Reflux Nephropathy
and Vesicoureteral Reflux

Marc Cendron

Introduction

Vesicoureteral reflux (VUR) is a clinically silent condition
which is usually diagnosed either prenatally in association
with hydronephrosis or postnatally in the face of (1) a uri-
nary tract infection, (2) a family history of VUR, or (3) some
other urologic abnormality such as duplication anomaly of
the upper urinary tract. With VUR, urine regurgitates back
up the ureter in a retrograde matter from the bladder. Primary
reflux refers to reflux that occurs in isolation of any other
condition. It is usually due to some anatomic defect at the
level of the ureterovesical junction. Secondary reflux refers
to reflux that is seen in association with some other pathol-
ogy, such as ectopic insertion of the ureter into the bladder
neck or the urethra. This chapter will solely be devoted to
issues related to primary vesicoureteral reflux and its associ-
ated renal condition, reflux nephropathy.

This chapter will define reflux nephropathy, outline the
pathophysiology of vesicoureteral reflux, discuss its associa-
tion with urinary tract infection, and then briefly review the
evaluation and management of vesicoureteral reflux.

Reflux Nephropathy

Reflux nephropathy refers to lesions found in the renal
parenchyma seen in association with vesicoureteral reflux.
The term reflux nephropathy was coined by Bailey, in the
early 1970s, to describe renal abnormalities which were
noted in kidneys in patients diagnosed with vesicoureteral
reflux [1]. Reflux nephropathy is a pathologic entity that
should require histological confirmation by biopsy but has
come to represent lesions seen on imaging studies of the kid-
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ney such as intravenous urogram (IVP) (Fig. 25.1), ultra-
sound, computed tomography (CT) scan (Fig. 25.2), or renal
scintigraphy (DMSA renal scan). Few if any studies, how-
ever, have correlated histologic observations with radiologic
findings except in nephrectomy specimens [2]. On IVP,
reflux nephropathy is identified by areas of decreased uptake
of the contrast material in the renal parenchyma. The renal
parenchyma may also appear thinned out [3-5]. On ultra-
sound, areas of parenchymal thinning with reduced renal
size and an increase in the parenchymal echogenicity can be
seen. Reflux nephropathy on DMSA is seen as areas of
decreased uptake of the radionuclide [6]. The true definition
of reflux nephropathy is clouded by the fact that, in the face
of VUR, renal lesions may be caused by several factors that
will be discussed further.

Historically, reflux nephropathy was initially understood
to be renal parenchymal lesions found in the kidneys of
patients who experienced a febrile urinary tract infection or
pyelonephritis in the face of VUR [7, 8]. A classic cascade of
events due to bacterial infection of the kidneys was well
described by Roberts [9]. Schematically the process of renal
scarring starts with the colonization of the urinary tract by a
bacterial organism such as Escherichia coli which is capable
of adhering to the urothelium. Colonization occurs because
of many factors including ineffective bladder emptying,
decreased immune response, and urologic anomalies such as
vesicoureteral reflux. With ascent of urine up into the kidney,
the bacteria can enter the renal parenchyma and cause pyelo-
nephritis as demonstrated by Ransley and Risdon who
referred to the event as the “big bang” effect [10, 11].
Development of renal scarring is dependent on the inflam-
matory response in the renal medulla initiated by invasion of
the renal tissue by bacteria. A local inflammatory response
will develop and may result, ultimately in local renal tissue
damage. Roberts has postulated that bacteria adhering to the
renotubular cells may elicit an immune response which
causes release of superoxide which will, in turn, damage
both bacteria and tubular cells. The damage subsequently
causes an interstitial inflammatory response which leads to
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Fig 25.1 Voiding cystourethrogram revealed right vesicoureteral
reflux to blunted calices (not shown). Images provided by Dr. Akira
Kawashima, Department of Radiology, Mayo Clinic, Rochester, MN

Fig 25.2 Delayed enhanced CT scan obtained at the level of the right
mid-kidney demonstrates a dilated calyx with associated cortical scan-
ning laterally, characteristic of chronic atrophic pyelonephritis. Images
provided by Dr. Akira Kawashima, Department of Radiology, Mayo
Clinic, Rochester, MN

deposition of collagen and destruction of the normal tubular
arrangement.

A schematic representation of cascade events causing
renal damage in the face of bacterial invasion is described
on Fig. 25.3. The final outcome is seen as areas of the kid-
neys which are replaced by areas of scar tissue and dam-
aged nephrons [12, 13]. The pathological features of
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Fig.25.3 Schematic representation of the pathologic events in the for-
mation of pyelonephritic scar. From: Roberts JA. Vesicoureteral reflux
and pyelonephritis in the monkey: a review. J Urol 1992;148(5 Pt
2):1721-5. With permission

chronic pyelonephritis can be identified microscopically as
areas of fibrosis and cortical thinning overlying dilated and
distorted calyces (Figs. 25.4 and 25.5). The “scarred” kid-
ney will usually be seen to be smaller than normal with
variability in the areas of scarring. The scarred area shows
dilated and atrophic tubules with a preservation of the
large blood vessels. Normal parenchyma is usually seen
adjacent to areas of scar. Periglomerular fibrosis and vary-
ing degrees of glomerular sclerosis can also be observed
[13]. The changes are not exclusive of the area of scarring
but can also be seen in normal areas of the kidneys which
may indicate that the autoimmune process of the renal
damage may be at work diffusely in patients who have had
a pyelonephritis. Anomalies may also be noted and include
periarterial fibrosis and changes consistent with medullary
fibrosis.
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Fig 25.4 Reflux nephropathy showing features of chronic pyelone-
phritis. H and E sections show a chronic tubulointerstitial nephritis,
WBC casts, and many hyaline casts in dilated tubules (arrows) (H and
E x10). Courtesy Dr. Sanjeev Sethi, Department of Radiology, Mayo
Clinic, Rochester, MN

Fig 25.5 Chronic pyelonephritis with WBC casts (arrows). Note rup-
tured tubule with WBC cast (H and E x20). Courtesy Dr. Sanjeev Sethi,
Department of Radiology, Mayo Clinic, Rochester, MN

Recently, the etiologic implication of infection as the sole
cause of renal damage in reflux nephropathy has been chal-
lenged because some patients with VUR have no documen-
tation of infection present with evidence of renal damage as
documented by either ultrasound or (more specifically) by
DMSA scan. These renal lesions may, in fact, be different
than those associated with urinary tract infection and are
referred to renal dysplasia [14]. Renal dysplasia is a patho-
logical diagnosis in which evidence of primitive renal tissue
is found in association with significant medullary fibrosis
and areas of abnormal tissue such as cartilage. Renal dyspla-
sia is found commonly in other conditions such as posterior
urethral valves, upper urinary tract obstruction, and duplicated

collecting systems with upper pole pathology and can be
classified as either cystic or solid [15]. Mackie and Stephens
theorized that renal dysplasia may actually be the result of
altered kidney development associated with abnormalities in
the embryology of the mesonephric duct and metanephric
blastema [16]. It has become clear over the last few years
that a number of signaling molecules and transcription fac-
tors play an important role in the developmental process of
the ureteral bud and of the kidney. Abnormalities in ureteral
bud development and improper induction of the metanephric
blastema may occur when expression of these molecules is
altered leading to a field defect resulting in both kidney and
the urinary tract abnormalities. Several animal studies using
mouse models point towards a complex system of receptors
and transcription factors which influence the growth and
elongation of the distal ureter (GDNF/RET-signaling path-
way) [17]. The theory of Mackie and Stephens regarding
abnormal renal development in the face of abnormal ureteral
bud insertion is being confirmed on a molecular basis in
these animal models [18]. Current understanding is that the
mesenchyme adjacent to abnormally positioned ureteral bud
may not be competent to respond to inductive signals and
this leads to abnormal renal development more specifically
renal dysplasia.

Obstruction to the normal flow of urine from the kidneys
has also been postulated as a possible etiologic factor for
renal dysplasia [19].

It is therefore felt that reflux nephropathy associated with
VUR may be a spectrum of disease and close attention
should be paid to the etiologic factors of the renal
abnormalities observed. In general, renal dysplasia is seen in
patients diagnosed prenatally or early in life who have not
had any evidence of urinary tract infection [20]. The features
of renal dysplasia on DMSA scan usually are that of a dif-
fuse, reduced uptake of the radionuclide; whereas reflux
nephropathy associated with recurrent urinary tract infection
is seen focally, the defects of DMSA scan appear to be local-
ized (segmental) in the upper and lower poles and associated
with relatively high grade reflux [21, 22]. As will be dis-
cussed later, these distinctions are important in managing
children with reflux nephropathy.

Pathophysiology of Vesicoureteral Reflux

Vesicoureteral reflux is, in all likelihood, the result of mal-
development or immaturity of the ureterovesical junction
(UVIJ). Histologically, the distal ureter is seen to enter the
outer muscle layer of the bladder and then course under-
neath the mucosa of the bladder. This arrangement has been
postulated to act as a flap-valve mechanism whereabouts the
submucosal roof of the submucosal portion of the ureter will
be compressed as the bladder fills. Urine will still be allowed
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to flow down the ureter as the peristaltic activity of the
ureteral muscle will propel the urine away from the kidney.
The length of intramural tunnel is felt to be important. If the
length of ureter underneath the mucosa of the bladder, or if
the diameter of the distal ureter is large, the flap-valve
mechanism will be ineffective and ascent of urine up the
ureter will occur. Other factors may, in fact, be involved
such as the anchoring of the ureter to the muscle of the blad-
der. Paquin, in 1959, showed that the length of intramural
tunnel is essential to preventing the reflux of urine. He pos-
tulated that a normal, non-refluxing ureter had a tunnel
length to ureteral diameter ratio of 5 to 1, whereas in reflux-
ing ureters that ratio was much smaller [23]. The appearance
of the ureteral orifice may not be important but its location
within the bladder is certainly crucial as more laterally dis-
placed ureteral orifices will indeed be associated with reflux.
The histologic events associated with the development of
the ureterovesical junction have been well described by F.
Douglas Stephens and may explain the development of a
faulty ureterovesical valve [24].

Reflux of urine from the bladder back up into the ureter
and renal collecting system has been recognized since the
time of Galen [25]. VUR became identified as an etiologic
factor for pyelonephritis from the classic studies by Hutch
who, in 1952, studied a group of paraplegic patients diag-
nosed with neurogenic dysfunction of the bladder and vesi-
coureteral reflux. Reflux of infected urine into the upper
urinary tract was hypothesized to be the cause of chronic
pyelonephritis and subsequent renal damage [26].
Subsequently Hodson in 1959 observed that reflux seemed
to be more common in children with urinary tract infection
and that there was a correlation between reflux and chronic
pyelonephritis as documented by VCUG (voiding cystoure-
throgram) and IVU (intravenous urogram) [27]. The
increasing use of imaging studies of the urinary tract such as
the VCUG, led to the recognition that reflux is associated
with upper urinary tract infections and renal parenchymal
lesions. The presence of intrarenal reflux (reflux of contrast
into the medulla of the kidney) which can be occasionally
demonstrated on VCUG has also been associated with renal
scarring [28].

When the association between vesicoureteral reflux and
urinary tract infection became more established, additional
information became available and a relationship between
renal abnormalities and reflux was also observed. In the early
1970s, Rolleston reported that severe reflux in infants seemed
to have a higher likelihood of associated renal damage [8].
This led to the belief that renal damage associated with vesi-
coureteral reflux may be acquired and was caused by recur-
rent, ascending urinary tract infection. However, this notion
was disputed by Stecker and associates who reported the
presence of renal parenchymal lesions which were found in
a small series of patients with reflux but who had never had
any evidence of a urinary tract infection [29].
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Presentation of Vesicoureteral Reflux

Primary vesicoureteral reflux can be classified by its mode of
presentation. Until the advent of prenatal screening by ultra-
sound, vesicoureteral reflux was usually identified during a
work-up of a febrile urinary tract infection. However, over
the last 20 years it has become apparent that reflux can be
detected prior to the advent of a urinary tract infection.
Prenatal ultrasound has revealed a presence of variable
degrees of hydronephrosis in a significant number of fetuses.
Postnatal evaluation with VCUGs has revealed the presence
of vesicoureteral reflux in a significant number of cases
(approx. 20 %) [30]. Although vesicoureteral reflux cannot
be diagnosed in utero, its presence can be inferred from find-
ings on conventional ultrasound during prenatal screening.
Radiologic findings include variation in the degree of dilata-
tion of the upper urinary tract during prolonged observation
of the fetus with increasing size of the upper urinary tract
during emptying of the bladder [31]. Such findings should
lead to postnatal evaluation with a VCUG [32].

Prenatal hydronephrosis is mostly reported in males, can
be variable in its degree and grade, and is not associated with
urinary tract infection. Renal abnormalities have also been
observed in patients found to have VUR diagnosed in the
perinatal period. The extent of the renal abnormalities can
vary with up to 10 % of patients showing a poorly or non-
functioning kidney on the side of the reflux [2].

The classic presentation of vesicoureteral reflux after
birth is in the setting of a febrile urinary tract infection
(UTD) occurring in an infant or an older child. The features
of this type of vesicoureteral reflux are that it usually affects
females, is usually diagnosed later in life (especially during
toilet training time), and is usually associated with lower
grades of vesicoureteral reflux [33]. In addition, 25-50 % of
patients who present with acute pyelonephritis are found to
have VUR. It should be emphasized, however, that the rela-
tionship of VUR and UTI is not cause and effect. One key
concept is that, in the face of VUR, bacteria that have
entered the bladder have easy access to the upper urinary
tract [34]. Most children who have lower grades of VUR
and few UTIs have, in general, as they grow older, a benign
outcome [35, 36]. Nevertheless, a concern exists in that
renal lesions can be observed in up to 13.5 % of patients
who have had recurrent urinary tract infections involving
the upper urinary tract or pyelonephritis [37]. But the causal
relationship between UTIs and renal scarring is difficult to
define despite a fairly large body of literature based on
mostly retrospective studies [38, 39].

Evidence suggests that several factors may contribute to
renal damage and that a genetic predisposition may exist [40,
41]. The age at which a child with VUR has an episode of
pyelonephritis and the number of episodes of infection
appear to be related to the severity of renal damage.



25 Reflux Nephropathy and Vesicoureteral Reflux

Pylkkanen et al. reported that infants younger than 1 year of
age carry the highest risk of developing renal damage and the
highest incidence of congenital urinary tract anomalies,
whereas after puberty new renal damage does not appear to
occur [41]. In addition, the occurrence of renal lesions is
directly related to the frequency of the episodes of upper uri-
nary tract infection; the more infections, the more renal dam-
age is seen [42]. Genetic predisposition for renal damage in
association with VUR has also been suggested [43, 44].
Association with ACE gene polymorphism with urinary tract
infections and renal lesions in young children has been sug-
gested [45]. Clearly the molecular aspects and the genetics
of renal maldevelopment and injury seen in association with
VUR will require further studies.

Approximately 30 % of siblings of patients with reflux
will also be noted to have reflux [46, 47]. This category of
patients usually does not have a history of urinary tract infec-
tion and, overall, seems to have a fairly good prognosis with
few patients exhibiting any renal lesions [48].

The prevalence of vesicoureteral reflux has been hard to
estimate as most patients present either prenatally, with a uri-
nary tract infection or on family screening. A number of
patients are diagnosed after being screened for reflux when
familial reflux is reported [49]. Obviously a large portion of
the population has not been screened for reflux but the inci-
dence of vesicoureteral reflux has been estimated to be
1-2 % of live births [50]. Reflux is not distributed equally
amongst all races. It appears that children of West African
ancestry have very low incidence of VUR [51-54].

Diagnostic Evaluation of Vesicoureteral
Reflux

Diagnosis of reflux is achieved by demonstrating retrograde
flow of urine up into the kidney. This is best carried out by
either a voiding cystourethrogram or a radionuclide cysto-
gram. Each of these modalities will be described separately.
As discussed earlier prenatal diagnosis of vesicoureteral
reflux cannot be made but can be inferred by features of a
well carried out prenatal ultrasound. In the early 1990s, with
improvement in ultrasound technology, several articles
described what is now referred to as prenatally diagnosed
reflux [31, 55-57]. Ultrasound diagnosis prenatally of the
possibility of vesicoureteral reflux is usually inferred when
hydronephrosis is noted. A recent meta-analysis on the post-
natal outcome of antenatally diagnosed hydronephrosis indi-
cates that the overall risk of vesicoureteral reflux in the
population of fetuses diagnosed with antenatal hydronephro-
sis is approximately 8.6 % [58]. An important feature of
vesicoureteral reflux associated with antenatal hydronephro-
sis is that the degree of prenatal hydronephrosis does not cor-
relate with the presence or degree of vesicoureteral reflux. In
fact, the rate of vesicoureteral reflux in patients screened
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postnatally with VCUG seems to be pretty much constant in
the various grades (mild, moderate, severe hydronephrosis
ranging from 4.4 % presence of vesicoureteral reflux to 14 %
in the moderate degrees and 8.5 % in the severe degree of
hydronephrosis). It is therefore felt that hydronephrosis is an
indicator of urologic pathology but is not necessarily a pre-
dictor of vesicoureteral reflux when diagnosed prenatally. If
there is a suspicion for vesicoureteral reflux then postnatal
evaluation is warranted. The optimal timing of the postnatal
follow-up remains debatable, but current recommendations
are for an ultrasound 2-3 days after birth and a VCUG or
RNC (radionuclide cystogram) within a month after birth. In
general, a VCUG is also recommended in females who have
not had a urinary tract infection and have a family history of
vesicoureteral reflux or hydronephrosis diagnosed prena-
tally. In males, a VCUG is favored since it will provide better
anatomic resolution and will help rule out any lower urinary
tract abnormalities such as posterior urethral valves.

The voiding cystourethrogram is the principle method of
assessing the lower urinary tract in children. The first images
of the bladder and urethra were reported back in 1905, but it
was not until the early 1930s that instillation of contrast
material into the bladder was evaluated fluoroscopically dur-
ing voiding [59]. VCUG is carried out by inserting a catheter
in the bladder. The bladder is filled until the child voids.
Sequential images of the voiding phase are obtained. Filling
and emptying the bladder (cycling) has been shown to
increase the yield for the diagnosis of vesicoureteral reflux
[60]. VCUG will allow quantification of the amount of reflux
and will outline both the bladder and the upper urinary tract
anatomy as well as the anatomy of the urethra [61]. As noted
the current accepted classification of the severity of reflux is
based on VCUG findings (Fig. 25.5) [62]. Other pathological
conditions of the bladder can be noted on VCUG such as
bladder diverticula which are associated with reflux as well
as posterior urethral valves, neurogenic bladder dysfunction,
urethral strictures, and ureteroceles as well as reflux into one
or both poles of a duplex kidney.

Bladder conditions associated with vesicoureteral reflux
include:

e Prune-Belly syndrome

e Duplication of the upper urinary tract
» Posterior urethral valves

e Neurogenic bladder

e Bladder diverticulum

e Ureterocele

The VCUG is recognized to be a fairly invasive test,
which may cause a significant amount of psychological
stress to the child if not performed correctly by those skilled
in the imaging of children. In addition, use of ionizing radia-
tion near the growing child’s gonads from VCUG is concern-
ing. Recent improvement in fluoroscopic techniques using
digital techniques will significantly reduce the exposure to
radiation [63].
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Fig.25.6 International Reflux 1 II

Study classification [60]

The radionuclide cystogram (RNC) has also become
widely accepted for the evaluation of vesicoureteral reflux.
Its first practical application was described in the early 1960s
and has become a popular way to evaluate for vesicoureteral
reflux in children who are followed for reflux [3]. Urethral
catheterization is required and a radionuclide solution is
instilled into the bladder. The advantage of this technique is
that the amount of radiation associated with the radionuclide
is less than that with a VCUG [64, 65]. In addition, the
nuclear cystogram may have a greater sensitivity as it pro-
vides continuous monitoring of the bladder as it fills and
empties. However, no anatomic determination of the lower
or upper urinary tract can be achieved using the nuclear cys-
togram. The classification of the reflux is also different as it
can only show mild, moderate, or severe degrees (grades I,
I, II0). It is also sometimes hard to see grade I vesicoureteral
reflux (international reflux classification) (Fig. 25.6) on a
radionuclide cystogram because of the activity in the blad-
der. The limitations of the radionuclide cystogram have led
some authors to favor the VCUG as the initial study to diag-
nose reflux. The radionuclide cystogram is then used for sub-
sequent follow-up studies [66, 67]. Cycling the bladder will
increase the sensitivities as described by Fettich and Kenda
[68]. To avoid catheterization of the bladder, several alter-
nate techniques have been attempted to diagnose vesicoure-
teral reflux but none have been shown to have the diagnostic
accuracy of either the VCUG or RNC. For example, the indi-
rect radionuclide cystogram (IRC) described by Merrick
et al. has been associated with a high rate of false-negative
and false-positive studies [69, 70].

In order to fully evaluate the urinary tract in the face of
vesicoureteral reflux, current recommendations are to carry
out an ultrasound study which will give anatomic details of
the kidneys as well as indications as to the anatomy of the
upper collecting system. The ultrasound will also help to
evaluate the lower urinary tract and show whether or not the
bladder empties properly. However, ultrasound is not a very
helpful test in monitoring kidneys except to evaluate for their
growth. A large study by Blane and colleagues showed that a
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significant number of kidneys in patients with vesicoureteral
reflux were normal by ultrasound (74 %) without evidence of
ureteral or renal pelvic dilatation [71]. It was, therefore, felt
that conventional renal ultrasonography is not a helpful test
to diagnose reflux but can serve as a screening test to look for
anomalies of either the bladder or kidney and acquired
conditions.

With regard to renal abnormalities associated with vesico-
ureteral reflux, recent studies have suggested that the dimer-
captosuccinic acid (DMSA) renal scan may be the most
important study in the evaluation of patients who present
with a urinary tract infection and vesicoureteral reflux.
DMSA scan had been shown to be a useful tool in assessing
both for acute and permanent renal damages in children with
urinary tract infection [6, 72]. Evaluating a patient after a
febrile urinary tract infection and diagnosed with vesicoure-
teral reflux may, in fact, help identify those at risk for long-
term sequelae of vesicoureteral reflux nephropathy. DMSA
uses an agent that labels tubular cells tubular which enables
good cortical imaging of the kidneys and can be used to
evaluate children with both urinary tract infections (UTI)
and vesicoureteral reflux. DMSA scans can demonstrate evi-
dence of pyelonephritis in the acute setting as well as evi-
dence of permanent renal lesions if performed several months
after resolution of the infection. There are, however, no pub-
lished guidelines for the use of the DMSA in children with
reflux. Clearly from the urologic and nephrologic stand-
points, the presence of renal lesions is an important piece of
information. A recent study of 303 children under age 2 who
were diagnosed with UTI and investigated with a DMSA
scan as well as a VCUG (top down approach to reflux) within
3 months after UTI demonstrated that 50 % of the patients
showed renal lesions on DMSA scan. Only 26 % of those
patients, however, had vesicoureteral reflux. Of note is that
the grade of vesicoureteral reflux correlated significantly
with the presence of renal lesions [73].

DMSA scanning has been shown to be more accurate than
intravenous urography (IVU) in evaluating for the presence
of renal lesions subsequent to urinary tract infection in the
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face of reflux [4, 5]. Rushton and colleagues followed
patients with acute pyelonephritis with serial DMSA scan at
the time of the acute episode and then several months later.
They observed that the areas identified as foci of acute pyelo-
nephritis later appeared as areas of renal damage and there-
fore confirmed that acute pyelonephritis can lead to renal
lesions [22]. Technical improvements have not led to ultraso-
nography replacing DMSA renal scanning in the ability to
detect parenchymal lesions. In fact, small focal lesions less
than 1 cm are not picked up by renal ultrasound [71].
Investigators have proposed that DMSA scan may be the
study of choice in children with febrile urinary tract infection
[74]. Mingin and colleagues suggested that abnormalities
seen on DMSA scan correlated with the presence of grades
III-V reflux in children with febrile urinary tract infection,
and these children had a greater chance of having a break-
through infection (60 %) than those without renal lesion
[75]. DMSA may detect those patients who may be at risk
for renal damage in the face of VUR and urinary tract infec-
tion. Therefore, it has been suggested that the DMSA scan be
the first study in patients with a febrile UTI with evidence of
upper urinary tract dilatation seen on ultrasound and that
VCUG or RNC be carried out only in those patients with
evidence of renal lesions on DMSA scan [73].

Magnetic resonance urography (MR urography) has been
studied as potentially new diagnostic modality for renal and
urinary tract evaluations. While MR urography may provide
improved spatial and contrast resolution than DMSA scan, it
remains an experimental tool as no definite criteria or cate-
gories of renal lesions have been published. It has been sug-
gested, however, that MR urography may distinguish renal
dysplasia from post-pyelonephritic renal lesions but further
studies will be needed to validate this possibility [76]. It
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should be kept in mind that MR urography is more expensive
and more time-consuming and requires anesthesia or seda-
tion in the pediatric population.

The Natural History of Vesicoureteral Reflux

Vesicoureteral reflux is known to resolve spontaneously in a
number of infants and children. Several studies, both pro-
spective and retrospective, have tried to assess the rate of
resolution [77-82]. Elder et al. following a thorough review
of the literature, provided resolution curves that showed that
reflux resolution was more likely to occur in younger chil-
dren and that at 5 years, 92 % of patients with grade I and
81 % of patients with grade II reflux showed resolution of the
reflux irrespective of the age at presentation and whether the
reflux was unilateral or bilateral (Fig. 25.7) [38].
Unfortunately the data suffers from several problems includ-
ing heterogenicity of definitions of the outcomes. Reflux
grading has not been consistent in all studies and may not be
comparable. Resolution rate has been looked at both in terms
of ureters as well as patients. This makes the data hard to
interpret. Several means of evaluating for reflux have also
been reported upon and these include both voiding cystoure-
thrograms as well as radionuclide cystograms. Also patient
selection is not always consistent in some of these studies.
Reflux has been shown in some series to be intermittent and
reports of resolutions have then been modified when reap-
pearance has been noted at a later study [50]. Finally, in all
studies, a significant number of patients were noted to be lost
to follow-up. More recently, a nomogram used to predict
reflux resolution in primary vesicoureteral reflux showed
that resolution was dependant on several factors which
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Fig. 25.7 Curves showing the likelihood of spontaneous reflux resolution in percentages of patients with VUR followed up to 5 years: (a) for
VUR grades I, II, and IV and (b) for VUR grade III by patient age at presentation [38]
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Table 25.1 Rates of VUR resolution in children according to grade [38]

M. Cendron

Series No. of patients Grade I (%) Grade 11 (%) Grade III (%) Grade IV (%)
Bellinger and Duckett [10] 2692 87 63 53 33

Goldraich and Goldraich [2] 202 80(I/1I) 50(II/1V)

Huang et al. [11] 214 92 76 62 32
Greenfield et al. [12] 601 69 56 49

Smellie et al. [6] 149 73° 44°

Schwab et al. [13] 214 83 77 68 36

Estrada et al. 2007 86(1/11) T72(111) 54(IV/IV)

(personal communication)

Reproduced by Permission from Clinical Pediatric Urology, 5th Edition, Docimo SG (Ed), Informa Healthcare, UK, 2007

“Renal units, not patients
10-year data: results disparate for unilateral vs. bilateral refluxes

included age at presentation, gender, grade, laterality, mode
of presentation, and ureteral anatomy [82]. Nevertheless,
certain conclusions can be gleaned from the data. First of all,
reflux resolution seems to occur more likely in younger chil-
dren and children with lower grades of reflux (reflux grades
I and II). Resolution of grade III reflux seemed to vary
depending on laterality. If the reflux was unilateral and chil-
dren were under age two, reflux disappeared in 70 % of
cases. If the patient has bilateral grade III vesicoureteral
reflux and was older than five, the resolution rate for reflux
was much lower (12.5 %). For unilateral grade IV reflux,
resolution rate was in the order of 58 % after 5 years, but if
the patient had bilateral grade IV reflux, only 10 % demon-
strated resolution (Table 25.1). Grade V reflux resolved in
less than 5 % of patients [38, 82—85].

Resolution of reflux over time has been the proposed
basis for medical management of vesicoureteral reflux. In
addition to the age of the patient, the grade of reflux, and
laterality, the status of bladder function has come to be con-
sidered as an important factor in reflux resolution. Koff, in
1992, recognized the relationship between abnormal void-
ing patterns and vesicoureteral reflux [86]. Subsequently,
Snodgrass and Koff independently showed that children
with vesicoureteral reflux and urinary tract infection
showed symptoms of voiding dysfunction. Symptoms of
voiding dysfunction include infrequent voiding, frequency-
urgency, incomplete bladder emptying, and day and night
incontinence [87, 88]. Patients with voiding dysfunction
appear to have a higher rate of constipation and seem to be
predisposed to urinary tract infection. Farhat and col-
leagues felt that a proper evaluation for children with vesi-
coureteral reflux and urinary tract infection should include
investigation for voiding dysfunction. This group recom-
mended the use of a validated dysfunctional scoring system
using test questions geared at evaluating urinary and bowel
habits to screen for patients who may have dysfunction
elimination syndromes [89]. Using this questionnaire the
Pediatric Urology Group from Toronto studied a large
group of patients with vesicoureteral reflux. Children with

high symptom score who were managed with behavior
modification consisting in timed voiding with coordinated
relaxation of the external sphincter and complete bladder
emptying seemed to demonstrate a higher rate of reflux
resolution which correlated to reduction in the symptom
score. Children who did not have much reduction in the
symptom score tended to demonstrate persistence of the
reflux [90].

In addition to behavior modification, anticholinergic ther-
apy has also been used to improve bladder function. The goal
of anticholinergic therapy is to reduce intravesical pressures
as high pressures in the bladder may favor reflux. A combi-
nation of anticholinergic therapy and behavior modification
using timed voiding has been shown to be potentially benefi-
cial [91]. Thirty to forty percent of patients show improve-
ment and resolution of reflux in this study. The drawbacks of
using an anticholinergic are side effects (dry mouth, facial
flushing, reduced sweating, blurred vision, and, most impor-
tantly, constipation). The side effects are dose related and
can be lessened using certain medications such as hyoscya-
mine or trospium which appear to have a lower rate of side
effects. Treatment of constipation may also reduce the risk
for urinary tract infection.

Sequellae of Reflux Nephropathy

As discussed earlier renal lesions seen in association with
vesicoureteral reflux may be either due to abnormal develop-
ment of the kidney (dysplasia) or due to the sequelae of
infection (chronic pyelonephritis). Clearly a higher preva-
lence of renal lesions has been reported in children with
reflux whatever the cause of reflux might be [92]. Renal
lesions are very important clinically for the nephrologist and
pediatric urologist as they may affect children into adult-
hood. These potential sequelae include hypertension, loss of
renal function and even end-stage renal failure, effects on
somatic growth, risk for further infection, and potential
effects on pregnancy.
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In the 1970s and 1980s, studies used IVP to determine the
presence of renal lesions but it is now recognized that IVP is
an insensitive technique to screen for renal lesions. Beetz
et al. retrospectively studied 189 patients who underwent
treatment for vesicoureteral reflux and were followed for a
several years. At almost 11 years of follow-up, 61 patients
had evidence of renal lesions on IVP and 11.5 % were noted
to be hypertensive [93]. Patients who did not have any evi-
dence of renal lesions had a much lower incidence of hyper-
tension (2.3 %). Smellie, in a long-term large cohort study of
226 patients who presented in childhood with urinary tract
infection and vesicoureteral reflux at an average age of 5
years in the pre-ultrasound era, reported that after 18-35
years, 7.5 % of patients had hypertension [94]. Of the 17
patients in that cohort with hypertension, 15 had documented
renal scarring on IVP at the time of initial presentation. Only
one of these 226 patients was found to have end-stage renal
failure in adulthood.

Reflux nephropathy has been felt to be one of the most
common disorders causing hypertension in childhood and
then in adulthood. Hypertension is felt to be, in this situation,
mediated by activation of the renin-angiotensin system with
higher levels of renin reported in several studies that evalu-
ated patients with renal lesions [95, 96]. In a recent long-
term study, Goonasekera et al. followed prospectively a
cohort of patients found to have reflux nephropathy over a
span of 15 years. Eighteen percent of the patients were noted
to have hypertension after 15 years with most of these
patients becoming hypertensive between ages 15 and 30
years [97]. Wolfish et al., following 129 patients with pri-
mary uncomplicated vesicoureteral reflux for over 10 years,
found that patients with no renal lesions had no evidence of
hypertension [98]. Unfortunately, a review of the literature
reveals that almost all the studies reporting on hypertension
in children with vesicoureteral reflux and reflux nephropathy
are flawed by their retrospective nature, varied patient selec-
tion criteria, and little or no follow-up into adulthood. In
addition, methodological problems inherent to these studies
include poor reporting of the degree of reflux, uneven docu-
mentation of infection status, and variable methods to define
both renal lesions and hypertension.

Hypertension may vary with age, time of presentation,
degree of parenchymal damage, unilaterality or bilaterality
of the damage, and length of follow-up. Retrospective stud-
ies that have followed children with vesicoureteral reflux and
renal scarring demonstrate a variable rate of hypertension
between 15 and 20 %. Long-term studies in adulthood show
a 30—40 % incidence of hypertension in patients with long-
standing reflux nephropathy. This, in all likelihood, repre-
sents the natural history of renal damage in patients with
reflux. The incidence of hypertension goes up as patient age
as documented by a large epidemiological study that demon-
strated a 28 % prevalence of hypertension in adults ages
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35-74 [99]. In a large series of 294 patients, Zhang and
Bailey demonstrated an incidence of 38 % of hypertension in
patients found to have reflux nephropathy who enrolled in
the study as teenagers. In this study, the risk of hypertension
seemed to increase with age and was more common in
patients with severe, bilateral parenchymal lesions [100]. In
a more recent study, Kohler et al., found that 58 % of patients
with bilateral renal scarring had hypertension, while those
with unilateral scarring had rate of hypertension of 33 %.
Interestingly, 33 patients with a history of reflux but no renal
scarring were also found to have hypertension but to a milder
degree. The concern is that deterioration of renal function as
documented by serum creatinine determination was only
seen in patients with bilateral scarring or scarring in solitary
kidneys and was associated with a 92 % incidence of hyper-
tension [101].

Given the clear association between the developments of
hypertension and renal lesions in patients with vesicoureteral
reflux, it would seem reasonable to recommend long-term
blood pressure screening in those patients. Currently no
clear-cut guidelines based on long-term, prospective studies
have been published. However, recommendations should
include a blood pressure measurement at least once a year
throughout lifetime for patients with renal lesions and who
have had vesicoureteral reflux. Parents of patients with vesi-
coureteral reflux should also be instructed about the potential
long-term complications of hypertension.

Reflux nephropathy is also associated with chronic renal
insufficiency although the exact rate of renal failure in
patients with reflux nephropathy is somewhat unclear.
Progressive deterioration of renal function is not felt to be
necessarily related to either recurrent urinary tract infection
or the persistence of reflux. Patients who have been free of
urinary tract infection may still progress to renal insuffi-
ciency. Approximately 20 years ago, reflux nephropathy was
felt to be responsible for 22 % of pediatric cases of end-stage
renal disease in Great Britain [102]. Currently in the USA
reflux nephropathy is felt to be the third most common etiol-
ogy for chronic renal failure in children (8 %) [103].
Recently, the Italian Pediatric Registry of Renal Failure
reported an incidence of 25 % of patients with end-stage
renal failure having a history of vesicoureteral reflux [104].
The true incidence of end-stage renal failure due to vesico-
ureteral reflux and renal scarring may be difficult to ascer-
tain. There is no clear change in the incidence of end-stage
renal disease secondary to reflux nephropathy over the last
40 years despite increased awareness and early management
[105]. This would suggest that a significant number of
patients with reflux indeed have intrinsic renal disease (dys-
plasia) at baseline and that it will neither improve with time
nor will it be amenable to treatment. Correlation between the
degree of parenchymal damage and decreased renal function
has been well documented, but the disease process is still
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incompletely understood. Proteinuria has been found to be a
hallmark of progression in renal insufficiency [106] and thus
should be used to monitor patients with renal lesions.

A number of patients with reflux nephropathy and end-
stage renal disease have a focal segmental glomerulosclero-
sis pattern of injury on renal biopsy. Four mechanisms have
been proposed to explain the development of renal damage:
immunologic injury, macromolecular trapping and mesen-
chymal dysfunction, vascular alteration, and hypertension
with adaptive hemodynamic alterations that may lead to
glomerular hyperfiltration [107]. A subset of the population
diagnosed with end-stage nephropathy have no history of
urinary tract infection, are found to have high-grade vesico-
ureteral reflux, and are males [108]. In light of these find-
ings, it has been suggested that patients who progress to
end-stage renal disease are those patients who have congen-
ital renal dysplasia in the face of high-grade reflux [109].
The North American Pediatric Renal Transplant Cooperative
Study reviewed all patients who underwent renal transplan-
tation between 1987 and 1995 and found that reflux
nephropathy was the etiology of ESRD in 5.7 % of pediatric
patients [110].

Renal damage seen in association with VUR may cause
variable degrees of renal insufficiency that may affect the
growth and development of the child. Patients with signifi-
cant renal lesions, especially bilaterally, should be monitored
closely. The Birmingham Cooperative Study found no differ-
ence in the overall growth between surgically and medically
managed patients with vesicoureteral reflux, but Polito et al.
found a decrease in both height and weight in a group of
patients with bilateral renal lesions when compared to age-
matched controls [111, 112]. When these patients were fol-
lowed after puberty, catch-up growth to normal heights and
weights was noted [113]. Close monitoring of those patients
with renal lesions should therefore include height and weight
charting, blood pressure measurement, as well as annual
evaluation of renal function from serum studies and
urinalysis.

Management of Vesicoureteral Reflux

The natural history of VUR has been hard to map out as
reflux may be a heterogeneous condition with variable pre-
sentation and unpredictable outcome. Traditionally, once the
diagnosis of reflux has been made in a child, the tendency
has been to treat these patients either medically or surgically
in order to prevent ascending urinary tract infection and
pyelonephritis [114]. Unfortunately very few long-term
studies monitoring patients from the time of diagnosis into
adulthood are available [94]. And there is no consensus as to
the best approach to vesicoureteral reflux since there are no
clearly defined outcome measures for this condition.
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The management of vesicoureteral reflux can be divided
into three general categories: observational, medical, and
surgical. Observational management does not entail any
therapeutic intervention. The patient is watched for UTIs and
reflux is monitored on a yearly basis. Medical treatment of
vesicoureteral reflux involves prevention of urinary tract
infection and bladder management as well as prevention of
constipation. Surgical management includes either endo-
scopic treatment which entails injection of a bulking agent
under the intravesical portion of the ureter or open surgical
repositioning of the ureter in order to create a flap-valve
mechanism. None of these approaches to VUR have been
studied in a prospective, randomized fashion. There are,
therefore, few evidence-based guidelines for the manage-
ment of VUR. The outcomes measures for evaluating suc-
cess of therapy have not been clearly defined. Most would
agree that prevention of renal damage and its progression
once it has been observed would be the ultimate goals. In
patients with congenital renal damage, however, this goal
may not be attainable. Prevention of ascending urinary tract
infection may prevent pyelonephritis. This is the stated goal
of surgical intervention which seeks to eradicate retrograde
flow of urine up into the ureter by recreating the antireflux
valve mechanism. In that situation, the outcome measure is
disappearance of reflux.

Observational treatment involves monitoring the patient
for urinary tract infection and ensuring that the patient
adheres to good voiding habits. It assumes that sterile reflux
is of no consequence on the kidneys and that VUR will, over
time, resolve. The approach was studied in the 1960s and
1970s and a concern that emerged was that a significant
number (up to 21 %) of patients developed new renal lesions
in the face of urinary tract infections [38, 115, 116]. More
recently, however, cessation of antibiotic coverage has been
found to be safe in older patients with persistent low-grade
VUR [35, 117].

The concern that recurrent urinary tract infections in the
face of VUR could cause further renal damage led to the use
of low-dose, once daily antibiotic prophylaxis. Several stud-
ies indeed showed a reduced rate of renal scarring in children
on continuous antibiotics followed for several years [78, 94,
118]. New scar formation was not completely prevented,
however, and was still seen in a small number of patients
(3 %) who experienced symptomatic breakthrough infections
while on antibiotic prophylaxis [77]. The two major draw-
backs of antibiotic prophylaxis are compliance and break-
through urinary tract infections. Compliance with antibiotic
therapy seems to be quite variable and is associated with fail-
ure to follow-up [119]. Noncompliance rates have been
reported to be as high as 88 % [50]. Breakthrough infections
are due to colonization of the urinary tract by organism resis-
tant to the antibiotic being used for prophylaxis. Breakthrough
infection rates have been reported to occur in up to a third of
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patients enrolled in the International Reflux Study and up to
40 % in a meta-analysis [120] by Wheeler et al. and occur
more frequently in girls and in children with voiding dys-
function [117]. While there is general consensus that antibi-
otic prophylaxis prevents UTIs in children with reflux, this
approach has not been evaluated in a prospective, random-
ized manner. A recent meta-analysis of randomized con-
trolled trials evaluating antibiotic prophylaxis and surgical
treatment of reflux revealed that combined treatments yielded
a 60 % reduction in febrile UTIs. However, there appeared to
be no significant reduction in the rate of either new renal
scarring or progression of renal damage [120].

Surgical treatment is aimed at restoring the one-way valve
mechanism of the ureterovesical junction in order to prevent
regurgitation of infected urine into the upper urinary tract.
This is usually accomplished by either injecting a bulking
agent under the distal, intramural ureter (endoscopic proce-
dure) or lengthening the submucosal tunnel of the distal ure-
ter. Endoscopic treatment was popularized by Puri and
O’Donnell using a paste of polytetrafluoroethylene particles
[121]. The procedure is considered minimally invasive and is
carried out under general anesthesia on an outpatient basis.
Several compounds have been used but currently the only
one to have received FDA approval is a suspension of dextra-
nomer microspheres in a carrier gel of stabilized sodium
hyaluronate [122]. Complications of the procedure are very
low and results show a reflux resolution rate of 70-80 % after
up to three injection procedures [123]. To date, no study has
demonstrated a reduction in the rate of renal scarring after
endoscopic treatment.

Since Hutch’s report on successful surgical correction of
VUR several procedures have been used to create an antire-
flux mechanism [26]. Open surgical treatment of VUR
appears to have a 95.6 % success rate (in all grades of VUR)
in eradicating reflux according to an exhaustive review of the
literature [38]. Higher grades of reflux (grade V), however,
have been found to associate with a much lower rate of suc-
cess, with persistent VUR noted in up to 19 % of cases fol-
lowing surgery. Complications of open surgical repair
include distal ureteral obstruction (1 % of cases) and persis-
tence of the reflux [124]. The International Reflux Study
showed that there was no difference in renal scarring between
patients randomized to antibiotic prophylaxis or to surgery
after 5 years [116].

Treatment of VUR is tailored to the individual and the
clinical situation. In general, indications for surgical man-
agement of VUR include (1) breakthrough infections despite
consistent antibiotic prophylaxis, (2) noncompliance with
antibiotic prophylaxis, (3) severe grades of VUR (IV or V),
(4) failure of renal growth, (5) appearance of new renal
lesions, (6) persistent reflux with little or no resolution after
3 or 4 years, and (7) reflux associated with congenital anom-
alies at the level of the bladder or ureter (i.e., bladder diver-
ticulum, ectopic ureter).
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At the present time, no strict guidelines for the manage-
ment of VUR have been agreed upon based on the grades of
reflux. However, most urologists would agree that grade |
VUR can be managed by observation since it is not associ-
ated with high rates of pyelonephritis or renal damage. Grade
IT or IIT VUR is initially managed with antibiotic prophylaxis
or observation. If the reflux fails to resolve after 2 or 3 years,
endoscopic or open surgical management can be proposed.
Grade IV reflux may resolve quickly in boys and, thus,
antibiotic prophylaxis with radiologic monitoring can be car-
ried out for 1-2 years. If no resolution is noted or if a child is
older than 3 years, surgical therapy is a reasonable option.
Grade V VUR is, in general, approached surgically [125].

In conclusion, reflux nephropathy appears to occur in two
distinct forms: congenital abnormality of the kidney (dyspla-
sia) or post-infection, acquired scarring (post-pyelonephritis).
Clinical presentation of each of these entities may be differ-
ent but the ultimate outcome for reflux nephropathy should
be the maintenance and preservation of functional renal
parenchyma by early diagnosis and careful nephro-urologic
monitoring, prevention of infections, and long-term follow-
up into adulthood. Infants and children with unexplained
fevers should be screened for the possibility of a urinary tract
infection by getting a urinalysis and a urine culture if the
urinalysis is positive for the presence of leukocytes. Those
patients diagnosed with pyelonephritis should be treated
promptly and evaluated with a VCUG (or RNC) and DMSA
scan. Should scarring be found, then long-term monitoring
must be carried out into adulthood.
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