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Abstract: Urinary tract infection is a bacterial infection that commonly occurs in children.
Vesicoureteral reflux is a major underlying precursor condition of urinary tract infection,
and an important disorder in the field of pediatric urology. Vesicoureteral reflux is
sometimes diagnosed postnatally in infants with fetal hydronephrosis diagnosed
antenatally. Opinions vary regarding the diagnosis and treatment of vesicoureteral reflux,
and diagnostic procedures remain debatable. In terms of medical interventions, options
include either follow-up observation in the hope of possible spontaneous resolution of
vesicoureteral reflux with growth/development or provision of continuous antibiotic
prophylaxis based on patient characteristics (age, presence/absence of febrile urinary tract
infection, lower urinary tract dysfunction and constipation). Furthermore, there are various
surgical procedures with different indications and rationales. These guidelines, formulated
and issued by the Japanese Society of Pediatric Urology to assist medical management of
pediatric vesicoureteral reflux, cover the following: epidemiology, clinical practice
algorithm for vesicoureteral reflux, syndromes (dysuria with vesicoureteral reflux, and
bladder and rectal dysfunction with vesicoureteral reflux), diagnosis, treatment (medical
and surgical), secondary vesicoureteral reflux, long-term prognosis and reflux
nephropathy. They also provide the definition of bladder and bowel dysfunction, previously
unavailable despite their close association with vesicoureteral reflux, and show the
usefulness of diagnostic tests, continuous antibiotic prophylaxis and surgical intervention
using site markings.

Key words: medical management guidelines, vesicoureteral reflux.

Introduction

UTI is a form of bacterial infection that occurs commonly in children. VUR is a major under-
lying precursor condition of UTI, and an important disorder in the field of pediatric urology.
VUR is sometimes diagnosed postnatally in patients with fetal hydronephrosis diagnosed ante-
natally. Although opinions vary regarding the diagnosis and treatment of VUR, diagnostic
procedures are still debatable. These guidelines, formulated and issued by the Japanese Soci-
ety of Pediatric Urology to assist in the medical management of VUR consistent with the
clinical practice algorithm, explain the epidemiology and the following elements: syndromes
(dysuria with VUR, and bladder and rectal dysfunction with VUR), diagnosis, treatment
(medical and surgical), secondary VUR, long-term prognosis and RN.
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Concept of VUR
Definition

VUR is a condition characterized by retrograde flow of urine
accumulated in the bladder back to the renal calyx or to the
kidney (intra-renal reflux) through one or both ureters
because of immaturity of the preventive mechanism against
reflux or failure as a result of anatomical or functional abnor-
malities.

Classification of VUR

Primary VUR develops as a result of an impaired or imma-
ture preventive mechanism against reflux due to anatomical
or functional congenital abnormalities. Secondary VUR is
that due to a defect of this preventive mechanism from
organic obstruction and/or neurological dysfunction (poste-
rior urethral valve, anterior urethral diverticulum, urethral
hypoplasia and neurogenic bladder) in the lower urinary
tract.'

Epidemiology of VUR

Incidence of VUR and settings of incidental diag-
nosis

The estimated incidence of VUR is approximately 1% (0.4—
1.8%), but the precise figure, including asymptomatic cases,
is unknown.> An analysis of 774 pediatric patients (infants
aged <1 year and children aged >1 year) with grade I[V-V
VUR showed that VUR was detected in the following set-
tings: examination for UTI (88%), examination for symptoms
of BBD (4%), thorough examination for familial VUR
(7‘4%4) and postnatal examination for fetal hydronephrosis
(1%).

Incidence of VUR detected on examination for
fetal hydronephrosis

VUR was detected in 16.2% (7-35%) of patients with
hydronephrosis diagnosed using fetal ultrasound. Among
them, the majority were boys (70%), and one-third had high-
grade reflux (grade IV-V).> Renal damage was found in
6.2% of patients with grades I-1II VUR, and in 47.9% of
those with grade IV-V VUR. Renal damage was also found
in 21.8% of patients without UTI (presumed congenital RN).3

Incidence of VUR detected on examination for
familial VUR

The incidence of VUR is higher in children with a positive fam-
ily history. According to a meta-analysis, VUR was detected in
27.4% (3-51%) of siblings of children with VUR, and 35.7%
(21.2-61.4%) of offspring of parents with VUR; many had mild
VUR (grade I-II), and 9.8% had grade III-V VUR.’

Incidence of VUR in UTI

VUR occurs in 36-56% of children with UTI, and the detec-
tion rate increases with earlier age of onset of UTI; VUR was
detected in 70%, 25%, 15% and 5.2% of UTI patients if
onset was in infancy, at age 4 years, at age 12 years and in
adulthood, respectively.! Also, the frequency of renal damage
increased with increased frequency of UTL*®'' and renal

scarring was found in 26%, 38% and 80% of patients who
had no recurrence of UTI, had one recurrence and had two or
more recurrences, respectively.'

Incidence of VUR in CAKUT

VUR occurs at high rates of 46.0% as a common complica-
tion of CAKUT in patients with duplicated ureter, and 16.1%
in those with pelviureteric junction obstruction.'> A meta-
analysis showed that 24% of 770 patients with unilateral
renal agenesis had VUR."?

VUR and genetic inheritance

Many patients with VUR have familial VUR with an 80—
100% concordance in monozygotic twins and 35-50% con-
cordance in dizygotic twins. Because of the high concordance
rate for VUR in monozygotic twins, genetic anomalies are
thought to be a causative factor of VUR. VUR of genetic ori-
gin is thought to be inherited in an autosomal dominant man-
ner.'*

There are no specific genes proven to be responsible for
sporadic non-syndromic VUR compared with syndromic
VUR. Candidate genes responsible for VUR as a complica-
tion of CAKUT include PAX2 (renal coloboma syndrome),
EYAI (branchio-oto-renal syndrome), GREMI, UPK3A,
UPK2, HNF1B, ROBO2, SIX2, BMP4, SOX17 and TNXB."?

Angiotensin type 2 receptor knockout mice showed famil-
ial developmental anomalies of the kidney and urinary tract,
including VUR.'® Thus, VUR is presumed to be a part of the
sequential developmental anomalies of the kidney and urinary
tract caused by genetic abnormalities.

These guidelines explain the ideal clinical practice for
VUR using a novel algorithm (Fig. 1).

I. Settings of diagnosis (patients with
suspected VUR)

VUR is often diagnosed in patients with fUT and
because of VUR diagnosed at screening in infants with fetal
hydronephrosis detected by ultrasound, infant health checks
using ultrasound and thorough examination for familial VUR
are also on the rise.>® In patients with BBD, VUR is detected
during examination for voiding and/or storage symptoms. In
patients with advanced renal dysfunction, VUR is detected
during school health checks that reveal proteinuria or symp-
toms of kidney failure.

1,4,15

Il. Basic assessment

History taking, physical examination, urine tests and ultra-
sound must be included in the basic assessment. A thorough
family history is particularly important because of the possi-
bility of familial VUR. Fever is often the only apparent
symptom of UTI in young patients, and they might have
complaints of urgency, frequency, dysuria, and abdominal
pain only after they have completed toilet training and are
able to talk. Midstream urine can be collected if the child can
express the urge to urinate, but clean-catch urine will be
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Clinical algorithm for VUR
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collected using a urine collection pack for younger children
irrespective of sex. UTI will be diagnosed based on pyuria
(urinary white blood cell count >10/high-power field) and/or
bacteriuria. A bacterial count >10° cfu/mL, detected by cul-
ture, reliably identifies the causative organism(s).

Ultrasound findings of upper urinary tract dilatation indi-
cate possible VUR, and hyperplasia or abnormal morphology
of the bladder wall suggest voiding dysfunction associated
with VUR. Thus, in patients with SFU grade 3 or 4
hydronephrosis with upper urinary tract dilatation, the pres-
ence of VUR should be determined using VCUG. However,
if postnatal ultrasound does not show hydronephrosis, serious
malformation of the urinary tract is unlikely, although the
possibility of VUR cannot be fully excluded. In infants with
fetal hydronephrosis diagnosed antenatally, the presence of
fUTI should raise suspicion for VCUG, even though
hydronephrosis has resolved.>'®

I1l. Thorough examination and treatment
of lower urinary tract dysfunction

Lower urinary tract symptoms (e.g. incontinence, urgency,
frequency, dysuria, hesitancy and straining), and/or abdomi-
nal and intestinal abnormalities (e.g. constipation and enco-
presis) are often observed.'”'®

Lower urinary tract dysfunction and VUR
Before completion of toilet training

It is suggested that lower urinary tract dysfunction character-
ized by increased residual volume and bladder capacity is
involved in the occurrence of VUR before completion of toi-
let training."”

After completion of toilet training

Lower urinary tract dysfunction, typified by dysfunctional
voiding, overactive bladder (detrusor overactivity) and infre-
quent voiding, is closely associated with VUR after comple-
tion of toilet training.***!

Long-term follow-up Surgical therapy

Fig. 1 Clinical algorithm for VUR.

Involvement of lower urinary tract dysfunction in
spontaneous resolution of VUR

In VUR complicated by lower urinary tract dysfunction, the pos-
sibility of amelioration or resolution of VUR is low.?*> > Also,
for patients with lower urinary tract dysfunction, such as detrusor
overactivity and infrequent voiding, spontaneous resolution of
VUR took longer to ensue after conservative treatment.*

Resolution or amelioration of VUR after treat-
ment of lower urinary tract dysfunction

Treatment of lower urinary tract dysfunction, particularly dys-
functional voiding, was effective for resolution of VUR.?
Also, the rate of resolution or amelioration of VUR was
higher in children who received biofeedback treatment, where
patients undergo training after they are able to perceive
abnormal physiological responses based on the information
on the contraction of the urethral sphincter and pelvic floor
muscle represented by sounds and graphics, than those who
did not.?” Anticholinergic medication was as effective as sur-
gical treatment in resolving or ameliorating VUR in children
with detrusor overactivity, and thus conservative management
using anticholinergic medication is recommended.”®

IV. Constipation
BBD and VUR

The frequency of bowel movement <2/week, recurring
absence of bowel movement for >5 days, frequent but small
quantity of feces or fecal impaction in the rectum (size of a
hen’s egg or larger) detected by abdominal X-ray/ultrasound
were associated with VUR with BBD,?*! and thus thorough
examination and treatment by specialists is required.

In terms of the age at which voiding and bladder function
are established, we propose a new definition of BBD.

Definition

BBD is a condition where either of the following exist: (i) a
symptom of lower urinary tract dysfunction, which is basically
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identified with objective assessment tools, such as uroflowme-
try or voiding diary, without clear organic factors (neurogenic
bladder, external injury and congenital malformation) in
patients aged >5 years who have achieved toileting indepen-
dence; and/or (ii) an abnormal abdominal and intestinal find-
ing (frequency of bowel movement <2/week, recurring
absence of bowel movement for >5 days, frequent but small
quantity of feces or fecal impaction [size of a hen’s egg or lar-
ger] in the rectum detected using abdominal X-ray/ultrasound)
in accordance with the Clinical Practice Guidelines for Pedi-
atric Chronic Functional Constipation by the Japanese Society
for Pediatric Gastroenterology, Hepatology and Nutrition.*>

V. Imaging: Diagnosis and assessment

Renal and bladder ultrasound, VCUG, and *’™Tc-DMSA

renal scintigraphy are used.

1 Renal and bladder ultrasound: Urinary tract malformation,
such as hydronephrosis, hypoplastic kidney, duplicated
ureter, megaloureter and ureterocele, can be accurately
diagnosed. This modality is useful because of its low
invasiveness and ease of repeated use. Ultrasound find-
ings, such as pyelectasis, abnormal echogenicity, differ-
ences in renal dimensions between the right and left
kidney, irregular contour, ureterocele, and dilatation of
the lower ureters at the dorsal aspect of the bladder, are
important, because they are possible risk factors for UTL.
Ultrasound screening did not detect any abnormalities in
46-60% of patients with VUR detected by VCUG.*3*
The accuracy of diagnosis of VUR based on the pres-
ence/absence of ultrasound abnormalities is low, with a
sensitivity of 18-46%, specificity of 76-88%, positive
predictive value of 24-66% and negative predictive value
of 71-83%.%>

2 VCUG: VCUG is a standard imaging test used for the diag-
nosis of VUR. It offers detailed anatomical information,
enabling determining the presence/absence of VUR, and
also the severity grade according to the international classifi-
cation.>*>® VCUG is required for assessment of the lower
urinary tract, as well as diagnosis of VUR.2*23:283

3 ™Tc-DMSA renal scintigraphy: *°™Tc-DMSA renal
scintigraphy is a standard imaging test used for diagnosis
of renal parenchymal damage, and is suited for assess-
ment of split renal function and renal scarring in patients
with VUR.

Settings of diagnosis of VUR

Screening of infants with fetal hydronephrosis
diagnosed antenatally using fetal ultrasound

Renal and bladder ultrasound is the standard test for new-
borns with fetal hydronephrosis diagnosed antenatally.**
VCUG is necessary to confirm the presence/absence of VUR
in patients with SFU grade 3 or 4 hydronephrosis with uret-
eral dilatation.

Screening after fUTI

First episodes of fUTI: Approximately 30-50% of young
children with fUTI have VUR, and thus there is no clear

evidence to rule out the fact that all patients with a first epi-
sode of fUTI should undergo VCUG. VCUG is also useful
for assessment of functional and organic abnormalities of the
lower urinary tract, and some patients with the first episode
of fUTI need to be examined with VCUG.2*>3:28:43

Recurrent episodes of fUTI: VCUG should be carried out
in patients with recurrent episodes of fUTI, because they are
highly likely to have VUR. Also, given that fUTI is a pre-
condition for renal scarring, fUTI recurrence is a risk factor.
Thus, patients with recurrent episodes of fUTI need to be
examined for renal scarring using **™Tc-DMSA renal scintig-
raphy, as well as for VUR using VCUG.

Screening with a focus on renal parenchymal lesions
rather than the presence/absence of VUR: Changes in
fUTI management strategies in young children are based on
the viewpoint that the presence/absence of renal parenchymal
lesions, rather than VUR, determines renal functional out-
comes. Inevitably, VUR is more likely to be missed, but the
most undetected cases were reportedly of mild VUR that did
not cause renal scarring.***” Also, in high-grade VUR (inter-
national VUR classification grade III-V), the frequency of
breakthrough UTI is overwhelmingly higher in patients with
renal scarring (60%) than in those without scarring (6%), and
thus assessment of renal scarring by °°™Tc-DMSA renal
scintigraphy is useful.*

The level of usefulness of each test for diagnosis of pedi-
atric VUR is shown in Table 1.

VI. Diagnosis of VUR and assessment
of renal scarring in relation to VUR
grades

For children who have not achieved toileting independence
(from the neonatal period to the completion of toilet training): if
patients do not have fUTI, follow-up observation with optional
CAP is recommended for grade I-II VUR, whereas CAP is rec-
ommended for grade III or severe VUR; and CAP should be
considered in patients with fUTI. For children who have com-
pleted toilet training, follow-up observation is recommended for
grade I-1I VUR without cortical abnormalities, whereas CAP is
recommended for grade I1I-V VUR with cortical abnormalities.
Follow-up observation will be considered even for grade III-V
VUR if there is no renal scarring without fUTI. Please see the
section of “conservative therapy” for details.

VII. Follow-up observation

The rate of spontaneous resolution of VUR in infants within
1-4 years was 50%, with a slightly higher rate for girls; the
rate was 71% if VUR was of grade I-III, and 28% if VUR
was of grade IV-V; the resolution rate was high in infants,
and VUR was resolved at a yearly rate of 9% after infancy.*
Also, follow up for 2 years on average showed a spontaneous
resolution rate of 51% (72% for grade I, 61% for grade II,
49% for grade III and 32% for grade IV-V), and that the res-
olution rate was higher when the VUR grade was lower,
VUR was bilateral (compared with unilateral), patients were
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Table 1 Diagnosis of pediatric VUR: level of usefulness of each test

Ultrasound  VCUG

DMSA renal scintigraphy

Hydronephrosis detected using fetal ultrasound ~ Medical history of fUTI (—)
Medical history of fUTI (+)
First episode

Recurrent episodes
Lower urinary tract abnormalities (suspected)  Medical history of fUTI (+)

After fUTI

A (%%; SFU grade 3-4, with ureteral dilatation) A

* Kk *
*k *
* Kk * ok k
* kK *

*% %, Considered as standard; x%, considered as standard depending on the condition; %, considered as optional; A, not recommended.

younger and VUR was detected on screening for patients
with fetal hydronephrosis or suspected familial VUR.>

CAP should be considered when VUR does not resolve
spontaneously.

VIIl. CAP

CAP is widely accepted as a revolutionary conservative ther-
apy for VUR, because it prevents recurrent episodes of fUTI
and consequent new renal scarring. The Randomized
Intervention for Children with Vesicoureteral Reflux trial
showed that CAP using a combination of trimethoprim and
sulfamethoxazole reduced the occurrence of UTI by approxi-
mately half (from 27.4% to 14.8%) in patients aged 2—
71 months with VUR diagnosed after the first UTI, but did
not prevent new renal scarring. It is noteworthy that the
presence of antibiotic-resistant bacteria in cases of recurrent
episodes of fUTI was significantly higher in the CAP-treated
group than the CAP-untreated group (68.4% vs 24.6%). Sur-
gical therapy is to be considered for breakthrough UTI (CAP
is judged ineffective in such cases).

The choice between CAP and follow-up observation is to
be made based on patient characteristics, including age, and
the presence/absence of fUTI, lower urinary tract dysfunction
and constipation. Lower urinary tract dysfunction and consti-
pation should be treated accordingly.

Indications for CAP

Given that BBD becomes apparent after completion of toilet
training, here, we discuss the indications for CAP in two
phases — before and after completion of toilet training (estab-
lishment of voluntary micturition); BBD is only taken into
account in the latter phase.

From birth to the completion of toilet training

Patients without fUTI: These rare cases include those of
VUR detected using VCUG based on findings of fetal and
neonatal ultrasound. According to the consensus statement
issued in 2010 by the SFU, it is recommended that CAP be
started before confirmation of VUR if SFU grade is >3, and
be continued if VUR is confirmed. If fUTI is absent, these
guidelines recommend CAP for grade III or severe VUR, but
CAP is optional for grade I-II VUR.”!

Patients with fUTI: CAP is recommended irrespective of
the severity of VUR if fUTI is present, especially in patients

aged <1 year. In patients aged >1 year, it is difficult to detect
BBD before completion of toilet training. Taken together,
these guidelines recommend CAP if fUTI is present for
patients with grade I-V VUR who have not completed toilet
training.

After completion of toilet training

Patients without fUTI and BBD: Pediatric patients with
these characteristics are rare, and the likelihood of encounter-
ing such patients is low.

In these guidelines, CAP is recommended for patients with
grade [I-V VUR with renal cortical abnormalities, otherwise
CAP is optional.

Patients without fUTI, but with BBD: BBD must be trea-
ted. Given that the risk of fUTI is high in patients with BBD,
and CAP is expected to be effective in those patients, CAP is
recommended for grade III-V VUR.

Patients with fUTI, but without BBD: For grade Il or
severe VUR, CAP is the second choice after surgical inter-
vention, but is recommended only until implementation of
surgical intervention or if surgery is not selected for some
reason. For grade I-II VUR, CAP is optional.

Patients with fUTI and BBD: CAP is recommended for
grade [-V VUR with the precondition that the utmost priority
is treatment of BBD, and if surgery is indicated, surgical
intervention will be chosen as the preferred option.

Antimicrobials for CAP

Susceptibility of intestinal bacteria to antimicrobials and the
possibility of emergence of antimicrobial resistance should be
considered when choosing antimicrobials for CAP. Cephem
antibiotics, penicillin antibiotics, and combinations of
trimethoprim and sulfamethoxazole are widely used in the
clinical setting. Combinations of trimethoprim and sul-
famethoxazole were used mainly in recent clinical studies on
the usefulness of CAP in Europe and North America.

Cephem antibiotics (especially relatively traditional agents) are
widely used in Japan, and can be used from early infancy.’*>> A
single oral dose (between one-third and one-sixth of the normal
pediatric daily dose) should be given before bed.

Penicillin antibiotics can be administered to infants aged
<2 months; a single oral dose (one-third of the pediatric daily
dose) should be given before bed.
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Trimethoprim and sulfamethoxazole, which are used in
combination in many clinical studies, are considered standard
medication. However, they should not be administered to
infants aged <2 months; thrombotic thrombocytopenic pur-
pura and hemolytic—uremic syndrome are listed as serious
adverse reactions on the package insert, and adequate obser-
vation by blood tests is necessary.

Timing of discontinuation of CAP

At present, there is no clear consensus on the timing of dis-
continuation of CAP, and the following options are consid-
ered depending on age (months and years) at the start of
CAP: (i) at completion of toilet training; (ii) after CAP for 1—
2 years, even if toilet training has not yet been completed,
(iii) at confirmation of spontaneous resolution of VUR; and
(iv) at new onset or recurrence of breakthrough UTI (when
CAP is deemed ineffective). The validity of discontinuing
CAP after the completion of toilet training was shown in a
relatively large number of studies.’*®® Also, it was reported
that CAP discontinuation becomes an option even before
completion of toilet training if patients have residual VUR of
grade [-1I without recurrent episodes of fUTI during follow
up.®!

The level of usefulness of CAP in treatment of pediatric
VUR is shown in Table 2.

Treatment of BBD

1 Behavioral therapy: Patients are encouraged to void the
bladder and bowel regularly. This therapy helps patients
acquire regular voiding habit, thereby improving control
of the lower urinary tract and bowel. Thus, this therapy
serves as the basis of all other therapies.

2 Pharmacotherapy: Oral therapy using mainly anticholiner-
gics and o-blockers are predominantly used for storage
symptoms (e.g. urge incontinence and frequency) and
voiding symptoms.

3 Biofeedback therapy: This is indicated for children aged
>5 years. Devices are used to provide visual, tactile and
other sensory information to help patients understand the
contraction of the pelvic floor muscles, and such understand-
ing will be used to improve lower urinary tract function.

4 Treatment of defecation problems: Correction of fluid
intake, dietary intervention and use of laxatives.

5 Urotherapy:®*®* Comprehensive conservative therapy by
specialists is necessary, including: (i) good understanding
of the anatomy and physiology of the lower urinary tract;
(ii) advising patients on how to alleviate lower urinary
tract dysfunction (e.g. appropriate urination posture, regu-
lar urination and not holding urine); (iii) advice on life-
style (e.g. fluid intake and diet); and (iv) psychological
approaches for patients with BBD.

IX. Surgical therapy

Indications: Current indications, albeit controversial,
include: (i) breakthrough UTI and poorly controlled UTI;
(i1) high-grade VUR; (iii) renal impairment (at detection or

Table 2 Level of usefulness of CAP for pediatric VUR

Presence or Presence or

absence of  absence of  VUR
Age fuTl BBD grade  Usefulness level
From birth to fUTI (—) BBD- | *
completion of unknown |l *k
toilet training il
[\
V
fUTI (+) BBD- | ok
unknown I
i
\%
\%
After completion fUTI (=) BBD (—) | *
of toilet training Il * (%% cortical
Il abnormalities)
\%
V
BBD (+) | *
Il
i *k
\Y
Vv
fUTI (+) BBD (—) | * ok
Il
1}
\%
\
BBD (+) |
Il
1
vV
\%

*%, Considered as standard depending on the condition; %, considered
as optional.

during follow-up observation); (iv) multiple UTI recur-
rences in patients older than those for whom CAP is indi-
cated; and (v) high-grade VUR with lower urinary tract
dysfunction.

Endoscopic injection

The rate of resolution of reflux after endoscopic injection is
lower than those after open surgery and laparoscopic surgery.
Treatment is covered by health insurance for grade II-IV
VUR, but not for grade V VUR. Complications include new-
onset contralateral VUR and ureteral obstruction.

Maneuvers and indications

This minimally invasive day procedure is a new option in
addition to the conventional curative surgery, ureterocysto-
neostomy, but there is no consensus on selection criteria.

Efficacy and safety

A meta-analysis showed that the rate of the resolution of
reflux after the first endoscopic injection was 74%; the rates
of resolution of grade II, grade IIT and grade IV VUR were
79%, 72% and 63%, respectively.®*
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The incidence of UTI was lower after endoscopic injection
(15%) than after open surgery (38%), and the incidence of
fUTI was also lower after endoscopic injection (5%) than
after open surgery (24%).%

The rate of VUR resolution after open surgery was unaf-
fected by the presence of BBD, but that after endoscopic
injection was significantly reduced with BBD.!” Also, the
resolution rate was low in VUR complicated with duplicated
ureter (50%) and neurogenic bladder (62%).°® Endoscopic
injection is indicated for residual reflux after open surgery,
resulting in resolution rates of 68-83%.57:®

Open surgery for VUR
Open surgery

This includes many techniques, such as the Cohen, Politano—
Leadbetter and Lich—Gregoir techniques. All involve incisions
of the skin and bladder, and extension of the ureter in the
bladder wall, and can be indicated for all patients who are
surgically treatable. The efficacy of open surgery was proven
to be high irrespective of the technique used, and it is indi-
cated for patients with malformation and functional abnormal-
ities of the urinary tract (e.g. BBD and duplicated ureter). It
is standard surgical therapy with confirmed good long-term
efficacy and low rates of complications.

Success rates of open surgery

The success rates of open surgery for primary VUR were
reported to be very high (95-99%) irrespective of the severity
of reflux.'” Different therapy strategies are recommended
depending on the presence of BBD in recent years; however,
unlike endoscopic injection, open surgery offers similar thera-
peutic outcomes between groups with BBD (success rate 88.4—
100%) and those without BBD (success rate 92—100%).%%"2

Laparoscopic surgery for VUR
Intravesical approach

Indications: The approximate age of 3 years was calculated
using a formula that relates age and bladder capacity as: blad-
der capacity = 25 x (age [years] + 2).”° However, this for-
mula estimates bladder capacity without anesthesia, and under
anesthesia an insufflated bladder has a slightly larger capacity
than estimated and is also more expandable. Taken together,
the age of patients treatable by this procedure needs to be
decided based on the ability and experience of the surgeon.

Efficacy and safety: The laparoscopic transvesical Cohen’s
technique has a success rate (91-96%) close to that of open
surgery.”* 8! However, the difficulty of the procedure and rela-
tively long learning curve should be considered to carry out this
laparoscopic surgery. Complications include intraperitoneal uri-
nary leakage, anastomotic stricture and hematuria.”*”’® Urine
leakage from the ports was reported to have occurred in 12.6%
of patients, and anastomotic stricture in 6.3% of patients; as
described earlier, the incidence of complications was higher
with a smaller bladder capacity and younger patients.> The inci-
dence of anastomotic stricture was shown to be similar between
laparoscopic surgery and open surgery.® The Politano—

Leadbetter technique has a success rate of 94.4%, and is recom-
mended for treatment in women with high-grade VUR requiring
the creation of a long submucosal tunnel, although with a longer
operation time than Cohen’s technique.®?

Extravesical approach

Indications: Several studies have reported on laparoscopic
surgery using an extravesical approach in patients aged
12 months.®* % The important consideration for the age of
patients treatable by surgical procedure is whether adequate
working space can be achieved. Compared with the intravesi-
cal approach, the extravesical approach has a wider working
space (i.e. abdominal cavity), and thus the age treatable by
the extravesical approach can be younger than the age treat-
able by the intravesical approach.

Efficacy and safety: High success rates (93.5-100%) similar
to that of open surgery were reported.'”%*%58 The compli-
cations reported include ureteral injury, intraperitoneal urinary
leakage and ureteral stenosis.!”%*%7%8 The incidence of void-
ing problems, which are characteristic complications of bilat-
eral surgery using the extravesical approach, was 6.5% after
laparoscopic surgery,®® and was approximately 3-20% after

open surgery.®%°

Robot-assisted surgery

Indications for robot-assisted surgery conform to those for
open surgery and laparoscopic surgery, but robot-assisted sur-
gery is indicated for children weighing >10 kg in principle to
prevent robotic arm interference. Nevertheless, this procedure
is not currently covered by health insurance in Japan.

Comparison between robot-assisted surgery and laparo-
scopic surgery: The rates of reflux resolution did not differ
significantly between laparoscopic surgery (92.3%) and
robot-assisted surgery (93.3%), and no serious complications
were reported.”’ The cost of robot-assisted surgery was
reported to be significantly higher than that of laparoscopic
surgery,”? but Weiss ef al. proposed that long-term outcomes
be assessed in future, because robot-assisted surgery is
undoubtably a beneficial, safe and non-invasive option.”*

The level of usefulness of surgical therapies for VUR is
shown in Table 3.

Secondary VUR

Secondary VUR is defined as VUR secondary to functional
or organic abnormalities of the urinary tract. Neurogenic
functional abnormalities include neurogenic bladder due to
spinal cord disorders (e.g. spina bifida) and brain disorders
(e.g. cerebral palsy); non-neurogenic organic abnormalities
include posterior urethral valve, ureterocele and phimosis.
Table 4 shows diseases associated with secondary VUR.”

Long-term prognosis and long-term
follow-up observation

Studies that examined VUR in pediatric patients with chronic
kidney disease showed that intermediate-to-severe proteinuria
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Table 3 Level of usefulness of surgical therapies for VUR

Surgery Surgical technique Conditions Level of usefulness
Open surgery Politano-Leadbetter technique *kok
Cohen technique *okk
Lich-Gregoir technique Unilateral *kk
Bilateral *
Laparoscopic surgery Politano-Leadbetter technique *
Cohen technique *k
Lich-Gregoir technique Unilateral Kk
Bilateral Kok
Robot-assisted surgery Politano-Leadbetter technique A
Cohen technique A
Lich-Gregoir technique Unilateral Fok
Bilateral Kok
Endoscopic injection Deflux Grade | *
Grade Il *k
Grade I *k
Grade IV *k
Grade V *
BBD (+) A
Duplicated ureter *
Residual reflux after surgery *k

*% %, Considered as standard; %%, considered as standard depending on the condition; %, considered as optional; A, not recommended; %%, considered as
standard depending on the condition, but not approved or covered by health insurance; *, considered as optional, but not approved or covered by health
insurance; A, not recommended, and not approved or covered by health insurance.

Table 4 Secondary VUR

Neurogenic
disorders
(neurogenic
bladder)

Non-neurogenic
organic disorder of
urinary tract

Others

Spinal cord
disorders

Brain disorders

Urethral
disorders

Ureteral disorders

Bladder diseases

Phimosis

Spina bifida

Agenesis or hypoplasia of
the sacrum

Spinal cord tumor

Traumatic spinal cord
injuries

Cerebral palsy

Brain tumor

Traumatic encephalopathy

Posterior urethral valve

Anterior urethral valve

Megalourethra

Duplicated urethra

Prostatic urethral polyps

Congenital mental stenosis
(in girls)

Ureterocele

Ectopic ureteric opening
(associated ureterocele)

Congenital bladder neck
sclerosis

Megacystis microcolon
intestinal hypoperistalsis
syndrome

Prune berry syndrome

Bladder exstrophy

Complete phimosis

Complications of imperforate
anus

Complications of cloacal
anomalies

Pharmaceutical-induced

After kidney transplantation

was found in approximately one-third of patients, and the
mean rate of reduction in creatinine clearance was signifi-
cantly larger in these patients than in patients without protein-
uria or with mild proteinuria;95 and proteinuria was
associated with impairment of renal function.”® Overt protein-
uria is considered an index of poor prognosis; urinary protein
of 0.2-0.5 g/day was associated with an increased risk of
progression of renal dysfunction, 0.8-1.0 g/day with an
increased risk of end-stage renal disease.”*” Increased excre-
tion of P2-microglobulin, retinol-binding protein, ol-
microglobulin and N-acetyl-beta-D-glucosaminidase in tubu-
lointerstitial failure was reported.”® !

After conservative therapy and surgical
therapy

Conservative therapy and surgical therapy for high-grade
VUR were investigated in several randomized controlled
studies. A randomized controlled study examined two groups
of patients aged <10 years with grade III-IV VUR for 6—
54 months, and found that the incidence of renal scarring
was not significantly different between the conservative ther-
apy group (22%) and the surgical therapy group (31%),
whereas that of fUTI was 22% in the conservative therapy
group and 8% in the surgical therapy group, confirming the
benefit of surgical surgery.'%?

Pathology of RN

RN occurs where VUR is accompanied with renal parenchy-
mal damage. The term was proposed by Bailey in 1973, and
refers to renal dysmorphism (renal parenchymal damage)
found frequently in patients with VUR.'%?
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Congenital RN is renal hypo/dysplasia caused by embry-
ological factors, or that develops in the presence of promot-
ing factors, such as a functional obstructive mechanism as a
result of reflux or urinary tract obstruction based on urody-
namic abnormalities and high-pressure voiding during fetal
life and infancy, especially in boys. The condition is gener-
ally thought to be diffusive, spreading out across the entire
kidney, but can be segmental in some cases.

Acquired renal parenchymal damage includes renal scar-
ring resulting from acute pyelonephritis. These are identified
as fibrotic regions under the microscope, or deformed and/or
dilatated kidney calyces and accompanying thinning regions
in the renal cortex.

Patients with a large mass of renal parenchymal lesions
tend to have a small number of nephrons in the remaining
parenchyma, which might cause hyperfiltration and then pro-
gressive RN. Impaired renal function, hypertension and pro-
teinuria are important indicators of RN, and are significantly
associated with long-term prognosis of renal function.

Progressive RN

Complications, such as increased serum creatinine levels,
impaired renal function (e.g. decreased glomerular filtration
rate), proteinuria and/or hypertension, indicate progressive
RN. It is generally thought that RN progresses when the rem-
nant normal region mass, a decrease of which negatively cor-
relates with an increase in the damaged region mass in the
renal parenchyma, is reduced to the level below threshold,
but details, such as marginal regions, remain unknown.'®
Many patients with progressive RN have bilateral multiple
renal parenchymal injury.'®

Conflict of interest

None declared.

References

1 Khoury AE, Bigli DJ. Vesicoureteral Reflux. Campbell-Walsh Urology,
Vol. 4, 10th edn. Philadelphia, Saunders, 2011.

2 Cendron M. Reflux nephropathy. J. Pediatr. Urol. 2008; 4: 414-21.

3 Bailey R. Vesicoureteric reflux in healthy infants and children. In: Hodson
J, Kincaid-Smith P (eds). Reflux Nephropathy. New York, Masson, 1979;
59-61.

4 Hunziker M, Colhoun E, Puri P. Prevalence and predictors of renal func-

tional abnormalities of high grade vesicoureteral reflux. J. Urol. 2013; 190:

1490-4.

Skoog SJ, Peters CA, Arant BS Jr et al. Pediatric vesicoureteral reflux

guidelines panel summary report: clinical practice guidelines for screening

siblings of children with vesicoureteral reflux and neonates/infants with pre-

natal hydronephrosis. J. Urol. 2010; 184: 1145-51.

6 Hunziker M, Colhoun E, Puri P. Renal cortical abnormalities in siblings of

index patients with vesicoureteral reflux. Pediatrics 2014; 133: €933-7.

Nakai H, Kakizaki H, Konda R et al. The Prospective Study Committee of

Reflux Nephropathy Forum Japan: clinical characteristics of primary vesi-

coureteral reflux in infants: Multicenter retrospective study in Japan. J.

Urol. 2003; 169: 309-12.

Sjostrom S, Jodal U, Sixt R, Bachelard M, Sillen U. Longitudinal develop-

ment of renal damage and renal function in infants with high grade vesi-

coureteral reflux. J. Urol. 2009; 181: 2277-83.

9 Pediatrics Subcommittee on Urinary Tract Infection, Steering Committee on
Quality Improvement and Management; Roberts KB. Urinary tract infection:

w

N

oo

20

2

22

23

24

25

26

27

28

29

3

32

clinical practice guideline for the diagnosis and management of the initial
UTI in febrile infants and children 2 to 24 months. Pediatrics 2011; 128:
595-610.

Swerkersson S, Jodal U, Sixt R, Stokland E, Hansson S. Relationship
among vesicoureteral reflux, urinary tract infection and renal damage in
children. J. Urol. 2007; 178: 647-51.

Snodgrass WT, Shah A, Yang M et al. Prevalence and risk factors for renal
scars in children with febrile UTI and/or VUR: a cross-sectional observa-
tional study of 565 consecutive patients. J. Pediatr. Urol. 2013; 9: 856-63.
Sargent MA. What is the normal prevalence of vesicoureteral reflux? Pedi-
atr. Radiol. 2000; 30: 587-93.

Westland R, Schreuder MF, Ket JC, van Wijk JA. Unilateral renal agenesis:
a systematic review on associated anomalies and renal injury. Nephrol.
Dial. Transplant. 2013; 28: 1844-55.

Kaefer M, Curran M, Treves ST et al. Sibling vesicoureteral reflux in multi-
ple gestation births. Pediatrics 2000; 105: 800—4.

Darlow JM, Dobson MG, Darlay R ef al. A new genome scan for primary
nonsyndromic vesicourteric reflux emphasizes high heterogeneity and shows
linkage and association with various gene already implicated in urinary tract
development. Mol. Genet. Genomic Med. 2014; 2: 7-29.

Nishimura H, Yerkes E, Hohenfellner K ef al. Role of the angiotensin type
2 receptor gene in congenital anomalies of the kidney and urinary tract,
CAKUT, of mice and men. Mol. Cell 1999; 3: 1-10.

Peters CA, Skoog SJ, Arant BS Jr ef al. Summary of the AUA guideline on
management of primary vesicoureteral reflux in children. J. Urol. 2010;
184: 1134-44.

Lackgren G, Skoldenberg E, Stenberg A. Endoscopic treatment with stabi-
lized nonanimal hyaluronic acid/dextranomer gel is effective in vesi-
coureteral reflux associated with bladder dysfunction. J. Urol. 2007; 177:
1124-9.

Sjostrom S, Bachelard M, Sixt R, Sillen U. Change of urodynamic patterns
in infants with dilating vesicoureteral reflux: 3-year followup. J. Urol.
2009; 182: 2446-53.

Koff SA, Wagner TT, Jayanthi VR. The relationship among dysfunctional
elimination syndromes, primary vesicoureteral reflux and urinary tract infec-
tions in children. J. Urol. 1998; 160: 1019-22.

Glassberg KI, Combs AJ, Horowitz M. Nonneurogenic voiding disorders in
children and adolescents: clinical and videourodynamic findings in 4 speci-
fic conditions. J. Urol. 2010; 184: 2123-7.

Sillen U, Brandstrom P, Jodal U et al. The Swedish reflux trial in children:
v. Bladder dysfunction. J. Urol. 2010; 184: 298-304.

Sjostrom S, Sillen U, Bachelard M, Hansson S, Stokland E. Spontaneous
resolution of high grade infantile vesicoureteral reflux. J. Urol. 2004; 172:
694-8.

Sjostrom S, Sillen U, Jodal U, Sameby L, Sixt R, Stokland E. Predictive
factors for resolution of congenital high grade vesicoureteral reflux in
infants: results of univariate and multivariate analyses. J. Urol. 2010; 183:
1177-84.

Yeung CK, Sreedhar B, Sihoe JD, Sit FK. Renal and bladder functional sta-
tus at diagnosis as predictive factors for the outcome of primary vesi-
coureteral reflux in children. J. Urol. 2006; 176: 1152—6.

Fast AM, Nees SN, Van Batavia JP, Combs AJ, Glassberg KI. Outcomes
of targeted treatment for vesicoureteral reflux in children with nonneuro-
genic lower urinary tract dysfunction. J Urol. 2013; 190: 1028-32.

Kibar Y, Ors O, Demir E, Kalman S, Sakallioglu O, Dayanc M. Results of
biofeedback treatment on reflux resolution rates in children with dysfunc-
tional voiding and vesicoureteral reflux. Urology 2007; 70: 563—6.
Willemsen J, Nijman RJ. Vesicoureteral reflux and videourodynamic stud-
ies: results of a prospective study. Urology 2000; 55: 939-43.

Conway PH, Cnaan A, Zaoutis T, Henry BV, Grundmeier RW, Keren R.
Recurrent urinary tract infections in children: risk factors and association
with prophylactic antimicrobials. JAMA 2007; 298: 179-86.

Pennesi M, Travan L, Peratoner L et al. North East Italy prophylaxis in
VUR study group: is antibiotic prophylaxis in children with vesicoureteral
reflux effective in preventing pyelonephritis and renal scars? A randomized,
controlled trial. Pediatrics 2008; 121: ¢1489-94.

Hodson EM. Interventions for primary vesicoureteric reflux. Cochrane
Database Syst. Rev. 2007; 18: 1-32.

The Japanese Society for Pediatric Gastroenterology, Hepatology and Nutri-
tion. Clinical practice guidelines for pediatric chronic functional constipation
2013. (In Japanese.)

488 © 2020 The Authors. International Journal of Urology published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Urological Association.



Vesicoureteral reflux medical management guidelines

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

5

52

53

54

55

56

57

Kimata T, Kitao T, Yamanouchi S, Tsuji S, Kino M, Kaneko K. Voiding
cystourethrography is mandatory in infants with febrile urinary tract infec-
tion. Tohoku J. Exp. Med. 2013; 231: 251-5.

Bayram MT, Kavukcu S, Alaygut D, Soylu A, Cakmakci H. Place of ultra-
sonography in predicting vesicoureteral reflux in patients with mild renal
scarring. Urology 2014; 83: 904-8.

Kovanlikaya A, Kazam J, Dunning A et al. The role of ultrasonography in
predicting vesicoureteral reflux. Urology 2014; 84: 1205-10.

Darge K, Riedmiller H. Current status of vesicoureteral reflux diagnosis.
World J. Urol. 2004; 22: 88-95.

Westwood ME, Whiting PF, Cooper J, Watt IS, Kleijnen J. Further investi-
gation of confirmed urinary tract infection (UTI) in children under five
years: a systematic review. BMC Pediatr. 2005; 5: 2.

Lebowitz RL, Olbing H, Parkkulainen KV, Smellie JM, Tamminen-Mdbius
TE. International system of radiographic grading of vesicoureteric reflux.
International reflux study in children. Pediatr. Radiol. 1985; 15: 105-9.
Estrada CR Jr, Passerotti CC, Graham DA et al. Nomograms for predicting
annual resolution rate of primary vesicoureteral reflux: results from 2,462
children. J. Urol. 2009; 182: 1535-41.

Grazioli S, Parvex P, Merlini L, Combescure C, Girardin E. Antenatal and
postnatal ultrasound in the evaluation of the risk of vesicoureteral reflux.
Pediatr. Nephrol. 2010; 25: 1687-92.

Yamagake KG, Nguyen HT. Current management of antenatal hydronephro-
sis. Pediatr. Nephrol. 2013; 28: 237-43.

Lidefelt KJ, Herthelius M. Antenatal hydronephrosis: infants with minor
postnatal dilatation do not need prophylaxis. Pediatr. Nephrol. 2008; 23:
2021-4.
Montini G, Toffolo A, Zucchetta P et al. Antibiotic treatment for
pyelonephritis in children: multicentre randomised controlled non-inferiority
trial. BMJ 2007; 25: 335-86.

Tse NK, Yuen SL, Chiu MC, Lai WM, Tong PC. Imaging studies for first
urinary tract infection in infants less than 6 months old: can they be more
selective? Pediatr. Nephrol. 2009; 24: 1699-703.

Hardy RD, Austin JC. DMSA renal scans and the top-down approach to
urinary tract infection. Pediatr. Infect. Dis. 2008; 27: 476-7.

Preda I, Jodal U, Sixt R, Stokland E, Hansson S. Normal dimercaptosuc-
cinic acid scintigraphy makes voiding cystourethrography unnecessary after
urinary tract infection. J. Pediatr. 2007; 151: 581-4.

Tseng MH, Lin WJ, Lo WT, Wang SR, Chu ML, Wang CC. Does a nor-
mal DMSA obviate the performance of voiding cystourethrography in eval-
uation of young children after their first urinary tract infection? J. Pediatr.
2007; 150: 96-9.

Tekgiil S, Riedmiller H, Hoebeke P et al. European Association of Urology:
EAU guidelines on vesicoureteral reflux in children. Eur. Urol. 2012; 62:
534-42.

Konda R, Sato H, Sakai K, Abe Y, Fujioka T. Urinary excretion of vascular
endothelial growth factor is increased in children with reflux nephropathy.
Nephron Clin. Pract. 2004; 98: c¢73-8.

Hollowell JG. Outcome of pregnancy in women with a history of vesico-
ureteric reflux. BJU Int. 2008; 102: 780-4.

Nguyen HT, Herndon CD, Cooper C et al. The Society for Fetal Urology
consensus statement on the evaluation and management of antenatal
hydronephrosis. J. Pediatr. Urol. 2010; 6: 212-631.

Kaneko K, Ohtomo Y, Shimizu T, Yamashiro Y, Yamataka A, Miyano T.
Antibiotic prophylaxis by low-dose cefaclor in children with vesicoureteral
reflux. Pediatr. Nephrol. 2003; 18: 468-70.

Fujinaga S, Kaneko K, Ohtomo Y e al. Is continuous antibiotic prophylaxis
in children with vesicoureteral reflux really ineffective in preventing
pyelonephritis? Pediatr. Nephrol. 2009; 24: 1431-2.

Cooper CS, Chung BI, Kirsch AJ, Canning DA, Snyder HM 3rd. The out-
come of stopping prophylactic antibiotics in older children with vesi-
coureteral reflux. J. Urol. 2000; 163: 269-72.

Thompson RH, Chen JJ, Pugach J, Naseer S, Steinhardt GF. Cessation of
prophylactic antibiotics for managing persistent vesicoureteral reflux. J.
Urol. 2001; 166: 1465-9.

Al-Sayyad AlJ, Pike JG, Leonard MP. Can prophylactic antibiotics safely be
discontinued in children with vesicoureteral reflux? J. Urol. 2005; 174(4 Pt
2): 1587-9.

Alconcher LF, Meneguzzi MB, Buschiazzo R, Piaggio LA. Could prophy-
lactic antibiotics be stopped in patients with history of vesicoureteral reflux?
J. Pediatr. Urol. 2009; 5: 383-8.

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

71

78

Kitchens DM, Herndon A, Joseph DB. Outcome after discontinuing prophy-
lactic antibiotics in children with persistent vesicoureteral reflux. J. Urol.
2010; 184 (4 Suppl): 1594-7.

Leslie B, Moore K, Salle JL et al. Outcome of antibiotic prophylaxis dis-
continuation in patients with persistent vesicoureteral reflux initially present-
ing with febrile urinary tract infection: time to event analysis. J. Urol.
2010; 184: 1093-8.

Drzewiecki BA, Thomas JC, Pope JC 4th, Adams MC, Brock JW 3rd,
Tanaka ST. Observation of patients with vesicoureteral reflux off antibi-
otic prophylaxis: physician bias on patient selection and risk factors for
recurrent febrile urinary tract infection. J. Urol. 2012; 188(4 Suppl):
1480—4.

Moriya K, Mitsui T, Kitta T e al. Early discontinuation of antibiotic pro-
phylaxis in patients with persistent primary vesicoureteral reflux initially
detected during infancy: Outcome analysis and risk factors for febrile uri-
nary tract infection. J. Urol. 2015; 193: 637-42.

Austin PF, Bauer SB, Bower W et al. The standardization of terminology
of lower urinary tract function in children and adolescents: update report
from the Standardization Committee of the International Children’s Conti-
nence Society. J. Urol. 2014; 191: 1863-5.

Brownrigg N, Pemberton J, Jegatheeswaran K, DeMaria J, Braga LH. A
pilot randomized controlled trial evaluating the effectiveness of group vs
individual urotherapy in decreasing symptoms associated with bladder-
bowel dysfunction. J. Urol. 2015; 193: 1347-52.

Elder JS, Diaz M, Caldamone AA et al. Endoscopic therapy for vesi-
coureteral reflux: a meta-analysis. I. Reflux resolution and urinary tract
infection. J. Urol. 2006; 175: 716-22.

Elmore JM, Kirsch AJ, Heiss EA, Gilchrist A, Scherz HC. Incidence of uri-
nary tract infections in children after successful ureteral reimplantation ver-
sus endoscopic dextranomer/hyaluronic acid implantation. J. Urol. 2008;
179: 2364-1.

Cerwinka WH, Scherz HC, Kirsch AJ. Endoscopic treatment of vesi-
coureteral reflux with dextranomer/hyaluronic acid in children. Adv. Urol.
2008; 2008: 513854.

Perez-Brayfield M, Kirsch AJ, Hensle TW, Koyle MA, Furness P, Scherz
HC. Endoscopic treatment with dextranomer/hyaluronic acid for complex
cases of vesicoureteral reflux. J. Urol. 2004; 172: 1614-6.

Kitchens D, Minevich E, DeFoor W et al. Endoscopic injection of dextra-
nomer/hyaluronic acid copolymer to correct vesicoureteral reflux following
failed ureteroneocystostomy. J. Urol. 2006; 176: 1861-3.

Aboutaleb H, Bolduc S, Bagli DJ, Khoury AE. Correlataion of vesi-
coureteral reflux with degree of hydronephrosis and the impact of antireflux
surgery. J. Urol. 2003; 170: 1560-2.

Barroso U Jr, Jednak R, Barthold JS, Gonzalez R. Outcome of ureteral
reimplantation in children with the urge syndrome. J. Urol 2001; 166:
1031-5.

Bomalaski MD, Ritchey ML, Bloom DA. What imaging studies are neces-
sary to determine outcome after ureteroneocystostomy? J. Urol. 1997; 158:
1226-8.

Lavine MA, Siddig FM, Cahn DJ, Caesar RE, Koyle MA, Caldamone AA.
Vesicoureteral reflux after ureteroneocystostomy: indications for postopera-
tive voiding cystography. Tech. Urol. 2001; 7: 50-4.

Hamano S, Yamanishi T, Igarashi T, Murakami S, Ito H. Evaluation of
functional bladder capacity in Japanese children. Int. J. Urol. 1999; 6:
226-8.

Yeung CK, Sihoe JD, Borzi PA. Endoscopic cross-trigonal ureteral reim-
plantation under carbon dioxide bladder insufflation: a novel technique. J.
Endourol. 2005; 19: 295-9.

Kutikov A, Guzzo TJ, Canter DJ, Casale P. Initial experience with laparo-
scopic transvesical ureteral reimplantation at the Children’s Hospital of
Philadelphia. J. Urol. 2006; 176: 2222-5.

Kawauchi A, Naitoh Y, Soh J, Hirahara N, Okihara K, Miki T. Transvesical
laparoscopic cross-trigonal ureteral reimplantation for correction of vesi-
coureteral reflux: initial experience and comparisons between adult and
pediatric cases. J. Endourol. 2009; 23: 1875-8.

Canon SJ, Jayanthi VR, Patel AS. Vesicoscopic cross-trigonal ureteral reim-
plantation: a minimally invasive option for repair of vesicoureteral reflux. J.
Urol. 2007; 178: 269-73.

Chung MS, Han SW, Jung HJ et al. Transvesicoscopic ureteral reimplanta-
tion in children with bilateral vesicoureteral reflux: surgical technique and
results. J. Laparoendosc. Adv. Surg. Tech. A 2012; 22: 295-300.

© 2020 The Authors. International Journal of Urology published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Urological Association. 489



H MIYAKITA ET AL.

79

80

81

82

83

84

85

86

87

88

89

90

490

Hong CH, Kim JH, Jung HJ, Im YJ, Han SW. Single-surgeon experience
with transvesicoscopic ureteral reimplantation in children with vesicoureteral
reflux. Urology 2011; 77: 1465-9.

Emir H, Mammadov E, Elicevik M, Buyukunal C, Soylet Y. Transvesico-
scopic cross-trigonal ureteroneocystostomy in children: a single-center expe-
rience. J. Pediatr. Urol. 2012; 8: 83-6.

Valla JS, Steyaert H, Griffin SJ er al. Transvesicoscopic Cohen ureteric
reimplantation for vesicoureteral reflux in children: a single-centre 5-year
experience. J. Pediatr. Urol. 2009; 5: 466-71.

Soh S, Kobori Y, Shin T et al. Transvesicoscopic ureteral reimplantation:
Politano-Leadbetter versus Cohen technique. /nt. J. Urol. 2015; 22: 394-9.
Bayne AP, Shoss JM, Starke NR, Cisek LJ. Single-center experience with pedi-
atric laparoscopic extravesical reimplantation: safe and effective in simple and
complex anatomy. J. Laparoendosc. Adv. Surg. Tech. A. 2012;22: 102—6.

Tsai YC, Wu CC, Yang SS. Minilaparoscopi nerve-sparing extravesical
ureteral reimplantation for primary vesicoureteral reflux: a preliminary
report. J. Laparoendosc. Adv. Surg. Tech. A. 2008; 18: 767-70.

Riquelme M, Aranda A, Rodriguez C. Laparoscopic extravesical transperi-
toneal approach for vesicoureteral reflux. J. Laparoendosc. Adv. Surg. Tech.
A. 2006; 16: 312-6.

Riquelme M, Lopez M, Landa S et al. Laparoscopic extravesical ureteral
reimplantation (LEVUR): a multicenter experience with 95 cases. Eur. J.
Pediatr. Surg. 2013; 23: 143-7.

Kojima Y, Mizuno K, Umemoto Y, Yasui T, Hayashi Y, Kohri K. Ureteral
advancement in patients undergoing laparoscopic extravesical ureteral reim-
plantation for treatment of vesicoureteral reflux. J. Urol. 2012; 188: 582-7.
Lopez M, Varlet F. Laparoscopic extravesical transperitoneal approach fol-
lowing the Lich-Gregoir technique in the treatment of vesicoureteral reflux
in children. J. Pediatr. Surg. 2010; 45: 806-10.

David S, Kelly C, Poppas DP. Nerve sparing extravesical repair of bilateral
vesicoureteral reflux: description of technique and evaluation of urinary
retention. J. Urol. 2004; 172(4 Pt 2): 1617-20.

Heidenreich A, Ozgur E, Becker T, Haupt G. Surgical management of vesi-
coureteral reflux in pediatric patients. World J. Urol. 2004; 22: 96-106.
Hayashi Y, Mizuno K, Kurokawa S et al. Extravesical robot-assisted laparo-
scopic ureteral reimplantation for vesicoureteral reflux: initial experience in
Japan with the ureteral advancement technique. Int. J. Urol. 2014; 21:
1016-21.

92

93

94

95

96

97

98

99

100

101

102

103

104

105

Schober MS, Jayanthi VR. Vesicoscopic ureteral reimplant: is there a role
in the age of robotics? Urol. Clin. North Am. 2015; 42: 53-9.

Weiss DA, Shukla AR. The robotic-assisted ureteral reimplantation: the
evolution to a new standard. Urol Clin North Am. 2015; 42: 99-109.
Takeda M, Kira S. Abnormal Urination in Children [in] Pediatric Nephrol-
ogy. Shindan to Chiryo sha Inc, Tokyo, 2012. (In Japanese.)

El-Khatib MT, Becker GJ, Kincaid-Smith S. Reflux nephropathy and pri-
mary vesicoureteric reflux in adults. Q. J. Med. 1990; 77: 1241-53.

Neild GH, Thomson G, Nitsch D, Woolfson RG, Connolly JO, Woodhouse
CR. Renal outcome in adults with renal insufficiency and irregular asym-
metric kidneys. BMC Nephrol. 2004; 5: 12-22.

Zhang Y, Bailey RR. A long term follow up of adults with reflux nephropa-
thy. N. Z. Med. J. 1995; 108: 142—4.

Tomlinson PA, Smellie JM, Prescod N, Dalton RN, Chantler C. Differential
excretion of urinary proteins in children with vesicoureteric reflux and
reflux nephropathy. Pediatr. Nephrol. 1994; 8: 21-5.

Goonasekera CD, Shah V, Dillon MJ. Tubular proteinuria in reflux
nephropathy: post ureteric re-implantation. Pediatr. Nephrol. 1996; 10:
559-63.

Miyakita H, Puri P. Urinary levels of N-acetyl-beta-D-glucosaminidase: a
simple marker for predicting tubular damage in higher grades of vesi-
coureteric reflux. Eur. Urol. 1994; 25: 135-7.

Salvaggio E, Menonna NM, Ricci R, Ferrara P, Nardini F. Beta 2
microglobulin in the diagnosis of reflux nephropathy in childhood (La Pedi-
atria medica e chirurgica: medical and surgical pediatrics). Pediatr. Med.
Chir. 1988; 10: 83-8. (In Italian.)

Weiss R, Duckett J, Spitzer A. Results of randomized clinical trial of medi-
cal versus surgical management of infants and children with grades IIT and
IV primary vesicoureteral reflux (United States). The international reflux
study in children. J. Urol. 1992; 148: 1667-73.

Bailey RR. The relationship of vesico-ureteric reflux to urinary tract infec-
tion and chronic pyelonephritis-reflux nephropathy. Clin. Nephrol. 1973; 1:
132-41.

Matsuoka H, Nakashima Y, Oshima K. Prognostic significance of the num-
ber of renal glomeruli in reflux nephropathy. BJU Int. 2006; 98: 172—6.
Nakashima Y, Matsuoka H, Oshima K, Sakamoto K. Progression of renal
disease in patients with reflux nephropathy. Follow-up study. Nihon Hinyo-
kika Gakkai Zasshi 1997; 88: 557-65.

© 2020 The Authors. International Journal of Urology published by John Wiley & Sons Australia, Ltd on behalf of the Japanese Urological Association.



