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Vesicoureteral reflux (VUR) is the abnormal retrograde flow of urine from the

bladder into the ureter and possibly the kidney. The severity of reflux is expressed

as a grade, which is based on the system established by the International Reflux

Study in Children [1]:

� Grade I: VUR does not reach the renal pelvis.
� Grade II: VUR extends up to the renal pelvis without dilation.
� Grade III: Mild or moderate dilation of the ureter and the renal pelvis. No or

slight blunting of the fornices.
� Grade IV: Moderate dilation of the ureter, renal pelvis, and calyces.

Complete obliteration of the sharp angle of the fornices but maintenance of

the papillary impression in most calyces.
� Grade V: Gross dilation and tortuosity of the ureter. Gross dilation of the

renal pelvis and calyces. The papillary impressions are not visible in

most calyces.

VUR is secondary when high pressure in the bladder causes a breakdown of

the normal antireflux mechanism at the ureterovesicular junction, which may

occur in children with posterior urethral valves or neurogenic bladders.

Secondary reflux also occurs in children who have complete ureteral duplication.

This article focuses on primary VUR, which is caused by a congenital abnor-
0031-3955/06/$ – see front matter D 2006 Elsevier Inc. All rights reserved.

doi:10.1016/j.pcl.2006.02.010 pediatric.theclinics.com

T Corresponding author.

E-mail address: Larry_Greenbaum@oz.ped.emory.edu (L.A. Greenbaum).

http://dx.doi.org/10.1016/j.pcl.2006.02.010
http://pediatric.theclinics.com
mailto:Larry_Greenbaum@oz.ped.emory.edu


greenbaum & mesrobian414
mality at the ureterovesicular junction. Even in primary disease, however,

increased bladder pressure may play a role in causing VUR in some patients [2].
Epidemiology and genetics

VUR is believed to be present in 1% or less of normal children, although the

incidence is likely to vary depending on the age of screening because VUR often

resolves over time (see later discussion). Most cases of VUR are diagnosed after

occurrence of a urinary tract infection (UTI) [3]. In children with UTIs, the

reported frequency of VUR varies from 20% to 40% [4–7]. Pediatric clinical

practice guidelines recommend screening children for VUR after a UTI [8,9].

Boys and girls are equally likely to have VUR after a UTI, but boys are more

likely to have higher grade VUR [6]. Girls are more commonly diagnosed with

VUR because they are more likely to have a UTI [10].

The widespread use of prenatal ultrasound has led to more frequent detection

of antenatal hydronephrosis. When screened, approximately 10% to 20% of these

children have VUR [11–13]. VUR may be present despite a normal postnatal

ultrasound [11]. Patients who have prenatally detected VUR have higher grade

VUR than children detected after a UTI. Approximately 80% of these infants are

boys, and a significant percentage have associated severe renal damage (see later

discussion) [11,14]. These children, perhaps because of the male predominance,

are at less risk for developing subsequent UTIs than children who are diagnosed

with VUR after a UTI [15].

There is a genetic predisposition to VUR, with some studies suggesting an

autosomal dominant inheritance with variable penetrance, although no specific

genetic loci has been defined [7,16]. This finding is dramatically illustrated by the

high incidence of reflux in siblings and offspring of patients who have VUR

[17,18], which has led to the recommendation of screening children who have a

first-degree relative with VUR [19,20].
Clinical manifestations

VUR is associated with two related consequences: UTI and renal scarring. The

management of VUR is based on preventing these sequelae. Children who have a

UTI have a high incidence of VUR [4–7], which indicates that VUR predisposes

patients to UTI. Children who have a UTI and VUR are more likely to have

evidence of renal involvement, as demonstrated by a nuclear scan, than children

without VUR who have a UTI [21].

Reflux nephropathy is the term used to describe the association between renal

scarring and VUR. Children with reflux are more likely to develop scarring after

a UTI, probably because of the increased risk of renal involvement [22]. More

frequent UTIs increase the risk of renal scarring [22]. Among children with VUR,

some may be predisposed to scar formation because of a genetic susceptibility
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[23]. The principal complications of renal scarring are chronic renal failure and

hypertension [24–26].

Two distinct patient populations have renal damage associated with VUR. The

first group develops renal scars after UTIs. This group most commonly presents

during infancy or early childhood after occurrence of a UTI; it is composed

predominantly of girls. In contrast, the second group frequently has bilateral dis-

ease, presents at a younger age, and comprises mostly boys [27–30]. This second

group, often diagnosed after a prenatal ultrasound that demonstrates hydro-

nephrosis, has congenital renal damage, which is probably secondary to renal

maldevelopment rather than a direct effect of reflux or UTIs [28,31,32]. The renal

damage in the second group is typically global, whereas the first group tends to

have focal scars [30,33]. VUR in the second group is almost always high grade,

which contrasts with the more variable severity of VUR in the first group [27].

A high percentage of children who have chronic renal failure caused by reflux

nephropathy have congenital renal damage unrelated to UTIs [34]. The impor-

tance of damage from UTIs in children with VUR as a cause of chronic renal

failure may have decreased because of the current emphasis on preventing UTIs

in these patients [10,35]. Scar formation in children with VUR after UTIs is an

important cause of secondary hypertension and can cause chronic renal failure

[7]. Although younger children are more susceptible, renal scar formation after a

UTI does occur in older children [36,37]. Risk factors for renal scar formation

include higher grade VUR [38] and delay in UTI diagnosis and treatment [36,39].

The use of prophylactic antibiotics to prevent UTIs also may decrease the risk of

scar formation (see later discussion).
Diagnosis

A voiding cystourethrogram (VCUG) is the standard diagnostic approach,

with the advantages of allowing grading of VUR and providing excellent ana-

tomic details. A VCUG is able to diagnose posterior urethral valves and bladder

abnormalities. The disadvantages include radiation exposure and the need for

catheterization. In contrast, direct radionuclide cystography, which also requires

catheterization, has excellent sensitivity for detecting VUR and a much lower

radiation exposure than a VCUG [40]. Because direct radionuclide cystography

does not provide precise grading or anatomic detail (such as diagnosis of pos-

terior urethral valves), it is usually reserved for follow-up investigations.
Natural history

VUR spontaneously resolves in most patients [41], probably secondary to an

increase in the intramural length of the ureter caused by normal growth. The

grade of reflux is the most important predictor of outcome; higher grade reflux is

less likely to resolve [41].
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The reported rate of VUR resolution varies, probably because of patient

selection and study design. For grades I and II, reflux eventually ceases in more

than 80% of affected ureters, with a resolution rate of 10% to 25% per year

[6,38,41]. Grade III reflux resolves in more than 50% of cases, and grade IV

VUR resolves in approximately 30% of cases [38,42–44]. Grade V reflux is

unlikely to resolve spontaneously [43,44].

In a study from Sweden, 50% of children with grades I, II, and III–V VUR

were free from reflux in 2, 5, and 8 years, respectively [6]. Given the questionable

significance of grade I VUR, this study also examined the rate of grades II–V

VUR reaching the endpoint of either no reflux or grade I reflux. This endpoint

occurred in 83% of children with grade II VUR and in 73% of children with

grades III–V VUR [6].

In one report, reflux was slower to resolve in girls than in boys [6], but another

study showed a trend toward slower resolution in boys [45]. VUR resolves faster

in children diagnosed before 1 year of age [46], and reflux that is diagnosed based

on an abnormal prenatal ultrasound has an increased likelihood to resolve, even

when it is grade IV or V [47,48]. One study suggested that VUR is less likely to

resolve when diagnosed after age 7 years [43], and another study argued that the

longer VUR has been present, the less likely it is to resolve [49]. In contrast, other

studies proposed that the age at which VUR is diagnosed does not affect the

likelihood that VUR will resolve [6,41]. Bilateral reflux resolves at a slower rate

than unilateral reflux [49]. Resolution of reflux is decreased in children with

severe scarring [41] or duplex systems [6]. Children who have bladder

dysfunction are at increased risk for UTIs and persistence of VUR [50]. In

many patients, a decrease in reflux severity precedes resolution of VUR.

Traditionally, follow-up imaging for VUR resolution has occurred yearly. A

recent analysis recommended a less aggressive approach, however, with imaging

every 2 years in children with grades I and II VUR and children younger than

2 years old who have unilateral grade III. Older children with grade III and all

children with grade IV VUR should be imaged every 3 years [51]. This

recommendation is based on the relatively slow rate of VUR resolution, balanced

with the morbidity and cost of repeated imaging studies compared with the side

effect of long-term antibiotic prophylaxis.
Medical management

Because VUR has a high rate of spontaneous resolution, conservative non-

operative treatment of VUR grades I–III is the standard initial approach. The goal

is to prevent UTIs and consequent renal scarring until the VUR resolves.

Randomized studies have shown that prophylactic antibiotics are effective in

preventing UTIs in children [52,53]. Observational studies suggest that children

who have VUR managed with prophylactic antibiotics have a low risk of

subsequent renal scarring [3,41]. Options for prophylactic antibiotics, which are

given as once daily doses, include amoxicillin (10–15 mg/kg) or cephalexin
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(15 mg/kg) in neonates and nitrofurantoin (1–2 mg/kg) or trimethoprim-

sulfamethoxazole (2 mg/kg) in older children. Dosing immediately before sleep

allows the antibiotic to remain in the bladder throughout the night. The presence

of UTIs despite prophylactic antibiotics does not seem to influence the rate of

VUR resolution [41,49]. There is disagreement about the need for routine

antibiotic prophylaxis in children who have grade I–II VUR [8,54].

There is clearly a subset of patients with primary VUR who have dysfunc-

tional voiding [55]. Symptoms may include urgency, diurnal enuresis, frequency,

and urine holding behavior. Associated constipation and stool holding also may

be present. In such children, VUR is more likely to improve with correction of

the dysfunctional voiding [56].

Children who have grade V VUR should have surgical repair because of the

low rate of spontaneous resolution and the increased risk of renal scar formation.

The only exception involves children who have grade V VUR detected during an

abnormal prenatal ultrasound. Even grade V VUR may resolve spontaneously in

such patients. The approach to grade III–IV has been addressed by the Inter-

national Reflux Study in Children, which randomized children to operative repair

or long-term antibiotic prophylaxis. There was no difference in scar formation

between the two groups [57]. Medical management of grade III–IV VUR is a

reasonable option, with the caveat that surgical repair is indicated for children

with recurrent UTIs—either secondary to breakthrough infections or non-

adherence—or is based on parental preference.

Patients usually remain on prophylactic antibiotics until VUR resolves. Direct

radionuclide cystography is an excellent option for follow-up imaging because

there is less radiation burden than a VCUG. In some children, VUR does not

resolve despite years of observation. Options then include surgical repair or

discontinuation of prophylactic antibiotics. Surgical repair is especially appealing

in children who continue to have breakthrough infections despite use of pro-

phylactic antibiotics. It is also clear that a subset of older children do well with

discontinuation of prophylactic antibiotics despite the continued presence of

VUR [58,59].
Surgical evaluation and treatment of vesicoureteral reflux

Historically, surgical treatment was reserved for children with VUR who

experienced breakthrough UTIs. Medical therapy was considered to have failed

these children. The risk of recurrent episodes of pyelonephritis, its morbidity, and

long-term consequences were cited as justification for embarking on a surgical

approach. The results of open surgery for the repair of primary VUR approach a

98% success rate [60].

In 1984, O’Donnell and Puri [61] reported on endoscopic injection therapy for

primary VUR. In the pioneering report, 13 girls with grade III–IV VUR were

treated by endoscopic injection of polytetrafluoroethylene paste behind the intra-

vesicular ureter. This procedure was performed on an outpatient basis with mini-



greenbaum & mesrobian418
mal morbidity and a success rate approaching that of open surgery. Because

polytetrafluoroethylene paste was shown to migrate to the retroperitoneum, the

lungs, and even the brain, it was not adopted in the United States [62]. The endo-

scopic approach has been resurrected recently, with the US Food and Drug

Administration having approved dextranomer/hyaluronic acid copolymer (dex-

tranomer microspheres and hyaluronic acid) for this purpose in 2001. Because of

its safety, low morbidity and high success rate, the endoscopic approach has

expanded the indications for surgical treatment. Open surgery is reserved for

patients who have complex VUR or patients in whom endoscopic therapy has

failed or is technically not feasible. In this section on the surgical treatment of

VUR, we present briefly the most effective open surgical procedures and our

current state of knowledge regarding endoscopic injection therapy.
Classic open surgical procedures

Open surgery involves repositioning the ureter in the bladder in such a manner

as to achieve a 5:1 ratio between its submucosal length and the width. The two

main approaches differ with respect to whether the bladder is opened

(intravesical) or not (extravesical). The latter approach is associated with less

morbidity, but its success depends on the experience of the surgeon. The refluxing

ureter is dissected extravesically and reimplanted in a trough created by separat-

ing the muscularis and exposing the bladder mucosa (Fig. 1). The distal portion

is advanced and immobilized toward the bladder neck. The muscularis is then

reapproximated over the ureter (Fig. 2) [63]. Patients may be discharged 1 or

2 days postoperatively.
Fig. 1. Ureterovesical junction. Creation of mucosal trough where the ureter will reside. Arrows

indicate uretero-vesical junction, which is dissected extravesicularly.



Fig. 2. Ureter reimplanted in mucosal trough.

Fig. 3. (A–F) Intravesical correction of vesicoureteral reflux. See further discussion in text.
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Intravesical procedures rely on creating a submucosal tunnel either by using

the same hiatus and advancing the ureter or creating a new hiatus. The success

rate approaches 98%. The most serious complication consists of ureterovesical

junction obstruction that may require a reoperation [64]. Fig. 3 is an illustration of

a common procedure. After intravesical mobilization of the ureter, a submucosal

tunnel is created (Fig. 3A). The mobilized ureter is drawn into the tunnel (Fig. 3B)

and the orifice is sutured to the bladder (Fig. 3C). A new hiatus may be created

when the length of the submucosal tunnel must be increased. One method of

creating a new hiatus is illustrated in Fig. 3D–F.
Endoscopic injection therapy

Characteristics of deflux

Deflux is a viscous gel that consists of dextranomer microspheres and non–

animal-derived hyaluronic acid that serves to stabilize the microspheres [65].

Both constituents are biocompatible and have been shown not to migrate. Deflux

is stabilized at the injection site by a mild inflammatory response that consists of

macrophages, lymphocytes, and giant cells [66], which is a foreign body type of

inflammatory response and has been shown to be nonimmunogenic. The extent

of the reaction is not sufficient to produce fibrosis and does not preclude a

successful open surgical procedure should Deflux injection fail to correct VUR.

Ultimately, the hyaluronic acid component of Deflux is degraded and replaced by

a matrix of collagen that continues to stabilize the microspheres. Of significance

is the observation that the implant volume does decrease over time by

approximately 20% [67]. This observation has important implications for the

technique of implantation of the dextranomer under refluxing ureters.

Description of the procedure

The procedure is performed under general anesthesia. Deflux is injected

through a special needle under direct vision (Fig. 4). The needle is inserted
Fig. 4. The original technique of endoscopic injection therapy. Arrow points at needed position in

relation to ureteral orifice (middle).



Fig. 5. Refluxing ureteral orifice being injected with dextranomer/hyaluronic acid copolymer.

Arrow points to ureteral orifice. Note intraureteral placement of needle and injection.
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submucosally just in front of the refluxing ureter and advanced to an intraluminar

position. Sufficient Deflux is injected to create a volcano-shaped mound that

converts the orifice to a crescent shape. We inject additional Deflux in front of the

mound and posteriorly to stabilize the intraluminal component further (Fig. 5). In

our practice, we perform a positional intraoperative cystogram after satisfactory

visual injection [68]. If residual VUR is detected, additional Deflux is implanted

and the intraoperative cystogram is repeated. The average volume of implanted

Deflux is 0.4 mL. The procedure rarely exceeds 30 minutes, and the patient is

discharged home within 1 hour of recovery. We routinely use phenazopyridine

perioperatively and encourage toilet-trained children to void every 2 hours to

minimize bladder distention. Antibiotic prophylaxis is maintained when

indicated, and a VCUG is obtained 3 months after injection.

A modification of this technique was described recently, with significant

improvement in the results [69]. The refluxing ureter is hydrodistended, which
Fig. 6. Dextranomer/hyaluronic acid copolymer mound appearance (arrow) after injection.



greenbaum & mesrobian422
allows for Deflux to be implanted along most of the submucosal tunnel

(intraureteral). The adequacy of the injection is gauged by the resolution of the

hydrodistention, which frequently results in the ureteral orifice acquiring a

‘‘grumpy’’ face appearance (Fig. 6). In addition to the technical refinement, we

inject approximately 0.2 to 0.3 mL of Deflux anteriorly and laterally to the

original mound to enhance its stability over time. The average volume of im-

planted Deflux is 1 mL.
Results

After surgical or endoscopic treatment, patients remain on prophylactic

antibiotics until a follow-up VCUG is obtained 3 months later. An ultrasound

study also may be obtained at that time. Recently, we used positional intra-

operative cystography to assess the adequacy of the injection intraoperatively.

Our preliminary results suggested a good correlation with the VCUG obtained at

3 months in carefully selected patients. If these findings are confirmed, a post-

operative VCUG may not be required in all patients.

Open surgery in patients who have primary VUR results in a success rate that

approaches 100% [60]. Recent advances in understanding of the anatomy and

physiology of the vesicoureteral junction have led to modifications of the ex-

travesical detrusorrhaphy (an extravesicular approach to the correction of VUR)

[70,71]. The most recent study reported a 100% success rate in 50 patients

who underwent bilateral extravesical detrusorrhaphy and were discharged the

next day [72].

Kirsch and colleagues [73] recently reported an 89% cure rate with the

modified hydrodistention implantation endoscopic technique. Although the

success rate is lower than the open surgical procedures, so is the morbidity of

the endoscopic approach. Failure of endoscopic correction does not preclude an

open procedure later on. The Deflux is easily found and removed during

open surgery.
Summary (surgical perspective)

With the advent of endoscopic therapy, the outlook for children who have

VUR is improved. Early treatment obviates the need for antibiotic prophylaxis

and lengthy follow-up, including the undesirable VCUG. The natural history of

the disease is such that resolution takes an average of 5 years in children with

lower grades of reflux and is less likely in children with higher grades of reflux

[54]. The risk of a UTI during this lengthy period of time is significant in this

patient population. Standard therapy consists of antibiotic prophylaxis while

allowing time for VUR to resolve spontaneously. Although not all patients who

have VUR are at risk for pyelonephritis, clinicians do not have the means to

identify patients at risk, especially in infancy. All patients are placed on
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prophylaxis and a VCUG is obtained periodically [51]. Patients, their parents,

doctors, and radiology technicians have an aversion to this study. Sedation with

oral midazolam has been shown to diminish the unfavorable impact of the VCUG

[74]. These considerations, added to the low morbidity and high success rate of

endoscopic treatment, have led to the proposal of a new treatment algorithm [75].

The proposed approach is based on the initial grade of VUR and age at

presentation. Essentially, all patients (1–10 years of age) are treated initially with

antibiotic prophylaxis. If at the end of 1 year VUR does not resolve, endoscopic

therapy is recommended for patients with lower grades of reflux. A second

injection may be attempted if the first one fails; otherwise reflux may be treated

with open surgery. Patients with higher grades of reflux may be treated with open

surgery from the outset.

The evaluation and treatment of primary VUR in children are evolving. Long-

term follow-up and cost-effectiveness studies are required to define the optimal

treatment strategy.
Prognosis

The long-term outcome of VUR is related directly to the degree of renal

scarring [76]. Patients with renal scarring are at risk for hypertension and chronic

renal failure [77]. Hypertension is more likely in patients with more extensive

scarring and bilateral scarring [77]. The results of long-term follow-up studies

suggest that the risk of hypertension in adults with scarred kidneys is

approximately 20% [76,78]. Most adults with hypertension or chronic renal fail-

ure caused by renal scarring had evidence of renal dysfunction or elevated blood

pressures as children [76].

Women with persistent VUR have an increased risk of pyelonephritis during

pregnancy [79]. A high rate of UTIs during pregnancy also occurs in women who

had surgical repair of VUR [76,80]. Renal scarring increases the risk of a com-

plication during pregnancy [76], although the risk of serious complications seems

to be low unless renal dysfunction is present [79,81].
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