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Introduction

Vesicoureteral reflux refers to the retrograde flow of urine from the bladder into the ureter and, usu-
ally, into the collecting system of the kidney. In most individuals, reflux results from a congenital
anomaly of the ureterovesical junction, whereas in others it results from high-pressure voiding sec-
ondary to posterior urethral valves, neuropathic bladder or voiding dysfunction. Between 3-5 percent
of girls and 1-2 percent of boys experience a urinary tract infection before puberty (Jodal and Winberg,
1987). Approximately 40 percent of children with a urinary tract infection have reflux (Bourchier,

Abbott and Maling, 1984; Drachman, Valevici and Vardy, 1984). Urinary tract infection is the most
common bacterial disease during the first 3 months of life (Krober, Bass, Powell, et al., 1985) and
accounts for approximately 6 percent of febrile ilinesses in infants (Hoberman, Chao, Keller, et al.,
1993). Reflux is a predisposing factor for pyelonephritis, which can result in renal injury or scarring,

also termed reflux nephropathy. The most serious late consequence of reflux nephropathy is renal insuf-
ficiency or end-stage renal disease. Between 3.1-25 percent of children and 10-15 percent of adults
with end-stage renal disease have reflux nephropathy (Arant, 1991; Avner, Chavers, Sullivan, et al.,
1995; Bailey, Maling and Swainson, 1993). In addition, reflux nephropathy may result in renin-medi-
ated hypertension and cause morbidity in pregnancy (Martinell, Jodal and Lidin-Jason, 1990).

The primary goals in the management of vesicoureteral reflux in children are to prevent
pyelonephritis, renal injury and other complications of reflux. Children with reflux may be managed
either medically or surgically. The rationale for medical management is prevention of urinary tract
infection with daily antimicrobial prophylaxis, regular timed voiding and, in some cases, anticholin-
ergic medication. These children also undergo periodic screening of the urine for infection and radio-
logic reassessment of the urinary tract for reflux and renal injury. Many children show spontaneous
reflux resolution while receiving medical management. Surgical management of reflux consists of
repair of the ureterovesical junction abnormality.

Although vesicoureteral reflux is common, there is disagreement regarding the optimal manage-
ment, even among specialists caring for these children (Elder, Snyder, Peters, et al., 1992; International
Reflux Study Committee, 1981). Because of the lack of consensus regarding management of this
common condition, the American Urological Association (AUA) convened a panel of experts to
develop treatment guidelines for children with vesicoureteral reflux. The panel was charged with the
task of producing practice recommendations based primarily on outcomes evidence from the scientific
literature. ThisReport on the Management of Primary Vesicoureteral Reflux in Chilsitée result of
the panel’s efforts. The panel members represent various geographic areas, ages, professional activities
(academic medical centers, private practice, health maintenance organizations) and expertise (pediatric
urology, pediatric nephrology), allowing a broad perspective on the management of reflux.

The recommendations in this report are to assist physicians specifically in the treatment of vesi-
coureteral reflux in children diagnosed following a urinary tract infection. The recommendations apply
to children aged 10 years and younger with unilateral or bilateral reflux with or without scarring. The
report therefore deals only peripherally with the diagnostic methods of identifying vesicoureteral
reflux, renal scarring and management of children with reflux identified incidentally or by screening of
asymptomatic siblings. In addition, the report does not pertain to reflux associated with neuropathic
bladder, posterior urethral valves, bladder exstrophy or fixed anatomic abnormalities, such as ectopic
ureterocele and ectopic ureter.

Because treatment recommendations are made jointly with the parents of tha Guidge for
Parents based on this report, is available to assist the physician in discussing treatment options with
the parents. A summary of this report has been published dwotineal of Urology May 1997.
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Executive Summary:
Management of primary vesicoureteral reflux in children

or other reflux-related complications and that elimi-
MethOdOIOgy nation of the reflux condition will minimize their
likelihood. Chapter 1 documents the various

In developing recommendations for the manage-methods of diagnosis, treatment and surveillance
ment of primary vesicoureteral reflux in children, | and follow-up for children with primary vesi-
the AUA Pediatric Vesicoureteral Reflux Guidelingscoureteral reflux.
Panel extensively reviewed the available literatur Grading of reflux severity is important because
on the treatment of pediatric reflux from January| more severe reflux is associated with higher rates
1965 through December 1994 and extracted all relof renal injury, and treatment success varies with
evant data to estimate as accurately as possible | reflux grade. The International Study Classification
desirable and undesirable outcomes of the alternadis the most common and is the grading system used
tive treatment modalities. The panel followed an | in this report (International Reflux Study Commit-
explicit approach to the development of practice | tee, 1981).
policies, supplemented by expert opinion. The
panel synthesized the evidence using technique
described by Eddy, Hasselblad and Schachter
(1992) and Cooper and Hedges (1994). The
methodology for these analyses was described by and outcomes analysis
Hasselblad (in press). For a full description of th
methodology, see Chapter 2.

Background

Vesicoureteral reflux refers to the retrograde other behavioral techniques);
flow of urine from the bladder into the upper uri- S : : )
nary tract. Reflux is a birth defect but also may be ° Antibiotic prophylaxis (continuous);
acquired. Vesicoureteral reflux predisposes an indi» Antibiotic prophylaxis and bladder training;
vidual to renal infection (pyelonephritis) by facili- |« Antibiotic prophylaxis, anticholinergics (for
tating the transport of bacteria from the bladder t bladder instability), and bladder training;
the upper urinary tract. The immunologic and : .
inflammatory reaction caused by a pyelonephritic ° Open surgical repair; and
infection may result in renal injury or scarring. » Endoscopic repair.
Extensive renal scarring causes reduced renal func- Qutcomes were identified as criteria by which
tion and may result in renal insufficiency, end-stageeffectiveness of treatment would be analyzed (see
renal disease, renin-mediated hypertension, reduces/idence matrix on page 21, Chapter 3), and the
somatic growth and morbidity during pregnancy. | review of evidence was organized around this

The primary goals of treatment in children with framework. The outcomes included intermediate
reflux are to prevent renal injury and symptomatic outcomes (those not directly perceived by the
pyelonephritis. Medical therapy is based on the | patient or family but that are associated with or
principle that reflux often resolves with time. The| precede health outcomes), health outcomes (effects
basis for surgical therapy is that, in select situa- | directly perceived in some way by patient or
tions, ongoing vesicoureteral reflux has caused ar family), and harms of various forms of manage-
has a significant potential for causing renal injury ment. The following represents a brief summary of

Treatment alternatives

The panel considered 7 modalities as treatment
alternatives, including:

¢ No treatment (intermittent antibiotic therapy for
uTI);

» Bladder training (including timed voiding and

Copyright © 1997 American Urological Association, Inc. Page 1 Executive Summary



the statistical analysis that was conducted and thatethylene (Tefloff). Overall reflux was corrected in
formed the basis of the treatment recommenda- | 77.1 percent of ureters after a single injection.
tions. Reflux was resolved after initial treatment in only 6
of 19 ureters (31.6 percent) with Grade V disease.
Currently, no injectable substance has been
approved for endoscopic antireflux surgery by the
U.S. Food and Drug Administration.

Intermediate outcomes

Reflux resolution—medical therapy
(continuous antibiotic prophylaxis)

The database included 26 reports with data per-
taining to reflux resolution after medical therapy,
comprising 1,987 patients (1,410 girls and 304
boys273 were not identified) and 2,902 ureters.

Renal scarring

The panel felt that relevant data pertaining to
renal scarring should be analyzed primarily from
hatudies with a minimum of 5 years of follow-up.

individual databases of Skoog, Belman and Majd Ul Prospective trials comparing the outcomes of
(1987) and Arant (1992) and the data reported fronfi€dical and surgical management included analysis
the International Reflux Study, European Branch grgﬁw rlegn8a7l.SE%rér;gal(ngnéggf(l)allkr)r;nRe;[[u; Silgdgyz,
(Tamminen-Mobius, Brunier, Ebel, et al., 1992) P, ’ N ’ 9 N '

were used to estimate the probability of reflux re ogggissﬁé;:" Slig?]ﬁ?é;\ln(in d?ﬁ%frémizeirt]rlt?llz ?Qt%vg?dngw
lution with continuous antibiotic prophylaxis (see y Sig

Figure 3 on page 24, Chapter 3).In general,a | (0% BTG 0 ISCCROREEN SR C0 1 s
lower reflux grade correlated with a better chanc Y: 9

of spontaneous resolution. Data for Grades | an similar in patients receiving continuous antibiotic
reflupx showed no diﬁerenées in regard to age at prophylaxis and those treated surgically (Olbing,

. X X 9 ) ag Claesson, Ebel, et al., 1992). However, 80 percent
presentation or laterality (unilateral vs. bilateral).

For Grade lll, age and laterality were important of the new renal scars in the surgical group
rognostic fa’ctogrs with increagin age ali resen a—a bpeared by 10 months after randomization,
prog . ’ ng ag Presentay, hereas new renal scars appeared throughout the 5
tion and bilateral reflux decreasing the probabilit

of resolution. Bilateral Grade IV reflux had a par- ?\/Ae:gisulsn grir%re()ruré&?n;g;d ngdzl)c a%!)r/]éTammlnm-
ticularly low chance of spontaneous resolution. All Birming’ham Reflux S’Eudy (1987) ioientified new
of these estimates are subject to 2 restrictions: (1)

X . T/ scars after 5 years in only 6 percent and 5.2 percent
estimates are only valid for up to 5 years after di y yop P

Yof those treated medically and surgicall -
nosis; and (2) for Grade IV disease, estimates o Iyo 0S€ lreated Mmedically and surgica’y, respec

I he fi £ di X q tively, with no additional scars detected after 2
apply to the time of diagnosis and are not age spey,aars of follow-up. In the prospective study by the
cific. No data were available for reflux resolution

L . S Southwest Pediatric Nephrology Study Group of
with intermittent antibiotic therapy. _ children younger than 5 years of age with Grades I,

In children with reflux and voiding dysfunction | || or 11| reflux, normal kidneys at entry and with
(frequency, urgency, urge incontinence, incomplete continuous antibiotic prophylaxis, 16 percent devel-
bladder emptying), available results from the seriesgped new scars (Arant, 1992). On the other hand,
with control groups suggested that the reflux reso- the |nternational Reflux Study found new scars in
lution rate increased with anticholinergic therapy| 157 percent (medical) and 17.2 percent (surgical)
and bladder training. of refluxing children in Europe and 21.5 percent
. . (medical) and 31.4 percent (surgical) in North

Reflux resolution—surgical therapy America (Olbing, Claesson, Ebel, et al., 1992;

In the articles reviewed by the panel, overall sur\Weiss, Duckett and Spitzer, 1992). Few data were
gical success was reported in 959 of 1,008 patientavailable to analyze the relationship between bac-
(95.1 percent) and 7,731 of 8,061 ureters (95.9 petteriuria and new renal scarring in children with
cent). Surgical success was achieved in 108 of 10%eflux.
ureters (99 percent) for Grade |, 874 of 882 (99.
percent) for Grade 11, 993 of 1,010 (98.3 percent
for Grade III, 386 of 392 (98.5 percent) for Grad
IV and 155 of 192 (80.7 percent) for Grade V no evidence that renal growth is impaired in
reflux. unscarred kidneys exposed to sterile reflux of any

For endoscopic therapy, most reports in the liter-grade or that surgical correction of reflux facilitates
ature describe results of the use of polytetrafluoro-growth of the kidney postoperatively. Surgical

Renal growth and function
On the basis of studies available to date, there is

Page 2 Executive Summary Copyright © 1997 American Urological Association, Inc.



correction of reflux stabilizes the glomerular filtrat

tion rate but has not been shown to lead to long-
term improvement.

Health outcomes

Urinary tract infection

The panel reviewed 41 articles that described
incidence of urinary tract infection in children with
vesicoureteral reflux treated with antibiotic proph
laxis or reimplantation surgery. In children with
Grades Il to IV reflux, the incidence of pyelo-
nephritis was approximately 2.5 times higher in
patients treated with antibiotic prophylaxis than ir
those treated surgically. The incidence of cystitis
patients with vesicoureteral reflux was not signifi
cantly different in patients treated medically or su
gically. In children treated medically, recurrent
symptomatic urinary tract infections were more
common in children with voiding dysfunction than
in those with normal bladder function.

Hypertension

In the reports reviewed by the panel, no statist
cally significant difference was found in the risk @
hypertension related to treatment modality. How-
ever, these studies indicated that renal scarring
increases the relative risk of hypertension to 2.92
(95 percent confidence interval 1.2—7.1), compar
to the risk without renal scarring.

Uremia
It was not possible to demonstrate that even

optimal treatment of reflux and urinary tract infect

tion can prevent progressive renal failure and ulti
mately uremia after severe bilateral reflux
nephropathy has been diagnosed.

Somatic growth

No evidence substantiated an effect of reflux
treatment on somatic growth.

Morbidity during pregnancy

The panel performed a limited search of perti-
nent literature pertaining to reflux, renal insuffi-
ciency and adverse outcomes of pregnancy. Al-
though the available data suggest a greater risk

morbidity from pyelonephritis in women who have

persistent reflux during pregnancy, the sample si
is small and only limited conclusions can be base
on this evidence. The panel reviewed 5 studies tt
demonstrated that women with renal insufficiency

Copyright © 1997 American Urological Association, Inc.

exhibit an increased incidence of toxemia, preterm
delivery, fetal growth retardation, fetal loss and
deteriorating renal function.

Harms of medical treatment

Adverse drug reactions

the Potential adverse reactions to antimicrobial pro-
1 phylaxis include minor effects, such as skin rash,
y- nausea, vomiting, abdominal pain, a bad taste in
the mouth, marrow suppression as well as more
serious side effects. Few studies dealing with the
medical management of reflux included informa-
1 tion on any drug reaction.
in
Harms of surgery

r
Obstruction

A total of 33 studies provided rates of obstruc-
tion after ureteral reimplantation for reflux. The
likelihood of obstruction in the 33 series ranged
from O to 9.1 percent with a combined rate of 2
percent in studies published after 1986. The reoper-

- ation rate ranged from 0.3 to 9.1 percent with an
f overall prevalence of 2 percent. There was no dif-
ference among various surgical techniques.

A total of 15 series provided detailed informa-
tion about postoperative ureteral obstruction fol-

edowing endoscopic treatment of reflux. The 15
series included refluxing ureters treated using poly-
tetrafluoroethylene or collagen as the injected sub-
stance. Seven (0.40 percent) persistent obstructions
were reported.

Contralateral reflux

The development of contralateral reflux after
unilateral ureteral surgery has been reported in
numerous series. Of 1,566 ureters considered at
risk there was an overall incidence of 142 reported
new cases (9.1 percent) of contralateral reflux. The
surgical method of reimplantation did not influence
the likelihood of new contralateral reflux. Contra-
lateral reflux generally resolves with time and sur-
gical intervention is not usually recommended for
at least 1 year.

Recommendations
7€

>d The panel generated its practice policy recom-
natmendations on the basis of evidence-based out-
comes and panel opinion, reflecting its clinical

Df

)

Page 3 Executive Summary



experience in pediatric urology and pediatric nep
rology. In this report, statements based on opinio
are explicitly identified, and evidence-based reco
mendations are accompanied by appropriate ref
ences. Only a few recommendations could be
derived purely from scientific evidence of a bene
cial effect on health outcomes.

As a result, the recommendations were derive
from a panel survey of preferred treatment optio
for 36 clinical categories of children with reflux.
The treatment recommendations were classified
guidelines, preferred options and reasonable alt
natives. Treatment options selected by 8 or 9 of
9 panel members are classified as guidelines. Tr
ment options that received 5 to 7 votes are desig
nated as preferred options, and treatment options
that received 3 to 4 votes are designated as reas
able alternatives. Treatments that received no mg
than 2 votes are designated as having no suppot

Assumptions

The recommendations listed on pages 5-7 are
intended to assist physicians specifically in the
treatment of vesicoureteral reflux in children diag
nosed following a urinary tract infection. They
apply only to children 10 years and younger with
unilateral or bilateral reflux and with or without
scarring. The recommendations assume that the
patient has uncomplicated reflux (e.g., no voiding
dysfunction, neuropathic bladder, posterior uretht
valves, bladder exstrophy or fixed anatomical
abnormalities).

Rationale for recommendations

Specific treatment recommendations for childre
with reflux with or without scarring are provided
on pages 5-6. The panel’'s overall recommendati
for all children follow. The panel's recommenda-
tions to offer continuous antibiotic prophylaxis as
initial therapy are based on limited scientific evi-
dence. Controlled studies comparing the efficacy
continuous antibiotic prophylaxis and intermittent
therapy on health outcomes in children with reflu
have not been performed. However, the opinion ¢
the panel is that maintaining continuous urine
sterility is beneficial in reducing the risk of renal
scarring and this benefit outweighs the potential
adverse effects of antibiotics.

Recommendations to proceed to surgery in ch
dren with reflux that has not resolved sponta-
neously are supported by limited scientific evi-
dence: open antireflux surgery is 95-98 percent

Page 4 Executive Summary

-effective in correcting reflux, and in children with
n Grades IlI-1V reflux the risk of clinical pyeloneph-
fitis is 2—2.5 times higher in children treated with
r-continuous prophylaxis than in those treated surgi-
cally. Nevertheless, randomized controlled trials of
i- such children have shown that most children
treated medically do not develop a urinary tract
infection while receiving prophylaxis.

Recommendations for more aggressive treatment
of girls than boys (e.g., for persistent Grades IlI-IV

geflux in school-aged children) are based on epi-
r-demiological evidence that girls have a higher risk
hef urinary tract infection than boys. Recommenda-
paions for more aggressive treatment of Grade V
- reflux (e.qg., surgical repair as initial therapy) are
5 based on panel opinion that such cases are unlikely
ofto resolve spontaneously over time, surgery is
reeffective in resolving severe reflux and these bene-
t. fits outweigh the potential harms of surgery. More
aggressive recommendations for children who have
renal scarring at diagnosis are based on panel
opinion that such patients have a higher risk of pro-
gressive scarring and decreased renal-functional
reserve.

An important variable in the scope of treatment
is the presence of voiding dysfunction, a common
occurrence among children with reflux. Such chil-
dren may require more aggressive treatment with
anticholinergics and bladder training in addition to
Iantibiotic prophylaxis. Surgical repair of reflux is
slightly less successful in children with voiding
dysfunction and, thus, a higher threshold is neces-
sary before surgery is recommended in such
patients. Consequently, children with reflux should
be assessed for voiding dysfunction as part of the
eninitial evaluation.

S

al

ons

Literature limitations and

research priorities

of

X
»f Limitations of the literature
The panel attempted to rely on published evi-
dence whenever possible. Many studies that
addressed a particular issue could not be used
quantitatively in the various syntheses because of
iI-inconsistent reporting of data, limited follow-up,
incomplete description of treatments or poorly
defined patient populations. Analyses were also
complicated by the existence of at least 5 methods
(continued on page 8)
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Treatment recommendations for children
without scarring at diagnosis

Age at diagnosis: Infants (<1 year)

Initial treatment. Infants with Grades -1V reflux should be treated initially
with continuous antibiotic prophylaxis. In infants with Grade V reflux, continuous
antibiotic prophylaxis is the preferred option for initial treatment.

Follow-up treatment. In infants who continue to demonstrate uncomplicated
reflux, antibiotic prophylaxis should be continued. For patients with persistent
Grades I-II reflux after this period of prophylaxis, there is no consensus regardifig
the role of continued antibiotic therapy, periodic cystography or surgery. Surgica
repair is the preferred option, however, for patients with persistent unilateral Gragdes
-1V reflux. Patients with persistent bilateral Grades IlI-IV reflux or Grade V
reflux should undergo surgical repair.

Age at diagnosis: Preschool children (ages 1-5 years)

Initial treatment. Preschool children with Grades I-Il reflux or unilateral
Grades llI-IV reflux should be treated initially with continuous antibiotic prophy-
laxis. Continuous antibiotic prophylaxis is the preferred option in preschool chilgfen
with bilateral Grades IlI-IV reflux. In patients with unilateral Grade V reflux, con
tinuous antibiotic prophylaxis is the preferred option for initial treatment, althoug
surgical repair is a reasonable alternative. In patients with bilateral Grade V refl§x,
surgical repair is the preferred option and continuous antibiotic prophylaxis is a flea-
sonable alternative.

Follow-up treatment. In children who continue to demonstrate uncomplicated
reflux, antibiotic prophylaxis should be continued. In children with persistent Grades
I-II reflux, there is no consensus regarding the role of continued antibiotic theraby,
periodic cystography or surgery. Surgery is the preferred option for children wit
persistent Grades IlI-IV reflux. Patients with persistent Grade V reflux should
undergo surgical repair.

Age at diagnosis: School children (ages 6-10 years)

Initial treatment. School children with Grades I-Il reflux should be treated in
tially with continuous antibiotic prophylaxis. Continuous antibiotic prophylaxis is
the preferred option for initial treatment of patients with unilateral Grades -1V
reflux. In patients with bilateral Grades IlI-1V reflux, surgical repair is the preferred
option, although continuous antibiotic prophylaxis is a reasonable alternative.
Patients with Grade V reflux should undergo surgical repair.

Follow-up treatment. In children who continue to demonstrate uncomplicated
reflux, antibiotic prophylaxis should be continued. In patients with persistent Gragdes
I-11 reflux after this period of prophylaxis, there is no consensus regarding the r¢le
of continued antibiotic prophylaxis, periodic cystography or surgery. Surgery is the
preferred option for persistent reflux in children with Grades IlI-IV reflux.

(continued on page 6)
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Treatment recommendations for children
with scarring at diagnosis

Age at diagnosis: Infants (<1 year)

Initial treatment. Infants with scarring at diagnosis and Grades -1V reflux
should be treated initially with continuous antibiotic prophylaxis. In infants with
Grade V reflux and scarring, continuous antibiotic prophylaxis is the preferred
option for initial treatment, and surgical repair is a reasonable alternative.

Follow-up treatment. In infants who continue to demonstrate uncomplicated
reflux, antibiotic prophylaxis should be continued. In patients with persistent Gragdes
I-II reflux after this period of prophylaxis, there is no consensus regarding the rdle
of continued antibiotic prophylaxis, periodic cystography or surgery. In boys wit
persistent unilateral Grades IlI-IV reflux, surgical repair is the preferred option.
Boys with persistent bilateral Grades IV reflux, girls with persistent Grades
-1V reflux, and boys and girls with persistent Grade V reflux should undergo sfir-
gical repair.

Age at diagnosis: Preschool children (ages 1-5 years)

Initial treatment. Preschool children with scarring at diagnosis and either
Grades I-llI reflux or unilateral Grades IlI-IV reflux should be treated initially wit
continuous antibiotic prophylaxis. Antibiotic therapy is the preferred option in chf-
dren with bilateral Grades llI-IV reflux and scarring, and surgical repair is a reagon-
able alternative. Surgery is the preferred option for patients with unilateral Gradg V
reflux. Patients with bilateral Grade V disease and scarring should undergo surgical
repair as initial treatment.

Follow-up treatment. In children who continue to demonstrate uncomplicated
reflux, antibiotic prophylaxis should be continued. In patients with persistent Grades

sistent Grades llI-IV reflux and boys with persistent bilateral Grades IlI-IV reflu
should undergo surgical repair. Surgery is the preferred option for boys with peris-
tent unilateral Grades IllI-IV reflux. For patients with persistent Grade V reflux wiho
have not undergone surgery as initial treatment, surgical repair is the preferred
option.

Age at diagnosis: School children (ages 6-10 years)

Initial treatment. School children with scarring at diagnosis and Grades |-l
reflux should be treated initially with continuous antibiotic prophylaxis. In childre
with unilateral Grades IlI-IV reflux and scarring, antibiotic therapy is the preferrgd
option. Patients with bilateral Grades IlI-1V reflux or Grade V reflux should
undergo surgical repair as initial treatment.

Follow-up treatment. In children who continue to demonstrate uncomplicated
reflux, antibiotic prophylaxis should be continued. In patients who have persistefit
Grades I-Il reflux after this period of prophylaxis, there is no consensus regardifig
the role of continued antibiotic prophylaxis, periodic cystography or surgery.
Patients with persistent unilateral Grades IlI-I1V reflux who have not undergone
surgery as initial treatment should undergo surgical repair.

(continued on page 7)
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Other recommendations for children with reflux

In children with vesicoureteral reflux, urethral dilation and internal urethrotorfly
are not beneficial. In addition, cystoscopic examination of the ureteral orifices dbes
not appear to aid in predicting whether reflux will resolve. In children with symp
toms of voiding dysfunction, urodynamic evaluation may be helpful, but evocatifie
cystometry is unnecessary in children with reflux and a normal voiding pattern.

In children with reflux who are toilet trained, regular, volitional low-pressure
voiding with complete bladder emptying should be encouraged. If it is suspectel
that the child is experiencing uninhibited bladder contractions, anticholinergic
therapy may be beneficial.

The clinician should provide parents with information about the known benefjts
and harms of available options, including continuous antibiotic prophylaxis,

surgery and intermittent antibiotic therapy. The clinician should indicate to what
extent the estimates of benefits and harms are based on scientific evidence or pn
opinion and clinical experience. Given the general lack of direct evidence that any
one treatment option is superior to another (especially when total benefits, harmis,
costs and inconvenience are considered), parent and patient preferences regarling
treatment options should generally be honored.

In children for whom antireflux surgery is chosen, the panel does not recom
mend the endoscopic form of therapy because of the lack of proven long-term
safety and efficacy of the materials used for injection and the lack of approval ¢
such materials by the U.S. Food and Drug Administration.

Follow-up evaluation should be performed at least annually, at which time t
patient’s height and weight should be recorded and a urinalysis should be per-
formed. If the child has renal scarring, the blood pressure should be measuredf{in
deciding how often to obtain follow-up cystography in children managed med-
ically, the clinician should take into consideration the likelihood of spontaneous
resolution (see Figure 3 on page 24, Chapter 3), the risk of continued antibiotic
prophylaxis and the risks of radiologic study. In general, cystography does not

need to be performed more than once per year.

Copyright © 1997 American Urological Association, Inc. Page 7 Executive Summary



used for grading reflux, nonuniformity in characte
izing reflux grade and patient population, and lac
of a standard method for reporting outcomes. On
3 prospective randomized controlled trials com-
pared medical to surgical therapy—the Birming-
ham Reflux Study (1987), the International Reflu
Study in Children (Olbing, Claesson, Ebel, et al.,
1992; Weiss, Duckett and Spitzer, 1992), and a
study from Erasmus University, Rotterdam, The
Netherlands (Scholtmeijer, 1991). The literature ¢
certain issues, such as complication rates of surg
and adverse drug reactions, was limited and in
some cases so sparse that judgments were mad
the basis of expert opinion.

Research priorities

The panel identified many research areas as
needing further investigation. Presently, there is
little information regarding health outcomes per-
taining to reflux, and a significant priority should
be to continue to acquire this information.

Basic research into the pathogenesis as well g
the genetics of vesicoureteral reflux is needed.
Further randomized controlled trials studying the
role of medical and surgical therapy using dimer-
captosuccinic acid scan for evaluation of renal sg
ring are indicated. Future studies should stratify
results by patient gender, age and reflux grade,
reporting reflux resolution both by rate of uretera
and patient resolution. Also worthwhile would be
studies to confirm the panel’s finding that resolu-
tion of Grade Il reflux depends on patient age of
laterality (unilateral vs. bilateral) and the finding

Page 8 Executive Summary

r-that resolution of Grades | and Il reflux does not

k depend on age or laterality.

ly The extent to which reflux increases the risk of
renal scarring associated with urinary tract infec-
tion and the mechanism of this effect deserves

X investigation. Comparison of the efficacy of inter-
mittent and continuous antibiotic therapy would be
beneficial. The role of voiding dysfunction in the
pathogenesis of reflux and its risk on reflux compli-

Ncations, such as renal scarring and the complica-

jetjons of surgery, also deserve further investigation.
Matched controlled studies of anticholinergic

e dierapy and bladder training on reflux-related out-
comes in children with voiding dysfunction are
necessary.

Less traumatic methods of determining whether
reflux is present should be developed as well as
techniques of voiding cystourethrography that
result in less radiation exposure. Analysis of the
costs of reflux treatment and surveillance is impor-
tant, particularly comparing those associated with

g medical and surgical therapy. The impact of
screening at-risk populations and early medical or
surgical intervention on reflux-related outcomes in
such patients should be analyzed.

ar- Development of minimally invasive techniques
of antireflux surgery is indicated. Newer materials
that can be used for endoscopic subureteral injec-
tion and that are safe in children should be studied.

The natural history of vesicoureteral reflux in
adult women with persistent reflux deserves investi-
gation, including an analysis of the morbidity of
persistent reflux, and need for and efficacy of pro-
phylaxis in pregnant and nonpregnant women.

Copyright © 1997 American Urological Association, Inc.



Chapter 1.
Pediatric vesicoureteral reflux

and its management

Background

Vesicoureteral reflux (VUR or “reflux”) refers ta
the retrograde flow of urine from the bladder into
the upper urinary tract. Normally, the ureter is
attached to the bladder in an oblique direction, pe
forating the bladder muscle (detrusor) laterally an
proceeding between the bladder mucosa and
detrusor muscle (the “intramural” or submucosal
tunnel) before entering the bladder lumen. As the
bladder fills, the ureteral lumen is flattened betwe
the bladder mucosa and detrusor muscle, creatin
flap-valve mechanism that prevents VUR. Reflux
occurs when the submucosal tunnel between the
mucosa and detrusor muscle is short or absent
and/or there is weak detrusor backing (Figure 1,
page 10). In general, the severity of reflux corre-
lates with the degree of deformity of the uretero-
vesical junction. Reflux is usually a birth defect. |
some cases, reflux will disappear as the child
grows. Reflux was described in the writings of
Galen (Polk, 1965) and da Vinci (Lines, 1982). It
was not until the observations of Hutch in 1952,
however, that the relationship between reflux and
acute pyelonephritis was appreciated (Hutch,
1952).

VUR predisposes an individual to renal infectig
(pyelonephritis) by facilitating the transport of bag
teria from the bladder to the upper urinary tract.
The inflammatory reaction caused by a pyelonep
ritic infection may result in renal injury or scarring
Extensive renal scarring impairs renal function ar
may result in renin-mediated hypertension, renal
insufficiency, end-stage renal disease (ESRD),
reduced somatic growth, and morbidity during
pregnancy.

VUR may be primary or secondary. Primary
VUR refers to reflux resulting from an anatomic
deformity of the ureterovesical junction without a
causative urinary tract abnormality that may caus
reflux. Secondary VUR can result from increased
bladder pressure (e.g., detrusor-sphincter discoo
nation, neuropathic bladder, posterior urethral
valves), which destabilizes the ureterovesical jun

ureter); or associated lower urinary tract abnormali-
ties (e.g., ectopic ureterocele, prune belly syn-
drome, bladder exstrophy) that affect ureteral inser-
tion.

The prevalence of reflux in healthy children is
unknown but is estimated to be 1 percent (Arant,

2r-1991). In 1993, in the United States approximately
1d 15,000 individuals under 15 years of age were

admitted to the hospital for a total of 62,000 days for
treatment of pyelonephritis, and reflux was present in
approximately 40-50 percent of these patients (U.S.
eDepartment of Health and Human Services, 1993).
g a Approximately 44,000 children are treated (inpa-
tient and outpatient) for urinary tract infection
(UTI) associated with VUR each year in the United
States (Woodwell, 1993). Woodwell (1993)
observed that of the 9.8 million outpatient visits
made to urologists annually, 492,000 (5 percent of
urologic practice) involve the health of children
under age 15. Of these children seen for a variety
of urinary complaints, 369,000 were boys and
123,000 were girls under 15 years. Other data
(based on the 9.8 million reported visits) suggested
that voiding symptoms, urine abnormalities, painful
urination, enuresis, bladder symptoms, and UTI (all
symptoms not initially related to a diagnosis of
VUR) account for 3 million visits to urologists and
nrepresented 25.6 percent of symptoms requiring
.- evaluation. Assuming uniform distribution of these
complaints within urologic practice, 125,952 visits
h-(492,000x 0.256 = 125,952) to urologists caring
. for children would encompass the symptoms listed
idabove. Data from Lindberg, et al. (1975) estimate
that 20 percent of symptomatic individuals will
have reflux; therefore, 25,190 visits a year to urolo-
gists would include encounters for care and assess-
ment of reflux (125,95 0.2 = 25,190). Health
Care Financing Administration data indicate that
VUR is diagnosed in 7,000-14,000 hospitalized
patients, and that 2 to 3 times as many children are
e seen as outpatients for evaluation and treatment of
reflux.
rdi- The typical patient with VUR is a child younger
than 10 years old who develops a UTI, either clin-
c-ical pyelonephritis with fever, abdominal/flank

n

tion; abnormal attachment of the ureter (ectopic

Copyright © 1997 American Urological Association, Inc.
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Page 9



I,

Intramural
ureter

Submucosal
ureter

ity

= 78

/ \\\‘\§
I s"
// % \\\

s\ —--=Reflux

Possible reflux

" No reflux

Figure 1.

(A) Normal ureterovesical junction. Demonstration of length of intravesical submucosal
ureteral segment. (B) Refluxing ureterovesical junction. Same anatomic features as ngnre-
fluxing orifice, except for inadequate length of intravesical submucosal ureter, are shown.

Some orifices reflux intermittently with borderline submucosal tunnels (Politano, 1975)

with dysuria, frequency, urgency, and often urge
incontinence. Neonates and infants with VUR an
pyelonephritis may have nonspecific symptoms.

The average age for diagnosis of reflux in chil-
dren is 2—-3 years. Approximately 75-80 percent

postnatal studies are performed. Approximately 80

d percent of these neonates are boys (Elder, 1992),

and most have more severe reflux than do females
with VUR discovered after UTI. This phenomenon

ofmay result from higher voiding pressures in male

children with primary reflux diagnosed following a infants (and presumably fetuses) than in females

UTI are girls, presumably because the incidence
UTI in girls is greater than in boys after 6 months
of age. The mean age for the onset of UTI in chil
dren is 2—-3 years, corresponding to the average
when toilet training occurs. It is thought, by some
that during the process of toilet training, bladder-
sphincter dyssynergia occurs, which predisposes
UTI, allowing children who also have VUR to be
diagnosed.

A substantial proportion of children with VUR
have incomplete maturation of bladder function,
with symptoms of bladder instability characterize
by urgency, frequency, and diurnal incontinence
(van Gool, Hjalmas, Tamminen-Mobius, et al.,
1992; Koff, 1992). Because the associated high
intravesical pressures can contribute to reflux,
assessment of voiding habits is important in eval
ating children with VUR.

In recent years, reflux has been discovered pré
natally by detection of fetal hydronephrosis,
although the diagnosis of VUR is not made until

Page 10
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of(Hjalmas, 1976; Sillen, Bachelard, Hermanson, et

al., 1996).
Reflux appears to be an inherited trait. For

agexample, in 1 study of 354 siblings of 275 known

, patients with prior diagnosis of reflux, 34 percent
had reflux, and 75 percent of these children were

t@symptomatic (Noe, 1992). In that study, 13 per-
cent of siblings with reflux already had evidence of
renal scarring, and 66 percent of these children had
not had a documented UTI. In addition, as many as
67 percent of offspring of women with reflux also

d have reflux (Noe, Wyatt, Peeden, et al., 1992).

Reflux is less common in African-American than in

caucasian children (Skoog and Belman, 1991).
Reflux severity can be graded (Figure 2). Reflux

grade is important because more severe reflux is

U-associated with higher rates of renal injury, and

treatment success varies with reflux grade. In addi-
-tion, the reflux grade is an indirect indication of the

degree of abnormality of the ureterovesical junc-

tion. Numerous grading systems have been used.

Copyright © 1997 American Urological Association, Inc.



Figure 2. International Study Classification (International Reflux Study Committee, 1981)

1 v V

The most common classifications are shown in

the uroepithelium, anatomic characteristics of the

Table 1. These classifications are based on a standinfected kidney, and host inflammatory response.

dard contrast voiding cystourethrogram. The
International Study Classification, which was
adopted by the International Reflux Study

During infection, certain bacteria, particularly those
with P-fimbria, may ascend the ureter and enter the
renal pelvis and calyces. Bacterial ascent is pro-

Committee in 1981, is the most common and is themoted by the presence of reflux. Intrarenal reflux

grading system used in this report.

Pathophysiology of

renal injury

The likelihood of renal injury after a UTI

(reflux from the minor calyx into the collecting

duct) of infected urine results in renal parenchymal
infection (pyelonephritis). In previously normal
kidneys, this initial infection often occurs in the
upper or lower poles, because these typically con-
tain compound papillae that favor intrarenal reflux
(Ransley and Risdon, 1979). Bacteria often produce
an endotoxin, which causes a cellular and humoral
immune response as well as an inflammatory
response (Roberts, 1992). The sequel of the host

depends on bacterial virulence factors, the presenaeaction is renal parenchymal fibrosis, a renal
or absence of reflux, adherence characteristics of injury termed reflux nephropathy.

Table 1. Common classifications of vesicoureteral reflux

Description Grade/classification

International Study Classificatibn 0 I Il Il 1\ \

Dwoskin-Perlmutter 0 1 2a 2b 3 4

Birmingham 0 1 2 < 3 5

Australia/NZ - Mild Moderaig re ;Seve
I

Great Britain

Il 11 Y
(Woiding)  (Filling and voiding) (Dilatation)

tClassification used in this Report.

Copyright © 1997 American Urological Association, Inc.
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Reflux is an important risk factor for developing
pyelonephritis. Pyelonephritis occurs in children
with and without VUR, as well as in children in
whom reflux has resolved spontaneously and in
children whose reflux is undetected on a voiding

cystourethrogram. In children who develop pyelo;

nephritis, renal scarring results in as many as 40
percent (Rushton and Majd, 1992). Children
younger than 5 years old appear to be at greates
risk of renal injury from pyelonephritis, but older
children also may develop renal scarring. In 1
report of 34 children older than age 5 who had
normal kidneys and who later developed renal sg
ring, nearly all had both UTI and reflux (Smellie,
Ransley, Normand, et al., 1985).

In the neonate with prenatally diagnosed
hydronephrosis, medium- or high-grade reflux
often is diagnosed. In some of these neonates, ty
ical patterns of renal scarring are found even
though no bacteriuria is present. The cause of th
renal abnormality is uncertain but may be sec-
ondary to abnormal induction of the metanephric
blastema by the ureteral bud (Mackie and Stephe
1975) and/or possibly high voiding pressures
during renal development.

Although reflux associated with bacteriuria ma
cause renal scarring, sterile VUR is not thought t
result in renal injury unless abnormally elevated
bladder pressures exist (i.e., with posterior urethr
valves, neuropathic bladder, bladder outlet obstru
tion, or detrusor-sphincter dyssynergia) (Ransley
and Risdon, 1979).

In most cases, reflux is diagnosed during evall
tion of a UTI. In some cases reflux is diagnosed
“incidentally” during screening of patients at risk,
for example, those who have a sibling with reflux
(Noe, 1992; Wan, Greenfield, Ng, et al., 1996), a
mother with reflux (Noe, Wyatt, Peeden, et al.,
1992), a multicystic kidney (Selzman and Elder,
1995) or hydronephrosis (Elder, 1992).

The panel did not undertake a formal evaluati
of the radiologic literature regarding the accuracy
of various methods of diagnosing reflux or
detecting upper urinary tract changes secondary
or associated with reflux, because these conside
tions were deemed outside the scope of treatme
guidelines in a child with VUR.

Page 12

Diagnosis of VUR requires catheterization of the
bladder, instillation of a solution containing iodi-
nated contrast or a radiopharmaceutical and radio-
logic imaging of the lower and upper urinary tract,
termed a voiding cystourethrogram (VCUG) or
radionuclide cystogram, respectively. The bladder
and upper urinary tracts are imaged during bladder
filling and voiding. Reflux occurring during bladder
filling is termed low-pressure or passive reflux, and
reflux occurring during voiding is termed high-
pressure or active reflux. Children with passive
reflux are less likely to show spontaneous reflux
aresolution than children who exhibit only active

reflux (Mozley, Heyman, Duckett, et al., 1994).

Radiation exposure during radionuclide cystog-

raphy is less than with standard contrast cystog-

raphy. In the past, many children underwent cys-
ptography under general anesthesia. However, this

method is flawed because normal micturition does
e not occur under anesthesia. Other methods for

detecting reflux, such as indirect cystography and

renal ultrasound, are thought to be less accurate
sn@3lane, DiPietro, Zerin, et al., 1993; de Sadeleer,
de Boe, Keuppens, et al., 1994).

J

t

y Assessment of upper urinary tract

D The goal of upper tract imaging is to assess
whether renal scarring and associated urinary tract
alanomalies are present. In a child with VUR, the
Cupper urinary tract can be evaluated by one of sev-
eral techniques, including renal cortical scintig-
raphy (renal scan), excretory urography (intra-
venous pyelography, or IVP), and renal ultrasound.
Radiopharmaceuticals used for renal scanning
include dimercaptosuccinic acid (DMSA), gluco-
heptonate, and mercaptoacetyltriglycine (MAG-3).
On an IVP, renal scarring is evident from reduction
1ain the thickness of the renal cortex. Several specific
patterns of renal scarring have been described
(Smellie, Edwards, Hunter, et al., 1975). Renal
sonography, a noninvasive method of evaluating the
kidney, can show hydronephrosis, renal duplication
with an obstructed upper pole and gross renal scars.
The surface areas of the kidney on renal sonog-
raphy roughly correlate with differential renal func-
Nntion (Sargent and Gupta, 1993).
Following an episode of pyelonephritis, renal
scarring usually is apparent on scintigraphy within
t03 months, but may not be apparent on an IVP or

fasonography until 1-2 years later.
Nt

Copyright © 1997 American Urological Association, Inc.



Assessment of lower urinary tract

The goal of lower urinary tract assessment is t
determine whether the bladder empties satisfactg
rily, whether a bladder abnormality such as a par
ureteral diverticulum is present, and in males, to
assure that no bladder outlet obstruction such as
posterior urethral valves is present. This informa-
tion is often obtained from the voiding cysto-
urethrogram. At times, bladder trabeculation may
be present and suggest that voiding dysfunction
present. Cystoscopic examination of the ureteral
orifices has not been helpful in predicting whethe
spontaneous resolution of a child’s reflux is likely
(Bellinger and Duckett, 1984; Mulcahy and Kelali
1978). Evocative cystometry also does not appes
to provide useful information in children with
normal voiding function. However, urodynamics
may be beneficial in children with voiding dysfun
tion.

Treatment methods

The primary goals of treatment in children with
reflux are to prevent pyelonephritis, renal injury
and other complications of reflux. Medical therap
is based on the principle that VUR often resolves
over time, and that the morbidity or complications
of reflux may be prevented nonsurgically. The ba
for surgical therapy is that in selected situations,
ongoing VUR has caused or has a significant
potential for causing renal injury or other reflux-
related complications and that elimination of refly
will minimize the likelihood of these problems.
The 7 treatment modalities for VUR considered b
the panel follow:

No treatment (intermittent antibiotic therapy for
uTI);

Bladder training (including timed voiding and
other behavioral techniques);

Antibiotic prophylaxis (continuous);
Antibiotic prophylaxis and bladder training;

Antibiotic prophylaxis, anticholinergics (for
bladder instability), and bladder training;

Open surgical repair; and
Endoscopic repair.

Neither urethral dilation nor urethrotomy have
been found to be beneficial in the treatment of ch

Copyright © 1997 American Urological Association, Inc.

dren with reflux (Forbes, Drummond, and Nogrady,
1969; Hendrey, Stanton, and Williams, 1973;

P Kaplan, Sammons, and King, 1973).

)_
#No treatment

This management modality involves treating
patients with UTI with antibiotics at each occur-
rence. The philosophy of this therapy is that
prompt diagnosis and treatment of UTI will elimi-

s hate or minimize the risk of reflux-associated renal
infection. Because the continuous antibiotic pro-

r phylaxis approach has been used in recent years,
few data are available on the intermittent treatment

s, approach.

1§

Bladder training

Bladder training refers to regular, volitional,

t- complete emptying of the bladder through behav-
ioral conditioning to achieve balanced, low-pres-
sure voiding with coordinated relaxation of the
external sphincter and pelvic floor during voiding.
Measures include a voiding schedule (e.g., every
2-3 hours), complete emptying of the bladder
during micturition, re-education in proper voiding
dynamics if voiding dysfunction is present, and
elimination of constipation. The practice also

Y includes genital and perineal hygiene. The goal of
bladder training is to reduce the likelihood of

> developing UTI and reduce voiding pressure.

signfrequent voiding, detrusor-sphincter dyssynergia,
and constipation can increase the likelihood of bac-
teriuria (Smith and Elder, 1994).

x Antibiotic prophylaxis
Continuous antibiotic prophylaxis has become

Y the cornerstone in the initial management of
patients with reflux. This form of therapy is based
on the observations of Lenaghan, Whitaker, Jensen,
et al. (1976), who reported that 21 percent of previ-
ously normal refluxing kidneys showed scarring on
follow-up with intermittent antibiotic therapy, and
Smellie, Edwards, Hunter, et al. (1975), who found
that children on continuous antibiotic prophylaxis
who were kept free of infection did not develop
new renal scarring.

Drugs commonly used for prophylaxis include
sulfamethoxazole-trimethoprim, trimethoprim
alone, and nitrofurantoin, generally administered
once daily at a dose calculated to be one-fourth to
one-third of the dose necessary to treat an acute
infection (Birmingham Reflux Study Group, 1987;

il-Cardiff-Oxford Bacteriuria Study Group, 1978;
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Goldraich and Goldraich, 1992; Hannerz, Wikstac

Celsi, et al., 1989; Hanson, Hansson, and Jodal,
1989; Pinter, Jaszai, and Dober, 1988; Smellie,

Gruneberg, Bantock, et al., 1988). Prophylaxis us

ally is continued until reflux resolves or until the
risk of reflux to the individual is considered to be
low. Many clinicians treating children with reflux
obtain urine specimens periodically for urinalysis
and/or culture, although the frequency of urine
sampling varies widely (Elder, Snyder, Peters, et
al., 1992).

Medical management with antibiotic prophylax
is considered to be successful if the child remain
free of infection, develops no new renal scarring,
and the reflux resolves spontaneously. On the ot
hand, breakthrough UTI, the development of new
renal scars, or failure of reflux to resolve would b
considered failure of medical management. Non-
compliance (Smyth and Judd, 1993), allergic rea
tion, or side effects to the prescribed medication
may preclude medical management or lead to its
failure.

Antibiotic prophylaxis and
bladder training

Many clinicians emphasize the principles of
bladder training when placing children with VUR
on antimicrobial prophylaxis. Most studies in the
literature do not specify whether attention to
bladder training was emphasized in the treatmen
plan, and assessment of the contribution of bladg
training to outcome has not been studied in any
controlled trials.

Antibiotic prophylaxis, anticholinergics
and bladder training

Before toilet training, voiding is an automatic
process. During toilet training, however, children
may demonstrate a discoordinated pattern, with
incomplete relaxation of the external sphincter
during voiding, resulting in high intravesical pres-
sure and incomplete bladder emptying. The term
bladder instability, uninhibited bladder contrac-
tions, and pediatric unstable bladder refer to refle
detrusor contractions at low bladder volumes.
Children with bladder instability typically experi-
ence frequency, urgency, and urge incontinence,
and girls with this condition may cross their legs
squat down to try to avoid incontinence. Anti-
cholinergic medication, in conjunction with timed
voiding, is thought to improve the symptoms of
dysfunctional voiding. Typical anticholinergic med
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], ications (also often classified as antimuscarinic/
antispasmodic agents) include oxybutynin chloride,
propantheline bromide, and hyoscyamine.

u_

Open surgical repair

Open surgical management involves modifying
the abnormal ureterovesical attachment to create a
4:1 to 5:1 ratio of length of intramural ureter to
ureteral diameter. Numerous technigues have been
described, and each has undergone minor modifica-
tions. The primary techniques evaluated by the

S panel include intravesical operations, including the

S Politano-Leadbetter (Politano and Leadbetter,

1958), Glenn-Anderson (Glenn and Anderson,

1€1967), Cohen transtrigonal (Cohen, 1975) and

Paquin and Gil-Vernet procedures, and extravesical

€ operations, including the Lich-Gregoir procedure

(Gregoir, 1974) and detrusorrhaphy (Zaontz,

C- Maizels, Sugar, et al., 1987). Surgical techniques

for management of children with refluxing mega-

ureter and reflux associated with ureteral duplica-
tion were evaluated separately. Studies dealing with
laparoscopic correction of reflux, bladder neck
plasty/Y-V plasty, and nephrectomy or partial
nephrectomy as management for reflux were not
reviewed.

Endoscopic repair

The technique of endoscopic injection of polyte-
t trafluoroethylene paste (polytef, Teflh for the
jegorrection of VUR was reported in 1986 by
O’Donnell and Puri (1986). The technique involves
injecting 0.1-1 ml of polytef paste into the submu-
cosa deep to the affected ureter. The injected bolus
provides a firm buttress against which the ureteric
roof may be compressed with rising intravesical
pressure. This operative procedure, termed the
“STING” (subtrigonal injection) has become very
popular, particularly in Europe, because it is less
invasive than open surgical techniques and can be
performed as an outpatient procedure under general
anesthesia. If the initial injection fails to correct
reflux, the procedure can be repeated. Polytef is an
inert material, yet the long-term safety of this for-

x eign material in the bladder has not been docu-
mented (Aaronson, 1995; Puri, 1995). Furthermore,
polytef has not been approved by the U.S. Food
and Drug Administration for use in the treatment of

orreflux.

Another substance that has been used for endo-
scopic therapy is cross-linked bovine collagen
(Leonard, Canning, Peters, et al., 1991). Other

- materials for injection currently under investigation

S

Copyright © 1997 American Urological Association, Inc.



include autologous collagen, a mixture of cross-

undergoing medical or surgical therapy, no guide-

linked dextran and hyaluronadan, polyvinyl alcohpllines exist for frequency or type of follow-up

foam (Ivalon), polydimethylsiloxane, blood, fat,

chondrocytes embedded in biodegradable polymer,

bioactive glass, and detachable balloons. The pa
did not review studies focusing on the use of thes
materials. Until an injectable substance is devel-
oped with acceptable known risks, open surgical
correction of reflux remains the surgical treatmen
of choice. Nevertheless, the appeal of a safe and
effective outpatient procedure for the correction @
reflux will undoubtedly continue to stimulate inves
tigation of this technique.

Surveillance and

follow-up

In a child with VUR, periodic surveillance is
generally recommended to monitor for UTI,
because the complications of reflux often occur
when infection is present. No guidelines exist for
frequency of monitoring (e.g., monthly, every 3
months) or type of surveillance (urine dipstick, di
stick with microscopy, urine culture, or a combing
tion) (Elder, Snyder, Peters, et al., 1992). If the
child has symptoms of a UTI, a urine culture
should be performed, even if the urinalysis is
normal.

Follow-up radiologic testing is performed to
monitor the status of reflux, that is, whether it is
present (worse, improved, no change) or absent.
addition, studies to determine whether renal injur
has occurred may also be performed. In children

Copyright © 1997 American Urological Association, Inc.

(Elder, Snyder, Peters, et al., 1992).
In a child receiving medical therapy, follow-up

nelystography is generally performed every 12—-18
5€months. The radionuclide cystogram is preferred by

many, because the radiation dose to the gonads is
significantly lower than that with a standard con-

t trast cystogram (Conway, King, Belman, et al.,

1972). The 2 techniques are sufficiently dissimilar,
f therefore, the assessment of reflux severity may not

5~ be comparable. With digital fluoroscopy equipment

and a “tailored” or individualized contrast cys-
togram performed by a pediatric radiologist, the
radiation dose also is significantly lower than that
with a standard VCUG (Kleinman, Diamond,
Karellas, et al., 1994). In a child with reflux that
appears to have resolved spontaneously by cystog-
raphy, as many as 20 percent might show reflux if
the study were repeated in 1 year (Arant, 1992).
Most clinicians do not obtain a second cystogram,
unless recurrent urinary tract infections have
occurred. In addition, periodic upper tract imaging
studies (ultrasound, IVP, renal scintigraphy) are
often performed, although the ability of these tests

h-to detect renal scarring and growth is variable. In a

- child treated surgically, follow-up lower and upper
tract studies are generally performed at least one
time to assess the success of the surgical procedure
and to determine whether any complications have
occurred.

The panel did not perform an assessment of the
accuracy of these tests, nor is there any agreement

Iron the effect these tests have on outcomes. Such

y studies do, however, document the status of the

reflux problem.
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Chapter 2: Methodology

this classification and are not to be considered
recommendations.

The AUA Pediatric Vesicoureteral Reflux Panel
developed the recommendations in fReport on
the Management of Primary Vesicoureteral Reflu
in Childrenfollowing an explicit approach to the -
development of practice policies (Eddy, 1992) sup- Literature search
plemented by expert opinion. The explicit approach
provides mechanisms that take into account the rel- The reference database was developed from
evant factors for making selections from alternative\p;ep(INE literature searches encompassing the
interventions. The use of scientific evidence in e ti'period January 1965 through December 1994. The
mating the outcomes of inte_rvention is_ emphasizedsaarch strategy was all-inclusive, using vesico-

To develop recommendations for this report, the yreteral-reflux as the major or minor medical sub-
panel undertook an extensive review of the litera; ject heading (MeSH keyword). It was important to
ture on vesicoureteral reflux and extracted data. | yse this specific form of vesico-ureteral-reflux

The panel reviewed the evidence tabulated in thgecause similar alternatives (e.g., vesicoureteric
database and focused attention on randomized, ¢ofeflux) do not capture all reflux articles. All of the
trolled studies wherever possible. The level of citations were imported into a Papyrus Bibliog-
availability and quality of the data from which out- raphy System (Research Software Design, Portland,
comes could be estimated are displayed on the eviOR) and assigned a Papyrus Reference Number.
dence matrix on page 21. Articles were accepted on the basis of specific cri-

Expert opinion was polled by questionnaire or | teria (outlined on page 17), as well as the inter-
survey in a blinded fashion when scientific evi- pretability of the data and inclusion of new data
dence was lacking. The panel generated its practic@elative to older published reports updating
policy recommendations on the basis of evidence- ongoing studies). A total of 3,207 references were
based outcomes and on expert opinion. In this retrieved and reviewed. Of these, 413 (13 percent)
report, statements based on opinion are explicitly were selected for initial panel review. From this
identified, and evidence-based recommendations group, 168 were accepted for analysis (5.2 percent
are accompanied by appropriate references. The of initially retrieved articles). Bibliographies of
recommendations were derived from a survey of | reflux literature from 1960-1965 were reviewed
preferred treatment options for 36 clinical cate- | manually to identify any relevant articles that
gories of children with reflux. The treatment rec- | would not have been retrieved electronically; how-
ommendations were classified as follows: ever, no articles from which data could be extracted
were identified in this manner. The articles from
« Guidelines: Treatment recommendations which outcomes data were extracted are listed in

selected by 8 or 9 of the 9 panel members arg Table A-1 (Appendix A) and are the basis for the
classified as guidelines and are strongly wordedpanel’s analysis of vesicoureteral reflux.

using “should”; e.g., “Children with Grade V Evidence on some outcomes was reviewed from
reflux should undergo surgical repair.” selected articles that were not analyzed systemati-

- Preferred options: Treatment recommendations Cally: due to the nature of the material or the lack
that received 5 to 7 votes are worded with this of a S|gn|f|cant num_ber of adequate articles. These
classification. areas |n'cluq|ed the impact of reflux on pregnancy,

_ hospitalization due to antireflux surgery and due to

» Reasonable alternativesTreatment recommen-

C _ pyelonephritis, adverse drug reactions, adverse
dations that received 3 to 4 votes are worded | effects of surveillance testing, and other surgical
with this classification.

harms.
¢ No consensusTreatment recommendations that
received no more than 2 votes are worded wit

Page 16 Copyright © 1997 American Urological Association, Inc.



Article selection and

data extraction

After identifying articles from the literature
search, the panel reviewed the abstracts and
selected relevant citations for data extraction. Cri
teria for admissible evidence included (1) English
language and (2) peer-reviewed studies of prima
VUR in children younger than 10 years old. The
initial exclusions were based on article title, key-
words (other than vesicoureteral reflux) or review
of the abstract, if present. Specific exclusion cri-
teria included review articles, non—English lan-
guage studies, non—peer-reviewed studies, older
duplicate studies, animal studies, adult studies, c
reports with fewer than 5 patients, laboratory
studies, studies without treatment outcomes, stug
of secondary reflux, letters, editorials, and data
from unpublished material.

Each article was accepted for inclusion or
rejected on the basis of the treatment outcome d
it contained. Inclusion or exclusion of each article
was verified by 2 panel members in consultation
with the panel chair. Articles were rejected by cor
sensus of the 2 reviewers and the panel chair. Ty

y

quantitatively in the various syntheses because of
inconsistent reporting of data, limited time of
follow-up, incomplete description of treatments uti-
lized, or poorly defined patient populations. In
addition, many of the datasets that were extracted
still contained some deficiencies. Practical prob-
lems were encountered in analysis of the scientific
literature as follows:

* Only 3 prospective randomized controlled trials
(RCTs) compared medical with surgical therapy:
the Birmingham Reflux Study, the International
Reflux Study in Children, and a study from
Erasmus University, Rotterdam, The
Netherlands. The strongest evidence for the
comparison of efficacy of treatments comes from

ase these RCTs. Because even RCTs can have

methodological problems, additional analyses

lies were conducted on cohort studies for selected

at

-
VO

issues. In general, the results from these analyses
were consistent with those of the RCTs.

e At least 5 different methods are used for grading

a reflux (see Table 1, page 11). The International
Study Classification is currently the most
common method for reporting data on reflux,
and the Dwoskin-Perlmutter System corresponds
closely to this grading system. The other sys-

individual panel members extracted data from each tems tend to combine higher reflux grades, fre-
the quently making it difficult to extract outcomes

accepted article, and the data were tabulated on
data retrieval form developed by the panel (Appe
dix B). Each data retrieval sheet was reviewed by
the panel chair, providing triple review for each

article. Figures A-1-A-4 (Appendix A) list the arti-

cles reviewed and accepted by year, the source of

the articles, the type of study for the accepted art
cles, and the reason for article rejection. From th
review, reports were accepted for inclusion in the
working bibliographic database.

The data were entered into a FoxPiicro-
soft Corp.) database. All computer entries were
reviewed to ensure accuracy. The tabulated data
were categorized according to the pediatric vesi-
coureteral reflux evidence matrix to facilitate
review and to identify areas where limited or no
data exist.

Limitations of the

literature

The panel attempted to rely on published evi-
dence whenever possible. Many studies that
addressed a particular issue could not be used

Copyright © 1997 American Urological Association, Inc.
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- data for specific grades of reflux.

e Many studies did not report outcomes by sepa-
rate reflux grade, and instead combined various
grades. Often, the results were not broken down
by initial grade of reflux. In some cases, an
attempt was made to adjust for this statistically;
in other cases, the results were excluded from
the analyses. (See Appendix C.)

» Although reflux is diagnosed more frequently in
girls than in boys and the sequelae of reflux may
be different in girls and boys, most outcomes
were not reported separately by patient gender.
The literature and data available suggested no
difference in resolution by gender.

* No standard method was used for reporting out-
comes in children with reflux. Some studies
reported selected outcomes on reflux by patient
grade, and other studies reported outcomes by
ureteral grade. Some studies reported demo-
graphic data by patient data and outcome by
ureteral data, or vice versa. Consequently, the
panel had to assess which information was more
important. For example, are patients with unilat-
eral Grade Il or Il reflux more likely to show

Page 17



reflux resolution than those with bilateral Grad
Il or bilateral Grade Il reflux? Are patients with
bilateral reflux, Grade IV on one side and Grag
Il on the other, as likely to show reflux resolu-
tion as patients with Grade IV reflux on one sic
and Grade | or Il reflux on the other side?

In series reporting outcomes of surgical correc
tion of reflux, the duration of follow-up tended
to be shorter than that in series of medical
therapy. Thus, determining the long-term inci-
dence of outcomes such as renal scarring and
UTI after surgical therapy was difficult.

In most series of reflux resolution on medical
therapy, the resolution rate by year of follow-up
was not provided, and patients were included
with varying lengths of follow-up. This factor
made combining the data in these series diffic

Few studies reported side effects of medical
therapy or provided the reasons for changing t
prophylactic medication. In addition, most
studies of medical therapy did not stratify out-
comes hy specific antibiotic prophylaxis, makir
it impossible to analyze whether a particular
form of prophylaxis is better than another.

Issues such as adverse drug reactions or com
cation rates from surgery are most accurately
estimated from large cohort samples taken fro
the same populations about which inferences
to be made. The literature on issues such as
complication rates and adverse reactions was
usually based on a convenience sample. In so
cases, the information was so sparse that judg
ments had to be made on the basis of expert
opinion.

Most studies of reflux resolution on medical
therapy did not stratify results by patient age,
making it difficult to determine whether, for a
specific grade of reflux, younger children are
more likely than older children to experience
reflux resolution. In addition, some studies
reported the number of children who had reflu
resolution at specific ages, but the initial reflux
grade and the age at diagnosis in these patien
were not provided.

Combining the evidence

To generate an evidence matrix (see page 21)

estimates of the probabilities and/or magnitudes

1 provided by Regina O’Donnell of Washington, D.C.

Page 18

e the outcomes are required for each alternative inter-
vention. Ideally, these come from a synthesis of the
leevildence, either from all available studies or a
subset of high-quality data. Some cells in the evi-
ledence matrix were derived from a single dataset. If
several studies had some degree of relevance to a
particular cell or cells of the evidence matrix, the
panel used more complicated methods of data syn-
thesis—the Confidence Profile Method (Eddy,
Hasselblad, and Shachter, 1992)—as a general
framework, and the FAST*PRO software computer
package (Eddy and Hasselblad, 1992) for calcula-
tions. The more complicated analyses were con-
ducted using logistic models with random effects
(Hasselblad, in press), and these calculations were
performed using EGRET software (Statistics and
JI,[Epidemiology Research Corp., 1993). The use of
these logistic models for estimating parameters
with dichotomous outcomes is described in
héxppendix C.
Panel members used expert opinion to address
outcomes in the evidence matrix for which direct
Yevidence was lacking, recognizing the limitations
of opinion as a basis for reaching conclusions
about effectiveness. They completed a mailed ques-
Pliionnaire in which they were asked to contrast, on
the basis of their opinions and clinical experience,
Mthe relative effectiveness of several treatment
A@ptions (e.g., anticholinergic therapy, bladder
training, continuous antibiotic prophylaxis, surgery)
in relation to various intermediate and health out-
MBomes. The questionnaire also explored their opin-
- ions regarding the natural history and pathogenesis
of VUR and the risk of adverse effects from contin-
uous antibiotic prophylaxis and surgical repair.
These pooled estimates, which were later presented
at a panel meeting to help the group fill in the evi-
dence matrix, are cited in this report along with an
explicit statement that they originate from a panel
survey and are gross estimates based on expert
opinion and not on scientific data.

Dataset analysis

In addition, the panel was able to obtain the
datasets of the large studies of Skoog and Belman
(1991} and Arant (1992). Analysis of these
datasets provided a unique chance to answer some

, specific questions about resolution of reflux. In par-

D

X

ts

ofticular, the studies were used to determine whether
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age of presentation affected resolution rates.
Standard survival analyses were completed, and
parametric analysis was used so that results cou
be combined across the 2 studies where appro-
priate. In general, a Weibull hazard model was
used, and in many cases the exponential model
special case of the Weibull model) was appropria
because it involved fewer parameters. Goodness
fit statistics were used to determine the adequac
each model.

Analytic process

The recommendations in this report were deve
oped on the basis of the scientific evidence and
expert opinion, summarized according to the abog
methodology. A structured approach was used tg
translate the information into recommendations:
confidential voting on standardized questions wa;
conducted to give each panel member an equal
voice in the recommendations, and explicit lan-
guage was used to clarify the rationale for the re
ommendations and to document whether the
assumptions were based on scientific evidence a
expert opinion. After systematically reviewing the
strengths and limitations of the evidence for each
of the principal outcomes in the evidence matrix,
panel members completed a confidential survey
which they designated preferred treatments for c
dren presenting initially with reflux and for those
with persistent reflux following initial treatment.
Separate survey forms (see example in Appendix

2 An exception occurred in evaluating treatments for patients with p
was less than 9 if any panel members recommended surgery as ini

D) were completed for 36 clinical scenarios that
incorporated all possible combinations of patient
ldage (infancy, ages 1-5, ages 6-10), reflux severity
(Grades I-ll, Grades -1V, Grade V), laterality
(unilateral, bilateral) and the presence or absence of
arenal scarring at diagnosis. Voting was conducted
tein September 1995 and again in May 1996 after
ohew data on spontaneous resolution rates became

y @vailable. Recommended treatments were classified
as guidelines, preferred options, reasonable alterna-
tives, or no consensus, as defined on page 16.

The text that resulted from this protocol was pre-
sented to the panel for review. Although the panel
edited the text to improve consistency and read-

|- ability, the panel did not deviate from the above
protocol, either in determining what to recommend

veor in the wording of the recommendations. For
example, even if some panel members believed that
surgical repair is a reasonable alternative for spe-

s cific clinical situations, the group did not recom-
mend surgery if it received fewer than 3 votes on
the survey. Finally, working with a facilitator, the

c- panel listed individually the explicit arguments that
formed the rationale for each of its recommenda-

r tions. These arguments are summarized in
Rationale for Recommendations (page 53), which
also specifies whether the assumptions are based on
scientific evidence or expert opinion. Special

n caveats about the limited scope of the recommen-

hildations (e.g., applying only to patients with uncom-
plicated reflux) also were made explicit. The final
text that resulted from this process appears on
pages 49-53.

ersistent reflux, because the denominator (the numbreenfieaseloting)
tial treatment (i.e., they would not participate in vdiffogpébtr@dtments).

Accordingly, votes for persistent reflux were classified as guidelines if a treatment received 85-100 percent of the totas yoeferoed option

if it received 50-84 percent of total votes. No treatments for persistent reflux were classified as reasonable alteartadiagagift received no

more than 50 percent of the votes, the text stated that there was no consensus. Because of the small sample size mabessptirghange in
the vote of a single panel member could affect the strength of the recommendations (e.g., making a “preferred option”el’f.g\itdedim differ-

ences due to rounding error resulted in illogical discrepancies in the recommendations (e.g., recommending more aggressifertrealateral
than for bilateral reflux), the response rate for the overall class of patients was used to calculate the strength of tineladcosime

Copyright © 1997 American Urological Association, Inc.

Page 19



Chapter 3:

Outcomes analysis for treatment alternatives

Intermediate outcomes and

health benefits and harms

Health outcomes are the effects of a medical
condition or intervention on patients that are
directly perceived in some way by the patient or
family. Harms are health outcomes that have a n
ative impact on the well-being of the patient, rang
ing from the impact of an acute illness or diag-
nostic testing (such as a VCUG), to the need for
surgery or hospitalization, to death. Health benef
are generally expressed as a reduction in the se
ity or frequency of a harm.

It is important to distinguish between outcomes
directly experienced and appreciated by a patien
parent (health outcomes) and those that patients
cannot feel or experience but that are either assg
ated with or precede health outcomes (intermedi
outcomes). A patient or parent is only concerned
about reflux if it causes symptoms that negatively
affect them or if it has the potential to cause suck
problems. For example, although a direct relation
ship may be evident between reflux and pyelone
ritis, it is the clinical condition of pyelonephritis
with fever, pain, and hospitalization that is experi
enced by the patient. Similarly, renal scarring itse
may not affect a patient’'s well-being, but possible
sequelae of hypertension, renal insufficiency, clin
ical renal failure, symptoms of azotemia, or the
need for dialysis, have direct impact. Consequen
reflux and reflux grade are intermediate outcome
as are renal scarring, serum creatinine, or asymg
matic bacteriuria. In contrast, symptomatic UT],
azotemia, growth failure, as well as the need for
ray studies, medications, surgery, or dialysis are
health outcomes.

Many studies reported in the literature record
only intermediate outcomes because the causal
connection between intermediate outcomes and
health outcomes is assumed or inferred. Analyse
of intermediate outcomes are important in devel-

oping practice guidelines, but a firm causal connec

tion with health outcomes is essential for validity
and relevance.

Page 20

Analysis of data quality

The evidence matrix on page 21 presents the
outcomes of interest, indicating health outcomes,
intermediate outcomes and harms for various forms
of management, including no treatment, medical
therapy and surgical therapies. Areas in which good

=J(defined as 2 or more datasets available), fair (1

J- well-done dataset), and poor (very little) data are
available are indicated. In some areas, a significant
amount of interpretable information is available to

tSintegrate into a clinical decision, while in others a

€kurprising lack of evidence was found. The areas
lacking useful outcomes data highlight the deficien-

5 cies in the literature on VUR and emphasize the

[ Gfeed for well-developed studies to address areas of
uncertainty. The text following the evidence matrix

Cinotes areas in which relative benefits and harms

atenay differ by patient population (e.g., different
patient ages and grades of reflux).

I

Ml Analysis of outcomes

The following sections detail the analysis of the
If variables included on the evidence matrix. The
information is organized in relation to outcomes

- listed on the left side of the evidence matrix, begin-
' ning with intermediate outcomes.

Y,

-‘?Intermediate outcomes

0_

Resolution and diminution of reflux

Over time a considerable proportion of children
with reflux will experience resolution or diminution
in reflux grade. Because the significance of diminu-
tion in reflux grade was difficult to assess, the
panel used reflux resolution as an indication of suc-
cess.

Medical therapyThe database included 26

L ~reports with data pertaining to reflux resolution

X
1

n

" “after medical therapy, encompassing 1,987 patients

(continued on page 22)
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Evidence matrix: quality of data—studies of primary vesicoureteral reflux

Key: ! Good B Fair Poor NA [Not applicable] [ Nodata |
Good = 2 or more datasets, Fair = one well-done dataset, Poor = very little data
No Bladder Antibiotic Antibiotic ntibiotic pen ndo-
treatment! |training? |prophylaxis |prophylaxis prophylaxis, anti- | surgical | scopic
& bladder cholinergics & repair3 | repair4
training bladder training

Intermediate outcomes (not considered admissible evidence of effectiveness)

Decrease grade of refl

Duration of reflux

Renal scarring

Renal growth

Renal function
Health outcomes
UTI

Pyelonephritis

Cystitis

Hypertension

Uremia
Growth

Morbidity during
pregnancy

Death

Harms (medical treatment)

Hospitalization
P NA

Adverse effects of
surveillance testing

Harms (surgery)

e ]

Bleeding/transfusion

Infection

Contralateral reflux
Bladder injury NA

Pain

Hospitalization

Adverse effects of
surveillance testing

Health benefitare positive outcomes that patients can feel or experience directly.

Intermediateoutcomes are pathophysiological outcomes that lead to, or are associated with, the development of health outcomes.
Includes intermittent antibiotic therapy for episodic UTI.

Includes timed voiding and other behavioral techniques.

Politano-Leadbetter, Glenn-Anderson, transtrigonal (Cohen), Lich-Gregoir, Paquin, Gil-Vernet, detrusorrhaphy, etc. Also inaludes rep
of duplication anomalies (e.g., common sheath reimplant, ureteroureterostomy, partial nephrectomy).

Teflor™, collagen, Ivalon, blood, fat, etc.

Women with reflux/reflux nephropathy appear to have a higher risk of UTIs and/or pyelonephritis during pregnancy. UT legiuaingyan
result in eclampsia, premature delivery, reduced fetal growth and possible fetal loss. Pyelonephritis would require matatizatibaspf there
is pre-existing renal functional impairment secondary to reflux nephropathy, deterioration of renal function may occur goaingypre

ol wbhpE
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(1,410 girls and 304 boys or a ratio of girl to boy,
4.3:1) and 2,902 ureters. In those studies in whig
the reflux could be classified as unilateral or bilat
eral, the distribution of ureters was almost equal
(767 and 763, respectively). To accommodate a
clinically relevant management strategy, children
were divided into groups by age at diagnosis as i
lows: younger than age 1 year; preschool (1-5
years); and school age (6—10 years). The panel
excluded from its consideration teenage youths 3
adults.

The data in these reports were difficult to colla
because: (1) the minimum length of follow-up wa
often 6 months or less; (2) some studies did not
report reflux resolution specifically but rather com
bined resolution and reduction in reflux grade; (3
some studies reported reflux resolution by ureter
and others reported reflux resolution by patient;
data showing reflux resolution often combined m
tiple grades of reflux, particularly in the older liter
ature that did not use either the International or t
Dwoskin-Perlmutter System of grading reflux; (5)
reflux was not usually assessed annually for all
patients, making it difficult to evaluate reflux by
year in the majority of studies; and (6) some
studies only reported the age at resolution of refl
making it impossible to determine the actual rang
of time to reflux resolution.

For these reasons, 3 datasets were used to eg
mate the probability of reflux resolution as a func
tion of initial grade, age at presentation and initia
grade of reflux and laterality (unilateral/bilateral).
The individual databases from the studies of
Skoog, Belman, and Majd (1987) and Arant (199
allowed analysis of these specific parameters,
whereas the study of Tamminen-Mobius, Brunier

Ebel, et al. (1992) only provided summary resolu-

tion curves and sample sizes. The Arant dataset
provided information on children with initial grade
of I, Il and 11l for ages 0—60 months. The Skoog
dataset provided information primarily on Grades
and Il for all ages. The Tamminen-Mobius study
provided information primarily on Grade IV for all
ages, but the results were not available by age. T
study of McLorie, McKenna, Jumper, et al. (1990
was also analyzed for Grades Il and IV reflux in
manner similar to Tamminen-Mobius, but was no
included because the study data were not ade-
quately described for analysis using the Weibull
model determined to be the most appropriate for
the analysis of the other studies.

The survival curves of these studies were fittec
to the data. The results were pooled using an

when 2 or more studies provided information for a
h single risk category. The data for Grades | and Il

- did not show any differences by age or laterality.

For Grade lll reflux, however, age and laterality
were important.
Table 2 (page 23) shows the estimated chance of
olresolution for a child with reflux of a given grade,
age and laterality (unilateral/bilateral). For
example, assume that a child aged 30 montis (2

Ingears) is diagnosed with unilateral Grade I reflux.

Table 2 indicates that the chance of that child’s

tereflux resolving in the next year is 13.4 percent.
s The chance of that same child experiencing reflux

resolution in 3 years is 35.1 percent. The chance of
- resolution does not depend on how long the child
has had reflux before diagnosis or treatment. If
reflux does not resolve in the child described previ-
dyously in the first year, the chance of resolution for
ulthe next year is still 13.4 percent. However, the
- table indicates 25 percent due to patients dropping
heout once their reflux resolved. For example, 100
patients, age 25-60 months, are diagnosed with
Grade lll, unilateral reflux. The first year, 13.4 per-
cent will resolve. Therefore, approximately 87
patients remain. During the second year, another
ux13.4 percent of the 87 patients will resolve, leaving
e75 patients with reflux, which means 25 percent of
the original 100 patients resolved. A graphic pre-
ti-sentation of the data is provided in Figure 3 on
- page 24.
| All of these estimates are subject to 2 restric-
tions: (1) the estimates are only valid for up to 5
years after diagnosis; and (2) for Grade |V, the esti-
?)mates only apply to the time of diagnosis, and they
are not age specific. Children younger than 1 year
with Grade IV reflux may have a higher chance of
resolution, and children older than age 5 may have
a lower probability.

The mean age at reflux resolution is 4.6-6.8
years (Skoog, Belman, and Majd, 1987; Bellinger
lland Duckett, 1984). The age beyond which reflux

is unlikely to undergo spontaneous resolution is not
well documented, however. Goldraich and
'h&oldraich (1992) reported that almost all 10-year-
old girls with persistent Grade | or Il reflux under-
a went reflux resolution by age 13. In contrast, only
[ 50 percent of 10-year-old boys with Grade | or Il
reflux showed resolution by age 13. Few 10-year-
old girls or boys with Grade Il or IV showed
reflux resolution between 10 and 13 years of age.
Lenaghan, Whitaker, Jensen, et al. (1976) reported
that of 83 refluxing ureters that resolved, reflux res-
olution occurred after age 14 in 22 (27 percent).

S

]

empirical Bayes model (Hedges and Olkin, 1985

Page 22
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Table 2. Medical therapy—Percent chance of reflux resolution after specified number of years

Percent chance
(95% confidence interval)

Risk category (age in months)

(number of patients on which 1 year 2 years 3 years 4 years 5 years
estimates are based)

Grade 1 39.3 63.1 77.6 86.4 91.8
(N=15) (24.6-51.1) (43.2-76.1) (57.2-88.3) (67.7-94.3) (75.7-97.2)
Grade It 28 48.1 62.7 73.1 80.6
(N=250) (24.1-31.7) (42.3-53.4) (56.2-68.1) (66.8-78.2) (74.8-85.1)
Grade lll, unilateral, age 0-24 21.4 38.2 BiL5 61.9 70
(N=27) (10.8-30.8) (20.4-52.1) (29-66.8) (36.6-77.1) (43.5-84.1)
Grade Il unilateral, age 25-60 134 25 35.1 43.8 51.3
(N=27) (4.6-21.4) (8.9-38.3) (13.1-51.5) (17.1-61.9) (20.9-70.1)
Grade ll, unilateral, age 61-120 10.8 20.5 29.1 36.7 43.6
(N=15) (3.5-17.5) (6.9-32) (10.2-43.9) (13.4-53.8) (16.5-61.9)
Grade lIl, bilateral, age 0—24 12.7 23.8 33.5 41.9 49.3
(N=62) (7-18.1) (13.5-32.9) (19.5-45) (25.1-55) (30.3-63.1)
Grade lll, bilateral, age 25-60 7 135 19.6 25.2 30.5
(N=53) (3.1-10.8) (6.1-20.4) (9-28.9) (11.8-36.6) (14.6-43.4)
Grade lll, bilateral, age 61-120 2.6 5.2 7.7 10.1 12.5
(N=14) (0.7-4.5) (1.4-8.8) (2.1-13) (2.8-16.9) (3.5-20.7)
Grade |V, unilaterdl 16.1 29.7 41 50.5 58.5
(N=28) (8.5-23.1) (16.4-40.8) (23.5-54.5) (30-65) (36-73.1)
Grade |V, bilateral 4.5 6.4 7.8 8.9 9.9
(N=96) (1-7.9) (2-15.1) (3-21.8) (4-28) (4.9-33.7)

! The yearly rate of reflux resolution remains constant for each group.
2 No difference shown by age or laterality (unilateral/bilateral); therefore, these categories were combined.
3 Estimates only apply to the time of diagnosis and are not age specific.

Medical resolution of reflux in patients with while playing games, watching television, or being
voiding dssfunctionMany children have voiding | involved in other activities.

disorders exhibited by bladder and external The cornerstone of treatment of patients with
sphincter discoordination along with bladder insta- voiding dysfunction includes bladder retraining
bility that contribute to VUR (Hinman and (timed voiding, relaxed voiding, biofeedback) with
Baumann, 1973; Hinman, 1986; Allen, 1977, or without pharmacologic intervention directed at
1978). Clinically, these children in addition to decreasing bladder or sphincter hyperactivity.

having reflux and UTls also have a combination of Children with concomitant constipation or enco-
day and night-time enuresis, holding maneuvers, presis are often placed on a bowel program. Three
constipation, encopresis, and abdominal pain. The prospective studies have found that neither urethral
voiding disturbances are primarily a learned pheq gjjatation nor urethrotomy benefited children with
nomenon that significantly increase voiding pres- \/yR (Forbes, Drummond, and Nogrady, 1969;
sures resulting in decompensation of the Kaplan, Sammons, and King, 1973: Hendry,
ureterovesical junction and reflux. Inappropriate | stanton, and Williams, 1973).

contraction of the voluntary external sphincter The panel selected 2 series that specifically
during detrusor contraction causes a functional examined the impact of voiding dysfunction on the

obstructhn to urinary flow with the deve_lopment f course of reflux resolution without any intervention
elevated intravesical pressure. Many children per-

form this maneuver to delay bladder emptying (continued on page 26)

Copyright © 1997 American Urological Association, Inc. Page 23



100

80 Grade IV - Bilateral ]

Grade IV - Unilateral
60

40 Grade |

Grade Il
20

Percentage of Children with Reflux

0 1 2 3 4 5

Years Since Presentation

Figure 3-a. Percent chance of reflux persistence, grades|, Il and IV, for 1to5years
following presentation
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Figure 3-b. Percent chance of reflux persistence by age at presentation, gradelll,
for 1to 5 yearsfollowing presentation

Source:Based on the databases from the studies of: Arant, 1992; Skoog, Belman, and
Majd, 1987; and Tamminen-Mobius, Brunier, Ebel, et al., 1992.
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directed at abnormal bladder function (van Gool,
Hjalmas, Tamminen-Mobius, et al., 1992; Koff an
Murtagh, 1983) (Table 3, page 25). In the Interna
tional Reflux Study in Children, the rate of sponta
neous reflux resolution in 37 patients with mild
voiding dysfunction was 11 percent (4/37) com-
pared with 25 percent (36/147) in a similar group
without voiding dysfunction (p < 0.05) at 5 years
of follow-up (van Gool, Hjalmas, Tamminen-
Mobius, et al., 1992). In addition, recurrent symp
tomatic UTIs were more common in the group wi
voiding dysfunction (44 percent) compared with
those with normal bladder function (25 percent)
during 5 years of follow-up. Despite the increase
propensity for symptomatic infections, the Inter-
national Reflux Study in Children could not dem-
onstrate a correlation between new renal scarring
and the presence or absence of voiding dysfunc-
tion. Koff and Murtagh (1983) demonstrated a loy
reflux resolution rate in a small group of 8 childre
with voiding dysfunction who were noncompliant
with treatment of their bladder dysfunction. The
reflux resolution rate was 33 percent (4/12 ureter
Grade |, 0/3; Grade I, 1/4; Grade lll, 2/3; Grade
IV, 1/2) at a mean follow-up of 3.9 years. The ratg
of symptomatic and asymptomatic infections was
63 percent in this group over the same follow-up
These studies suggest that non-treatment of void
dysfunction is associated with a lower spontaneqg
reflux resolution rate and an increased risk of UT|
Resolution in patienteeceiving antibiotic pro-
phylaxis, anticholinerigs and bladder reaining.
Improving voiding dynamics with bladder retrain-
ing and pharmacologic intervention can bring abc

diminution of both voiding and storage pressures.

Five clinical series (not randomized controlled
trials) specifically examined the role of bladder
training and/or pharmacologic intervention in add
tion to antibiotic prophylaxis in the treatment of
children with VUR (Table 4 on pages 27-28). In
each study, different inclusion criteria were used
define each treatment group. In addition, each us
a variety of techniques to improve bladder trainin
(timed voiding, relaxed voiding, or biofeedback)
with single or multiple pharmacologic agents (oxy
butynin, imipramine, baclofen, flavoxate, dicy-
clomine, and diazepam) directed at decreasing
bladder or sphincteric hyperactivity. The rate of
UTlIs for each group over the same period was 1
63 and 71 percent, respectively. This study con-
cluded that treatment of voiding dysfunction, as
demonstrated by uninhibited contractions on uroc
namic evaluation, increased the reflux resolution

Page 26

rate and decreased the rate of UTI. Seruca (1989)
d compared a group of patients prospectively studied
- and treated for voiding dysfunction with a retro-

- spective control group of patients who were not
treated. The overall reflux resolution rate (by
ureter) was 92 percent for the former group and 54
percent for the latter. The follow-up period was not
specified. Reflux resolution rates in the other 3
studies, which did not include any controls, are also
summarized in Table 4. The wide variation in

thresults (37—83 percent) is likely due to differences

in inclusion criteria, treatment regimens, and
follow-up period.

Available results from the series with control
groups suggest that the reflux resolution rate
increases with active treatment of those patients
y With a clinical history suggestive of voiding dys-

function. Given the variability of treatment regi-

v mens and the disparity of results, there is a need for

n controlled, matched studies in this area.

Medical resolution of reflux in patients with
duplicated system#mong the 168 articles
s:reviewed by the panel, 14 included data on patients
with duplicated collecting systems. Five studies

» included data on spontaneous resolution of reflux
in patients receiving medical prophylaxis. The 14
studies reporting data on ureteral duplication

indncluded 498 patients or at least 546 affected renal

udinits. Three studies, representing a total of 45

| patients, did not report data on renal units. Assum-
ing that each of the 45 patients had at least 1
affected renal unit, the total units would approxi-
mate 591 renal units or more. Duplication was

)u{dentified predominantly in girls, with a ratio of 1

male (57) to 5.6 female (322) individuals.

Although 2 reports presented controlled studies
comparing single ureteral reflux to duplicated sys-
i tems (Husmann and Allen, 1991; Ben-Ami, Gayer,

Hertz, et al., 1989), limited data are available on
medical treatment of reflux in the patients with
duplicated systems. The data show that within the

opulation of patients with duplicated systems,
rades I-1l may be treated medically whereas

9 Grades lll, IV, and V have been treated surgically
in most cases. Data on resolution by grade in

" patients receiving medical treatment are minimal
compared with those in patients with duplicated
systems treated surgically. Table 5 on page 29 pro-

|. vides data from the 5 studies, including data on res-

2 olution in patients with duplicated systems receiv-
ing medical therapy.

]

to
e

ly
(continued on page 29)
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Table 5. Reflux resolution in patients with duplicated systems treated medically

Patients in whom Patients treated

Study Grade reflux resolved medically Follow-up
Husmann and Allen, 1991 Il 7 (10%) 71 0.5-5 years
Peppas, Skoog, Canning, et al., -V 10 (14%) 70 Not stated
1991
Kaplan, Nasrallah, and King, Not stated 5 (22%) 23 Not stated
1978
Lee, Diamond, Duffy, et al., -V 19 (50%) 38 1-11 years
1991
Ben—Ami, Gayer, Hertz, et al., -1V 14 (44%) 32 Min. 1 year
1989
Total 55 (24%) 234

The 5 studies, representing 234 patients, inclugd-percent). When surgical success was reported by
ed data on follow-up of patients considered med- reflux grade, a smaller database was available for
ically stable for variable periods from 1-5 years. | analysis. Surgical success was achieved in 108 of
Reflux resolution occurred in 24 percent of patientsl09 ureters (99 percent) for Grade | reflux, 874 of
(55/234). The range of time to resolution varied | 882 ureters (99.1 percent) for Grade I, 993 of
from 24 months (Husmann and Allen, 1991) to 1,010 (98.3 percent) for Grade lll, 386 of 392 (98.5
39-68 months (Lee, Diamond, Duffy, et al., 1991). percent) for Grade 1V, and 155 of 192 (80.7 per-
The studies including matched control populations cent) for Grade V. Surgical success in Grade V
showed that the chance of resolution in patients | reflux, which was treated using a wide variety of
with duplicated systems is lower or equal to that inprocedures, is shown in Table E-2, Appendix E.
patients with single systems (Husmann and Allen, Surgical success was also analyzed by surgical
1991; Ben-Ami, Gayer, Hertz, et al., 1989). technique when that information was available

Resolution—Open sgery. The panel reviewed | (Table E-3, Appendix E).

86 reports outlining open surgical success, encom- Overall, the data on surgical success by any
passing 6,472 patients and 8,563 ureters (see Tablechnique suggest a narrow range of success rates
E-1, Appendix E). Because results were reported ircentering around 95 percent. Surgical success is

1 of these 2 categories, the data represent differenmost likely in Grades I-1ll, with at least median
populations. Surgical success is defined as an opesuccess in Grade |V reflux. For Grade V, the suc-
operation performed through an abdominal incisioncess rate ranges from 34 to 100 percent.

that corrected VUR without postoperative ureteral  Resolution—Endoscopic ttapy. Endoscopic
obstruction and that was confirmed by postopera- therapy is a newer form of surgical treatment for
tive cystography. Surgical success was obtained | reflux and refers to the subureteric injection of

both with “standard” techniques such as the some material under the refluxing ureteral orifice.
Politano-Leadbetter procedure (16 reports), CohenThe technique and its limitations are described in
transtrigonal procedure (12 reports), Lich-Gregoir Chapter 1. Most reports in the literature describe
with modifications (13 reports) and Gil-Vernet (4 | results of the use of polytetrafluoroethylene
reports), and with mixtures of the above proceduregTeflon~) (Table 6 on page 30). If the procedure is
(that could not be separated) or unique operations unsuccessful, as assessed by postoperative VCUG,
that could not be classified within the above proce-it may be repeated. The results of this type of
dures (44 reports). therapy are difficult to interpret because success is

Overall, surgical success was reported by often described as resolution or reduced grade of
patients in 959 of 1,008 patients (95.1 percent), or reflux after 1, 2, 3, or even 4 injection procedures.
reported by ureter in 7,731 of 8,061 ureters (95.9 Most reports focus on reflux resolution by ureter

Copyright © 1997 American Urological Association, Inc. Page 29



Table 6. Results of endoscopic correction (Teflom) for vesicoureteral reflux

Procedures Patient
Study Grade cure
1st 2nd 3rd Obstruction (1 injection)
Puri and O’'Donnell, 1987 V-V 28/42 6/12 3/6 0/42
Sweeney and Thomas, 1987 All 99/153 1A53
King and Gollow, 1988 I-1v 31/36 4/5 0/36
Farkas, Moriel, and Lupa, 1990 All 79/88 44/52
-1V 79/84 4/5 0/1 0/84 44/49
\Y, 0/4 0/3
Lacombe, 1990 All 132/174 6/8 67/100
Sauvage, Saussine, All 159/210 0/210
Laustriat, et al., 1990
I-11 25/33 0/33
I 76/93 0/93
1\ 52/70 0/70
V 6/14 0/14
Dodat and Takvorian, 1990 All 181/213 2/213
I-11 84/94
11 80/93
\Y 23/29
V 0/1
Puri, 1990 11-V 113/143 19/23 3/4 1/143
Schulman, Pamart, Hall, All 139/173 2/173
et al., 1990
Davies and Atwell, 1991 All 26/40 6/7 1/40
Bhatti, Khattak, and Boston, 1993  All 152/206 28/41 1/1 0/206 65/88
Total 1139/1478 73/101 7112 7/1300
(77.1%) (72.3%)  (58.3%) (0.5%)

! Results by ureter; Ist, 2nd, and 3rd refer to specific treatment.
2 Eight other ureters reported to be obstructed, but did not need surgical correction.

rather than by patient. Overall, reflux was correctectated system, reflux was corrected in 58.1 percent
in 77.1 percent of ureters after a single injection.| of ureters after 1 injection (Table 7 on page 31).
However, reflux was resolved after the initial treat-  Success with collagen injections is even more
ment in only 6 of 19 ureters (32 percent) with difficult to interpret because reflux correction may
Grade V reflux. In patients with a completely dupli-not be durable. For example, in 1 report of 60

Page 30 Copyright © 1997 American Urological Association, Inc.



Table 7. Reflux resolution following endoscopic correction (Teflaom) for vesicoureteral reflux,

duplicated systems

Procedures1

Study Grade 1st 2nd 3rd Obst
Farkas, Moriel, and Lupa, 1990 1-1v 13/16 0/16
Sauvage, Saussine, Laustriat, et al., 1990 All 9/13 0/13
Dodat and Takvorian, 1990 All 8/10
Schulman, Pamart, Hall, et al. 1990 All 11/19
Dewan and O’Donnell, 1991 All 13/35 6/19 6/19 1/35
Total 54/93 1/64

(58.1%) (1.6%)

* Results by ureter; Ist, 2nd, and 3rd refer to specific treatment.

ureters with primary reflux, 47 (78 percent) show
resolution 1 month after treatment, but only 29 of
47 (61 percent) still showed resolution at 1 year
(Leonard, Canning, Peters, et al., 1991). In anoth
series, all 97 treated ureters showed resolution
immediately after injection, but reflux recurred in
40 ureters (41.2 percent) at 1 month and in 5 ma
ureters (5.2 percent) at 1 year following therapy
(Frey, Berger, Jenny, et al., 1992). Whether more
systems would begin to reflux with time because
implant degradation or migration is uncertain.

At present, endoscopic treatment remains an inve
tigational procedure in the United States, awaiting
testing of a material that has proven benefit and saf

Renal scarring

Renal scarring is an important outcome in the
long-term assessment of results of medical or su
gical therapy. Renal scarring may predispose to

hypertension requiring medical therapy. Extensive

renal scarring may cause renal insufficiency and
end-stage renal disease, with its attendant mor-
bidity and mortality.

The presence of renal scarring is documented
imaging studies, including renal scan (DMSA,
MAG-3), excretory urography (IVP) and renal
sonography. These techniques have certain limitg
tions. For example, there is variable sensitivity
among these studies in their ability to detect rena
scars. Furthermore, timing of the imaging study i
important; a renal scar may be evident on DMSA
scan within 6 months of an episode of

ed VP or sonography for 1-2 years. Early identifica-
tion of renal inflammation by DMSA during an
episode of pyelonephritis does not necessarily indi-

ercate that these areas will later develop scarring,
however. Interpretation of the studies is variable
among radiologists (Patel, Charron, Hoberman, et

real., 1993). In an individual with renal scarring, it
may be difficult to distinguish between a new scar
adjacent to the existing one and progression of an
ofld scar. Finally, in an individual who is found to
have a renal scar on the first imaging study of the
wskidney, it is impossible to determine whether the
scar resulted from infection or was congenital,
ince 20—40 percent of neonates with prenatally
diagnosed hydronephrosis secondary to VUR have
renal parenchymal abnormalities at birth (Elder,

1992).

Renal scarring may be new or progressive. The

I finding of new renal scarring suggests that a new

renal injury has occurred since the previous

~ imaging study. Progressive renal scarring, on the
other hand, may represent either extension of the
original renal injury or may result from a newer
renal insult.

Oon Prevention of new renal scarring is one of the
primary goals of treatment of VUR. Most studies of
reflux have not assessed this specific outcome.

- When interpreting the results of various studies

pertaining to reflux, it is important to understand

l the limitations of each type of imaging study used

5 in the evaluation of renal scarring (see page 12).
Unless otherwise indicated, studies that combined

patients with both new and progressive renal scar-

e

pyelonephritis, whereas it may not be apparent o

Copyright © 1997 American Urological Association, Inc.
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Table 8. Scarring after treatment in prospective trials of surgery compared with antibiotic

treatment for vesicoureteral reflux

Method of New
Study Population evaluation Treatment Follow-up scarring
Elo, Tallgren, Matched uncontrolled VP Medical— 4.3 years 7.5%
Alfthan, et al., follow-up study with antibiotic, (average) (3/40)
1983 40 girls in each arm. primarily
Mean age of 5.2 years sulfisoxazole
Surgery— 4.3 years 17.5%
Politano- (average) (7/40)
Leadbetter
procedure
Birmingham 161 children younger IVP Medical 5 years 6%
Reflux Study than age 15 years, treatment (5/84)
Group, 1987 allocated randomly to
either surgery or Surgical 5 years 5.2%
antibiotic treatment treatment 4177)
Olbing, Claesson, 306 children younger VP Medical 5 years 15.7%
Ebel, et al., 1992 than age 11 years, treatment (19/121)
with nonobstructive
Grades lll or IV VUR Surgical 5 years 17.2%
and with previous treatment (20/116)
UTI
Weiss, Duckett, Infants and children IVP Medical > Ylears 21.5%
and Spitzer, 1992 with Grades Il and IV treatment (14/65)
primary VUR
Surgical 4 years 31.4%
treatment (16/51)

Four prospective trials comparing the outcomes 1991; Arant, 1992; Bellinger and Duckett, 1984;

of medical and surgical management included

Ben-Ami, Sinai, Hertz, et al., 1989; Birmingham

analysis of new renal scarring (Table 8 on page 32Reflux Study Group, 1987; Burge, Griffiths,

None of these trials showed a statistically signifi-
cant difference in the rate of new renal scarring.
The combined relative risk slightly favored medic
management but was not statistically significant
(see Figure 4 on page 33). In the European arm
the International Reflux Study (Olbing, Claesson,

Malone, et al., 1992; Cardiff-Oxford Bacteriuria
Study Group, 1978; Edwards, Normand, Prescod,
alet al., 1977; Homsy, Nsouli, Hamburger, et al.,
1985; Husmann and Allen, 1991; Jakobsen,
ofGenster, Olesen, et al., 1977; Koff and Murtagh,
1983; Scholtmeijer and Griffiths, 1988; Shah,

Ebel, et al., 1992), the rate of scarring was similar Robins, and White 1978), and for 7 such surgical
among those managed medically and those treatedeports was 4.6 percent (range, 0—16.7 percent)

surgically; however, 80 percent of the new renal
scars in the surgical group appeared by 10 mont
after randomization, whereas new renal scars

(Beetz, Schulte-Wisserman, Troger, et al., 1989;
hsBirmingham Reflux Study Group, 1987; Burge,
Griffiths, Malone, et al., 1992; Carpentier, Bettink,

appeared throughout the 5 years in the group manHop, et al., 1982; Hjalmas, Lohr, Tamminen-

aged medically.

Several single-arm studies also reported rates
new scarring after medical or surgical treatment.
The combined risk for new scarring for 14 such

Mobius, et al., 1992; Scholtmeijer and Griffiths,
0fl988; Scott, Blackford, Joyce, et al., 1986). These
reports are difficult to compare directly, however,
because the length of follow-up and distribution of

medical reports was 4.1 percent (range, 0-24.7 pereflux grades varied among the studies. In the

cent) (Aggarwal, Verrier-Jones, Asscher, et al.,

Page 32

majority of these studies, the minimum follow-up
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Weiss, Duckett, and Spitzer, 1992

Olbing, Claesson, Ebel, et al., 1992

Birmingham Reflux Study Group, 1987

Elo, Tallgren, Alfthan, et al.,1983

Combined

0.0625 0.2

5 1.0 4.0 16.0

Relative Risk of Scarring

Figure4. Relativerisk of new scarring for surgery compared with antibiotic treatment

Analysis from 4 prospective trials of the risk of new scarring after surgery compared to that after
medical treatment showed that the combined relative risk slightly favored medical management but

was not statistically significant.

was 3 months. Furthermore, identification of rend

scarring in most studies has depended on intra-
venous urography, but the quality of films and
expertise of radiologists were probably inconsis-
tent. The Birmingham Reflux Study (1987) identi-
fied new scars after 5 years in only 6 percent anc
5.2 percent of children treated medically and sur
cally, respectively, with no additional scars detect
after 2 years of follow-up. On the other hand, the
International Reflux Study found new scars in 15
percent (medical) and 17.2 percent (surgical) of
refluxing children in Europe and 21.5 percent
(medical) and 31.4 percent (surgical) in North
America (Table 8). When patients with VUR dis-
covered before 5 years of age whose kidneys we
of normal size by planimetry and had no evidenc
of renal scarring on initial intravenous urography
were treated medically and followed for 5 years,
renal scarring was detected in 10 percent of
patients with Grades | or Il reflux and 28 percent
those with Grade 1ll VUR. Of the scars, 42 perce
were detected after 1 year of follow-up, 25 perce
after 3 years and 33 percent after 5 years (Arant
1992). More recently, renal scarring has been co
firmed on DMSA scan within 6 months after acut
pyelonephritis in children (Rushton and Majd,
1992).

Renal scarring: Relationship tieacteriuria.
Because VUR is most frequently diagnosed after

Copyright © 1997 American Urological Association, Inc.

| infant or child presents with UTI and animal
models of ascending pyelonephritis (via surgically
created VUR) reliably produce renal scarring, the 2
events, when they occur clinically, are often
thought to be causally related. Renal scarring is
] often detectable on the initial renal imaging study
yi-obtained following the diagnosis of UTI, and is
egroportional to the severity of VUR and the sensi-
tivity of the technique. This observation suggests
7that previous undiagnosed UTIs may have occur-
red, which resulted in pyelonephritic injury. How-
ever, new or progressive renal scarring during
follow-up is less common, despite additional
episodes of bacteriuria.
re The panel attempted to analyze the relationship
e between bacteriuria and new renal scarring in chil-
dren with reflux. However, few data are available
that would permit such an analysis. Only 14 reports
described the frequency of UTI in children with
ofand without new or progressive renal scarring
nt(Aggarwal, Verrier-Jones, Asscher, et al., 1991;
ntAnderson and Rickwood, 1991; Arant, 1992; Beetz,
Schulte-Wissermann, Troger, et al., 1989; Birming-
N-ham Reflux Study Group, 1983; Birmingham
e Reflux Study Group, 1987; Cardiff-Oxford Bacteri-
uria Study Group, 1978; Edwards, Normand,
Prescod, et al., 1977; Goldraich and Goldraich,
1992; McLorie, McKenna, Jumper, et al., 1990;
aBhah, Robins, and White, 1978; Skoog, Belman,
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Beetz, Schulte-Wisserman, Troger, et al., 1980 | | 1 |

Birmingham Reflux Study Group, 1983 I i 1

Edwards, Normand, Prescod, et al., 1977 I 1]

Anderson and Rickwood, 1991 i |

Goldraich and Goldraich, 1992

Weiss, Duckett and Spitzer, 1992 A
Combined ——
T T
0.0625 1.0 16 256 4096
Odds Ratio

Figure5. New or progressive scarring and bacteriuria

Analysis of the relationship of bacteriuria and renal scarring in children with reflux showed that the
risk of developing new or progressive scarring was 1.18 times as great for an individual with UTI as
that for an individual without infection (i.e., the risk is only slightly increased).

and Majd, 1987; Smellie, Gruneberg, Leakey, et al.remainder of the reports were not as precise. In
1976; Weiss, Duckett, and Spitzer, 1992). Most of addition, the progressive scarring recorded may
these studies provided information only for the have been the result of a UTI that occurred before
presence or absence of bacteriuria in those with | treatment (medical or surgical) was initiated. The
new or progressive scarring, and not for those whoradiologic technique used to detect new or progres-
did not develop such scarring. Using the empirical sive scarring may not have been sufficiently sensi-
Bayes method of Hedges and Olkin (1985), an estitive to evaluate this parameter properly. Further-
mated odds ratio of 1.18 (95% CIl 0.52—-2.68) is | more, once the initial diagnosis of UTI and VUR
derived (see Figure 5 on page 34). In other words, has been made, most parents/patients are more
the risk of developing new or progressive scarring likely to be attuned to the symptoms of UTI (par-
for an individual with UT1 is 1.18 times as great as ticularly fever), and patients are more likely to
that for an individual without infection, that is, the| receive prompt diagnosis and treatment. In addi-
risk of developing new or progressive scarring is| tion, it is possible that UTIs were under-reported to
only slightly increased. the investigator by referring physicians, or that sus-
Several factors may contribute to this surprising pected UTlIs (or episodes of unexplained fever)
lack of association between scarring and infection may have been treated with an antibiotic without
in children with reflux. First, few of the reports urine culture. For example, in a study of 50 febrile
characterized the types of infections (febrile, nonr infants, all of whom underwent protocol urine cul-
febrile, asymptomatic) in these children. Febrile | ture, 15 ultimately found to have bacteriuria ini-
UTIs are more likely to represent renal paren- tially had received diagnoses other than UTI
chymal inflammation, and thus place the patient at (Hoberman, Chao, Keller, et al., 1993).
greater risk for scarring than does nonfebrile UTI,
In the study by Goldraich and Goldraich (1992), all Renal growth
7 of the children with new renal scars by DMSA A clinical impression, supported by many
scan had a febrile UTI in the previous year. The | reports, is that renal growth is impaired when VUR
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is present (Scott and Stansfield, 1968; Lyon, 197
Redman, Scriber, and Bissada, 1974), especially
with Grades IV and V reflux (Pinter, Jaszai, and
Dober, 1988; McRae, Shannon, and Utley, 1974)
or recurrent infection (Peratoner, Messi, and Fon
1984; Scott and Stansfield, 1968; Kelalis, 1971).
Moreover, accelerated renal growth has been
recorded after reflux was corrected (Carson,
Kelalis, and Hoffman, 1982; Atwell and Vijay,
1978; Willscher, Bauer, Zammuto, et al., 1976;
Scott and Stansfield, 1968) or during adolescenc
(Claesson, Jacobsson, Jodal, et al., 1981). Most
studies with useful data on renal growth have bes
conducted retrospectively without an appropriate
control group and for durations of follow-up in
which some patients may have been followed no
more than 1 year (Atwell and Cox, 1981; Atwell
and Vijay, 1978; Willscher, Bauer, Zammuto, et al
1976). Standardized methods for assessing renal
growth have seldom been used, making compar-
isons among studies difficult. Furthermore, many
patients have renal scarring when reflux is recog
nized or develop new or progressive scarring
during follow-up (Birmingham Reflux Study
Group, 1987; Bellinger and Duckett, 1984; Weiss
Duckett, and Spitzer, 1992; Olbing, Claesson, Eb
et al., 1992; Smellie, Edwards, Normand, et al.,
1981).

Renal growth is most often assessed as renal
length measured from intravenous urography or,
more commonly in recent years, by renal ultra-
sonography. Before interpreting data obtained us
these techniques, it must be recognized that the
tance between the table top and tray alters the re
image projected onto the film (Riggs, 1977). Ren
dimensions are distorted when the distance be-
tween the x-ray source and film is altered and mq
nified when urographic films are taken when the
patient is in the prone position. Poor technique o
inadequate bowel preparation may obscure the
exact margins of the renal outline. With renal ultr
sonography, the angle of the transducer to the lo
gitudinal aspect of the kidney may distort renal
dimensions.

Of the various estimates of renal size from ren
length, standards exist only for normal—not
scarred—kidneys (Hodson, Drewe, Karn, et al.,
1962; Hodson, Davies, and Prescod, 1975; Eklof
and Ringertz, 1976; Rosenbaum, Korngold, and
Teele, 1984). Moreover, some kidneys are “short
and fat” while others are “long and thin.” Renal
scarring is noted most often in upper or lower po
(Hannerz, Wikstad, Johansson, et al., 1987). Ren
size can be assessed more reproducibly by esti-
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3;mating planimetric surface area (Claesson, Jacobs-
son, Olsson, et al., 1981). This two-dimensional
measurement of renal parenchyma surface area
from a standardized urographic film is not compro-
danised by differences in renal width or hydroneph-
rosis. In addition, identification of parenchymal
thinning may be a more sensitive indicator of renal
scarring in the small but growing kidney (Olbing,
Claesson, Ebel, et al., 1992). Even when a
parenchymal scar is not obvious, discrepancies in
e renal size between kidneys suggest unilateral dis-
ease in the smaller kidney, especially when com-
enpensatory hypertrophy in the contralateral kidney
results in its being larger than expected for age,
body length, or vertebral height (Claesson, Jacobs-
son, and Jodal, 1981). Renal size cannot be esti-
mated from any radionuclear study currently in use.
., Even when a kidney contributes more than 50 per-
| cent of total renal function on a radionuclide scan,
normal renal size cannot be presumed.
Two reported studies provide data on renal
r growth in patients with reflux treated either med-
ically or surgically; each was conducted prospec-
tively and had a minimum of 5 years of follow-up
, in every patient. The Birmingham Reflux Study
el(1987) used renal length whereas the International
Reflux Study (Weiss, Duckett, and Spitzer, 1992)
employed planimetric surface area—both taken
from intravenous urography. At the outset of both
studies, each treatment group included many
patients with previous renal scarring. No differ-
ingnces in renal growth were detected between
digroups in either study. Another study that was not
2ngbnducted prospectively reported similar findings—
alno difference in renal growth during medical man-
agement or after surgical correction of reflux
agtPeratoner, Messi, and Fonda, 1984). However,
patients in both treatment groups had kidneys that
I were smaller than normal or that grew suboptimally
during the follow-up period. The number of kid-
a-neys that were small because of renal scarring or
n-parenchymal thinning was not reported. On the
basis of clinical studies available to date, there is
no evidence to support the notion that in the
alabsence of voiding dysfunction, renal growth is
impaired in unscarred kidneys exposed to sterile
reflux of any grade (Arant, 1992; Smellie,
Edwards, Normand, et al., 1981) or that surgical
correction of reflux facilitates growth of the kidney
postoperatively (Birmingham Reflux Study Group,
1987; Peratoner, Messi, and Fonda, 1984; Beetz,
edlohenfellner, Schofer, et al., 1991; Weiss, Duckett,
aland Spitzer, 1992).
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Renal function

The rationale for identifying reflux early is to
introduce treatment that best prevents scarring a
preserves renal function. Scott, Blackford, Joyce,

al. (1986) reported marked improvement in glom

erular filtration rate (GFR) for most patients in
whom reflux was corrected surgically. Using the
same technique for measuring GFR, however,
Poulsen, Johannesen, Nielsen, et al. (1989) foun

that GFR was preserved during nonsurgical mans

agement of children with reflux. During long-term
observations, others have found no adverse effeg
of continued sterile reflux on kidney function
(Birmingham Reflux Study Group, 1987; Weiss,
Duckett, and Spitzer, 1992). In prospective, con-
trolled treatment trials, surgical correction of ever
severe reflux has had no benefit on GFR 5 years
later (Birmingham Reflux Study Group, 1987;
Weiss, Duckett, and Spitzer, 1992).

When renal scarring is severe but unilateral,
renal function would be expected to be normal.
Even when both kidneys are scarred, overall renz
function may be preserved by compensatory
changes in structure and function of remaining
nephrons (Berg, 1992). In fact, the degree of ren
functional impairment in patients with reflux
nephropathy has been related directly to paren-
chymal size of both kidneys (Claesson, Jacobssq
Jodal, et al., 1981). Serum creatinine concentrati
will remain within the range of normal values for
age until scarring reduces functional nephron ma
sufficiently to lower GFR. When renal function is
decreased below normal for age, one must con-
clude that maximal functional compensation has
taken place already in kidneys that are small or
scarred.

A radionuclide study that reports an allocation
the percent of isotope excreted by right and left
kidneys cannot be used to interpret overall renal
function. Total GFR should be corrected to 1.73
body surface area and calculated by timed urine
collection and clearance methodology, from seru
creatinine and height (Schwartz formula) or from
another radionuclide study that measures and
reports actual GFR as well as split functions. No
decision to remove a kidney or surgically correct
VUR can be made on the basis of split functions
alone. When a patient has bilateral renal scarring
every functioning nephron should be conserved

Health outcomes

nd Urinary tract infection

et Most infants and children with VUR present
with UTI, usually acute pyelonephritis with the
attendant risk of renal parenchymal injury (Weiss,
Tamminen-Mobius, Koskimies, et al., 1992). The
relationship between renal injury (presumably

d pyelonephritic scarring) and UTI complicated by

acute pyelonephritis has been examined (Martinell,

Claesson, Lidin-Janson, et al., 1995). UTIs were

\+ Characterized retrospectively by conventional cri-

teria (e.g., fever) as either acute pyelonephritis, cys-

titis or unspecified. Of the 45 patients with renal
scarring, 33 (73 percent) had acute pyelonephritis
as their first UTI, compared with 18/42 (43 per-

cent) who did not have renal scarring (p < .001).

Pyelonephritis can result in destruction of one or
more lobes of the kidney with replacement of
normal kidney by fibrotic tissue (renal scarring). In
addition to short-term morbidity, the long-term
consequences of renal scarring include hyperten-

l sion and functional impairment, both most fre-

quently seen after loss of critical mass of kidney

tissue. Thus, prevention of UTI, and particularly

al acute pyelonephritis, is an important goal in the
management of infants and children with VUR.

UTI may occur following diagnosis of reflux and
njnitiation of therapy. If it occurs in a child receiving
orantibiotic prophylaxis, the infection may occur

because of antibiotic resistance to the prophylactic
sqntibiotic (in which case the organism is resistant
to the antimicrobial) or because of non-compliance
with therapy (in which case the organism is usually
sensitive to the antimicrobial). Children who have
undergone successful surgical therapy often do not
continue to receive antibiotic prophylaxis after the

O]Jmaging studies demonstrating reflux resolution
have been performed. In these children, develop-
ment of UTI is independent of the previous struc-
tural abnormality and secondary to host uroepithe-

" lial adherence characteristics and bacterial

virulence factors.

M The panel reviewed 41 articles that reported the
incidence of UTI (as defined by bacteriuria, regard-
less of clinical symptoms) in children with VUR
treated either with antibiotic prophylaxis or reim-
plantation surgery. The International Reflux Study
in Children randomized infants and children with

,» Grades Ill and IV VUR to either medical or sur-
gical management. In the European branch of the

because each contributes to overall renal functio
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n. study (Jodal, Koskimies, Hanson, et al., 1992), 59
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of 151 surgical patients (39.1 percent) had at least Because the risk of renal injury is related to

1 UTI during the 5-year follow-up (0.65 per 100 | acute pyelonephritis rather than to UTI in general,
patient-months), compared with 59 of 155 medical incidence rates of acute pyelonephritis were com-
patients (38.1 percent) (0.63 per 100 patient- pared in both the European and U.S. branches of
months). In the U.S. branch (Weiss, Duckett, and the International Reflux Study in Children. In the
Spitzer, 1992), 21 of 64 surgical patients (32.8 per-European branch (Jodal, Koskimies, Hanson, et al.,
cent) (1.8 per 100 patient-months) compared with 1992), acute pyelonephritis was observed in 15 of
20 of 68 medical patients (29.4 percent) (2.3 per| 151 surgical patients (9.3 percent) (0.17 per 100
100 patient-months) had at least 1 UTI during the patient-months) compared with 33 of 155 medical
5-year follow-up. There was no significant differ- | patients (21.3 percent) (0.35 per 100 patient-

ence in UTI rate between medical and surgical months) (p = 0.03). In the U.S. branch (Weiss,
treatment either in the European or the U.S. datd. Duckett, and Spitzer, 1992), 5 of 64 surgical pa-
The incidence of UTI in a third uncontrolled, but | tients (7.8 percent) (0.3 per 100 patient-months)
matched (n = 40 each) study was 2.81 per 100 | compared with 15 of 68 medical patients (22.1 per-
patient-months following surgery and 3.34 per 100 cent) (0.7 per 100 patient-months) had at least 1
patient-months with medical management with a| episode of acute pyelonephritis (p = 0.085). In the
comparable duration of follow-up (Elo, Tallgren, | nonrandomized and uncontrolled, but matched
Alfthan, et al., 1983). Combining data from all 3 | study (Elo, Tallgren, Alfthan, et al., 1983), 72.5
studies yields a relative risk of 0.97 (95% ClI percent medical patients compared with 22.5 per-
0.79-1.19), indicating almost no difference be- cent surgical patients (1.41 per 100 patient-months
tween the 2 treatments with respect to the risk of medical and 0.44 per 100 patient-months surgical)
bacteriuria. In support of this observation, another had acute pyelonephritis. Combining the data from
study (Beetz, Schulte-Wissermann, Troger, et al.| the 3 studies, the relative risk of acute pyeloneph-
1989) reported an incidence of UTI after surgery| ritis with surgical treatment is 0.39 (95% ClI

alone that was comparable to the surgical arms of 0.26—0.58) compared with medical treatment (Fig-
the 2 randomized controlled trials, and a study of ure 6). An additional uncontrolled and unmatched
UTI with antibiotic prophylaxis alone (Hanson, study examined the incidence of acute pyeloneph-
Hansson, and Jodal, 1989) reported rates compa- ritis with either surgery or medical therapy (Amar,
rable to those in the medical arms of the 2 randomSinger, and Chabra, 1976). Follow-up varied from
ized controlled trials. 1-14 years. Acute pyelonephritis was reported in

Jodal, Koskimies, Hanson, et al., 1992 A

Elo, Tallgren, Alfthan, et al., 1983

Weiss, Duckett and Spitzer, 1992 I 1
Combined S —
T T
0.0625 0.25 1.0 4.0 16.0

Relative Risk of Pyelonephritis

Figure 6. Relativerisk of pyelonephritisfor surgery compared with antibiotic treatment

Analysis of the risk of acute pyelonephritis after surgery compared to that after medical treatment showed the

combined relative risk significantly favored surgical treatment. The combined relative risk of acute pyelo-
nephritis with surgical treatment is 0.39 (95% CI 0.26-0.58) compared with medical treatment.
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none of 111 surgical patients compared with 5 of
99 medical patients. In a study of surgical patient
only (Willscher, Bauer, Zammuto, et al., 1976), 22
children were followed postoperatively for 0.5-7
years. Three of 175 girls (1.7 percent) had acute
pyelonephritis. In a study of medical patients only
(Hanson, Hansson, and Jodal, 1989), 12 of 44 (2
percent) girls who were treated for 860 months
developed acute pyelonephritis (1.44 per 100
patient-months).

In summary, of the few studies that were ade-
quate for analysis, the overall incidence of UTI in
patients with VUR was not significantly different i
patients treated with antibiotic prophylaxis (med-
ical management) or ureteral reimplantation (sur-
gical management). The incidence of acute pyelg
nephritis was significantly greater with medical
management. Despite the risk of renal parenchyr
injury from acute pyelonephritis and its potential
for healing with scarring, the incidence of scarrin
was no greater in medical than in surgical patien
(Jodal, Koskimies, Hanson, et al., 1992; Weiss,
Duckett, and Spitzer, 1992). The factors that may
account for the surprising lack of an association
between new or progressive renal scarring and
pyelonephritis in the literature are discussed on
pages 33-34.

Hypertension

Reflux nephropathy is considered one of the
most common causes of severe hypertension in
children, when it is examined in a retrospective
fashion (i.e., of those who present with severe
hypertension, reflux nephropathy is a frequent dig
nosis). The panel reviewed 10 studies that repor
blood pressure (BP) measurements after reimpl
tation surgery. Only 2 characterized the patient
population sufficiently to provide meaningful
analysis. Wallace, Rothwell, and Williams (1978)
reported longer than 10-year follow-up of 166 chi
dren with VUR treated surgically. Of 158 preoper

et al., 1989), 189 children were evaluated at least 5
s years after successful VUR surgery. Ten patients
23(5.3 percent), all of whom were older than age 14,

were found to be hypertensive (BP > 140/90). Of

61 patients with renal scarring (all preoperative), 7

(11.5 percent) were hypertensive at the time of
7.®llow-up compared with 3 of 128 patients (2 per-

cent) of those without scarring. Preoperative BP

levels were not reported.

Lenaghan, Whitaker, Jensen, et al. (1976)
reported hypertension (defined as >140/90) in 10 of
102 children (9.8 percent) treated nonsurgically,

n who were followed-up for 5-18 years. Patients with
scarred kidneys were not distinguished from those
without scarring.

Thus, no statistically significant difference was
found in the risk of hypertension related to treatment
mahodality (medical or surgical). These studies indi-

cated that renal scarring increases the relative risk of
J hypertension to 2.92 (95% CI 1.2—7.1), compared
s with the risk in patients without renal scarring.

Numerous medications are used to treat hyper-
tension in children and adults with renal scarring.
Angiotensin-converting enzyme inhibitors, which
may be used for treatment of those with renin-
mediated hypertension, may be associated with
some side effects (Kim and Swartz, 1993). In addi-
tion, use of these drugs during pregnancy may
cause oligohydramnios and irreversible neonatal
renal failure (Rosa, Bosco, Graham, et al., 1989).

Uremia

Since 1987, the North American Pediatric Renal
agTransplant Cooperative Study has registered virtu-
edlly all children with end-stage renal disease
n{ESRD), defined as a GFR so low that only kidney

dialysis or transplantation will sustain life. Al-
though overlap of diagnostic categories (e.g., hypo-
plasia, dysplasia, obstructive uropathy) is likely,
I- VUR was the primary diagnosis in 3.1 percent of
a-this population (Avner, Chavers, Sullivan, et al.,

tive BP measurements that were compared with th&995). Those with VUR who develop ESRD typi-
American Academy of Pediatrics 1977 BP norms, cally have been those who present with reduced
24 (15.2 percent) had BP higher than the 95th per-GFR and bilaterally small, scarred kidneys. It is
centile for age and sex (either systolic, diastolic, prthought that independent of further pyelonephritic

both.) Hypertension was defined as a BP of
>140/90 in their follow-up, because all 141 sub-
jects were older than 14 years of age. Eighteen
(12.8 percent) were hypertensive. Of these, 7 ha
preoperative bilateral renal scarring (of 38 with th
finding on IVU) and 7 had preoperative unilateral
renal scarring (of 62 with this finding on IVU). In
Beetz’ series (Beetz, Schulte-Wissermann, Troge
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injury, these patients have sustained the loss of a
critical mass of renal tissue, such that progressive
loss of function due to glomerulosclerosis is medi-
d ated by maladaptive hemodynamic events
is(Neuringer and Brenner, 1993).
Although UTI is the most frequent presentation
of VUR, it is less commonly the presentation of
r, those patients with impaired GFR, virtually all of
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whom have bilateral extensive renal scarring on t
initial kidney imaging study. Also, antenatal deteg
tion of bilateral hydronephrosis has identified a
population of neonates with severe bilateral VUR
and impaired GFR before any UTI has occurred.
How many patients develop uremia from congeni
reflux nephropathy (or dysplasia associated with
VUR), rather than after acquired reflux neph-
ropathy from 1 or more pyelonephritic events, re-
mains unknown. Thus, it would not be possible tg
demonstrate that even optimal treatment of VUR
and UTI can prevent progressive renal failure anc
ultimately, uremia, once bilateral reflux neph-
ropathy has been diagnosed.

Somatic growth

Two studies mentioned somatic growth associ-
ated with nonsurgical VUR treatment and follow-
up (Pinter, Jaszai, and Dober, 1988; Smellie,
Preece, and Paton, 1983). Neither study substan
ated an effect of VUR treatment on somatic grow

Morbidity during pregnancy

Because of the known association between ba
teriuria and adverse outcomes in pregnancy, ther
a common perception that the increased risks of
pyelonephritis and renal scarring in patients with
vesicoureteral reflux may potentially result in
increased morbidity during pregnancy in women
who have persistent reflux. The panel did not
undertake an extensive literature search of refer-
ences pertaining to the association between refly
and adverse outcomes of pregnancy. However,
based on a more selective review, what follows ig
the panel’'s current understanding of this associa
tion.

One of the potential late complications of VUR
and/or pyelonephritic scarring in females is
maternal and fetal morbidity. Maternal problems
include pyelonephritis, septicemia, renal scarring
hypertension, toxemia, and reduction in renal fun
tion, which in some women progresses to ESRD
Fetal complications include preterm delivery, low
birth weight, and fetal loss.

On the basis of a retrospective review of 26
studies that included a total of 82,364 pregnancig
approximately 4—7 percent of pregnant women
have asymptomatic bacteriuria (Sweet, 1977). If
asymptomatic bacteriuria is not treated, pyelo-
nephritis is common. From a combination of 18
studies of pregnant bacteriuric women who were
not treated with antibiotics, 28 percent of 1,699
women developed pyelonephritis (Sweet, 1977).
Kass (1960) observed a 42-percent incidence of
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heyelonephritis in 48 patients when asymptomatic

- bacteriuria in pregnancy was not treated. When
bacteriuria was eliminated, pyelonephritis did not
occur (Kass, 1960). Women with a history of UTI
in childhood appear to have a higher risk of asymp-

tatomatic bacteriuria. Martinell, Jodal, and Lidin-
Janson (1990) and Sacks, Roberts, Verrier Jones, et
al. (1987) found an incidence of 37 percent (24/65
pregnancies) and 50 percent (24/48 pregnancies),
respectively. If renal scarring was present, the risk
increased to 47 percent (9/19) (Martinell, Jodal,

d, and Lidin-Janson, 1990) and 60 percent (9/15)

(Sacks, Roberts, Verrier-Jones, et al., 1987).
Pregnant women with pyelonephritic renal scar-

ring appear to be at higher risk for pyelonephritis

than those without renal scarring. In a study of 41

pregnant women with a history of childhood UTI,

Martinell, Jodal, and Lidin-Janson (1990) reported

an incidence of 21 percent (4/19) in those with

ti-scarring compared with 5 percent (1/22) in those

thwithout renal scarring. Jacobson (1991) reported
that 3 of 30 pregnant women with renal scarring
developed pyelonephritis.

c- The relationship between asymptomatic bacteri-

e igia and maternal/fetal complications is controver-
sial. A meta-analysis of 17 cohort studies including
23,298 patients showed that in women with asymp-
tomatic bacteriuria, the risk of preterm delivery was
2 times higher and the risk of having a low-birth-
weight baby was 1.5 times higher compared with
women without bacteriuria (Romero, Oyarzun,

X Mazor, et al., 1989). Kincaid-Smith and Bullen
(1965) demonstrated that women with bacteriuria
at their first prenatal visit had a 2.9 times higher
risk of fetal loss during the second and third
trimesters, the risk of preterm delivery was 2.7
times higher and the risk of pre-eclampsia was 1.8
times higher than that in women without bacteri-
uria. Many of these women also had underlying
renal scarring. Schieve, Handler, Hershow, et al.

c-(1994) reported on the effects of pyelonephritis
during pregnancy on maternal and fetal outcome.
Of the 25,476 mother/infant pairs studied, 7.7 per-
cent had a documented UTI. In those with pyelo-
nephritis, the risk of perinatal death was 2.6 times

»shigher and the risk of preterm delivery or low birth

weight was 2.5 times higher than in those without

UTI.

In women with reflux nephropathy and reduced
renal function, the risk of complications is consid-
erable. In addition to pyelonephritis, potential prob-
lems include further reduction in GFR, toxemia,
preterm delivery, and fetal loss (see Table 9 on
page 40). Women with renal scarring and chronic
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Table 9. Maternal and fetal complications in patients with moderate or severe renal insufficiency

Further Fetal
decrease in Preterm growth Fetal
Study renal function  Toxemia delivery retardation  loss

Kincaid-Smith and Fairley, 1987
95 women - 227 pregnancies, normal renal
function 2% 13% — — 9%
42 women - 118 pregnancies, SCr > 1.25 mg%
8% 36% — — 24%

Becker, lhle, Fairley, et al., 1986

20 women, SCr 2.3—4.5 mg%, including:
6 women preg. duration >12 wk. 100%1 — — — —
14 women preg. duration <12 wk 29%2 — — — —

Cunningham, Cox, Harstad, et al., 1990

37 women, SCr 1.4-9.4 mg% 16%3, 4 60% 40% — —
+ chronic htn 24% 80% 57% 38% 54%
+ toxemia, — — 53% — —

including:

26 women, SCr 1.4-2.5 mg% (ave. 1.7) 19% — 30% 35% 8%
+ chronic htn 29% 79% 43% 36% —
11 women, SCr >2.6 mg% (ave. 4.8) 9% 86% 43% 18%
+ chronic htn 14% 86% 86% 43% —

Jungers, Houillier, Forget, et al., 1991
104 women with reflux nephropathy- — — — — 13%
254 pregnancies
14 women, 19 pregnancies,
SCr >1.5 mg% at conception — — — — 63%
+ htn — — — — 75%
14 women, SCr 2-5.5 mg% at
conception 36%5 — — — —

Jones and Hayslett, 1996

67 women - 82 pregnancies,
SCr=1.4 mg% 43%6 — 59% 37% 7%
67 pregnancies, SCr 1.4-2.4 mg% — — 55% 31% 9%
15 pregnancies, SG2.5 mg% — — 73% 57% 0%

* Rapid deterioration in renal function in all 6 women; 4 progressed to ESRD within 2 years post delivery.

2 Four with uncontrolled hypertension had rapid deterioration in renal function with progression to ESRD; 10 had slow detericeatl
function over 7 years but not to ESRD.

® Renal deterioration defined by an increase in SCr of 50% during pregnancy.

* Of 7 patients without deterioration of renal function during pregnancy, 6 later had deterioration of renal function aned4diatysis
within a mean interval of 39 months.

® Five of 14 patients had accelerated deterioration of renal function with progression to ESRD in 6 months to 4 years.

¢ During pregnancy and up to 6 weeks postpartum; 31% after 6 months postpartum.

hypertension who are receiving angio-tensin-cont of women with asymptomatic bacteriuria during
verting enzyme inhibitor therapy (captopril, enalar pregnancy had reflux on VCUG performed 6
pril) are at particular risk for oligohydramnios and months postpartum, compared with 1.7 percent in a
neonatal renal failure, which may be irreversible 'randocrjnh{ slelectet:d QIOUP(S‘ \_/éo_maneﬁml?ed g
(Rosa, Bosco, Graham, et al., 1989). This class of 'MMediately postpartum (Feidrick, Matungly, an

. ) (1990) reported that pyelonephritis occurred during
n_ot be _used during pregnancy (Cunningham and pregnancy in 3 of 8 women with reflux, but only 2
Lindheimer, 1992).

- _ _ of 33 in those without reflux. In the 8 patients with
The morbidity of persistent reflux during preg-| reflux, pyelonephritis occurred in 3 of 9 of preg-
nancy has not been studied extensively. Williams, nancies managed with continuous antibiotic pro-
Davies, Evans, et al. (1968) found that 21 percent phylaxis and 2 of 4 managed without prophylaxis.
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In this series, reflux generally was Grade | or Il.
Heidrick, Mattingly, and Amberg (1967) reported
that 3 of 9 women with reflux developed pyelo-
nephritis during pregnancy compared with 15 of
312 women without reflux. Although the data sug
gest a greater risk of morbidity from pyelonephrit

in women who have persistent reflux during preg:

nancy, the sample size is small and only limited
conclusions can be made on the basis of this evi
dence.

Few studies have focused on the outcomes of
pregnancies of women with surgically treated
reflux. Fryczkowski, Maruszewska, Paradysz, et &
(1991) reported that in 59 pregnancies in 34
women who had undergone antireflux surgery in
childhood, 65 percent (22/34) had a UTI during
pregnancy, but the incidence of pyelonephritis wa
not reported. Mansfield, Snow, Cartwright, et al.
(1995) studied 62 women who underwent antire-
flux surgery as children and compared them with
21 women with uncorrected childhood reflux who
had not had radiologic follow-up and whose reflu
status was unknown. In the surgically treated
group, 40 percent (57/141) of pregnancies were
complicated by a UTI (18 percent pyelonephritis;
22 percent cystitis). In the uncorrected group, 1.3
percent (1/75) had pyelonephritis and 13.3 perce
(10/75) had cystitis. The 2.5 times higher inciden
of UTIs demonstrated in the surgically treated
group has not yet been explained adequately but
may be related to host factors that subject them {
higher inherent risk of UTI. In this retrospective
study, no data were presented concerning the ini
presentations, voiding dysfunction, indications for
patient selection for surgery, or extent of renal sc
ring. Antibiotic prophylaxis during pregnancy was
inconsistently prescribed. There was no significa
difference in the rate of fetal loss in the 2 groups
Although these studies indicate that UTIs are cor

mon during pregnancy in patients who have unde

gone antireflux surgery, data are not presented o
the effect of antireflux surgery on subsequent
pyelonephritis.

Death

Death can be attributed to VUR only indirectly.
Unrecognized or inadequately treated UTI may
result in urosepsis and death, which occurred fre
guently in the pre-antibiotic era. Moreover, death
could occur as a complication of anesthesia or
surgery performed to correct VUR. In a patient
with renal scarring who develops hypertension
which, after a period of being asymptomatic, may
result in heart failure or encephalopathy, death

Copyright © 1997 American Urological Association, Inc.

could result if treatment were unsuccessful. Women
with bilateral renal scarring, even those with no
previous symptoms, may exhibit acute deterioration
of renal function during pregnancy and require
- aggressive treatment to prevent death; some of
s these women regain renal function after delivery,
while others do not (Jacobson, Eklof, Eriksson, et
al., 1989). Progressive deterioration of renal func-
tion over many years in patients with severe bilat-
eral renal scarring is a major cause of ESRD in
patients younger than 30 years of age (Arant, 1991,
Pistor, Scharer, Olbing, et al., 1985; Salvatierra,
al. Kountz, and Belzer, 1973; Mathew, 1987). The
average mortality rate for patients on chronic dial-
ysis in the United States is about 25 percent each
year (Bloembergen, Port, Mauger, et al., 1994).
s Others die as a complication of renal transplanta-
tion. While none of these causes of death is the
immediate consequence of untreated VUR, the pos-
sibility of an association cannot be ignored.

x Harms of medical treatment

Adverse drug reactions

Antibiotic prophylaxisOne of the mainstays of

the medical management of VUR is antimicrobial
Ntyrophylaxis. The usual medications administered
C€re trimethoprim/sulfamethoxazole, trimethoprim

alone, and nitrofurantoin. The dose prescribed for

prophylaxis typically is one-fourth to one-third of
Othe dose recommended for full therapy. The inci-
_ q(iience of drug-related adverse effects is lower with
idleduced dosages. Most reports describing adverse
drug reactions pertain to adult patients taking the
Afull dosage of the medication (Lawson and Paice,
1982).

Potential adverse reactions to antimicrobial pro-
phylaxis include minor effects such as nausea,
"vomiting, abdominal pain, and bad taste in the
*""mouth, as well as more serious side effects (Table
M 10 on page 42). Very few studies dealing with the
medical management of reflux have reported minor
effects. Determining whether abdominal complaints
are related to medication or some other factor is
often difficult. Underreported side effects may con-
tribute to the lack of compliance with medication in
some cases, and the need to change antibiotic pro-
phylaxis because of side effects is also probably
underreported. Bacterial resistance to antibiotic
prophylaxis may also occur and is discussed in the
section on UTI (page 36).

Reported side effects of trimethoprim/sufameth-
oxazole prophylaxis are uncommon. Uhari, Nuutinen,

Nt

n
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Table 10. Adverse effects of antimicrobials commonly prescribed for antibiotic prophylaxis in

children

Antibiotic Adverse reactions

Cotrimoxazole Skin rash/urticaria, nausea, vomiti

ng, anorexia, dental caries (1-4%)

Rare (<0.1%): serious dermatologic, hematologic, cardiovascular, central nervous system,

endocrine, renal, hepatic effects

Trimethoprim

Skin rash/urticaria, nausea, vomiting, anorexia (2.5-7%)

Rare (<0.1%): serious dermatologic, hematologic, cardiovascular, central nervous system,

endocrine, renal, hepatic effects

Nitrofurantoin Nausea, vomiting, abdominal pain

34% (less with macrocrystals)

Headache, dizziness (less with macrocrystals); skin rash/urticaria

Rare (<0.1%): hematologic, cardiovascular, central nervous system, gastrointestinal, hepatic, respi-

ratory, dermatologic effects

Source: Computerized Clinical Information System, Ma
Formulary Service Drug Information, 1995.

and Turtinen (1996) reported that medication wa
changed because of adverse effects in 15 percer
children receiving sulfonamides and 8 percent
receiving trimethoprim. The most common advers
effect is allergic skin reaction, usually from the
sulfa, and accounts for 90 percent of nonfatal drd
reactions (Lawson and Paice, 1982). Uhari, et al.
(1996) reported that 4.5 percent of children recei
ing prophylaxis developed urticaria, with an inci-
dence of 7.4 events per 100 years at risk. Allergi
skin reaction may occur after several weeks or
months of therapy, but anaphylaxis is rare. Al-
though neutropenia, thrombocytopenia and/or
eosinophilia occur in 12—-34 percent of children
taking full-dose trimethoprim/sulfamethoxazole fa
only 10 days (Asmar, Magbool, and Dajani, 1981
the incidence of these side effects in children
receiving prophylactic dosages for periods as lon
as 1 year ranged from O percent (Smellie,
Gruneberg, Normand, et al., 1982; Uhari, Nuutine
and Turtinen, 1996) to 41 percent (Holland, Kaze
Duff, et al., 1982). In the latter study, in children
with a white blood count (WBC) less than
5000/mm3, the WBC level normalized by the fol-
lowing visit in all cases. Another potential problen
is dental caries related to the fructose in the liqui
preparation, but this can be prevented by having
children brush their teeth after taking the drug.
Other side effects include nausea, vomiting, ab-
dominal pain, hepatotoxicity, and significant hype
sensitivity reaction, but these effects have been
reported only anecdotally in children. Although su
famethoxazole and trimethoprim compete for
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rch 1996 (Micromedex, Inc., Denver CO); American Hospital

5 sequential sites in the metabolic pathway of bacte-

1t o&l folic acid synthesis, children receiving prophy-
laxis have not developed folic acid deficiency.

seTrimethoprim/sulfamethoxazole is the most
common drug associated with reactions requiring

ghospital admission, although the drug accounted for
only 0.07 percent of hospital admissions (Mitchell,

v-Lacouture, Sheehan, et al., 1988).

Trimethoprim alone has been reported to cause

c side effects in as many as 27 percent of patients
(Brendstrup, Hjelt, Petersen, et al., 1990). Reported
side effects included nausea, vomiting, or abdom-
inal pain in 14 percent of patients, bad taste in the
mouth in 6 percent, and headache, dizziness, der-

r matitis and pruritus in 8 percent. Of children

, receiving trimethoprim prophylaxis, 8 percent
changed the drug because of side effects (Uhari,

g Nuutinen, and Turtinen, 1996). Hematologic and
allergic reactions are uncommon (Smellie,

2nGruneberg, Normand, et al., 1982).

e, The incidence of side effects associated with
nitrofurantoin depends on the drug preparation.
Nitrofurantoin suspension is tolerated poorly, and
as many as 55 percent of children taking this med-

N ication experience a side effect, including nausea,

d vomiting, or abdominal pain in 34 percent, bad

thiaste in the mouth in 27 percent, and headache,
dizziness, dermatitis, pruritus or fever in 12 per-
cent; 30 percent changed the medication because of

r-side effects (Brendstrup, Hjelt, Petersen, et al.,
1990). Many of these effects may be eliminated by

Il-administering nitrofurantoin macrocrystals. The

capsule may be opened and placed in the children’s
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food if they are unable to swallow the capsules.
One group of children using the macrocrystals
experienced no adverse effects (Lohr, Nunley,
Howards, et al., 1977). Hematologic side effects
are infrequent (Holland, Kazee, Duff, et al, 1982)
More serious adverse reactions are extremely ra
with 1 study documenting only 40 reports out of
8.6 million uses (Coraggio, Gross, and Roscelli,
1989). Approximately 32 percent of children
younger than age 2 years and 10 percent older t
2 years of age taking nitrofurantoin prophylaxis
changed therapy because of adverse reactions
(Uhari, Nuutinen, and Turtinen, 1996). In that
study, it was not indicated whether children were
receiving the suspension or macrocrystal prepara
tion.

Anticholineggics. In children with bladder insta-
bility and VUR, anticholinergic therapy and timed
voiding are often recommended in addition to
antibiotic prophylaxis. Although several reports
describe the frequency of reflux resolution in thes
patients, few descriptions of the adverse effects ¢
anticholinergic medications are available. One
reason for this lack of information may be that th
dosage of anticholinergic medication is usually
titrated to the lowest effective dose in each child,
providing the maximum therapeutic effect in
reducing bladder instability while minimizing the
side effects. Facial flushing can be brought on m
easily in warm or hot temperatures; thus, a lower
dose may be necessary in summer or warm cli-
mates. A dry mouth is common. This side effect
may be particularly bothersome to some children
yet have minimal effect on others. Table 11 lists
possible adverse effects of the most commonly p
scribed anticholinergic medications.

Table 11. Adverse effects of anticholinergic
bladder instability in children

Hospitalization of patients receiving
medical treatment

Many studies reported occurrences of UTI in
children with reflux who received medical therapy,
and some distinguished between episodes of clin-

[€ical pyelonephritis and cystitis (Cardiff-Oxford
Bacteriuria Study Group, 1978; Hanson, Hansson,
and Jodal, 1989; Weiss, Duckett, and Spitzer,
1992). However, none of the studies reported on

Nathe proportion of children experiencing clinical
pyelo-nephritis who required hospitalization.

Children with clinical pyelonephritis often have
fever, and flank or abdominal pain, and may experi-
ence nausea, vomiting, and diarrhea. Decisions

- about whether to admit a child to the hospital for
intravenous antibiotic therapy and rehydration vary,
and may depend on duration and severity of symp-
toms, hydration status, sensitivity pattern of the
bacterial strain and the child’s age. If a child is hos-
pitalized for pyelonephritis, in 1992 the mean

selength of stay was 4.1 days (U.S. Department of

»f Health and Human Services, 1993).

e Harms of surgery

Ureteral obstruction is a recognized complica-
tion following ureteral reimplantation. The other
harms of surgical treatment of VUR occur less fre-
quently. Many reports do not describe harms

Orexplicitly. Others indicate isolated events within the
series, and these reports were used to review the
types and approximate frequencies of surgical com-
plications of antireflux surgery. The panel recog-

, hizes, however, that due to underreporting, the
absence of reported complications in many studies

remay be misleading and that the actual complication
rates may exceed reported values.

medications most commonly prescribed for

Antibiotic Adverse reactions

Oxybutynin chloride  Xerostomia (usually dose relate

d) 40-45% vasodilation, facial flushing, mydriasis, decreased

sweating, tachycardia, blurred vision, drowsiness, constipation (5—30%)

Rare (< 0.1%): urinary retention,

Hyoscyamine
(5—-30%)

urticaria, hallucinations

Xerostomia, decreased sweating, mydriasis, drowsiness, restlessness, blurred vision, tachycardia

Rare (< 0.1%): Central nervous system effects, urinary retention, urticaria, speech disturbances

Propantheline

Xerostomia, constipation, cycloplegia (5—-30%)

Rare (<0.1%): Central nervous system, cardiovascular, endocrine, renal effects

Source: Computerized Clinical Information System, March 1996 (Micromedex, Inc., Denver, CO); American Hospital Formulary

Service Drug Information, 1995.
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Studies publishe

Studies publishe

d before 1986

d after 1986

T

Rates of Ob

Figure7. Combined rates of obstru
Analysis of 33 studies showed that the

20

40
struction (%)

ction after surgery
rate of obstruction after ureteral reimplanta-

tion for VUR was 2 percent in studies after 1986 compared to a rate of approximately

4 percent in studies before 1986.

Obstruction

Thirty-three studies provided rates of obstructi
after ureteral reimplantation for VUR (Table E—4,
Appendix E). Figure 7 (page 44) shows the rate ¢
obstruction in studies before and after 1986. All
studies used either renal ultrasonography or intrg
venous pyelography to detect hydronephrosis
indicative of obstruction. The likelihood of obstrug
tion in the 33 series ranged from 0-9.1 percent,
with a combined rate of 2 percent after 1986 (95
Cl 1-4). The rate of obstruction was similar for d
ferent types of repair. Fourteen studies provided
data regarding reoperation for obstruction (Table
5, Appendix E). The reoperation rate ranged fron
0.3-9.1 percent, with an overall incidence of 2 pe
cent. On the basis of these studies, nearly every
case of obstruction leads to reoperation so that t
best estimate of obstruction is probably the propc
tion of patients requiring reoperation (2 percent).

Obstuction bllowing endoscopic traenent of
reflux. Fifteen series provided detailed informatio
about postoperative ureteral obstruction following
the subureteric injection technique as described
O’Donnell and Puri (1984) (Farkas, Moriel, and
Lupa, 1990; Sauvage, Saussine, Laustriat,
Becmeur, et al., 1990; Dodat and Takvorian, 199
Puri, 1990; King and Gollow, 1988; Schulman,
Pamart, Hall, et al., 1990; Sweeney and Thomas
1987; Dewan and O’Donnell, 1991; Kaminetsky
and Hanna, 1991; Davies and Atwell, 1991;
Leonard, Canning, Peters, et al., 1991; Bhatti,
Khattak, and Boston, 1993; Frey, Berger, Jenny, ¢
al., 1992; Dewan and Guiney, 1992; Lipsky and
Wurnschimmel, 1993). Using renal ultrasound or
excretory urography, the incidence of transient di
tion was reported in 2 series at 17 and 23 percen
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(Sweeney and Thomas, 1987; Bhatti, Khattak, and

onBoston, 1993). The 15 series included a total of
1,741 refluxing ureters treated using either Téflon

of (1,437 ureters) or collagen (304 ureters) as the
injected substance. Seven (0.40 percent) persistent

- obstructions were reported, requiring ureteral reim-
plantation in 5, ureteral catheter drainage (5 days)

»- in 1, and an unknown treatment in 1 (Dodat and
Takvorian, 1990; Puri, 1990; Schulman, Pamatrt,

pHall, et al., 1990; Sweeney and Thomas, 1987;

f- Dewan and O’Donnell, 1991). All persistent ob-
structions reported occurred in patients with reflux

gwho were treated with Tefl6h The amount of
experience with the technique that the centers had

r-gained when the obstructions occurred was not
reported. In 10 of the 15 centers, persistent obstruc-

hetions were not reported.

d Bleeding

Although hematoma was reported in only 2 of

n 771 patients (0.26 percent) undergoing Politano-
Leadbetter or Cohen transtrigonal ureteral reim-

pyplantation (Brandell and Brock, 1993; Ehrlich,
1985; Ehrlich, 1985; Broaddus, Zickerman,
Morrisseau, et al., 1978; Price, Johnson, and

D; Marshall, 1970; Garrett and Switzer, 1966; So,
Brock, and Kaplan, 1981; Jonas, Many, Boichis, et
al., 1974; Pypno, 1987; Ahmed and Tan, 1982), it
occurred in 15 of 1,257 patients (1.2 percent) who
received surgery using the Lich-Gregoir method
(Arap, Abrao, and Menezes-de-Goes, 1981; Zaontz,

ot Maizels, Sugar, et al., 1987; Funke, Chiari, and
Planz, 1980; Marberger, Altwein, Straub, et al.,
1978; McDuffie, Litin, and Blundon, 1977;

aHampel, Richter-Levin, and Gersh, 1977; Hohen-

t fellner, 1971; Houle, McLorie, Heritz, et al., 1992;
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Wacksman, Gilbert, and Sheldon, 1992). In 1 stu
of the Lich-Gregoir technique, hematoma was
reported in 13 of 371 patients (3.5 percent) (Mar-
berger, Altwein, Straub, et al., 1978). Although
bleeding from the bladder is thought to be less
common after the Lich-Gregoir method than after
the intravesical methods (Politano-Leadbetter,
transtrigonal Cohen, or Glenn-Anderson advance
ment), specific data relating to this factor are not
available.

Infection

Surgical wound infection following antireflux
surgery was reported explicitly in only 2 cases
(Garrett and Switzer, 1966). Other series did not
report the occurrence or specific absence of this
complication.

Bladder injury/voiding dysfunction

Several reports of temporary voiding dysfuncti
after extravesical ureteral surgery for reflux have
been published. The incidence was as high as 11
percent in several series (Houle, McLorie, Heritz,
et al., 1992; Wacksman, Gilbert, and Sheldon,
1992; Zaontz, Maizels, Sugar, et al., 1987). In mg
cases, the voiding dysfunction was associated wi
bilateral ureteral surgery and was self-limiting.
However, intermittent catheterization, which may
be problematic for families, was required during
the period of voiding dysfunction. Late follow-up
suggests that essentially all patients are likely to
fully regain voiding efficiency (Fung, McLorie,
Jain, et al., 1995). The overall incidence associat
with the Lich-Gregoir method was 10 of 125 (8%
in contrast to no reported cases after intravesical
techniques.

Contralateral reflux

The occurrence of contralateral reflux (CLR)
after unilateral ureteral surgery has been reporte
numerous series. It is important to determine not
only the initial incidence (usually found at first
postoperative cystography) but also the persisten
of CLR over time. The presence of resolved VUR
in the non-operated ureter has been thought to b
major risk factor for recurrence with contralateral
operation, but evidence for this clinical impressio

is lacking. A recent report demonstrated this relar

tionship in a small group of patients with unilaters
antireflux surgery (Ross, 1995).

The incidence and persistence of contralateral
reflux were estimated from reports that specifical
indicated the occurrence of CLR, including some

dyincluded only unilateral reimplantation or unilateral
subureteric injection of Tefldhin which a con-
tralateral ureter was present. A total of 1,566
ureters were considered at risk, with an overall
incidence of 142 reported new CLR (9.07 percent).
Not all of these reports included adequate follow-
up information, which was used to estimate persis-
tence of the reflux. When specified, the type of sur-
gical procedure was examined in terms of its effect
on new CLR.

The rate of new CLR in studies reported before
1986 (13.4 percent) was higher than that reported
after 1986 (4.7 percent). Although the reasons for
this difference are unclear, an increase in the prac-
tice of contralateral reimplantation in case of any
suspicion of prior reflux after 1986 and recognition
of the influence of voiding dysfunction in reflux
management in recent years may also have con-
tributed to the difference. Reflux grade did not sig-
pnhificantly affect the rate of contralateral reflux,
although the rate was highest for Grade IV reflux at
5 3.7 percent compared with 1.5 percent for Grades |
and Il (Table 12). The surgical method of reimplan-
tation did not influence the likelihood of new CLR.
ysilhe rate of CLR after endoscopic treatment using
thTeflon™ was 2.9 percent and was not significantly

Table 12. Estimated percentage chance of
contralateral reflux for studies reported
in 1987 or later (by grade and surgical

method)
Factor Estimate
ec (95% confidence interval)
' Grade
Grade /Il 1.52% (0-5.49%)
Grade Il 2.80% (0—12.73%)
Grade IV 3.66% (0-12.67%)
Grade V 2.53% (0-9.77%)

Surgical method
Politano-Leadbetter

d | 5.21% (1.29-10.31%)

Transtrigonal 1.90% (0.25-4.24%)

Lich-Gregoir 2.33% (0.26-5.39%)
C¢ Open surgery - other 5.07% (1.47-9.63%)

Teflon™ 2.95% (0-10.58%)

e«

n different from that for other open surgical methods
of correction.

Recent studies have offered some new insight.
Ross, Kay, and Nasrallah (1995) reported a high
incidence of CLR in ureters with previously dem-
yonstrated VUR. Diamond, Rabinowitz, Hoenig, et
irAl. (1996) indicate that CLR is related to the grade

3]

which the incidence was zero. By definition this
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of VUR rather than to the surgical technique.
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Although uniform duration of follow-up is not
available, the overall resolution rate of new CLR
was 52.1 percent with 28.7 percent persisting at
time of follow-up.

Follow-up was usually 1-2 years after surgical
reimplantation; 13.8 percent of patients with new
CLR underwent surgical correction at varying
points of follow-up. Little follow-up data are avail-
able for patients reported after 1986. Clearly, an
early decision to operate would mask possible
spontaneous resolution.

Postoperative pain

No specific data are available regarding pain
after surgical repair of VUR. Recent advances in
pediatric pain management have altered the
approach to pain management in children after
major surgery. The increasingly widespread use
epidural analgesia and patient-controlled analges
have markedly improved pain control after many
surgical procedures (Cain, Husmann, McLaren, €
al., 1995). Continuous epidural analgesia is parti
larly well suited to antireflux surgery because it
reduces incisional pain as well as the intensity ar
frequency of bladder spasms, a common occur-
rence after reimplantation surgery. Urethral cath-
eterization is necessary while the epidural cathet
is in place. Although no objective data are avail-
able, these complications appear to be less seve
after extravesical reimplantation, in part because
the usually shorter period of catheterization. Sev;

eral studies have reported the use of intravesical
repairs without postoperative catheter drainage
(Brandell and Brock, 1993).

Hospitalization after antireflux surgery

The length of hospitalization in children under-
going open antireflux surgery was reported in 10
studies, with a total of 637 patients and 826 ureters
(Table 13). The mean stay varied from 2.4 days
(Zaontz, Maizels, Sugar, et al., 1987) to 13.9 days
(Rezmi, Ozen, Erkan, et al., 1984). The length of
stay appeared to vary with the surgical technique
and whether postoperative ureteral stents were
used.

Following extravesical forms of ureteroneocys-
tostomy (e.g., detrusorrhaphy), Zaontz, Maizels,
Sugar, et al. (1987) reported a mean length of stay

pf of 2.4 days. Wacksman, Gilbert, and Sheldon
5ia(1992), reporting a similar surgical technique, had a
longer hospital stay of 4.2-5.2 days. Patients
t undergoing intravesical techniques of antireflux
cusurgery (Cohen, Leadbetter-Politano, Glenn-
Anderson) had hospital stays averaging 2.7-10.6
nddays (Brock, 1983; Burbige, 1991; Fort, Selman,
and Kropp, 1983).
Temporary ureteral stents generally are used
erafter ureteroneocystostomy with tapering, a tech-
nigue utilized in children with Grade V and some
rewith Grade IV reflux. Some clinicians also use
ofostoperative stents in lower grades of reflux to
maintain the patency of the newly-created

Table 13. Mean and range of hospital stay for surgical therapy of vesicoureteral reflux

Hospital stay

Mean range with/
Reimplantation hospital without

Study Patients Ureters typel stay (days) catheterization
Hampel, Richter-Levin, and Gersh, 1977 51 83 LG 4 Not stated
So, Brock, and Kaplan, 1981 52 87 GA, LP 5 3 to 9 days
Fort, Selman, and Kropp, 1983 63 GA, LP, Cohen, Hutch 10.6/9.3 6-12/3-16 days
Remzi, Ozen, Evkan, et al., 1984 89 143 LP 13.94 11.6/15.3 days
Ehrlich, 1985 63 74 Kalicinski 6 Unstated
Pypno, 1987 43 80 Cohen 8.6 5-14 days
Zaontz, Maisels, Sugar, et al., 1987 79 120 Detruss. 2.4 1 to 6 days
Burbige, 1991 120 180 LP, Cohen 4.2/5.6 5-7/3-5 days
Wacksman, Gilbert, and Sheldon, 1992 132 211 Detruss. 4.2-5.2 Not stated
Brock, 1993 34 57 GA, LP, Cohen 5.4/2.7 4-8/2—-4 days
Totals 637 826

!GA=Glenn-Anderson; LP=Leadbetter-Politano.
2Remzi reports the average stay with a urethral catheter/suprapu
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bic tube. His patients had no ureteral catheters.
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ureterovesical junction. In general, patients with
ureteral stents have had a longer length of stay
(5.4-5.6 days) than nonstented patients (2.7-4.2
days) (Brock, 1993; Burbige, 1991).

Concerns regarding length of stay were not
raised in the United States until relatively recently
and now are emphasized because of the increas
cost of medical care in this country. In a review

of 186 children undergoing ureteroneocystostomy

from 1986 to 1994, McCool and Joseph (1995)
found that the mean length of stay had decrease
from 3.6-2.3 days. It is likely that average length
of stay for children undergoing open antireflux
surgery will continue to decrease.

Most endoscopic interventions for reflux are

treated as outpatient procedures or require less thay)

24-hour in-hospital stays.
Adverse effects of surveillance testing

Risk of urinalysis

Routine urinalysis and urine cultures carry very

little risk except skin sensitivity to cleansing

agents. There is potential for misinterpretation of
urinalysis and/or urine culture due to inappropriat
collection and/or contamination that may result in
erroneous diagnosis of UTI and therefore inapprg
priate therapeutic decisions.

|2 e

Risk of radiologic evaluation

Surveillance evaluation using radiologic tech-
niques represents a major component of follow-up
in patients with reflux. Risks of surveillance for the
various methods can be divided into risks related to
physical manipulation in the performance of the

Ngest and risk from contrast or radiation.

Renal imaging

Harms from physical manipulatioAll
imaging technigues using contrast or radioactive
tracer require administration via venipuncture,
which may be stressful to infants and children and
their parents to a variable degree. In addition,
extravasation of the imaging agent into the soft tis-
ues may cause inflammation, particularly with iod-
inated contrast, but this complication is uncommon.
Ultrasonographic studies appear to have little sig-
nificant impact on children, either from the direct
manipulation or from the transmitted sound waves.

Risk of contast. Adverse reactions to intra-
venous contrast media are uncommon in the pedi-
atric population. Minor reactions with IVP (ionic
contrast media) occur in 6 percent and include
e nausea, vomiting, urticaria, flushing, pruritus, and
headache (Gooding, Berdon, Brodeur, et al., 1975).

D- Major reactions, including cardiac arrest, pul-

monary edema, apnea, seizures, bronchospasm,

Table 14. Radiation exposure in upper urinary tract imaging

Bladder Whole Typical
Study Kidney wall Ovaries Testes body dose
Urography (rad/film)

VP2
6 mo. AP — — 0.0072 0.00092 0.2 —

Pelvis — — 0.024 0.023 —
4yr. AP — — 0.011 0.0012 033 —

Pelvis — — 0.033 0.055
12 yr. AP — — 0.035 0.0054 035 —

Pelvis — — 0.038 0.075

Scintigraphy (rad/mCi)
Tc-99m-MAG-3 renogram 0.014 0.48 0.026 0.016 0.007 3.25 mCi
Tc-99m-DTPA renogram
2 hr void 0.090 0.12 0.011 0.007 0.006 9.75 mCi
4 hr void 0.090 0.27 0.015 0.011
Tc-99m-DMSA renal scan 0.850 0.07 0.014 0.006 0.016 3.25 mCi
t References: IVP—Kirks, 1991; MAG-3 and DTPA—Stabin, Taylor, Eshima, et al., 1992; MPI, 1985.
2 Typical IVP is 2-3 films.
3 4 films.
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Table 15. Radiation exposure in lower tract imaging (rad)

Bladder Whole Typical
Study Kidney wall Ovaries Testes body dose
VCUG? — — 0.208 — — —
VCUG (tailored; low-dose) — — 0.029 — — —
Tc-99m cystography <0.001 0.025 0.002 <0.001 <0.001 1 mCi

* References: Bisset, Strife, and Dunbar, 1987; Conway, King, Betman, et al., 1972; Kleinman, Diamond, Karellas, et al., 1994; Widsat883ev
2 Exposure variable and depends on fluoroscopy time and number of films taken; Bisset et al., 1987.
3 Assuming digital fluoroscopic time over the bladder of 3 to 5 seconds; Kleinman et al., 1994.

laryngeal edema, and shock, are rare. In a large | tograms and noted irritative voiding symptoms in
group of pediatric patients, the incidence of serious70 (35.1 percent). Three patients developed fever,
reactions to ionic contrast media was 0.5 percent, and urine cultures were negative in all. Sixty-three
but there were no deaths (Gooding et al., 1975).| of 228 patients received no postprocedural prophy-
The risk of adverse reaction with nonionic contrastlaxis, and postcatheterization symptoms were only
media is significantly less (Bisset, Strife, and Kirks,slightly higher (37 percent) compared with 34.5
1991). There is no risk of allergy to agents used fopercent in the nonantibiotic group. No significant
scintigraphy. difference in symptoms was reported between chil-
Radiation eposure.The average radiation dren having nuclear cystograms and those having
exposure in children undergoing upper urinary traccontrast cystograms. There is a risk of inducing a
evaluation is shown in Table 14, page 47. The UTI if the procedure is not performed using sterile
average annual radiation exposure in the environ- technique. Individuals allergic to iodinated contrast
ment is 0.250 rad (Mettler and Upton, 1995). do not develop an allergic reaction during VCUG.
The psychological consequences of cystographic
studies have not been formally addressed, but anec-
Harms from physical manipulation and con- | dotal experience suggests that many children sus-
trast. McAlister, Cacciarelli, and Shackelford tain varying degrees of psychological trauma from
(1974) describe atypical cases involving complica- catheterization.
tions of cystography, and suggest ways of avoiding Radiation &posue. The average radiation
complications in clinical experience. Zerin and exposure in children undergoing lower urinary tract
Shulkin (1992) studied 228 children who had studies is shown in Table 15.
voiding cystourethrograms or radionuclide cys-

Cystography
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Chapter 4: Treatment recomm

endations

Only a few recommendations can be derived
purely from scientific evidence of a beneficial effe
on health outcomes (as opposed to intermediate
comes; see page 20). Evidence of the efficacy of
medical management on health outcomes is avai
able only for Grades I-1V reflux. Control data are
lacking to compare outcomes for intermittent with
those for continuous antibiotic therapy. Open sur-
gical repair, although proven to cure reflux in 90—
percent of patients, has not been demonstrated tc
improve health outcomes other than pyelo-nephri
for this outcome, the evidence suggests that child
with Grade Il or IV reflux receiving continuous
antibiotic prophylaxis are 2.5 times more likely to
develop pyelonephritis than children who have
undergone successful antireflux surgery.
Accordingly, based on health outcomes data alon
health outcomes for medical and surgical treatme
can be compared only for children with Grade |l
IV reflux. Even for these patients, available out-
comes data provide little information on whether
the benefits of treatment exceed its potential risks
nor do they aid the clinician in selecting the most
appropriate treatment options for initial therapy or
for persistent reflux. Thus, evidence-based recom
mendations provide limited practical guidance for
the clinician. The need for further outcomes
research is addressed in Chapter 5.

The following more detailed recommendations
which generally lack empirical scientific support,
reflect the clinical experience and opinion of the
panel. The panel recognizes the limitations of
relying on opinion as a basis for generating prac+
tice guidelines. This description of practice patter
is instead offered as an aid to clinicians intereste
in more detailed recommendations and in the pe
spective of pediatric urologists and nephrologists
who specialize in reflux care. Full documentation
of the panel’'s underlying rationale for the recom-
mendations is provided: statements based on
opinion are explicitly identified, and evidence-
based recommendations are accompanied by ap
priate references to outcomes analyses in Chapt
(see Rationale for recommendations, page 52).

As outlined in Chapter 2, the recommendation
were derived from a survey of preferred treatmerj

reflux. The recommendations are based on the out-

ctcomes analysis presented in detail in Chapter 3 and
oubn the clinical experience and opinion of the panel.

Treatment options selected by 8 or 9 of the 9 panel
- members are classified as guidelines and given the
strongest recommendation language. (The word
“should” is used to indicate treatment options in
this category; e.g., “Children with Grade V reflux
D8should undergo surgical repair.”) Treatment options
) that received 5 to 7 votes are designated as pre-
lisferred options, and treatment options that received
red to 4 votes are designated as reasonable alterna-
tives. Treatments that received no more than 2
votes are designated as having no consensus and
are not recommended.

The treatment modalities considered included (1)
no treatment (including intermittent antibiotic
therapy); (2) bladder training; (3) continuous anti-
biotic prophylaxis; (4) antibiotic prophylaxis and
bladder training; (5) antibiotic therapy, bladder
training and anticholinergics; (6) open surgical
repair; and (7) endoscopic repair. These modalities
are described in Chapter 1. The recommendations
assume that the patient has uncomplicated reflux
(e.g., no breakthrough UTI, voiding dysfunction,
duplex systems, or other comorbid conditions); see
Special considerations below regarding the care of
patients with additional complications. The recom-
mendations apply only to the scope of the topic of
nshis report (see Chapter 2) and therefore do not
d address diagnosis of reflux, treatment of patients
- over age 10, management of reflux complicated by
other factors (see Special considerations below) or
surveillance testing.

'l Special considerations

er 3

e,
nt
DI

The treatment recommendations apply only to
5 patients with uncomplicated reflux. More aggres-
t sive treatment interventions may be indicated for

options for 36 clinical categories of children with
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children with breakthrough UTI or other medical
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complications, such as renal insufficiency, new or
progressive scarring, obstructive congenital anon

alies of the upper urinary tract (e.g., ureteropelvic

junction), solitary kidney, intrarenal reflux, sec-
ondary reflux (e.g., neuropathic or iatrogenic
reflux, reflux associated with structural urologic
anomalies such as ureterocele, ectopic ureter, pa
terior urethral valves, prune-belly syndrome, or
exstrophy), or other medical comorbid conditions
There is limited direct evidence that duplication
anomalies increase the risk of developing persist
reflux; surgical cure rates appear to be comparak
with duplex and single systems (see Chapter 3,
page 26). Treatment options may be counterman
ed by such factors as antibiotic allergies, intoler-
ance or noncompliance, limitations in surgical
skills and inadequate hospital facilities. Finally, th
intensity of treatment may need to be modified
depending on the nature of the doctor-parent-
patient relationship and to accommodate such fa
tors as limited access to care and personal prefe
ence.

An important variable in the scope of treatmen
is the presence of concurrent voiding dysfunction
common occurrence among children with reflux.
Because resolution of voiding dysfunction may bg
accompanied by resolution or diminution of reflux
such children may require more aggressive treat;
ment with antibiotics, anticholinergics, and bladdeé
training (e.g., timed voiding, biofeedback, parenta
monitoring of voided volumes). Surgical repair of
reflux is less successful in children with voiding
dysfunction, and thus a higher threshold is neces
sary before surgery is recommended in such
patients. Children with reflux should therefore be
assessed for voiding dysfunction as part of their
initial evaluation.

Recommendations

The recommendations that follow emphasize t
importance of shared decision-making in the mat
agement of reflux. The treatment recommendatia
are tabulated in Table 16 on pages 52-53.

Recommendations for children
without scarring at diagnosis

Age at diagnosis: Infants (<lyear)

Initial treatment.Infants with Grades |-V reflux
should be treated initially with continuous antibi-
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otic prophylaxis. In infants with Grade V reflux,
1- continuous antibiotic prophylaxis is the preferred
option for initial treatment.

Follow-up treatmentln infants who continue to
demonstrate uncomplicated reflux, antibiotic pro-
phylaxis should be continued (see Duration of

Simedical management, page 51). For patients with
persistent Grades I-lI reflux after this period of
prophylaxis, there is no consensus regarding the
role of continued antibiotic therapy, periodic cys-

ertbgraphy, or surgery. Surgical repair is the preferred

leoption, however, for patients with persistent unilat-
eral Grades IlI-IV reflux. Patients with persistent

d-bilateral Grades IlI-IV reflux or Grade V reflux
should undergo surgical repair.

Age at diagnosis: Preschool children
(ages 1-5 years)
Initial treatment.Preschool children with Grades
C-1-II reflux or unilateral Grades IlI-IV reflux should
I- be treated initially with continuous antibiotic pro-
phylaxis. Continuous antibiotic prophylaxis is the
t preferred option in preschool children with bilateral
» &rades Il1-1V reflux. In patients with unilateral
Grade V reflux, continuous antibiotic prophylaxis is
2 the preferred option for initial treatment, although
, surgical repair is a reasonable alternative. In
patients with bilateral Grade V reflux, surgical
2r repair is the preferred option and continuous antibi-
l otic prophylaxis is a reasonable alternative.
Follow-up treatmentln children who continue to
demonstrate uncomplicated reflux, antibiotic pro-
- phylaxis should be continuedgeDuration of
medical management, page 51). In children with
persistent Grades |-l reflux, there is no consensus
regarding the role of continued antibiotic therapy,
periodic cystography or surgery. Surgery is the pre-
ferred option for children with persistent Grades
-1V reflux. Patients with persistent Grade V
reflux should undergo surgical repair.

e

Age at diagnosis: School children

- (ages 6-10 years)

ns Initial treatment.School children with Grades
[-1I reflux should be treated initially with contin-
uous antibiotic prophylaxis. Continuous antibiotic
prophylaxis is the preferred option for initial treat-
ment of patients with unilateral Grades IlI-IV
reflux. In patients with bilateral Grades IlI-IV
reflux, surgical repair is the preferred option,
although continuous antibiotic prophylaxis is a rea-
sonable alternative. Patients with Grade V reflux
should undergo surgical repair.

he
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Follow-up treatmentln children who continue to
demonstrate uncomplicated reflux, antibiotic pro-
phylaxis should be continued (see Duration of
medical management, page 51). In patients with
persistent Grades I-II reflux after this period of
prophylaxis, there is no consensus regarding the
role of continued antibiotic prophylaxis, periodic
cystography, or surgery. Surgery is the preferred
option for persistent reflux in children with Grade
HI-IV reflux.

Recommendations for children with
scarring at diagnosis

Age at diagnosis: Infants (<1 year)

Initial treatment.Infants with scarring at diag-
nosis and Grades |-V reflux should be treated in
tially with continuous antibiotic prophylaxis. In
infants with Grade V reflux and scarring, contin-
uous antibiotic prophylaxis is the preferred optiorn
for initial treatment, and surgical repair is a reasa
able alternative.

Follow-up treatmentln infants who continue to
demonstrate uncomplicated reflux, antibiotic pro-
phylaxis should be continued (see Duration of
medical management). In patients with persisten
Grades |-l reflux after this period of prophylaxis,
there is no consensus regarding the role of con-
tinued antibiotic prophylaxis, periodic cystograph
or surgery. In boys with persistent unilateral Grag
-1V reflux, surgical repair is the preferred optior
Boys with persistent bilateral Grades IlI-IV reflux
girls with persistent Grades IlI-IV reflux, and boy
and girls with persistent Grade V reflux should
undergo surgical repair.

Age at diagnosis: Preschool children
(ages 1-5 years)

Initial treatment.Preschool children with scar-
ring at diagnosis and either Grades Il reflux or
unilateral Grades IlI-IV reflux should be treated
initially with continuous antibiotic prophylaxis.
Antibiotic therapy is the preferred option in chil-
dren with bilateral Grades 11V reflux and scar-
ring, and surgical repair is a reasonable alternati
Surgery is the preferred option for patients with
unilateral Grade V reflux. Patients with bilateral
Grade V disease and scarring should undergo su
gical repair as initial treatment.

Follow-up treatmentln children who continue tg
demonstrate uncomplicated reflux, antibiotic pro-
phylaxis should be continued (see Duration of
medical management). In patients with persisten

5

[

S

Grades I-II reflux after this period of prophylaxis,
there is no consensus regarding the role of con-
tinued antibiotic prophylaxis, periodic cystography,
or surgery. Girls with persistent Grades -1V
reflux and boys with persistent bilateral Grades
[1I-1V reflux should undergo surgical repair.
Surgery is the preferred option for boys with per-
sistent unilateral Grades IlI-IV reflux and girls
with bilateral Grades IlI-IV reflux. For patients
with persistent Grade V reflux who have not under-
gone surgery as initial treatment, surgical repair is
the preferred option.

Age at diagnosis: School children
(ages 6-10 years)

Initial treatment.School children with scarring
. at diagnosis and Grades |-l reflux should be
“treated initially with continuous antibiotic prophy-
laxis. In children with unilateral Grades IlI-1V
reflux and scarring, antibiotic therapy is the pre-
ferred option. Patients with bilateral Grades IlI-IV
Treflux or Grade V reflux should undergo surgical
repair as initial treatment.

Follow-up treatmentln children who continue to
demonstrate uncomplicated reflux, antibiotic pro-
phylaxis should be continued (see Duration of
medical management). In patients who have persis-
tent Grades I-ll reflux after this period of prophy-
laxis, there is no consensus regarding the role of

n

Y continued antibiotic prophylaxis, periodic cystog-

e?aphy, or surgery. Patients with persistent unilateral

" Grades HlI-IV reflux who have not undergone

' surgery as initial treatment should undergo surgical
repair.

Duration of medical management

The recommendations refer to “persistent reflux”
but do not specify the amount of time that must
elapse before VUR is considered persistent. Little
scientific evidence exists for determining how long
to continue antibiotic prophylaxis before recom-
mending surgical repair, and this decision is there-
fore left to clinical discretion in consultation with
parents. The duration of reflux is an important con-

esideration. As indicated in Table 2 (page 23), which
is based on the model described in Chapter 2 and
Appendix C, the probability that reflux will resolve

r-Sspontaneously depends on the duration and grade
of reflux. Other factors to consider include the
patient’s surgical candidacy, comorbidities, toler-
ance of antibiotics, socioeconomic factors, compli-
ance to medications and follow-up, and parental

. preferences and concerns.
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Table 16. Treatment recommendations

Recommendations were derived from a survey of preferred treatment options for 36 clinical categories of children with reflux.

The recommendations are classified as follows:

Guidelines = Treatments selected by 8 or 9 of 9 panel members, given the strongest recommendation language.

Preferred Options = Treatments selected by 5—7 of 9 panel members.

Reasonable Alternatives = Treatments selected by 3—4 of 9 panel members.
No Consensus = Treatments selected by no more than 2 of 9 panel members.

The treatment recommendations apply to both boys and girls with primary vesicoureteral reflux.

Treatment recommendations for children without scarrindiajnosis

Clinical presentation Treatment
(age at presentation) Initial Follow-up 1
(antibiotic prophylaxis or (continued antibiotic prophylaxis,
open surgical repair) cystography or open surgical repair)
VUR grade  Age Guideline Preferred Reasonable Guideline Preferred No
laterality (years) option alternative option consersus
-1l <1 Antibiotic Boys and girls
Unilateral or prophylaxis
bilateral 1-5 Antibiotic Boys and girls
prophylaxis
6-10 Antibiotic Boys and girls
prophylaxis
I-1v <1 Antibiotic Bilateral: Unilateral:
Unilateral or prophylaxis Surgery if Surgery if
bilateral persisteRt persistent
1-5 Unilateral: Bilateral: Surgery if
Antibiotic Antibiotic persister#t
prophylaxis prophylaxis
6-10 Unilateral: Bilateral: Surgery if
Antibiotic Antibiotic persisterit
prophylaxis prophylaxis
Bilateral:
Surgery
V <1 Antibiotic Surgery if
Unilateral or prophylaxis persistént
bilateral 1-5 Bilateral: Bilateral: Surgery if
Surgery Antibiotic persistedt
prophylaxis
Unilateral: Unilateral:
Antibiotic Surgery
prophylaxis
6-10 Surgery

1oy patients with persistent uncomplicated reflux after extended treatment with continuous antibiotic therapy.
2No consensus was reached regarding the role of continued antibiotic prophylaxis, cystography, or surgery.
3See Duration of Reflux in the text regarding the length of time that clinicians should wait before recommending surgery.
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Table 16. Treatment recommendations (continued)

Recommendations were derived from a survey of preferred treatment options for 36 clinical categories of children with reflux.
The recommendations are classified as follows:

Guidelines = Treatments selected by 8 or 9 of 9 panel members, given the strongest recommendation language.
Preferred Options = Treatments selected by 5—7 of 9 panel members.

Reasonable Alternatives = Treatments selected by 3—4 of 9 panel members.
No Consensus = Treatments selected by no more than 2 of 9 panel members.

The treatment recommendations apply to both boys and girls with primary vesicoureteral reflux.

Treatment recommendations for childmeith scarring atdiagnosis

Clinical presentation Treatment
(age at presentation) Initial Follow-up 1
(antibiotic prophylaxis or (continued antibiotic prophylaxis,
open surgical repair) cystography or open surgical repair)
VUR grade  Age Guideline Preferred Reasonable Guideline Preferred No
laterality (years) option alternative option consedsus
-1l <1 Antibiotic Boys and girls
Unilateral or prophylaxis
bilateral 1-5 | Antibiotic Boys and girls
prophylaxis
6-10 Antibiotic Boys and girls
prophylaxis
I-1v <1 Antibiotic Girls: Boys:
Unilateral prophylaxis Surgery if Surgery if
persisterg persistent
1-5 Antibiotic Girls: Boys:
prophylaxis Surgery if Surgery if
persisterit persistent
6-10 Antibiotic Surgery if
prophylaxis persistet
H-1v <1 Antibiotic Surgery if
Bilateral prophylaxis persisteht
1-5 Antibiotic Surgery Surgery if
prophylaxis persisteft
6-10 Surgery
\% <1 Antibiotic Surgery Surgery if
Unilateral or prophylaxis persistént
bilateral 1-5 Bilateral: Unilateral: Surgery if
Surgery Surgery persistént
6-10 Surgery

1oy patients with persistent uncomplicated reflux after extended treatment with continuous antibiotic therapy.
2No consensus was reached regarding the role of continued antibiotic prophylaxis, cystography, or surgery.
3See Duration of Reflux in the text regarding the length of time that clinicians should wait before recommending surgery.
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aspiration is encouraged to minimize the likelihood
of a false-positive diagnosis of UTI.

Follow-up evaluation should be performed at
“least annually, at which time the patient’s height
“and weight should be recorded. In addition, a uri-
nalysis should be performed. If renal scarring has
been demonstrated, the blood pressure should also
'be measured, irrespective of whether the child has
reflux that is persistent, resolved spontaneously, or
has been corrected surgically.

In deciding how often to obtain follow-up cys-
tography, the clinician should take into considera-
tion the likelihood of spontaneous resolution (see
€Table 2 on page 23), the risks of continued antibi-

otic prophylaxis, and the risks of radiologic study.
In general, cystography does not need to be per-
formed more than once per year.

In children with reflux who are toilet trained,
regular, volitional low-pressure voiding with com-

“plete bladder emptying should be encouraged. If it
is suspected that the child is experiencing uninhib-
ited bladder contractions, anticholinergic therapy
may be beneficial.

In children in whom antireflux surgery is chosen,
the panel does not recommend the endoscopic form
of therapy because of the lack of proven long-term

S&'Qfety and efficacy of most materials used for injec-
tion and the lack of approval of such materials by
the U.S. Food and Drug Administration.

Other management recommendations

In children with VUR, at initial evaluation the
urine should be assessed for infection and protein
uria, and the child’s height, weight, and blood pres
sure should be measured. If the child shows evi-
dence of renal scarring, hydronephrosis, or has
solitary kidney, or known underlying renal diseas
a serum creatinine should also be obtained.

In children with VUR, urethral dilation and
internal urethrotomy are not beneficial. In additio
cystoscopic examination of the ureteral orifices
does not appear to aid in predicting whether reflux
will resolve (see Chapter 1, page 12). Furthermo
evocative cystometry is unnecessary in children
with reflux and normal voiding function. However
in children with symptoms of voiding dysfunction,
urodynamic evaluation may be beneficial.

The personal preferences of parents (and, at
older ages, patients) must be considered in weig
ing the benefits and harms of treatment options.
The clinician should provide parents with informa-
tion about the known benefits and harms of avail
able options, including continuous antibiotic pro-
phylaxis, surgery, and intermittent antibiotic
therapy. The clinician should indicate to what
extent the estimates of benefits and harms are b
on scientific evidence or on opinion and clinical
experience. Given the general lack of direct evi-
dence that any 1 treatment option is superior to
another (especially when total benefits, harms,
costs, and inconvenience are taken into considera-
tion), parents’ and patients’ preferences regardin
treatment options should generally be honored. To
the extent that parents seek physicians’ advice o
how to proceed, the specific treatment guideline
are offered (Table 16 on pages 52-53). The following recommendations to offer contin-

In children with reflux, a urine culture should be uous antibiotic prophylaxis as initial therapy are
obtained if there are symptoms and/or signs of a| based on limited scientific evidence. No controlled
UTI. In a child with a suspected UTI, proper spec- studies have demonstrated that continuous antibi-
imen collection is important. In girls and uncircum- otic prophylaxis achieves better health outcomes in
cised boys who are not toilet trained, a urinalysis| ochildren with reflux than intermittent treatment of
urine culture obtained from a contaminated bag | UTI. The opinion of the panel, however, is that
specimen may Yield an erroneous diagnosis of maintaining continuous urine sterility is beneficial
infection and therefore result in inappropriate man-in reducing the risk of renal scarring and that this
agement decisions. In such children, a urine spe¢- benefit outweighs the potential adverse effects of
imen obtained by catheterization or suprapubic | antibiotics3 Observational data from patients with

Rationale for

recommendations

3The argument for continuous antibiotic prophylaxis is especially compelling during infancy, when diagnosing UTl is difficult.
Recommendations to initiate antibiotic therapy when reflux is diagnosed in school children, even when the reflux is mild (Grades
I-11), are based on the panel’s belief that such children continue to face a risk of scarring and that this risk is indépendent
grade.
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Grades Il reflux suggest that at least 50 perce
of reflux cases resolve within 3-5 years of contin
uous antibiotic prophylaxis (see Chapter 3). For
Grades I-1V reflux, the panel generally favors cot
tinuous antibiotic prophylaxis over immediate sur
gical repair because it is less invasive and is ass
ated with fewer risks over the short term.
Recommendations to proceed to surgery in ca
that have not resolved spontaneously while the
patient was receiving continuous antibiotic proph
laxis are supported by limited scientific evidence:
open antireflux surgery is 95-98 percent effective
in correcting reflux, and the risk of pyelonephritis
is 2—2.5 times greater in children with Grades
-1V reflux managed medically compared with
surgically treated patients. The expert opinion of
most panel members is that surgery also reduces
the risk of pyelonephritis in girls with Grades |-
reflux and in boys and girls with Grade V reflux.
Panel members believe that breakthrough UTI
increases the risk of renal scarring. Although the
International Reflux Study showed no difference
between medical and surgical treatment in the in
dence of new renal scarring at 5 years, 80 perce
of new renal scars in the surgical group appeare
by 10 months after randomization, and thus the r
of new renal scarring between 1 and 5 years fol-
lowing randomization was higher in the medical
group. Some panel members believe that with
longer follow-up, the incidence of new renal scars
in the surgical group will be less than in the med
ical group. Some panel members also believe th:
females with unresolved reflux are more likely to
experience pyelonephritis during pregnancy than
women without reflux, although women who have
had antireflux surgery also develop pyelonephritis

The panel believes that the benefits of immediate

correction of reflux in patients for whom surgery
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htwas recommended, even when coupled with its
- risks, outweigh the potential harms of continuous
antibiotic prophylaxis (e.g., inconvenience of long-
n-term therapy, adverse drug reactions, periodic sur-
- veillance testing).
0ci- More aggressive recommendations for the treat-
ment of girls than of boys (e.g., for persistent
seGrades IlI-1V reflux in school children) are based
on epidemiologic evidence that girls face a higher
y-risk of acquiring UTI than do boys (see Chapter 3,
page 36). More aggressive recommendations for
the treatment of Grade V reflux (e.qg., surgical
repair as initial therapy) are based on the panel's
opinion that such cases are unlikely to resolve
spontaneously on antibiotic therapy, that surgery is
effective in resolving severe reflux and that these
benefits outweigh the potential harms of surgery.
More aggressive recommendations for children
who have renal scarring at diagnosis are based on
the panel’s opinion that such patients face a higher
risk of progressive scarring and decreased renal
functional reserve.
ci- The panel’s treatment recommendations are
Ntbased on its opinion that the benefits of treatment
d outweigh the potential harms. There is little scien-
atafic evidence to confirm these assumptions, how-
ever, and therefore clinicians and parents may
choose other options if they assign different
weights to potential outcomes. For example, some
clinicians and parents may not share the panel’s
opinion that the benefits of one-time surgical cor-
at rection of persistent reflux, even when coupled with
its potential harms, outweigh the inconvenience,
cost, and risk of side effects from long-term antibi-
otic prophylaxis. Choosing continuous or intermit-
tent antibiotic therapy under such circumstances is
appropriate given the lack of scientific evidence to
suggest otherwise.
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Chapter 5: Research priorities

Many aspects of primary VUR remain incom-
pletely understood. The panel identified the fol-
lowing areas as needing further investigation.

Development of VUR:The cause of the malde-
velopment of the ureterovesical junction is
unknown. Because VUR is often related to voidin
dysfunction, research into the development of the
autonomic nervous system of the bladder and its
effect on morphological bladder development mal
allow an understanding of the pathoembryology ¢
VUR.

VUR is greater in severity in newborn boys tha
girls. This phenomenon may be secondary to ele
vated voiding pressures in the newborn male
(Gierup, 1970; Hjalmas, 1976; Sillen, Bachelard,
Harmanson et al., 1996). Whether these differenc
result from dissimilar forms of urethral develop-
ment and/or autonomic nervous system develop-
ment is unknown. Investigation of the bud theory
Mackie and Stephens (1975) as applied to VUR
suggested to better understand the relationship
between reflux and renal scarring that may be pr
sent at birth. Determination of whether fetal reflu
has a “water hammer” effect deserves study.

Further investigation of the neurologic changes
of the pediatric bladder with maturation that coulc
influence bladder function and physiology, particu
larly voiding pressures, is needed. Studies shoulg
evaluate whether anatomic changes at the bladd
neck or a functional disorder of the striated
sphincter or bladder neck could account for ele-
vated intravesical pressures.

Reflux resolutionThe panel found evidence,
based on a few large studies, that resolution of
Grades | and Il reflux may not depend on patient
age or laterality (i.e., unilateral or bilateral). In
Grade llI reflux, on the other hand, it was sug-
gested that patient age and laterality were impor;
tant prognostic considerations. In Grade 1V reflux
only laterality could be evaluated. Confirmation o
these concepts by other large centers would be
worthwhile. Furthermore, refinement of predictive
criteria for reflux resolution by patient age, reflux
grade, and laterality would be useful. In addition,

further study of the likelihood of resolution of low;

grade reflux during adolescence, as described by
Lenaghan, Whitaker, Jensen, et al. (1976) and by
Goldraich and Goldraich (1992), is necessary.
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Renal scarring: The development of renal scar-
ring in children with reflux is incompletely under-
stood. Further investigation of the roles of bacterial
virulence factors and host immune and inflamma-
tory responses in the evolution of renal scarring is
g necessary. Studies should evaluate methods of
» affecting the host immune or inflammatory

response that could reduce renal scarring during
y pyelonephritis (Roberts, 1992). Investigation of
of why younger children, particularly those under

1-2 years of age, appear to be more likely than
n older children to develop renal scarring from pyelo-
- nephritis would be useful.

It is well recognized that pyelonephritis and
renal scarring can occur in children without reflux.

red he extent to which reflux increases the risk of
renal scarring and the mechanism of this effect
deserve investigation.

of The panel attempted to analyze the association

s between new and progressive scarring in children
undergoing medical or surgical treatment for reflux

e-and bacteriuria. Because of extremely limited data,

x this relationship could not be evaluated. Further

investigation into the factors leading to new renal

5 scarring in children with reflux is important. In

i addition, assessment of whether there are long-term

I- differences in the incidence of new scars in chil-

1 dren managed medically and surgically is neces-

ersary.

Further analysis of the risk factors for end-stage
renal disease, particularly the relative contributions
of “congenital” scarring, intervening infection,
voiding dysfunction, and hypertension manage-
ment, would be useful.

More randomized prospective trials comparing
the incidence and timing of new scarring, as
assessed by DMSA scan, in children with Grades
Il and IV reflux are important, because previous
studies, which used IVP for scar detection, have
been difficult to interpret. Whether the risk of new
scarring in a child with Grade 11l or IV reflux
decreases as reflux grade decreases or reflux
resolves should also be analyzed.

Voiding dysfunction: The role of voiding dys-
function in the pathogenesis of VUR and its risk in
reflux complications, such as renal scarring,
deserves further investigation. The role of urody-
namic studies in infants and children with reflux,

f
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with or without voiding dysfunction, should be
evaluated (Sillen, Bachelard, Harmanson, et al.,
1996). Matched, controlled studies of anticholin-
ergic therapy and bladder retraining on reflux-
related outcomes in children with voiding dysfung
tion are also necessary.

Medical therapy: A comparative analysis of the
efficacy of various forms of antibiotic prophylaxis
in preventing infection and renal scarring would b
important. Furthermore, studies to assess the du
tion and dosage of prophylaxis are indicated. An
evaluation of the adverse effects of various forms
of continuous antibiotic prophylaxis in children an
examination of the proportion who do not tolerate
prophylaxis or who develop resistance would be
important. In addition, compliance with prophy-
laxis regimens should be evaluated, in particular
comparing those who have received prophylaxis
less than 6 months with those who have receivec
therapy for more than 2 years. In addition, a trial
comparing reflux-related outcomes in children
receiving continuous prophylaxis with those in
children receiving intermittent therapy, particularly
comparing children younger than age 5 years wit
older children, would be prudent. Whether anti-
cholinergic therapy is beneficial in children with
reflux but no sign of voiding dysfunction should b
studied. The short- and long-term risk of stopping
prophylaxis in individuals with reflux who have
been infection-free deserves evaluation. The effi-
cacy of periodic surveillance, urinalysis, and uring
culture in asymptomatic children with reflux shou
be studied.

Surgical therapy: Development of new tech-
niques of antireflux surgery, particularly minimally
invasive techniques, is indicated. Newer materials
that can be used for endoscopic subureteral injec
tion and that are safe in children should be studig
Whether current techniques of antireflux surgery
cause transient increases in upper tract pressure
potentially resulting in renal injury, should be
studied. In addition, the mechanism for new-onse
contralateral reflux in children undergoing unilat-
eral antireflux surgery should be studied further,
and methods of preventing contralateral reflux
should be developed. More effective techniques
should be developed for surgical therapy in chil-
dren with Grade V reflux. In addition, whether
early correction of reflux in children with Grade V
reflux alters reflux-related outcomes should be atf
lyzed further.

Bladder function/training: Whether bladder
training alters reflux-related outcomes deserves

Copyright © 1997 American Urological Association, Inc.

study. In addition, whether reflux resolution is
enhanced after successful toilet training and matu-
ration of bladder function should be evaluated.
Whether pharmacologic manipulation, beyond

- simple anticholinergic therapy, could be useful in
normalizing bladder dynamics should also be
studied.

Imaging: The effect of voiding cystourethrog-
eraphy on children should be analyzed, and less
ratraumatic methods of determining whether reflux is

present should be developed. Techniques of voiding
cystourethrography that result in less radiation
dexposure, such as the tailored low-dose fluoro-

2 scopic method (Diamond, Kleinman, Spevak, et al.,
1996), should be developed. Clinicians should
refine the ideal duration of time between cys-
tograms in children being treated for reflux. In

foaddition, the role of newer forms of renal imaging,

I such as SPECT, helical CT and power Doppler
ultrasound, in the diagnosis of acute pyelonephritis
and renal scarring, should be studied. Furthermore,
the indications for obtaining a voiding cysto-
urethrogram in a child with a UTI should be

h refined. Efforts should be made to determine prog-
nostic criteria for likelihood of reflux resolution
based on bladder volume and pressure at which

e reflux occurs and volume of refluxing urine.

)  Genetics of reflux:Further evaluation of the

genetics of reflux deserves study. The current litera-

ture has not separately analyzed the incidence of

> pure primary sibling reflux and reflux associated

dwith voiding dysfunction. The gene for VUR
should be identified.

Screening for reflux: Many groups of children
undergo screening for primary reflux, including

5 siblings of offspring of index patients with reflux

z- and children with a multicystic kidney or a solitary

cdkidney. The impact of screening and early interven-
tion (medical or surgical) on reflux-related out-

s,comes should be analyzed.

Circumcision and UTI: Whether circumcision
t of neonates with prenatally detected VUR dimin-

ishes the incidence of UTI and other reflux-related
outcomes deserves study.

Reflux and pregnancy:The natural history of
VUR in adult women with persistent reflux
deserves study, including a comparison of the mor-
bidity of reflux and need for and efficacy of pro-
phylaxis in pregnant and non-pregnant women.

naSuch an analysis should compare various grades of

reflux with and without renal scarring. Comparison
of the reflux-related outcomes and morbidity of
pregnancy in women who had spontaneous reflux
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resolution or antireflux surgery during childhood
and those with uncorrected reflux is of utmost
importance.

Social and economic factorsAn analysis of the

domized controlled trials studying the role of med-
ical and surgical therapy using DMSA scan for

evaluation are indicated. The long-term outcomes
(>10 years) of previously randomized children with

costs of reflux treatment and surveillance is impor-unresolved reflux at 5 years should be compared
tant, in particular a comparison of the costs associwith children undergoing successful surgical or
ated with medical and surgical therapy of children medical therapy.

with various grades of reflux. In addition, studies

of Future clinical studies of children with reflux

how reflux and its treatment and the need for sur- should analyze specific reflux-related health out-
veillance affect patient/family dynamics and qualitycomes and stratify the results by patient gender,

of life deserves study.
Randomized controlled trials: Although the
International Reflux Study in children was suc-

age, and reflux grade. Studies should report reflux
resolution both by rate of ureteral resolution and
patient resolution. Ideally, reports of UTI and renal

cessful in analyzing many reflux-related outcomes,scarring will analyze these outcomes for 5-10
data related to scarring were based on assessmenyears after reflux resolution.
by IVP rather than DMSA renal scan. Further ran-
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Appendix B: Data extraction form

VUR Data Retrieval rage 10
Cover Sheet - A_VUR.DB
Reference No. | I
Journal: 1
Year: | Pages:
Authoris):
Title:
1. STUDY TYPE 1 Acqustionyears[ ]
(Enter from list, Appendix 1)
Accepted/Rejected:| Al R If Rejected, D = Data updated in more recent report
{circle one} Why ? A= Data are absent
{circle one or U = Data present but cannot be interpreted to
explain) complete categories of Data Retrieval Form
© = Other
Worst - Best
(0 -10) (¥ or N}
Study Quality
Well defined Patient groups| Exclude Voiding Dysfunction
Well defined Gutcomes| Follow-up Rate > 50%
Well defined !
Definition of Norms, > 50 patients total|

Overall Study
Comments

Cystoscopy used for Dx

(Use 10 identify biases to internal

and externa validity, o othes

issues which may be of nterest to

the panel - see instructions for

details Continue on back, if

necessary)

List References {or attach bibliography):

Keywords:

(Enter number,

see Appendix 1)

Reviewer:

{Reviewer 1 - Red)

Time to Complete:

Date:

VUR Data Retrieval
Cover Sheet - C_VUR_R'.DB

et :l

Define the various groupings that are detailed

{Reviewer 2 - Blue}
(minutes) {Composite - Yellow)

Page 3 of

on the attached sheets. (pp. -7}

Each Group should have a separate set of sheets {pp. 4-7). See Appendix 2 for Codes.

Sex _ Age _Oupl
Group 0

Fru Fiu
Grade UnifBi _1°Rx__ 2°Rx AV rears) Code Other !Deecribe

Group 1

Group 2|

Group 3|

Group 4

Group §

Group 6|

Group 7|

Group g

Group 9|

Group 10]

Group 11

Group 12|

Group 13|

Group 14

Group 15|

Group 16|

Group 17]

Group 18]

Group 19]

Group 20

Group 21

Group 22|

Group 23]

Group 24

Group 25

Group 26

Group 27}

Group 28

Group 29|

Group 30)

VUK Data Retnevai rage < o1

Cover Sheet - C_VUR_R".DB

Feereneette :I

2.DEMOGRAPHICS - TOTAL Population

Indicate Nusnber Indicate Number
TOTAL Patients: TOTAL Renal Unit:
Patients Ureters
Intervention 1°Rx 2°Rx 1°Rx__ 2°Rx_Inclusion Criteria
Medical
Surgery
Control|

The following data should reflect the entire study population.

Age <1 1105 >
Mean Min Max|
I:l Upper Pole Reflux anly
]
—

&

aren g anne

Presentation U/
Complete Duplication  Single Lower Pole Reflux only

Reflux into both Systems
Mode of Dx

Soltary Kidney[ ] veus ]
Not stated] | rc ]
NotStated] |

UnitatBilat  Uniat| | Bilat

Voiding Dystunction  Pres[ | None
RR Pres[ | None

Reflux Classification Code
(see appendix 1}

RNl

i

Reflux Grade: Patients Ureters.
x

Grade:
Grade:
Grade:
Grade:
Grade:
Grade:

Rl R 1f outcomes are analyzed 1n separate groups charactenzed by one of more these parameters, a separate set
of sheets (pp 4-7) should be filled out for each group

e g e The following group of parameters will usually be qualifiers and not segregators If outcomes are analyzed in

separate groups charactenized by one or more these parameters, a separate set of sheets (pp 4-7) should
be filled out for each group

VUR Data Retrieval Page 4 of

Dx & Rx Data - D_VUR_R*.DB

Reference No. | I Group | |
2.DEMOGRAPHICS - of PARTICULAR Group
Indicate Number Indicate Number
TOTAL Patients: TOTAL Renal Units:
{this group) this group)
Patients. reters

Intervention 1°Rx__2°Rx _1°Rx__2*Rx_Inclusion Criteria

Medical

Surgery|

Control

(* see 1 on page 2, bottom)
Sex Male|

Age <1
Mean)

Female|

105
Min

( *** see 2 on page 2, bottom)
Presentation  UT|

PNDx

Upper Pole Reflux only
Lower Pole Reflux only

e
C_1
1
3

Reflux into both Systems
Mode of Dx

Soltary Kidney[ | vevs[ ]
Not Statea] | R ]
Not Stated| ]

Ureters
Y % X Y

Unilat/Bilat  Unilat| Bilat|

Voiding Dysfunction  Pres| None

IRR  Pres| None|

3. INITIAL

[ remae ]
C s

Complete Duplication  Single[ ] Owpi___]
C ] el ]
T wene ]
T wone[ ]
Patients

Scarring|

Impaired Function,

Mean Cr/CrClr|
ESRI

Small Kidney|

Short stature|

Voiding

Other|

Comments

Copyright © 1997 American Urological Association, Inc.
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~ Appendix B (continued)

VUR Data Retrieval PageSof VUR Data Retrieval Page8of ____
Reference No. [: Group |:I Outcomes Data - O_VUR_R*.DB
Reference No. I I Group
4.1 Medical
(Yor Ny ™™X/ PChY

[ I S I T Y =" | 4.3 OUTCOMES

Cont Prophyas]___Jagentst sl ]
Resolution data is:
intermit Prophylaxis| | Notsol ] (circle one)
Patients Ureters
1 [ ome[ ] % 3 %«

1 year

2 years

4.2 surgery 3 years
(Y or ) OPEN 4 years|

=\ B & L-G| — 5 years,
1

A. Actual  B. Actuarial C. Kaplan-Meier

Antichoinergics |agentts) Ditropan

25 years

Tapern Al Not spec
i Noeres

P
[<2Y Detrus 8 Neck]

Not Stated J Worsened|

Cross Over to Surgery,
Surgicai Cure|

New Scarfing|
1 Progr Searring
Infections (NS)

] Cystins|
Febrile 1
2t03

>3
Common Sheath Remplant____ | Febnile (Unknown number)

Other|

ENDOSCOPIC

Not Stated|

Other|

DUPLICATION
Ureteroureterostomy|

Partial Nephrectomy|

No of Breakthru
Hypertension
Other[_ | | Protemuna)
impaned Function

Mean CrCrClr
OTHER ESRD)

Impaired Growth
Nepwsctomy[ ] Nepmometsectomy | ot Y |

Somatic| I | | | | |
Not statea| ] otner| [ Voding D [ I | I I [ ]
Side Effects (Medical Rx}

None

.
Mean Hospital Stay (Days] Total Number
g ¥ (Dayeh Aliergic

2° Excision of Stump

Reimplant of Lower Pole Ureter only|

7 [
(. 1
[
Teton[ | Comag] ] waton[ ] Blood
[
(I (.
(. 1
[

Not Stated|

Comments: Alter Rx
Other

Not Stated

C {Surgical -3 mo
VUR

New
ipsilateral VUR
Disappears with time|
Persists req Surgery|
Persists nat req Surgery
REOP Obstruction
Obstruction no REOP

Infection (UTH

Other

Not Stated
VUR Data Retrieval PageTof ____
Qutcomes Data - O_VUR_R*.DB {con’t)
Reference No. I Group
Relationship of Scarring to Bacteriuria, if known for this particular group:

New or Progressive
Scarring
¥
Bacterwria Y {Enter the number of Patients in each box)
{since Rx} N
Outcomes
P
Follow-up Data
5. FOLLOW-UP
[Mean | Min [ Max | [Cveu T RNC [ wis T WP | CiS~ [CrChr]interval
| ] H ] [ [ [ [ [ | [l
( [ [ [
Detection of Scarring omsa | we[_ ] ws[___]

Measurement of Renal Growih Planmetry[ ] Lengtn[ ]
Measurement of Renal function sewmcr___ ] cen[___] eotal___] omsa ]

Comments
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Appendix C: Methodology for combining parameters

Combining relative risks from several different studies is problematic. Several meta-analytic techniques
can be used. A fixed effects analysis assumes that the studies all estimate the same parameter (relative
risk). The opposite of a fixed effects model is a random effects model. In a random effects model, the
parameter does not remain constant from study to study, but rather varies randomly, and the center of the
distribution of the parameter of interest must be estimated. This methodology is especially appropriate
for combining relative risks from pediatric reflux studies, because the populations used by each study have
different mixes of grades, laterality and gender.

One standard method of combining parameters using random effects models is the empirical Bayes
(EB) method (Hedges and Olkin, 1985) For this method, we assume th&; eatimates a different
parameterg;, with known varianceg;?2 Thee 's are assumed to be a sample from a normal distribution
with meanu and variance?. That |§ mother nature chooses parameters for each study at random from a
normal distribution with meap and vanance:2 The likelihood is proportional to

m
L « exp —Z [(9j—M)2/(172+0j2)+|n(152+0j2)]/2 .
=1

Maximum likelihood estimates can be calculated directly using a modified Gauss-Newton algorithm
(Hasselblad, 1994) or the EM Algorithm (Dempster, Laird, and Rubin, 1977).

For dichotomous outcomes, such as rates of renal scarring, the same model can be used for the parame-
ters, but the underlying distribution of the parameters is assumed to be binomial instead of normal. This
can be accomplished by fitting a multiple logistic regression model with random effects. The EGRET soft-
ware package (Statistics and Epidemiology Research Corporation, 1993) can be used to estimate such mod-
els. This model can be generalized to include multiple variables of interest.

The following example illustrates the use of the method to estimate the effect of both treatment and
grade on renal scarring. A dataset was created for each subgroup of each renal scarring study when the
study gave results by grade (see Table C-1). Dummy variables were created for each grade to indicate the
effect of grade. Grades IV and V were combined because there were so few subjects. Some studies gave
their results for a group of grades, and these presented special analysis problems. For those studies, the
fraction of subjects in each grade was used in place of the dummy variables. To understand this, assume
that one study had 40 percent in grade Il and 60 percent in grade Ill. Then each individual in grade I
should be assigned a one for the dummy for grade Il and a zero for the other dummies. If this was actually
done for all subjects in both grades and the dummy variables were then averaged, the result would be the
fraction for each dummy as proposed. A small number of studies did not give a grade distribution, and for
these studies an average grade distribution was assigned.

The data in Table C-1 were analyzed using multiple logistic regression analysis. The model assumes
that the effects of each content factor are additive (in the log-odds space). Thus, the analysis results must
be converted back to probabilities and relative risks. The results for this example are shown in Table C-2.
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TABLE C-1. Dataset Created from the Medical and Surgical Studies of New Scarring (per Ureter)

Study New | Sample Grade | Grade |l Grade Il  Grade IYNV  Surgery
Scars| Size (1=yes)

Ben-Ami, Sinai, Hertz, 0 4 1 0 0 0 0
et al., 1989

0 28 0 5 5 0 0

3 5 0 0 0 1 0
Scholtmeijer and Griffiths, 1988 0 12 1 0 0 0 0

1 36 0 1 0 0 0

1 31 0 0 1 0 0

0 12 0 0 0 1 0
Birmingham Reflux Study Group, 1987 5 111 0 A1 4 5 0
Homsy, Nsouli, Hamburger, et al., 1985 0 53 .09 .06 .15 .15 0
Bellinger and Duckett, 1984 1 165 .15 .55 .18 12 0
Koff and Murtagh, 1983 3 47 .06 .23 .36 .34 0

2 55 .21 .25 .25 .26 0
Shah, Robins, and White, 1978 ] 13 0 1 0 0 0

4 a7 0 0 .40 .60 0
Cardiff-Oxford Bacteriuria 0 28 1 0 0 0 0
Study Group, 1978

1 41 0 1 0 0 0

1 12 0 0 .40 .60 0
Edwards, Normand, Prescod, et al., 1977 2 121 .15 .18 4P .14 0
Jakobsen, Genster, Olesen, et al., 1977 0 198 21 .35 17 .2b 0
Husmann and Allen, 1991 13 142 0 1 0 0 0
Burge, Griffiths, Malone, et al., 1992 0 6 1 0 0 0 0

0 3 0 1 0 0 0

0 14 0 0 1 0 0

0 17 0 0 0 1 0

0 4 0 0 0 1 0
Arant 1992 1 11 1 0 0 0 0

5 40 0 1 0 0 0

9 33 0 0 1 0 0
Aggarwal, Verrier-Jones, 0 10 1 0 0 0 0
Asscher, et al., 1991

0 10 0 1 0 0 0

2 11 0 0 .40 .60 0
Beetz, Schulte-Wissermann, 9 264 .09 .52 31 .10 1
Troger, et al., 1989
Scholtmeijer and Griffiths, 1988 2 10 0 0 1 0 1

1 24 0 0 0 1 1
Birmingham Reflux Study Group, 1987 4 104 0 A A4 5 1
Scott, Blackford, Joyce, et al., 1986 0 97 0 1 4 5 1
Carpentier, Bettink, Hop, et al., 1982 0 100 .35 5 .28 12 1
Burge, Griffiths, Malone, et al., 1992 0 21 14 .05 .28 .53 1
Hjalmas, Lohr, Tamminen-Mobius, 20 237 0 0 A1 .89 1
et al., 1992
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TABLE C-2. Results of the Multiple Logistic Regression Analysis With Random Effects Using the
Data in Table C-1

Variable Coefficient Std.Err.Beta p-value 0Odds/Odds ratio
Grade | -6.125 (1.57) <.001 .002187

Grade |l -3.739 (.397) <.001 .02377

Grade llI -3.332 (.770) <.001 .03573

Grade IV or V -2.841 (.538) <.001 .05836

Surgery -.02613 (.452) .954 .9742

Random effect term 1.368 (.316)

The combination of rates, such as complication rates, is a special case of the analysis just described.
The general use of a linear model with random effects can be applied to either continuous or dichotomous
data. Most standard meta-analytic methods, such as inverse variance weighting and the Mantel-Haenszel
method, are special cases of the methods just described.
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Appendix D: Recommendations questionnaire—
Sample page

American Urological Association, Inc.
Vesicoureteral Reflux Guidelines
Panel Survey Questionnaire

INAME:

Question No. | ]

Age:] | Grade: —___|characteristics:

A. What would be your initial treatment? (check one)
Boys Girls
a. Intermittent treatment
b. Continuous Antibiotic Prophylaxis (go to B)
c. Surgery
How strongly do you feel about this recommendation? (circle one)

Boys: low medium high

Girls: low medium high

B. If uncomplicated reflux persists, you would continue prophylaxis until age:
(boys) (girls) , and then:

Boys Girls

a. discontinue treatment and cystography

b. discontinue treatment and continue cystography until age:
(boys) (girls)

C. operate

d. discontinue treatment: continue cystography and,
if reflux persists until age:
(boys) (girls) , then operate.

How strongly do you feel about this recommendation? (circle one)
Boys: low medium high

Girls: low medium high
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Appendix E: Data presentation

TABLE E-1. RESOLUTION OF REFLUX AFTER OPEN SURGERY

Author/ Numbern Number Surgical Surgical Surgical

Papyrus # of of Procedure Success| Success Grade I/ Grade ll/ Grade lll/ Grade IV/  Grade V/
Patients| Ureters (Patients) (Ureters) Total Total Total Total Total

Linn 51 60 101 L-G 55/60

Beetz 42 189 242 L-G 238/242

Jansen 22 80 106 Mix,P-L,C,L-G  96/106

Fryczkowski 14 50 103 Author's own 103/103 8/8 48/48 44/44 3/3

Bellinger 209 207 338 Mix,P-L,G-A,C| 197/207 ?/12 ?/80 ?/102 ?/115 ?/26

Glassberg 184 60 101 C 101/101  1/1 10/1(¢ 23/23 32/32 35/35

Remzi 183 89 143 P-L 118/143

Quinlan 182 51 51 Mix, L-P, C 50/51

Sutton 96 22 22 P-L 22/22 1/1 8/8 13/13

Solok 105 14 22 G-V 18/22] 4/4 9/9 4/5 1/4

Decter 66 30 Mix P-L,G-A,C| 30/30 1/1 5/5 10/10 9/9 5/5

Carini 181 14 G-V 13/14 3/3 8/9 22

Ehrlich 120 31 K 31/31

Scott 157 56 97 C 52/56

Kondo 135 32 64 C 57/57 12/12 45/45

Zaontz 129 79 120 D 111/120 57/58 42/47 15-Dec

Birmingham 131 77 107 L-P, C 105/107 105/10¢7

Breuhl 117 146 190 L-G 188/190 46 106 32 6

Pypno 124 43 80 C 80/8Q 6 53 10

Bradic 58 618 792 Anterior D 792/824 43 378 403

Hanani 249 105 P-L, G-A 98/108

Faure 274 136 272 C 270/272

Carpentier 272 200 100 P-L 88/100 8 46 31 10 5

Carpentier 272 100 C 97/100 12 55 25 8 0

Ehrlich 267 135 229 C 226/229 74 102 53

Maggiolo 254 15 28 TH 24/28 24/28

Ahmed 252 28 38 C 37/38 4/4 12/12 21/22

Wacksman 24 367 52 C 51/52 5/5 6/6 24124 11/11 5/6

Hagberg 222 13 15 P-L 14/15

Jakobsen 376 80 L-P Bischoff (2)  68/80

McDuffie 372 51 78 L-G 73/76

Retik 356 8 9 TH 9/9

Marberger 347 371 429 L-G 419/429

Wachsman 348 P-L 10/1| 62/67 50/54

Wachsman 348 G-A 2/2 39/40 25/26

Wachsman 348 P 8/8 7/7 misc  10/19

Harty 294 35 35 L-P 35/35) 2/2 6/6 23/23

Hanna 288 13 22 TH 21/22 21/22

I c= Lich-Gregoir; P-L = Politano-Leadbetter; C = Cohen (transtrigonal); G-A = Glenn-Anderson; K = Kalicinski; D = Detpisgrrha
TH = Tailoring Hendren; P = Paquin; G-V = Gil-Vernet; U = Ureterostomy; H = Hutch
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TABLE E-1. RESOLUTION OF REFLUX AFTER OPEN SURGERY (continued)

Author/ Number| Number Surgical Surgical Surgical

Papyrus # of of Procedure Success| Success Grade I/ Grade ll/ Grade lll/ Grade IV/ Grade V/
Patients| Ureters (Patients) (Ureters) Total Total Total Total Total

Scott 540 31 46 ? type 38/46

Bradic 412 90 106 Anterior D 91/93

Hohenfellner 4 96 L-G 92/96

Parrott 403 253 P 253/253

Hampel 383 51 83 L-G 78/83

Scott 377 163 Mod. P-L 157/163

Duckett 642 87 154 | C,P-L 153/154 18/153 135/153

Burbige 678 33 C 33/33

Burbige 678 37 P-L 37/37

Brandell 789 34 Mixed,G-A,P-L.C | 57/57 717 12/12 20/20 8/8 5/5

Oezem 798 11 11 Starr Plic 5/11 5/11

Wacksman 660 202 D 202/202  1/1 63/68  112/112 22/22 4/4

De Gennaro 6 47 69 G-V 68/69 25/25 39/39 3/4

Houle 658 45 65 D 62/65 6/6 16/16 23/23 13/14 4/6

Garrett 566 58 96 P-L 95/96

Kliment 586 60 96 G-V 54/60

Bettex 497 27 29 P-L 25/29

Ravasini 461 22 37 Mod. G-A 37/31

Jonas 438 86 150 Mix P-L, G-A 132/1%0

Hjalmas 643 151 237 191/237

Hjalmas 643 83 131 | P-L

Hjalmas 643 39 59 L-G

Hjalmas 643 27 41 C

Hjalmas 643 2 4 G-A

Hjalmas 643 1 2 Mod. H

Willscher 388+ 223 342 P-L 338/342

Hirsch 368 61 91 Unknown 84/91

Broaddus 359 40 73 P-L 73/73 6/6 28/2¢ 15/15 13/13 2/2

Rabinowitz 332 54 80 TH 25/25 25/25

So 313 52 87 Mix G-A, P-L 82/87

Funke 310 142 176 L-G 168/176

Atwell 305 112 106 P-L 106/106  14/14 16/16 43/43 33/38

Arap 304 300 520 L-G 514/520 29/29 307/307 184/184

Ahmed 301 205 296 | C 294/296 13/183 101/101 119/121 61/61

Carson 300 200 Unknown 194/200

Mundy 286 73 80 Mix P-L,C 80/80

Elo 284 49 P-L 47/49

Brockrath 256 11 13 U 11/13

Fort 255 63 Mix,G-A,P-L,C,H | 47/50

Govan 418 61 105 H 88/105

Govan 418 P-L 14/17

Burns 488 15 U 6/6

Burns 488 H 719

L= Lich-Gregoir; P-L = Politano-Leadbetter; C = Cohen (transtrigonal); G-A = Glenn-Anderson; K = Kalicinski; D = Detpisgrrha
TH = Tailoring Hendren; P = Paquin; G-V = Gil-Vernet; U = Ureterostomy; H = Hutch
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TABLE E-1. RESOLUTION OF REFLUX AFTER OPEN SURGERY (continued)

Author/ Numben Numbef Surgical Surgical Surgical

Papyrus # of of Procedure Success| Success Grade I/ Grade ll/ Grade lll/ Grade IV/  Grade V/
Patients| Ureters (Patients) (Ureters) Total Total Total Total Total

Lee 687 23 P-L for duplex 18/23

Scholtmeijer 685 49 Unknown 46/49 1/2 3/3 6/10 21/23 6/7

Sargin 680 30 30 | MixP-L,G-A,C,P, 30/30 12/12 18/18

Allen 462 20 29 Mod. G-L 18/19

Mc Rae 443 39 63 Mix H,P,L-P 40/53

McGregor 417 4 Unknown 4/4

Amar 401 111 Mod. P-L 109/111

Brown 93 51 79 C 75176 18 18 15/15 40/3

Johnston 426 17 29 TH 16/29

Peratoner 204 38 50 Unknown 50/50 2/2 17/17 31/31

Ginalski 150 141 229 | MixP-L,C 229/229 10/1 87/87  106/106 26/26

Nasrallah 205 9 16 Unknown 4/16

Fehrenbaker 4 16 Unknown duplic 13/16

Marra 969 3 3 | Unknown | 3/3 11 212

L= Lich-Gregoir; P-L = Politano-Leadbetter; C = Cohen (transtrigonal); G-A = Glenn-Anderson; K = Kalicinski; D = Detpisgrrha
TH = Tailoring Hendren; P = Paquin; G-V = Gil-Vernet; U = Ureterostomy; H = Hutch

TABLE E-2. GRADE V REFLUX: RESOLUTION AFTER OPEN SURGERY

Author/ Number Number Surgical Surgical

Papyrus # of of Procedure Success Grade V/
Patients Patients (Ureters) Total

Johnston 426 17 29 TH 16/29

Rabinowitz 332 54 80 TH 25/25 25/25

Oezem 798 11 11 Starr Plic 5/11 5/11

Hanna 288 13 22 TH 21/22 21/22

Retik 356 8 9 TH 9/9

Maggiolo 254 15 28 TH 24/28 24/28

Ehrlich 120 31 K 31/31

Total 118 210 131/155 75/86

Percent 84.50% 87.2

Ity = Tailoring Hendren; K = Kalicinski
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TABLE E-3. RESOLUTION OF REFLUX AFTER OPEN SURGERY

Author/ Numbern Number Surgical Surgical  Surgical

Papyrus # of of Proceddre | Success | Success Grade |/ Grade I/ Grade Ill/ Grade IV/ Grade V/
Patients| Ureters (Patients) (Ureters) Total Total Total Total Total

Scholtmeijer 685 49 Unknown 46/49 1/2 3/3 6/10 21/23 6/7

Brown 93 51 79 C 75176 18 18 15/15 40 3

Ahmed 301 205 296 | C 294/296 13/13 101/101 119/121 61/61

Burbige 678 33 C 33/33

Wacksman 246 36 52 C 51/52 5/5 6/6 24/24 11/11 5/6

Ahmed 252 28 38 C 37/38 4/4 12/12 21/22

Ehrlich 267 135 229 | C 226/229 74 102 53

Carpentier 272 100 C 97/100 12 55 25 8 0

Faure 274 136 272 C 270/272

Pypno 124 43 80 C 80/8Q 6 53 10

Kondo 135 32 64 C 57/57 12/12 45/45

Scott 157 56 97 C 52/56

Glassberg 184 60 101, C 101/101  1/1 10/10 23/23 32/82 35/35

Total 815 1408 85/89 |1288/1301 19/19 | 117/117| 185/187 116/11p 61/63

Percent 95.50% 99% | 100% | 100% | 98.90% 100% 96.80%

Politano-Leadbetter Procedure

Lee 687 23 P-L for duplex  18/23

Govan 418 P-L 14/17

Elo 284 49 P-L 47149 5/6 28 8/9

Atwell 305 112 106 | P-L 106/106 14/14  16/16 43/43 33/33

Broaddus 359 40 73 P-L 73/73 6/6 28/28 15/15 13/13 2/2

Willscher

388+396 223 342 | P-L 338/342

Bettex 497 27 29 P-L 25/29

Garrett 566 58 96 P-L 95/96

Burbige 678 37 P-L 37137

Scott 377 163 Mod. P-L 157/163

Harty 294 35 35 L-P 35/35 22 6/6 23/23

Wachsman 348 P-L 10/10 62/67 50/54

Hagberg 222 13 15 P-L 14/15

Carpentier 272 200 100, P-L 88/100 8 46 31 10 5

Sutton 96 22 22 P-L 22/22 11 8/8 13/13

Remzi 183 89 143 | P-L 118/143

Total 1091 961 259/272| 928/978 32/32 118/124 139/143 67/68 22

Percent 95.20% | 94.90% 100% | 95.20% 97.20%  98.509 100%

Lich-Gregoir Piocedure

Zaontz 129 79 120 | D 111/120 57/58 42/47 12/15

Breuhl 117 146 190 | L-G 188/190 46 106 32 6

Hampel 383 51 83 L-G 78/83

Wacksman 660 202| D 202/202 11 63/63  112/112 22/22 4/4

Allen 462 20 29 Mod. G-L 18/19

Arap 304 300 520 | L-G 514/520 29/29 307/307 184/184
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TABLE E-3. RESOLUTION OF REFLUX AFTER OPEN SURGERY (continued)

Author/ Number| Number Surgical Surgical  Surgical

Papyrus # of of Procedure | Success | Success Grade |/ Grade I/ Grade Ill/ Grade IV/ Grade V/
Patients| Ureters (Patients) (Ureters) Total Total Total Total Total

Funke 310 142 176 L-G 168/176

Houle 658 45 65 D 62/65 6/6 16/16 23/23 13/14 4/6

Hohenfellner 96 L-G 92/96

Marberger 347 371 429 L-G 419/429

McDuffie 372 51 78 L 73/76

Beetz 42 189 242 L-G 238/242

Linn 51 60 101 L-G 55/60

Total 1550 2235 165/175|2053/2013 36/36 |443/4431 361/361 47/51 8/10

Percent 94.30% | 97.60% 100% | 100% 100% 92.20% 80%

Gil-Vernet Procedure

Solok 105 14 22 G-V 18/22 4/4 9/9 4/5 1/4

Carini 181 14 G-V 13/14 3/3 8/9 2/2

De Gennaro 688 47 69 G-V 68/69 25/25 39/39 3/4

Kliment 586 60 96 G-V 54/60

Total 162 187 67/74 86/91 29/29 48/48 719 1/4

Percent 90.50% | 94.50% 100% 100% 77.70% 25%

Paquin Procedure

Wachsman 348 Paquin 8/8 717 misc. 10/19

Parrott 403 253 Paquin 253/253

Total 253 253/253

Percent 100%
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TABLE E-4. STUDIES OF OBSTRUCTION AFTER OPEN SURGERY

Study

Rate
(By ureter)

Estimate (95%
Confidence Interval)

Orikasa, 1990

Ehrlich, 1985

Bellinger and Duckett, 1984

Hagberg, Hjalmas, Jacobsson, et al., 1984
Maggiolo, Lockhart, and Politano, 1983
Carpentier, Bettick, Hop, et al., 1982
Ahmed and Tan, 1982

Arap, Abrao, and Menezes-de-Goes, 1981
Broaddus, Zickerman, Morrisseau, et al., 1978
Hampel, Richter-Levin, and Gersh, 1977
Willscher, Bauer, Zammuto, et al., 1976
Govan, Fair, Friedland, et al., 1975

Jonas, Many, Boichis, et al., 1974

Garrett and Switzer, 1966

Duckett, Walker, and Weiss, 1992
Wacksman, Gilbert, and Sheldon, 1992
Burbige, 1991

Bradic, Batinica, and Husar, 1988

Sutton and Atwell, 1989

Pypno, 1987

Zaontz, Maizels, Sugar, et al., 1987
Birmingham Reflux Study Group, 1987
Kondo and Otani, 1987

Ehrlich, 1982

Faure, Ben-Salah, dEscoffier, et al., 1982
Mundy, Kinder, Joyce, et al., 1981

Hanna, 1981

McDuffie, Litin, and Blundon, 1977
Johnston and Farkas, 1975

Ravasini and Pagano, 1973

Allen, 1973

Hjalmas, Lohr, Tamminen-Mobius, et al., 1992
Houle, McLorie, Heritz, et al., 1992

0/92
1/78
7/338
1/15
0/28
3/200
11/304
5/520
4/73
0/83
4/342
8/105
3/150
4/96
0/154
0/211
1/180
10/824
3/36
0/80
0/120
0/107
2/100
0/229
1/272
0/17
1/22
1/78
3/33
0/37
0/29
8/237
0/65

0.000 (0.000, 0.032)
0.013 (0.000, 0.039)
0.021 (0.007, 0.038)
0.067 (0.000, 0.206)
0.000 (0.000, 0.105)
0.015 (0.001, 0.036)
0.036 (0.016, 0.060)
0.010 (0.002, 0.020)
0.055 (0.009, 0.119)
0.000 (0.000, 0.036)
0.012 (0.002, 0.026)
0.076 (0.028, 0.135)
0.020 (0.002, 0.048)
0.042 (0.007, 0.090)
0.000 (0.000, 0.019)
0.000 (0.000, 0.014)
0.006 (0.000, 0.021)
0.012 (0.005, 0.021)
0.083 (0.007, 0.197)
0.000 (0.000, 0.037)
0.000 (0.000, 0.025)
0.000 (0.000, 0.028)
0.020 (0.000, 0.056)
0.000 (0.000, 0.013)
0.004 (0.000, 0.011)
0.000 (0.000, 0.171)
0.045 (0.000, 0.139)
0.013 (0.000, 0.039)
0.091 (0.008, 0.214)
0.000 (0.000, 0.080)
0.000 (0.000, 0.102)
0.034 (0.012, 0.060)
0.000 (0.000, 0.046)
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TABLE E-5. STUDIES OF REOPERATION FOR OBSTRUCTION

Study Rate Estimate (95%

(By ureter) Confidence Interval)
Ehrlich, 1985 1/78 0.013 (0.000, 0.039)
Bellinger and Duckett, 1984 71338 0.021 (0.007, 0.38)
Hagberg, Hjalmas, Jacobsson, et al., 1984 1/15 0.067 (0.000, 0.206)
Ahmed and Tan, 1982 1/304 0.003 (0.000, 0.010)
Broaddus, Zickerman, Morrisseau, et al., 1978 4/73 0.055 (0.009, 0.119)
Govan, Fair, Friedland, et al., 1975 6/105 0.057 (0.016, 0.110)
Jonas, Many, Boichis, et al., 1974 3/150 0.020 (0.002, 0.048)
Garrett and Switzer, 1966 4/96 0.042 (0.007, 0.090)
Burbige, 1991 1/180 0.006 (0.000, 0.021)
Bradic, Batinica, and Husar, 1988 10/824 0.012 (0.005, 0.021)
Sutton and Atwell, 1989 3/36 0.083 (0.007, 0.197)
Hanna, 1981 1/22 0.045 (0.000, 0.139)
Johnston and Farkas, 1975 3/33 0.091 (0.008, 0.214)
Hjalmas, Lohr, Tamminen-Mobius, et al., 1992 71237 0.030 (0.009, 0.055)
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A
Antibiotic prophylaxis (continuous), 13
duration of, 51
harms of, 3, 41-43
outcomes of, 1-2, 20-28
research priorities for, 57
with anticholinergics, 2, 13
with bladder training, 2, 13, 23, 26
with bladder training and anticholinergics,
2,13, 26
Antibiotics
intermittent therapy with, 1, 13
during pregnancy, 38—39
resistance to, 36
Anticholinergics. See Antibiotic prophylaxis

B
Bacteriuria. See Urinary tract infection
Birmingham Reflux Study, 2, 4, 11, 17, 32,
33, 34-35
Bladder injury
after open surgery, 45
Bladder training, 13, 23, 26, 57 See also
Antibiotic prophylaxis
Bleeding, 44

C

Circumcision

relationship to urinary tract infection, 57
Compliance with treatment, 36
Contralateral reflux, 3

after open surgical or endoscopic repair,

45-46

research priorities for, 57
Cystitis. See Urinary tract infection (UTI)
Cystogram (radionuclide), 12
Cystography, 7, 12, 15, 47-48, 52
Cystometry (evocative), 7, 12, 52
Cystoscopy, 7, 12, 52
Cystourethrogram (voiding, VCUG), 12

D
Death attributable to vesicoureteral reflux, 41
Diagnosis, 12
Drug reactions
to antibiotics, 3, 41-42
to anticholinergics, 42—-43

E
Endoscopic surgery, 14
harms of, 3, 43-44
outcomes of, 2, 29-31
relationship to outcomes during pregnancy,
39-41
research priorities for, 57
status of, 7, 30, 52
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G
Grades, reflux, 10-11, 17, 22
Grade V reflux
research priorities for, 57
Growth
Renal, 2, 34-35
Somatic, 3, 38

H

Harms

from medical treatment, 41-43

from surgery, 43-46
Hospitalization

with medical treatment, 43

with open surgery, 46-47

with endoscopic surgery, 46

for pyelonephritis, 43
Hypertension, 3, 37-38

risks during pregnancy, 38-41

I
Infection, after open surgery, 44
Imaging studies

limitations of, 12, 14-15, 31, 34

research priorities for, 57
risks of, 46-48

Intermittent antibiotic therapy. See Antibiotic

intermittent therapy

International Reflux Study in Children, 1, 2, 4,
23, 26, 31-32, 35, 36-37, 53, 58
Intravenous pyelography (IVP), 12

K
Kidney. See Renal

L

Literature
limitations of, 4, 17-18

M

Medical therapy. See Antibiotic prophylaxis

(@]
Obstruction, ureteral, 3, 43-44
after open surgery, 43-44

after endoscopic surgery, 43-44

Open surgery, 14
harms of, 3, 43-46
outcomes of, 2

relationship to outcomes during pregnancy,

39-41
research priorities for, 57
Outcomes
analysis of, 1, 20-48
harms, 3, 20-21, 41-48

. _ health outcomes, 2-3, 20-21, 36-41
End-stage renal disease (ESRD). See Uremiajntermediate outcomes, 1-2, 20-36

Evidence matrix, 21. See also Vesicoureteral

P

Excretory urography. See Intravenous pyelograpbyip,

F
Follow-up evaluation, 7, 14-15, 52
adverse effects of, 46-48
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management in children, 46
postoperative, 46

Parental and patient preferences and concer

ii, 7,51, 52, 53

Pregnancy, 3, 38-41

research priorities for, 57
Pyelonephritis, 1, 2-3, 36-37. See also Urinary

tract infection

diagnosis of, 57

hospitalization for, 16, 43

prevention of, 13

relationship to vesicoureteral reflux, 9,

11-12, 20

and renal scarring, 30-34, 56

risk after treatment, 4, 49, 53

risk during pregnancy, 38-41, 53

Quality of data, 21-22

R
Radiation exposure data, 48
Radiologic evaluation. See Follow-up
evaluation and Imaging studies
Recommendations, 3-4, 5-7, 49-55
assumptions for, 4, 49-50
classifications of, 3—4, 16
methods and definitions of, 3—4, 16
rationale for, 4, 49, 52-53
Reflux. See Vesicoureteral reflux
Renal cortical scintigraphy, 12

SRenal function, 2, 35-36

relationship to renal scarring, 35-36
risks during pregnancy, 38-41
Renal scarring, 2, 30-34, 56
detection of, 31
relationship to bacteriuria, 33-34
relationship to hypertension, 30, 36-37, 38
relationship to pyelonephritis, 36-37
relationship to renal function, 35-36
risks during pregnancy, 38-41
Research priorities, 8, 56-58
Resolution of vesicoureteral reflux, 1-2, 20,
22-30, 56
with duplicated systems, 26, 29-31
with endoscopic repair, 29-30
with medical therapy, 1-2, 20-26
with open surgical repair, 2, 26, 29
with voiding dysfunction, 25-28

S

Scarring. See Renal scarring
Screening for vesicoureteral reflux, 57
Socioeconomic factors, 57
Southwest Pediatric Nephrology Study Group, 2
Surgery. See Open surgery and Endoscopic

surgery
Surveillance. See Follow-up evaluation

T

Treatment alternatives. See specific treatments

description of, 1, 13-14, 49
U

Ultrasonography, 12

rHrgmia. 3

risks during pregnancy, 38-41
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Ureterovesical junction, 10
Urethral dilation, 7, 52
Urethrotomy (internal), 7, 52
Urinalysis, 7, 15, 46, 52

V
Vesicoureteral reflux
background of, 9
classification of, 10-11

Urinary tract infection (UTI), 2-3, 36-37. See follow-up evaluation for, 7, 52

also Pyelonephritis
relationship to circumcision, 57
during pregnancy, 38-41
relationship to renal scarring, 33-34
relationship to uremia, 38
Urine culture, 15, 52
Urodynamic evaluation, 7, 12, 52
UTI. See Urinary tract infection

diagnosis of, 12

genetics of, 10, 57

grades of, 10-11

in neonates, 12

natural history of, 9-10

pathophysiology of, 11-12, 56

prevalence of, 9

primary vs. secondary, 9

screening for, 57
Vesicoureteral Reflux Clinical Guidelines

analytic process, 19

assumptions for, 4, 49-50
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data extraction for, 17
dataset analysis, 2, 18, 22
evidence matrix, 18-19
literature searches used in, 16-18
methodology for, 1, 16-19
panel selection and diversity, i—ii
quality of data, 21-22

Voiding dysfunction, 1, 2, 4, 49
and bladder trabeculation, 12
and evaluation for reflux, 7, 52
after open surgery, 44-45
relationship to morbidity, 41
and renal growth, 35
role in reflux, 8, 56-57

treatment for, 13-14, 22-23, 25-28, 50

and urinary tract infection, 3
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