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Radionuclide techniques for the detection of vesicoureteral 

reflux and their clinical significance

Abstract
We discuss and try to evaluate the detection of vesicoureteral re�ux (VUR) by radionuclide techniques and 
especially direct radionuclide cystography (DRC). Direct radionuclide cystography is applied for more than 
half a century mainly in children. Vesicoureteral re�ux has a complex pathology not yet completely under-
stood and is often related to urinary tract infection (UTI) and renal parenchyma scarring that can lead to 
long-term renal function impairment. Since there is no consensus on the optimal imaging algorithm after 
the �rst febrile urinary tract infection, many imaging strategies have been proposed for VUR detection in 
the last decade, including or not DRC. Views opposing or accepting its use are also presented.
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Introduction

About 30% to 40% of children diagnosed with urinary tract infection (UTI), have 
primary vesicoureteral re�ux (VUR) [1]. Children with VUR have 2.6 times higher 
prevalence of renal scarring compared to children without VUR [2]. For most of 

children with VUR, treatment involves continuous antibiotic prophylaxis (CAP). Mictura-
ting cystourethrography (MCU) and direct radionuclide cystography (DRC) are mainly 
applied for the detection and follow-up of VUR respectively [3] although some authors 
are not agreeable as for their indications [4, 5]. We shall describe and try to evaluate the 
radionuclide techniques used for the detection and the follow-up of  VUR.  

Methods

Historical background
During mid-1950s, the available methods for VUR detection were those using roentge-
nography or �uoroscopy as well as the so called 'delayed' cystography up to 3 hours af-
ter the instillation of contrast medium into the urinary bladder. Other techniques inclu-
ded voiding cystourethrograms, voiding cystoureterograms and the instillation of �o-
ating lipiodol into the urinary bladder [6]. However, these methods were time consu-
ming, tiresome and o�ered a high radiation burden to patients, especially to children. 
Furthermore, the widely used delayed cystography was not able to detect an intermit-
tent VUR. Moreover the contrast agents used in these techniques were readily absorbed 
by the urinary bladder and excreted by the kidneys, so there was doubt whether the 
images obtained were the result of VUR or due to contrast agent excretion [7]. The need 
for an imaging technique that could safely provide a continuous record was obvious. 

In a paper titled: �Vesicoureteric Re�ux. Diagnosis with iodine-131 sodium ortho-io-
dohippurate', published on February 1963 in The Lancet, E. A. Dodge described the �rst 
radioisotopic cystography in 300 individuals (250 patients, 50 controls). He used 0,0111 

131 131MBq/kg of iodine-131 ( I) sodium ortho-iodohippurate ( I-Hippuran) as a radiotracer 
injected intravenously, while patients were not catheterized [8]. Since then the method 
underwent re�nements to meet the evolving requirements, making DRC a widely used, 
safe and reliable technique for VUR detection [9, 10].
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Indications and contraindications for direct radionuc-
lide cystography
Main clinical indications of DRC are: a) To diagnose VUR after 
UTI in children, b) To follow-up of children with diagnosed 
VUR under CAP, c) To evaluate surgical or endoscopic inter-
vention outcomes, d) To screen parents and siblings of chil-
dren with known VUR, e) To diagnose VUR in renal trans-
plant recipients, f ) To diagnose VUR in bladder dysfunction 
diseases such as neurogenic bladder, where a serial evalu-
ation is required [11], especially in hydro-ureteronephrosis, 
after surgery for meningomyelocele [12].

The main contraindication for DRC is an active urinary 
tract infection. So, every patient who is to undergo a DRC 
must have a recent (up to a week) negative urine culture.

Patient preparation
For correctly performing DRC, a safe and tranquil environ-
ment is crucial. Parents should be well informed by their 
practitioner and if necessary, by a psychologist, about all 
steps of the test. In some cases, children must be sedated 
prior to cystography procedures. Midazolam (8-chloro-6-(2-
�uorophenyl)-1-methyl-4H-imidazo[1,5-a][1,4]benzodiaze-
pine) has been suggested as an acceptable sedative (mida-
zolam 0.5mg/kg in orange squash or intranasal 0.2mg/kg). 
Midazolam may cause anterograde short-term amnesia but 
does not a�ect the voiding phase neither the grade of exis-
ting re�ux [1].

The technique
It is generally agreed that a small diameter catheter accor-
ding to the child's size (F6 or F8 feeding tube) is introduced 
into the lower urinary tract up into the bladder under aseptic 
conditions in order to empty the bladder. Catheterization 
must be performed only by a trained person. For boys, some 
anesthetic gel (lidocaine 2%) into the urethra preceding cat-
heterization is recommended to reduce the pain [13].

The child or the adult is positioned supine on the gamma 
camera. To minimize the chances of contamination, if the pa-
tient is not well toilet trained, a plastic-lined absorbent paper 
is placed underneath the patient [14]. 

There are three techniques mentioned in medical litera-
ture for DRC, two of them use a catheter and the third a per-
cutaneous supra-pubic injection of the radiotracer [15, 16]. 
One of the two �rst techniques is performed by �lling the 
bladder slowly under hydrostatic pressure with a solution 
containing the radiotracer in 500mL sterile isotonic saline, 
warmed to body temperature and placed 40-60cm above the 
bladder level. Gradual �lling of the bladder is obligatory in or-
der to prevent increase of bladder tone and premature voi-
ding. With a steady, non-pulsatile �ow the bladder should be 
�lled to its capacity in about 10 minutes. The functional blad-
der capacity increases with age up to 300-400mL in adul-
thood. In children the bladder capacity is lower [17].

The second technique, which is widely used, is performed 
by the instillation into the bladder of the full dose of the ra-
diotracer diluted in 10mL of saline followed by gradual �lling 
of the bladder with normal saline, up to the bladder capacity, 

calculated using the formula: Bladder volume=(Age in 
years+1)x30mL, recommended by the European Association 
of Nuclear Medicine or using the formula: Bladder vo-
lume=(Age in years+2)x30mL recommended by the Society 
of Nuclear medicine (SNM) of the United States [11, 18]. Blad-
der �lling must stop when the child has the urge to void or 
when �ow from the bottle ceases as the di�erential pressure 
reaches zero. During the �lling phase, sequential images are 
acquired. After either of the above techniques has been 
completed the child is asked to void [11]. 

The voiding phase images can be obtained in either sitting 
or standing position with the back of the patient facing the 
camera. The collimator must also be covered with plastic and 
absorbent pads or other non-impermeable material [19]. In 
non-toilet trained children, the voiding phase images are ob-
tained in the supine position (Figure 1). In co-operative chil-
dren, the preferred position is sitting upright on the bedpan 
with their back facing the camera [20]. According to our ex-
perience, micturition chairs and similar devices can be used. 

For both techniques: in non-toilet trained children the vo-
ided volume should be measured by weighing the dipper 
prior and after voiding. In toilet trained children it is recom-
mended to measure the voided volume after micturition, 
especially when the �rst technique is chosen. Bedpan cover 
and calculation of the urine absorbed is suggested [20].

The percutaneous technique is performed after the con-
sent of the patient or its guardians. Anesthetic gel is applied 
to the supra-pubic area 45 minutes prior to the procedure. 
The child is asked to drink �uids up to the point that the ultra-
sound device con�rms distended urinary bladder. Ultraso-
und guided injection of the radiotracer (10-20 megabecqu-

99m 99merel (MBq) of Tc-mercaptoacetyltriglycine ( Tc-MAG3) in 
a volume of 1-2mL) into the distended urinary bladder is per-
formed while the patient lies on the gamma camera bed. 
Imaging begins as soon as the needle for injection is with-
drawn. Posterior images of the urinary bladder and renal are-
as are obtained at 10sec frames for 5 minutes with the pati-
ent in the supine position. Micturition-phase images are ob-
tained by the patient seated in front of the camera [16].

Except for the appearance of VUR, which is shown by the 
presence of activity in the pelvic and/or ureteral regions du-
ring the �lling of the bladder or voiding, there are many other 
parameters that can be derived or calculated during DRC. So-
me of them (bladder pressure and volume at which the re�ux 
happens, urine re�ux volume etc) have already shown a vari-
able prognostic signi�cance [21-23]. However, even though 
many nuclear medicine laboratories calculate these para-
meters, there has not been a general consensus on the value 
of quanti�cation of volumes and this issue remains unclari-
�ed due to the lack of published large patient series [11].

Dosimetry, sensitivity and speci�city of the DRC tech-
nique
The e�ective dose of the DRC technique is about 

99m -0.048mSv/20MBq of technetium-99m pertechnetate ( TcO ). 4

For children 1-10 years old the estimated absorbed dose to the 
99m -critical organ (bladder) using 20MBq of TcO  is 0.09-0.14 4

mGy, to the ovaries 0.005-0.01mGy and to the testes even smal-
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ler [11]. It has been estimated that DRC delivers 50 to 200 ti-
mes less radiation to the gonads than MCU [24].

Many studies in the past have assessed the sensitivity and 
speci�city of DRC for the detection of VUR. There is an impor-
tant variability in their �ndings, due to the inhomogeneity of 
the patients' age, sex and/or the conditions studied. The re-
ported sensitivity ranges between 71% to 100% and the spe-
ci�city between 67% to 100% [3, 25, 26].

Today MCU is considered the golden standard for VUR de-
tection and is usually preferred as the �rst imaging study, es-
pecially in boys. However, some authors claim that DRC and 
MCU have comparable [27, 28] or higher [29, 30] sensitivity 
for VUR detection.

In a group of 35 children with hydronephrosis and a history 
of febrile UTI episodes, in which MCU was negative, VUR was 
detected with the aid of DRC in 49.1% of the cases. It was re-
ported that 51.5% of VUR not detected by MCU were of low 
grade, 42.4% of medium grade and 6.1% of high grade [29]. 
In another analytical study of 60 children with recurrent UTI 
(mean age 4.7 years) and negative MCU, DRC had higher di-
agnostic value (54.5%) in detecting missed VUR cases [30]. 
Furthermore in another study with 62 infants, DRC and MCU 
sensitivity was estimated as 91% and 45% respectively, inde-
pendently of the grade of VUR. Sensitivity of DRC was high in 
detecting moderate and high grade VUR and low for low gra-
de VUR. On the other hand, MCU sensitivity was high in de-
tecting low grade (�rst and second grade) VUR [31]. It is ob-
vious that more studies with larger number of patients are 
warranted.

Figure 1. Images of DRC (voiding phase) showing VUR (right) of a 2 years old patient 
in the supine position. (Source: Nuclear Medicine Department, Hippokration General 
Hospital, Thessaloniki).

Other nuclear medicine techniques
There are two other nuclear medicine techniques for VUR di-
agnosis besides the already described DRC the indirect radi-
oisotope cystography (IRC) and the 'cyclic' DRC (CDRC). 

Indirect radionuclide cystography (IRC)
The IRC is performed at the end of the usual renogram. A ra-

99mdiotracer of high extraction rate as Tc-MAG3 is used. The 
child is asked to micturate in front of the gamma-camera and 
the voiding phase is recorded. The e�ective dose depends on 

the radiotracer used (approximately 0.007mSv/MBq for 
MAG-3, 0.005mSv/MBq for DTPA) [32]. The main advantages 
of IRC are: a) The non-invasive nature of the method, b) The 
normal conditions for bladder �lling and voiding, c) The addi-
tional functional parameters obtained from the renogram. 
The disadvantages of this method are: a) The necessity of pa-
tient's co-operation, since the child must be toilet-trained, b) 
The absence of the �lling phase recording, c) The lower sensi-
tivity compared to DRC, d) The greater di�culty in images in-
terpretation compared to DRC, due to possible remaining re-
nal and/or ureteral activity [14]. 

Moreover, re�ux may not be detectable in cases of overhy-
dration, recent i.v. administration of contrast agents or in ca-
se of a previous diuretic renogram causing increased urinary 
�ow rate [33]. Another disadvantage of IRC lies on the fact 
that the gamma-camera must be readily available at the time 
the child is ready to micturate [14]. It is obvious that the ex-
clusive use of IRC, as sole technique for the detection of VUR, 
due to all the aforementioned, may give rise to an increased 
number of false negative results. On the contrary, few aut-
hors claim a positive correlation (86%) between the diag-
nostic sensitivity of IRC compared to MCU [34], as well as lack 
of signi�cant di�erence in accuracy in detecting VUR [35]. 
Others reported a sensitivity of IRC of 74.1% and speci�city of 
90.5% [36]. Anyhow, IRC is of limited use today, mainly used 
for the follow-up of children diagnosed with VUR who are 
toilet trained [37].

Cyclic direct radionuclide cystography 
The CDRC is a variation of the conventional DRC, where after 
the completion of the �lling phase the child voids around the 
catheter without catheter withdrawal and dynamic images 
during the voiding phase are acquired. After micturition, a 
new cycle (�lling-voiding) starts and repeated. The proce-
dure ends when the second or the third cycle is completed. 
The second and the third cycles have dramatically increased 
the sensitivity of the technique, with an additional VUR diag-
nosis of 35.7%, when they are both performed [38]. In an ol-
der (1990) study, the CDRC performed in 428 patients, with 
only a second additional cycle, detected 43% more cases of 
VUR than in DRC [39]. The total e�ective dose depends on 
the number of cycles performed. The e�ective dose of 0.0024 

99mmSv/MBq ( Tc) for one cycle of CDRC is only 1%-2% of that 
from MCU [31] and its total radiation burden much lower 
while this technique has a better sensitivity. However, this 
technique has not been widely adopted either for VUR diag-
nosis or for follow-up, since it is time-consuming.

Micturating cystourethrography
Micturating cystourethrography, also known as voiding cys-
tourethrography (VCUG) is one of the most commonly used 
�uoroscopic studies. The aim of MCU is to assess the bladder, 
urethra and micturition and to determine the presence or 
absence of anatomical and functional abnormalities, inclu-
ding VUR. Although considered as a stressful procedure for 
patients as well as for the medical diagnostic team, it has been 
previously reported that in 2001 accounted for 40% of all 
�uoroscopic procedures performed on children in Europe [40].
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Prior to this procedure, the child must receive the appro-
priate dose of an antibiotic, one day prior to the examination 
and continue for three days after [41]. Psychological prepara-
tion of patients and parents is mandatory to avoid sedation 
of the child. Under aseptic conditions, using an anesthetic 
gel, a catheter (F5, F8) is introduced into the urinary bladder, 
with the patient in supine position on the X-ray bed. After 
catheterization, the urinary bladder should be drained prior 
to instillation of a warmed to body temperature contrast me-
dia (typically a 12%-18% weight/volume solution) by gravity 
drip. Allergic reactions to the intravesical contrast media are 
rare. However, in patients with a history of anaphylaxia to the 
contrast media, prophylactic measures must be taken [42].

A preliminary abdominal image is obtained before the in-
stillation of the contrast media to detect any �ndings that 
may a�ect the performance of the study (presence of con-
trast media in the gastrointestinal tract, skeletal anomalies, 
calci�cations). Intermittent images are taken throughout the 
study as follows: a) To con�rm the presence of a radio-opa-
que shadow in the urinary bladder or urethra, b) To show the 
early �lling of the urinary bladder, c) To show full urinary 
bladder view, d) To show voiding urethra view; in boys, a right 
or left anterior oblique image is obtained, e) For a full-length 
view of the abdomen to demonstrate any unnoticed re�ux 
into the kidneys and to record the post-void residue. In in-
fants, cyclical �lling of the urinary bladder, voiding and re�l-
ling 2-3 times with the catheter in place may be helpful in the 
detection of VUR [41]. The mean absorbed dose is 0.69mGy 
[43]. With modern imaging technology and a tailored exami-
nation, MCU gonadal radiation dose is 17 to 52�Gy [44].

Vesicoureteral re�ux and urinary tract in-
fection

De�nition
Primary VUR is congenital due to an abnormal development 
and malfunction of the ureterovesical junction. Secondary 
VUR is acquired caused by increased intravesical pressure 
due to an anatomical or neurological bladder obstruction of 
urine out�ow.

A considerable number of neonates and infants with a his-
tory of febrile UTI episodes present with �ndings compatible 
with VUR when examined by MCU and/or DRC. Infection of 
the urinary tract is one of the major health concerns during 
infancy and childhood, especially in female children during 

stthe 1  year of life and in uncircumcised male infants younger 
than 3 months of age. In a meta-analysis conducted in 2008 
approximately 7% of febrile infants younger than 24 months 
of age and 7.8% of children presenting with urinary sym-
ptoms were diagnosed with UTI [45].

Vesicoureteral re�ux is classi�ed into 5 Grades based on 
MCU imaging �ndings [46]. Grades I, II and III are considered 
of low and medium clinical signi�cance, whereas VUR of Gra-
des IV and V are of high signi�cance (Figure 2).

Since gamma-camera images have poor resolution, accu-
rate scintigraphic description of grades II and III as well as of 
IV and V is not possible. The grading of VUR in DRC consists 

merely of 3 grades, where VUR grade I is considered mild, 
grade II as with moderate VUR (represents the second and 
the third previous grades) and grade III as with severe VUR 
(represents the fourth and the �fth previous grades in MCU) 
(Figure 3). However since renal scarring pathogenesis is still 
not yet clear and the two main prerequisite factors for scar-
ring are VUR and UTI [47], it is possible that the only valuable 
distinction between the Grades is to specify if the pressure in 
the ureter is high enough to cause a retro grade �ow up to 
the pyelocalyceal system. From this point of view the physi-
cians report of a related cystogram should include one of the 
following �ndings: a) No VUR presence b) VUR grade 1 and c) 
VUR grade >1. Considering the previous statements, the 
high diagnostic sensitivity of DRC for the detection of VUR 
grade I [29] may be important. Moreover, new technical ad-
vances in DRC may improve its sensitivity for the accurate de-
tection of VUR grade I.

The presence of VUR is related to UTI recurrence and renal 
parenchyma scarring. Furthermore, high grades of hydro-
nephrosis and dilatation of the ureters are related to UTI. For 
this reason, accurate diagnosis of UTI and detection of VUR 
as well as early CAP are of great importance [48].

The reduction in UTI recurrence con�rmed by the Swedish 
Re�ux Trial [49] is 19% on CAP and 57% on a surveillance per-
formed in girls over the age of 1 year having dilating VUR. 
Furthermore the RIVUR re�ux trial showed reduced risk of 
UTI recurrence by 50% in children on CAP (trimethoprim/sul-
famethoxazole). However, the di�erence in renal scarring 
between children on CAP and children taking placebo was 
not statistically signi�cant [50].

The prevalence of VUR in children is 1%-2% [1]. Vesicoure-
teral re�ux is more common (3:1) in white children compared 
to children of black race as well as in female patients (2:1) [51].

Figure 2. VUR grading in MCU. 

Figure 3.VUR grading in DRC.
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Re�ux nephropathy-Genetic factors
Among the congenital anomalies of the kidneys and the uri-
nary tract, VUR is of great importance if UTI and renal da-
mage are also present. However, it is still unclear whether the 
pathogenesis of re�ux nephropathy is acquired or conge-
nital. Early detection of patients with VUR is of importance 
since congenital anomalies of the kidneys and the urinary 
tract, due to gene mutations associated with kidney deve-
lopment, may manifest later in life [52]. 

Vesicoureteral re�ux nowadays is considered as a complex 
genetic disorder involving an ectopic embryonic ureteric 
budding for which many genes have been traced. Previous 
studies have not yet identi�ed a single major gene or locus 
responsible for primary VUR, so it is reasonable to say that the 
di�erent forms of VUR have di�erent genetic determinants. 
Nevertheless, there are several possible candidate genes for 
VUR pathogenesis [53].

In a study with 76 children diagnosed after their �rst UTI, 
the association between VUR and vascular endothelial grow-
th factor A (VEGF-A)-460C/T functional gene polymorphism 
was investigated. No signi�cant di�erences in genotypes or 
allele frequencies between children with and without VUR 
were revealed. In children with UTI genotype VEGF-A-460C/T 
frequencies were di�erent among children with and without 
lesions of renal parenchyma. Allele C polymorphism of the 
VEGF-A gene was related to hypodysplastic renal parenchy-
mal lesions, which may have been congenital [54].

Prognosis
It has been observed that children having had before only a 
single febrile UTI episode are favored by good prognosis [55]. 
Spontaneous resolution of VUR occurs in 92%, 59% and 25% 
of children diagnosed with mild, moderate and severe VUR 
respectively [56]. Certain prognostic factors related to spon-
taneous resolution of VUR are: a) Age, b) Gender, c) Initial Gra-
de of re�ux, d) Bladder bowel dysfunction, e) The presence of 
renal scarring, f ) The volume of the distended urinary blad-
der at the onset of VUR on cystography, g) Laterality of the 
re�uxing ureter and h) Distal ureteral dilatation. A poor pro-
gnostic factor, independent of re�ux Grade is an elevated 
distal ureteral diameter ratio (UDR) which is related to incre-
ased prevalence of UTI [48]. Moreover, a child with normal 
kidneys and recurrent UTI is at low risk (0.3%) to develop 
chronic kidney disease (CKD) [57].   

Other diagnostic methods for VUR
The most reliable diagnosing methods to routinely detect 
VUR are MCU and DRC. Many authors refer to MCU as the 
golden standard due to its better depiction of anatomical 
structures. A dynamic imaging technique performed mainly 
during the last two decades is contrast-enhanced voiding 
urosonography (ceVUS) using an intravesical second genera-
tion ultrasound contrast agent. The method does not use 
ionizing radiation and carries a higher re�ux detection rate 
compared to MCU, especially for higher grades of VUR [58, 
59].

In a study conducted in 228 children, another technique, 
described as harmonic voiding urosonography using harmo-
nic imaging modality (VUS HI), showed 77.5% concordance 

in �ndings (presence or absence of VUR) with MCU; The de-
velopment of harmonic imaging ultrasonography has incre-
ased contrast and spatial resolution of VUS images [60, 61]. 
However the di�erence in the detection rate for VUR was sta-
tistically signi�cant between VUS and MCU [62]. Another 
technique, magnetic resonance voiding cystourethrography 
has been applied in the last decade in small patient series, 
with a reported sensitivity of 90%-96% and speci�city of 
68%-96% [63-65].

Sonographically con�rmed dilatation (>3mm) of distal ure-
ter has a total diagnostic accuracy of 74.2% in VUR detection; 
hence it can be used as a diagnostic tool of re�ux in children 
with urinary tract infection [66].

A number of other diagnostic indices have been sugges-
ted for the diagnosis of VUR in several studies, namely serum 
calcium levels [67], the urine Ca/Cr ratio [68] and serum pro-
calcitonin levels [69]. A recent case-control study with 107 
female subjects with VUR grade I- III, showed a higher mean 
platelet count and a lower mean platelet volume (MPV) in 
patients with re�ux nephropathy compared to those with 
non-re�ux nephropathy. The authors claimed that MPV can 
be used as an indicator in the diagnosis of VUR [70].

During the last decade, there is a trend to reduce the ima-
ging studies related to VUR diagnosis. A considerable vari-
ability in sensitivity and speci�city for the diagnosis of VUR 
along with signi�cant di�erences in radiation exposure and 
cost have been considered. Following a primary febrile UTI, 
the main diagnostic imaging strategy has not yet been esta-
blished. The aforementioned is partially related to the fact 
that there are not su�cient data to show the association bet-
ween renal compromise and VUR and UTI-associated renal 
parenchyma scarring. Moreover, in the majority of children 
diagnosed with pyelonephritis and/or VUR the etiology of 
gradual loss of kidney function may be congenital [55]. 

Follow-up in children with VUR
It is recommended that in children diagnosed with VUR, de-
pending on clinical and imaging �ndings, a follow-up should 
be performed during the next 12-18 months or earlier after 
conducting DRC and technetium-99m dimercaptosuccinic 

99macid ( Tc-DMSA) and also biannually with ultrasonography 
of the urinary tract. However, in patients with febrile recur-
rent UTI despite CAP, more intensive monitoring and aggres-
sive treatment should be considered [71]. 

Another point of view for the diagnosis and treatment 
of VUR
Over the last decades strong evidence has shown that: a) In 
many children diagnosis and treatment of VUR is of no value, 
as the disease becomes self-limited [72]. Spontaneous reso-
lution of VUR rates are 92%, 59% and 25% for children diag-
nosed with mild, moderate and severe VUR respectively [56], 
b) There is a con�rmed correlation between VUR and UTI, as 
in 30%-40% of infants and neonates with UTI imaging, tests 
reveal the presence of VUR [1], c) Renal parenchymal scarring 
can be manifested with UTI in the absence of VUR or with 
VUR in the absence of UTI [73]. Having the above three state-
ments in mind, the major factors that could be well conside-
red as causes for renal scarring are: a) The presence of VUR, 
independently of its grade and even with sterile urine [74],
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since it results in imbalance of the normal pressure di�erence 
between the bladder and the ureter-pyelocaliceal system. It 
has been reported in children who had VUR grade I that 
when examined for a second time VUR in up to 20% of them 
was found to be grade II or higher [75]. b) The presence of 
UTI, as it can cause damage to renal parenchyma per se, in 
the absence of VUR. (The rate of renal scarring in children 
without VUR is about 6%) [76]. c) The retrograde �ow of urine 
up to the pyelocaliceal system as an additional risk factor, for 
the transmission of pathogens to kidney parenchyma. This 
occurs when the pressure gradient between the bladder and 
the ureter-pyelocaliceal system is substantially elevated ca-
using a back�ow of urine up to the pyelocaliceal system. In 
terms of VUR this may happen in VUR grades II-V. 

We noticed that the distinction between VUR grades II and 
III is di�cult in cystography techniques. In DRC due to low re-
solution images, the distinction is almost impossible while in 
MCU dilatation of the pyelocaliceal system bears a degree of 
uncertainty and may vary between radiologists. In fact VUR 
grade II is a 'grey zone' and often misinterpreted. According 
to the above, it is of great importance to verify the absence of 
VUR, or of VUR grade I or higher. 

The rate of renal scarring in children with VUR grades I-II is 
about 14% and with grades III-V is about 40% [76]. Vesicoure-
teral re�ux related to renal parenchymal scarring is more fre-
quent with UTI; the odds ratio of renal parenchymal scarring 
with acute pyelonephritis in the presence of VUR is 2.8 as 
compared to those without VUR [73].

Despite the aforementioned, many other factors reported 
in the literature, as mentioned previously, are associated with 
non-favorable prognosis, which may contribute to renal scar-
ring. There is an obvious need to create a study with multi-
factorial analysis that could estimate the independent and 
the relative prognostic value of each factor.

Suggestions for standardizing DRC technique
Suggestions for standardizing the DRC technique may inclu-
de: a) The need for sedation, the distance of the saline bottle 
and the manometric device from the patient's bladder, the 
formula for the estimated capacity of the bladder, the dose of 
99mTc-radiotracer and the patient's position during the voi-
ding phase. Moreover, a standardized acquisition protocol 
(matrix, zoom etc) is suggested. More semi-quantitative me-
asurements either already tested (e.g. bladder pressure and 
volume at which the re�ux happens, urine re�ux volume, 
etc.) or suggested (e.g. the angle between a re�uxing ureter 
and the body median vertical axis) need to be standardized. 
b) In female patients DRC could be the �rst imaging option 
for VUR detection. In male patients the anatomical depiction 
of the urethra is of great importance, so MCU may remain the 
golden standard as a �rst imaging modality after a UTI epi-
sode. c) In some complicated post-surgery conditions, espe-
cially when congenital conditions (e.g. megaureter) are in-
volved, the planar DRC images are inadequate to distinguish 
the anatomical structures and assess the outcome of an ope-
ration. Hybrid imaging devices such as SPECT/CT gamma-ca-
meras may provide additional anatomical information using 
sophisticated software with relatively low radiation exposure 
of the patient. d) In order to avoid the additional radiation 

burden to the young patients, re�ned software for the opti-
mal analysis of sequential static images would be very help-
ful.

The use of non-invasive IRC should be preferred over DRC 
and performed routinely after the non-diuretic renogram, for 
groups of selected patients with renal disease and/or kidney 
transplantation, especially when MAG-3 is used. In fact all ne-
eded is a speci�c micturition chair for the female patients. 
Even if this method cannot detect VUR during the �lling pha-
se, the advantage of monitoring the bladder under physi-
ological conditions (with high bladder pressure and monito-
ring the volume of urine contained) is of importance and co-
uld reveal re�ux with minimal radiation exposure. As said 
above, another valuable application of IRC may be the detec-
tion of VUR in renal transplants. Vesicoureteral re�ux in renal 
grafts is common (10.5%), although it does not seem to a�ect 
renal graft's function and graft's survival [77]. Re�ux was also 
diagnosed in about 40.7% of 646 renal transplant recipients, 
studied using MCU. The presence of VUR did not a�ect the 
survival of death-censored renal grafts (calculated from the 
date of transplantation to the date of irreversible graft failu-
re). On the contrary VUR was associated with lower estima-

st ted glomerular �ltration rate (eGFR) levels during the 1 year 
post-transplantation [78].

In conclusion, various radionuclide techniques related to 
the diagnosis of VUR have been described. It seems that DRC 
is a reliable and sensitive diagnostic technique which can de-
tect VUR by continuous monitoring and is also used for the 
follow-up of children with known VUR. Other radionuclide 
techniques, such as IRC and CDRC can be used in selected 
patients. Since there are contradicting views about the diag-
nosis and treatment of VUR, a standardized diagnostic tech-
nique is welcome.
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