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Review Article 
Imaging Study of Vesicoureteral Reflux 

Different radiologic and radionuclide cystography studies have been suggested to 
detect and follow up vesicoureteral reflux (VUR) in children, with conflicting results. 
Conventional voiding cystourethrography seems the preferred method to evaluate 
urinary tract abnormality, voiding dysfunction, and accurate grading of VUR. However, 
radioisotopic cystography is a preferred method to evaluate VUR in women, patients 
without voiding dysfunction, and re-evaluate VUR.
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Introduction

esicoureteral Reflux (VUR) is the most 
common congenital urinary tract abnor-
mality in children and the most common 
risk factor for Urinary Tract Infection 
(UTI) in the pediatric age group account-

ing for 30%-50% of these patients. About 8.5%-18% 
of children with chronic kidney disease have under-
lying reflux nephropathy. Therefore, early diagnosis 
and appropriate management of VUR may prevent its 
long-term complications, such as hypertension, pro-
teinuria, and decreased renal function [1].

Conventional radiologic and Radioisotopic Cystog-
raphy (RNC) are common diagnostic procedures for 
VUR with benefits and limitations. This review was 
conducted to evaluate the different aspects of these di-
agnostic procedures to introduce an appropriate meth-
od for diagnosing VUR. 

Evidence Acquisition

This review study was conducted by reviewing the 
literature of medical databases, including PubMed, 
Google Scholar, ISI, Web of Science, and Scopus us-
ing the keywords “VUR”, “voiding cystourethrogra-
phy”, “RNC”, and “UTI”.
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Results and Discussion

Investigating VUR has been suggested by different 
guidelines, such as the American Academy of Pedi-
atrics (AAP) or the National Institute for Health and 
Care Excellence (NICE) guideline in patients with 
renal ultrasound findings, including high-grade VUR, 
obstructive uropathy, renal scarring, in addition to the 
complex clinical circumstances, such as atypical UTI, 
and recurrent febrile UTI. 

Different imaging methods have been suggested to 
detect VUR in children, and fluoroscopic Voiding Cys-
toUrethrography (VCUG) and Direct Radionuclide 
Cystography (DRNC) is commonly used.

VCUG has been the traditional gold standard method 
for diagnosing VUR [2, 3]. However, the introduction 
of DRNC provided multiple challenges and contro-
versies in choosing the appropriate and safe imaging 
method for diagnosing VUR [4], and the benefits of 
VCUG were questioned in many conditions. However, 
VCUG and DRNC require urinary catheterization un-
pleasant for patients and parents [3]. 

Some of the limitations of RNC included a low-reso-
lution rate and a lack of accurate diagnosis of bladder 
anatomy, male urethra, mild VUR, and intra-renal re-
flux [5]. In addition, it is not a precise method to grade 
VUR [6] accurately. The International Reflux Study 
Committee has classified VUR into 5 grades by VCUG, 
with grade I and grade II corresponding to mild VUR, 
grade III to moderate, and grades IV-V to severe VUR, 
respectively, according to DRNC grading [7].

Meanwhile, displaying the anatomic details of the 
urinary tract system, especially the male urethra or 
calyceal anatomy, in addition to post voiding urine 
residue and accurate grading of VUR, are the major 
advantages of VCUG [8]. Goldman et al. detected 
urinary tract abnormality in 22 of 45 male neonates. 
Of them, 21 neonates had VUR. They suggested rou-
tine ultrasound and VCUG after the first UTI in male 
neonates less than 8 weeks [9]. In addition, the proper 
grading of VUR is a major predictor of further sponta-
neous resolution and avoidance of unnecessary antibi-
otic prophylaxis in low-grade VUR [3]. 

Intermittent monitoring of urine backflow increases 
the possibility of undetected VUR by VCUG, higher 
than DRNC [8]. However, continuous monitoring of 
DRNC increases the detection rate of VUR [4, 10] and 
misses only 6% of patients [10, 11], mostly grade I 

[8]. DRNC has been advocated as the essential com-
plementary method for diagnosing VUR [6]. Kogan et 
al. reported failure of conventional VCUG in 10 cases 
with VUR, in whom isotope cystogram indicated sig-
nificant degrees of VUR [12]. Several studies showed 
the priority of RNC to detect VUR in children with 
normal VCUG findings, especially in those with hy-
dronephrosis, abnormal Dimercaptosuccinic Acid 
(DMSA) scan, and recurrent febrile UTI [6, 12, 13]. 
In addition, some studies showed a higher sensitivity 
of RNC in younger children compared to a higher sen-
sitivity of VCUG in older patients [14, 15]. However, 
several studies reported similar sensitivity and good 
correlation to detect VUR by these two methods [6, 
15]. About 85% agreement between these two proce-
dures was reported and VCUG was recommended if 
it was adequately justified against alternative proce-
dures [16, 17]. However, it is essential to emphasize 
that VUR is an intermittent condition and cannot be 
completely excluded by negative imaging results [18].

The main advantage of DRNC is less radiologic irra-
diation of gonads and bladder (10-20 µGy), which is ap-
proximately100-fold less than the conventional VCUG 
technique [15, 19]. However, during the last decade, a 
technical evolution occurred in fluoroscopy VCUG by 
shifting from analog to digital imaging systems, result-
ing in a considerable decrease (89%) in radiation burden 
from VCUG [1, 20]. In addition, the researchers have 
proved that low-dose fluoroscopic VCUG is a practical 
alternative approach with less radiation than the radio-
nuclide technique in girls with VUR [21]. 

According to the guidelines proposed by the Europe-
an Association of Nuclear Medicine (EANM), clinical 
indications of DRNC consisted of “follow-up of pre-
viously diagnosed VUR, re-evaluation of endoscopic/
surgical anti-reflux surgery, screening of sibling or 
parents of the involved patient, serial evaluation of 
VUR in the neurogenic bladder, and detection of VUR 
in kidney transplant recipients” [18].

In a study conducted by Medina et al., RNC instead 
of VCUG was more costly and affordable than VCUG 
(P<0.001) if clinically appropriate [22]. However, in a 
recently published study by Pauchard et al., cystogra-
phy was not recommended in infants younger than 3 
months with the first febrile UTI, E. coli infection, and 
normal renal ultrasound for the very low possibility 
of undiagnosed high-grade VUR (P<1%) [23]. There-
fore, there are controversies about the preferred diag-
nostic method of VUR in different studies. Accord-
ingly, the proper imaging study depends on individual 
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risks and benefits of the diagnostic procedure, such as 
age, gender, suspected structural or functional urinary 
tract abnormalities, and cost, with no absolute indica-
tion for any diagnostic modality. It is reasonable that 
the imaging procedure should be minimally invasive 
and toxic, with high sensitivity and specificity. The 
VCUG seems to be the preferred radiologic study in 
men, patients with voiding dysfunction and suspected 
anatomical or functional abnormalities of the urinary 
tract. Meanwhile, the researchers have proved that 
DRNC is a preferred diagnostic procedure in women 
and re-evaluation of VUR. 
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