femalessoon
after puberty, after estrogen-containing oral
contraceptiveagent isprescribed or with preg-
nancy.

Chronic Renal I nsufficiency

Chronic renal insufficiency develops only
in patientswith RN who have bilateral, severe
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renal scarring and may be recognized only
when patients are examined for other prob-
lems, such as hypertension. The approxi-
mately 1% of patients born with asingle kid-
ney and thosewho loseakidney after birth are
at risk of areduction in GFR with only unilat-
eral rena injury from VUR or UTI. Unde-
tected hypertension may, in fact, cause further
injury to ascarred kidney and, itself, account
for the development of chronic renal insuffi-
ciency — even ESRD. This deterioration in
renal function might have been prevented had
the hypertension been detected soon after its
onset and treated appropriately. It is not un-
usual for scarred kidneysto exhibit deteriora-
tion of overal renal function > 20 years after
the last episode of pyelonephritis [26] and
after VUR has resolved or corrected surgi-
cally. Therefore, RN may be the cause of the
large number of adult patientswith small kid-
neys presenting with ESRD without aclinical
diagnosis.

The overdll prevalence of chronic rena in-
sufficiency in RN isdifficult even to estimate,
but 24% of adolescents and 17% of adults
under 40 yearsof age presenting for end-stage
carein Australia/lNew Zealand have RN listed
astheir primary diagnosis[19]. In the United
States, there has been less interest in estab-
lishing a specific diagnosis of RN in ESRD
patients. When patients — hypertensive or not
— are found to have small kidneys by renal
ultrasound, further efforts at making adiagno-
sis are usually abandoned. Most native kid-
neys are no longer removed for hypertension
or in preparation for transplantation. Even if
they are, the diseased kidneys are usually not
examined carefully — just given an arbitrary
diagnosis of end-stage kidney. A North
American registry of morethan 4000 children
and adolescents with ESRD listed the preva
lence of RN among these patients at only 4 —
5% [24]. However, the diagnosis submitted
for these patients was only a clinical impres-
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sion because, in most of them, no his
topathologic confirmation of the diagnosis
wasrequired. Inthisregistry, therewasalarge
group of patients with conditions associated
with secondary VUR (obstructive uropathy)
and hypoplasia/ldysplasia, i.e. small kidneys,
some of which may indeed have been injured
by VUR or UTI. By comparison, in the first
100 patients < 18 years of age who were
transplanted in a single center where his-
topathologic diagnosis was established in
every patient (Table 1), the most common
cause for ESRD was RN in 38%; 19% had
primary VUR with or without UTI and an-
other 19% had secondary VUR. Similar num-
berswerereported for ESRD in children from
France, Germany and New Zealand [2].

Pregnancy

The incidence of UTI, especialy pyelo-
nephritis, during pregnancy was greater in
women with renal scarring following UTI in
childhood [35]. Moreover, blood pressures
were higher in pregnant women with renal
scarring than in those with unscarred kidneys.
An inverse relationship between maternal
blood pressure from any cause and fetal
weight hasbeen reported [15]. RN isthe basis
for pregnancy-induced hypertension in many
women, but the correct diagnosis, for one
reason or another, isnot made very often. Itis
possible that the blood pressure in most
women with RN returns to normal following
delivery and after estrogen production has
diminished, just asit does in toxemia. Some
women with RN will remain hypertensive but
asymptomatic post-partum, while others will
become markedly hypertensive either with
estrogen therapy as part of contraception or
during a subsequent pregnancy. A most dra-
matic deterioration of renal function has been
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Figure 11. The reciprocal of the serum creatinine
concentration (1/Scr) compared to the age of 5
females with bilateral renal scarring, chronic renal
insufficiency and hypertension. The broken line (la-
beled KB) connecting the crossed square symbols
represents the treatment period before an ACE
inhibitor was available and hypertension was con-
trolled with other drugs. No significant deterioration
of renal function over 5 years or more of follow-up
observation when hypertension was controlled sat-
isfactorily with an ACE inhibitor.

reported in pregnant women with RN more
than 20 yearsafter afebrile UTI [26]. Not only
do some of these women become dialysis-de-
pendent during pregnancy, but not all recover
following delivery of the fetus and require
renal replacement therapy.

Case Presentation

A 16-year-old whitefemal e had the diagno-
sisof RN made when she presented at the age
of 11 yearswith hypertensive encephal opathy
(Figure 11, diamond-shaped symbols labeled
SN). Renal scarring assessed by VP was se-
vere bilaterally, and serum creatinine concen-
tration was elevated for age at 1.4 mg/dL
(/serum creatinine = 0.7). The hypertension
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was managed easily with enalapril 10 mg
daily. Over the next 5 years, blood pressure,
monitored regularly at home and quarterly by
her physician, remained below 110/70 mmHg
with no treatment other than enalapril. Renal
function improved as evidenced by a gradual
decrease in serum creatinine to 1.0 mg/dL
even though the patient had increased her lean
body mass, completed pubertal development
and achieved anormal final adult height by 16
years of age. Despite warnings of the conse-
quences of pregnancy with RN, of hyperten-
sion being more difficult to manage when
estrogen-containing oral contraceptive agents
were taken, and of fetal injury from ACE
inhibition therapy, the patient engaged in un-
protected sex. After having stable renal func-
tion and normal blood pressurefor 5 yearson
the same dose of enalapril, the patient devel-
oped a sudden increase in blood pressure to
160/110 mmHg and an increase in serum
creatinine to 1.4 mg/dL (decrease in 1/serum
creatinineto 0.7). The patient had alwaysbeen
compliant with therapy and even an increase
in the enalapril to 20 mg twice daily did not
lower the blood pressure. Although denying
the possihility of pregnancy, the patient had a
positive pregnancy test. By dates and ultra-
sonography, the pregnancy was estimated at 6
—8weeksgestation. Thepatient choseto abort
thefetusand, within 24 hours, her blood pres-
sure was normal. The enalapril dose was re-
duced again to 10 mg daily and good blood
pressure control continued over the next year.
Importantly, GFR returned to its antepartum
level estimated by a serum creatinine of 1.0
mg/dL. Progesterone-only  contraceptive
agentswere prescribed for the patient without
noticeable changesin her blood pressure. The
patient was advised that if ever in the future
she chose to risk another pregnancy, ACE
inhibition therapy must first be discontinued
and other antihypertensive agentsused to con-
trol blood pressure.
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ACE inhibitors now carry the warning
about their usefor treating hypertension, renal
disease or heart failure in women of child-
bearing age. ACE fetopathy has been de-
scribed as a severe failure of the fetus to
develop normally, especially thekidneys, ow-
ing, perhaps, to angiotensin being an impor-
tant growth factor that influences angiogene-
sis and tissue remodeling. Moreover, the
unique hemodynamic changesin the pregnant
female, particularly the gradua reduction of
blood pressure when PRA and plasma
angiotensin levels, indicators of potent vaso-
constrictor activity, are increased above nor-
mal. When an ACE inhibitor wasgiven during
the second and third trimesters of pregnancy,
unresponsive hypotension and irreversiblere-
nal failure in the newborn infant have been
described. Because hypertension in RN is
angiotensin-mediated, other antihypertensive
agents cannot be expected to give as predict-
able control of blood pressure as an ACE
inhibitor or AT receptor antagonist. Because
of the risk of worsened hypertension, ACE
fetopathy, and deterioration of GFR — even
ESRD — during pregnancy, consideration of a
woman with RN becoming pregnant must be
a part of the patient’s education, but only at
the appropriatetimewhen emotional devel op-
ment permits rational decision making.

Progression

There has been no satisfactory explanation
to date that characterizes how a kidney, dam-
aged in the past by VUR or pyelonephritis,
continues over many years to exhibit
parenchymal changes. Newly-identified scars
or worsening of established scars usualy
would suggest further renal injury but not in
the absence of VUR, after anatomic or func-
tional obstruction was relieved and when the
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urine has remained sterile. It is unreasonable
to think the progression of renal lesionsin RN
is due to a prolonged scarring process that
takes years to complete — scarring should be
completed inmonths, not years. Acuteinflam-
matory changesin therena medulla, identical
to those associated with IRR and infection,
have been identified in scarred kidneys in
which VUR had been repaired surgically
more than a year before, and the urine was
documented to be sterile by frequent cultures
for 2 months before nephrectomy [12]. The
only difference noted in thelesionsfound was
the paucity of inflammatory cellscompared to
the ones associated with infection.

One possible explanation for continued
scarring in those treated surgically could be
that the antireflux procedure itself disturbed
ureteral peristalsis. In experimental studies of
the canine ureter, re-implantation was associ-
ated with reverse peristalsis so that urine
flowed retrograde towards the renal pelvis
which, instead of VUR, there would be
ureteropelvic reflux and, perhaps, IRR. This
same phenomenon may occur more proxi-
mally when urine from the renal pelvisre-en-
ters the ducts of Bellini, referred to as
pyelorenal backflow and observed in mi-
cropuncture studies of the rat papilla during
progressive salinediuresis. Although most at-
tention to date has been given to the surgical
techniques used to correct VUR, no study has
been reported on the effect the various proce-
dures have, if any, on normal ureteral physi-
ology.

For lack of a better explanation, and be-
cause sterile inflammation has been observed
in these kidneys, a immunological mecha
nism has been proposed as acause of progres-
sive renal injury. This notion has persisted in
spite of the lack of evidence to support it.
Perhaps, it is easier to accept at face value
becausethekidney isinjured by so many other
immune-mediated diseases. Even a reaction
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Figure 12. The reciprocal of the serum creatinine
concentration (1/Scr) compared to the age of 2
females with bilateral renal scarring, chronic renal
insufficiency and hypertension. Progressive deterio-
ration of renal function over 5 — 8 years after VUR
corrected, urine remained sterile, and hypertension
was controlled satisfactorily with drugs other than
an ACE inhibitor.

to Tamm-Horsfall protein has been proposed,
but most of these lesions do not contain un-
usual amounts of PAS positive material.

Consistent blood pressure control at amean
arterial pressure < 100 mmHg, or 125/75
mmHg, is considered essential to slowing the
progressive deterioration of renal function in
diabetic nephropathy and in primary renal
diseases like pyelonephritis. Because many
patients with RN are identified because of
hypertension, one might argue that the pro-
gressive nature of these lesions represent the
renal damage caused by uncontrolled hyper-
tension or malignant nephrosclerosis. Media
hypertrophy and endothelia proliferation has
been identified regularly in the renal vascula-
ture. However, progression has been observed
in kidneys never exposed to systemic hyper-
tension as well as those where hypertension
has been well-controlled by medication other
than ACE inhibitors soon after its onset (Fig-
ure 12).
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Two findings in kidneys that exhibit dete-
rioration of structure and function may pro-
vide evidence for amechanism to explain the
progressive nature of this renal lesion. One
finding is compensatory hypertrophy. In RN,
the remaining normal parenchyma undergoes
marked compensatory changes that may be
associated with an actual increase in overall
renal dimensions. When thisisseeninachild,
further normal renal growth may be naively
assumed. Compensatory changes allow GFR
to remain stable for awhile. By thetime GFR
has been reduced to 50% of normal, 90% of
the functioning renal mass has been de-
stroyed. The other finding is the his-
topathologic feature of focal glomerulos-
clerosis—even in unscarred contralateral kid-
neys — causing some, but not all, to consider
this lesion specific for RN. Moderate and
heavy proteinuria has been identified in many
patientswith RN, andisan almost certainsign
of eventual ESRD [30]. Most children and
adolescents with RN have nothing more than
mild proteinuria. Patients with bilateral RN
may have increased urinary excretion of mi-
croalbumin, retinol-binding protein or N-ace-
tyl-beta-D-glucosaminidase excretion before
clinical proteinuriabeing detected by urinaly-
sis[47]. Whether thereisarolefor proteinuria
to damage renal tubules or cause interstitial
inflammation in RN has been mentioned. The
glomerular findings described for RN, there-
fore, appear similar, if not identical, to lesions
inremnant kidneys, which may be consequent
to hyperfiltration rather than a continuum of
injury initiated by IRR in the past. In any
event, proteinuria appears to be the hallmark
of progressive deterioration of rena function.

ACE inhibition therapy, which does not
eliminate intrarenal angiotensin production
much more than by half [7], has been shown
to reduce proteinuriaand to slow the progres-
sive deterioration of renal function in kidneys
scarred by pyelonephritis[9]. ACE inhibition
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affords a benefit in RN not seen when hyper-
tension is treated successfully with other an-
tihypertensive drugs [23]. Progressive
changesin renal function in young hyperten-
sive females with RN are depicted in Figure
12 by serial ratio of 1/serum creatinine over 5
yearsor longer. Those 2 patients whose blood
pressurewas controlled effectively with drugs
available before the introduction of ACE in-
hibitors (propranalol and hydralazine) exhib-
ited progressive deterioration of GFR; both
were treated first by dialysis, then received a
renal alograft. By comparison, the girls
treated first with captopril and later with
enalapril had their blood pressures controlled
as well, but exhibited little change in GFR.
The criticism of using 1/serum creatinine in
childrenisacknowledged, but thesegirlswere
of similar ageswhen the diagnosisof RN with
hypertension was made. Moreover, al had
severe scarring of both kidneys with similar
elevations of systolic pressure to > 180
mm Hg and of diastolic pressure to > 120
mm Hg beforetreatment. Thisbenefit of ACE
inhibition may extend aswell to normotensive
patients with RN and other progressive renal
diseases.

The protection afforded the damaged kid-
ney by ACE inhibition is not mediated solely
through control of blood pressure [23]. The
production of angiotensin in the intrarenal
circulation and tubules has been shown to be
approximately 1000 fold greater than in the
systemic circulation [41]. Similarly, the renal
metabolism of angiotensin was demonstrated
to be as efficient as its synthesis. A distur-
bance either in the production of angiotensin
or its metabolism could cause localized renal
ischemia, perhaps, by intense vasoconstric-
tion of glomerular or post-glomerular blood
vessels. angiotensinisalso known asagrowth
factor important in angiogenesis, tissue re-
modeling after injury and hypertrophy of
smooth muscle. Moreover, it may promote
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fibroblastic activity not only to facilitate the
repair of injured tissue but also to cause scar-
ring — even progressive fibrosis. Therefore,
many of the consequences attributed once to
IRR or infection may, in fact, be explained
better by alocalized increased production of
angiotensin in the repair of damaged tissue.
Onceinitiated, either thefurther production of
angiotensin or afailure of itsintrarenal meta-
bolism may promote compensatory responses
a first, then cause hyperfiltration and is
chemic injury resulting in progressive reduc-
tion in rena size — simulating progressive
scarring, with gradual deterioration in overal
renal function. Perhaps even more aggressive
effortsto control angiotensin, say with higher
doses of ACE inhibitors and angiotensin re-
ceptor blockade, or both may afford even bet-
ter control of remnant kidneys, not only in
RN, but aso other renal diseases charac-
terized by progressive deterioration of struc-
ture and function.

Dietary protein intake has been shown in
renal ablation models and in various renal
diseases, both diabetic and non-diabetic, to
have an adverse effect on kidney function.
While conclusive evidence for any clinical
benefit of aprotein-restricted diet in retarding
or preventing progression atogether of renal
disease in humans has not been demonstrated
to date, thereisenough information to suggest
a role for reducing protein intake in most
patientswith chronicrenal disease, evenwhen
renal functional impairment ismild or moder-
ate. When combined with other measures
such as control of hypertension and inhibition
of angiotensin, the ADA recommended nor-
mal protein intake each day for adolescents
and young adults of 1 g/kg body weight is
considerably lessthan theusual proteinintake
for most peopleliving in North America, and
may bebeneficial inoveral effortsto preserve
renal function.



Strategies for Prevention

RN isone of very few kidney diseases with
the immediate potential of not just being
modified, but actually prevented. Although
there is a potential risk for renal injury from
acute pyelonephritis at any age, most scarring
which leads to chronic rena insufficiency
seemsto originate in infancy and early child-
hood when the kidney appears more vulner-
ableto insult, when symptomsof UTI may be
overlooked or mistaken, and when appropri-
ate treatment may not be instituted promptly.
Whether a patient has pyelonephritis or only
cystitis at the time of an acute illness is an
academic discussionfor alater time. Also, the
debate about whether to treat asymptomatic
bacteriuria should not enter into any decision
of a febrile child, especially if the child is
known to have VUR.

Firstly, the clinical suspicion of acute
pyelonephritis at any age must be confirmed
by urine culture; urinalysis never serves more
than ascreening role either in diagnosis of the
first UTI or during follow-up of children with
aprior UTI. Even the most experienced clini-
cian — using reagent strips for leukocyte
esterase and nitrite, semi-quantitative urine
white blood cells estimates, Gram stains of
uncentrifuged urine, C-reactive protein meas-
urements or erythrocyte sedimentation rates
(ESR) — cannot be relied upon to discern the
clinical differences. The urine culture is the
gold standard for establishing the diagnosis of
UTI regardless of the patient’s age. All the
other laboratory tests may improve clinical
suspicion of UTI before the preliminary results
of the urine culture are known, but, in redlity,
only increasethe cost of making thediagnosis.
Acute rend inflammatory lesions by DMSA
renal scans have been described in some pa-
tients thought at first to have only cystitis.
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Therapeutic intervention, however, does
not have to be delayed for a urine culture
report. Antibiotic treatment should be insti-
tuted immediately after the clinical diagnosis
is suspected and the urine culture obtained.
Where patient or parent non-compliance may
be anticipated, parenteral antibiotic therapy
should be considered. No antibiotic will be
effective against every urinary pathogen,
therefore the drug initially prescribed may
need to be changed when the sensitivities of
the organism are known or the urine obtained
for culture after 48 hours of treatment is not
yet sterile. The duration of treatment is some-
what arbitrary. In the uncomplicated urinary
tract, 1 —3 daysof oral or parenteral treatment
with an appropriate antibiotic has been shown
to be sufficient. Failure of an abbreviated
course of antibiotic therapy has been associ-
ated with a high incidence of urinary tract
abnormality. Seven to 10 days of antibiotic
treatment is more conventional, even though
there are no studiesto confirm any additional
benefit. The treatment should continue, at
least in aprophylactic regimen, until the deci-
sionismadefor instrumenting the bladder for
VCUG in those children who have not pre-
viously undergone radiologic investigation.
More importantly, the urine should still be
sterile aweek after discontinuing treatment of
any duration. The goal of the clinical follow-
up isto assure, as best one can, that the urine
remains sterile. Even under the most compli-
ant circumstances, breakthrough UTI can be
expected in athird of patientswho have VUR.
Thebest clinical outcomeshave beenreported
in an uncontrolled trial with long-term daily
antibiotic prophylaxis where new scarsin pa-
tients with VUR were detected in only about
2% of patients — these were considered non-
compliant with therapy [46]. By comparison,
new scars were observed in up to 21% of
patientswith VUR treated acutely aseach new
UTI was recognized [32].
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There is a clinical notion that has gained
popularity in recent years that renal scarring
in patients with VUR cannot be prevented. In
other words, because most patients with renal
scarring aready have it when first evaluated
for UTI and most of these patients are identi-
fied inthefirst 5 yearsof life, this pessimistic
viewpoint holdsthat preventing renal damage
is not possible. Evidence to the contrary in-
cludes new scars observed to develop in older
children, adolescents and adults with pre-
viously normal kidneysor in locations within
the kidney of acute lesions of pyelonephritis
identified by DM SA technology that progress
to scarring. Finaly, in Sweden, where the
management of UTI in children has been a
priority in a socialized system with good ac-
cess to medical care and follow-up, the inci-
dence of renal scarring in patients with VUR
has been reduced significantly — compared to
results reported 25 years ago — to what is
probably the lowest reported incidence in the
world today, about 10%. This clinica evi-
dence supports experimenta observations in
which renal scarring in animals was avoided
when appropriate antibiotic therapy wasiniti-
ated within 5 days of pyelonephritis being
induced.

Patients at risk of rena scarring must be
identified early and, if possible, before the
first UTI ever develops. Screening programs
are not recommended because the yield of
pathology in asymptomatic children is
< 0.5%. There are 2 situations in which
screening patients at risk of renal scarring has
merit. The first is the newborn infant whose
dilated urinary tract was noted by fetal ultra-
sound examination. While the kidney may
have sustained injury before birth, it would be
secondary to VUR alone becausefetal urineis
sterile. Most of theseinfantswill develop UTI
within the first week of postnatal life, which
permits pyelonephritis to develop in kidneys
already damaged, perhaps, by VUR or ob-
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struction. Any protection afforded these in-
fants by prophylactic antibiotic treatment
from birth seems warranted at least until the
urinary tract can be investigated. The other
group of children at risk of renal injury from
UT]I associated with VUR are siblings of pa-
tients with VUR. It is generally agreed, at
present, that all siblings < 5 years of age
should have a screening VCUG performed.
This age limit has been set arbitrarily. The
incidence of VUR in asymptomatic siblings
decreases with age — just as it does in those
with UTI —but may still be identified in chil-
dren older than 5 years. VUR-associated renal
injury which is manifested in successive gen-
erations may be enough reason to ignore the
factor of age to assure each family member at
risk is identified and protected as early as
possible. Each newborn sibling of patients
with VUR should be placed on antibiotic pro-
phylaxis until the VCUG can be scheduled.
While this practice may seem overly aggres-
siveto some, it isavery conservative attitude
for those who have observed anormal kidney
damaged irreversibly by a single episode of
pyelonephritis (Figure 3).

There will be no progress in reducing the
incidence of RN without education. Clini-
cianswhotreat children must understand their
unique problems associated with UTI and
provide consistent treatment, evaluation and
surveillance of patients with UTI through
young adult life. Then, treating or consulting
physicians must educate the patient or parents
as to the importance of being compliant with
treatment and the consequences that may be
expected to follow even a single episode of
UTI in a child. Finally, society, in general,
needsto become aware of the morbidity asso-
ciated with UTI. Because cystitisis common
among sexually-active women — who often
are mothers, the almost casua approach by
physicians to the diagnosis and treatment of
their bladder infections, conveys the message



that UTI in their children, their nieces and
nephews and their neighbors’ children can be
treated casually aswell.

Conclusion

Even as late as 1950, the only antibacterial
agents available to treat acute pyelonephritis
were sulfa compounds and streptomycin.
Moreover, the treatment of usually severe,
sometimes malignant hypertension associ-
ated with chronic atrophic pyelonephritiswas
limited to barbiturates and reserpine as re-
cently as 1965. Therefore, acardiorenal com-
plication of pyelonephritis proved fatal for
many individual sin the past and will continue
to do so even today.

Unfortunately, the pendulum may be
swinging away from a more aggressive pur-
suit of UTI, at least in children. The greatest
clinical discouragement comes from very lit-
tle progress being made over the past 30 years
in our understanding of the pathophysiologic
mechanisms in RN. The bulk of the medical
literature to date represents, with few excep-
tions, case reports and experience with vari-
ous surgical techniques rather than well de-
signed, controlled clinical trials. Theclinician
treating the first UTI in a child does not al-
ways appreciate the potential risk of theinfec-
tion, and is not the one who will provide the
medica care later in life when the patient
develops hypertension, heart disease, stroke
or chronic renal insufficiency. In the absence
of amuch more consistent clinical care path,
including long-term outcome measures, renal
injury from pyelonephritis is unlikely to be
eliminated entirely.

If pyelonephritis can be detected early inits
course, treated effectively and further epi-
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sodesof UTI prevented, theincidence of renal
scarring may be reduced significantly. More-
over, if the patient with renal scarringismoni-
tored closely to detect hypertension that is
then treated effectively with an effective in-
hibitor of angiotensin, the complications at-
tributable to systemic hypertension itself can
be avoided. Once chronic renal insufficiency
has developed, further deterioration of renal
function in RN may be modified by dietary
protein restriction and by inhibiting angioten-
sin — even in normotensive patients. Prelimi-
nary clinical data provide hope that develop-
ment of ESRD in patients with RN can be
delayed — if not avoided altogether. It is not
yet time to accept defeat in our pursuit of
understanding the mechanisms of renal injury
from VUR-associated pyelonephritis. Too
many patients are still at risk.
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