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INTRODUCTION

VESICOURETERAL REFLUX (VUR) is defined as the retrograde
flow of urine from the bladder back into the ureters and
renal collecting system due to a failure of the ureterovesi-
cal valve mechanism.1,2 Identifying children with VUR
at an early age offers an opportunity to prevent episodes
of acute pyelonephritis and the resultant renal scarring
that leads to reflux nephropathy, hypertension, and renal
insufficiency.3 Urinary tract infection is the most common
factor leading to the recognition of VUR. VUR may be
diagnosed by both voiding cystourethrography (VCUG)

and direct radionuclide cystourethrography (DRNC).4

VUR varies in degree from mild to severe, and its severity
has been classified by the anatomic appearance on VCUG
into 5 grades, which correspond to 3 grades in DRNC due
to its low anatomic resolution.2

The aim of this study was to compare the results of
direct radionuclide cystography (DRNC) and voiding
cystourethrography (VCUG) in a group of children suf-
fering from recurrent urinary tract infection with a high
suspicion of vesicoureteral reflux (VUR).

MATERIALS AND METHODS

The study comprised 25 children, 12 boys and 13 girls,
who had recurrent urinary tract infection. Their ages
ranged from 1.5 to 180 months. Median age was 60
months. Both VCUG and DRNC were performed in 25
children whose parents gave informed consent between 1
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May 2000 and 30 January 2001. The procedures were
undertaken after all the children were put on bacterial
prophylaxis and within six weeks following the infection
and only when the urine was sterile. Both studies were
performed within 30 days. VCUG was performed accord-
ing to the standard method.5  VCUG grading of VUR was
according to the criteria of the International Reflux Study
in Children in 5 grades.5

Direct radionuclide cystourethrography
Proper catheterization was carried out with a 5 or 8-Fr
infant feeding tube. DRNC was performed by filling the
bladder with saline containing 99mTc pertechnetate. The
usual dose of 1 to 2 mCi (37 to 74 MBq) was injected into
the normal saline just before the examination. The bottle
was then suspended 70–120 cm above the bladder. Every
child was encouraged to lie down quietly and the perform-
ing physician told the children over 3 years of age about
the procedure, while their parents held the ones below 3
years. Lying in the supine position eliminated movements
that could have occurred during voiding. The end of the
filling phase is usually indicated either by the depletion of
the infusate as calculated or cessation of the rate of flow.
In some cases we decided the end of the filling phase either
by witnessing globe vesicale or the comments of the child.
A single-head computerized gamma camera (GE, Medi-
cal Systems, Starcam4000i, Camstar), equipped with a
low energy all-purpose collimator, was used for visual-
ization of the radiotracer. The data were acquired in
dynamic mode, 128 × 128 matrix format for the duration
of the filling and voiding phases and, 3-minute post-void
images were routinely obtained. The filling phase lasted
about 10 minutes and the voiding phase about 5 minutes.
All images were obtained from the anterior view. Analy-
sis of direct cystogram was done by inspection of the
computer processed digital images by two physicians.
DRNC grading of VUR was: mild reflux to the ureter only,
grade 1; moderate reflux to the renal pelvis with mild-to-
moderate dilatation or tortuosity (or both) of ureter, grade
2; severe reflux to the renal pelvis with moderate to gross
dilatation and tortuosity and gross dilatation of ureter,
grade 3.2

DMSA scan was performed 2–3 h following the iv
injection of 99mTc DMSA (Nephroscint, Dupont Pharma,
Belgium) using a dose of 50 µCi (1.85 MBq)/kg (minimal
dose 300 µCi). Three views (posterior, left oblique, right
oblique) were obtained with a one head gamma-camera
fitted with a high resolution parallel-hole collimator (GE,
Medical Systems, Starcam4000i, Camstar).

STATISTICAL ANAYLSES

Statistical analysis was performed using Chi-square test.
Values of p < 0.05 were considered statistically significant.

RESULTS

Among 50 ureter units that could be compared, 39 did not
show VUR on either study. Eleven ureter units (10 chil-
dren) had VUR either on one study or on both (VCUG and
DRNC). A ureter unit was considered as positive if it
showed VUR on either study. Overall no statistically
significant difference was found in detecting VUR be-
tween VCUG and DRNC (p > 0.05).

The children who had VUR on either study were asked
to undergo DMSA. The kidneys, which were of normal
size and showed adequate uptake with well-delineated
outlines, were reported as normal. And certain patterns of
damage including focal-multifocal decreased cortical ra-
dionuclide uptake with decreased split function either
with or without the loss of volume, diffusely decreased
parenchymal thickness were reported as abnormal in
DMSA studies. We identified four patterns as: (Table 1)
1. Five ureter units (five children) read positive on DRNC
who were negative on VCUG, and four of them had
positive findings on DMSA. Of the 5 children whose VUR
was missed by VCUG, all had mild to moderate (grade I
to II) VUR (Fig. 1).
2. Four ureter units (four children) read positive on

a

b
Fig. 1
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VCUG who were negative on DRNC, and two of them had
positive findings on DMSA. Of the 4 children whose VUR
was missed by DRNC, 2 had grade III reflux and 2 had
grade I and II reflux according to the VCUG grading.
3. Two ureter units (one child) read positive on both
studies for both ureter units: one unit severe (grade III in
DRNC; grade V in VCUG), the other ureter unit mild
(grade I in DRNC; grade II in VCUG) and also had
abnormal DMSA findings.
4. Thirty-nine ureter units read as negative on both
studies.

VCUG is considered as the gold standard, being the
most requested and relied on test by clinicians. When
compared with the VCUG results, the sensitivity and
specificity of DRNC are, 71.4% and 66.6%, respectively.

The results showed 81% agreement between both pro-
cedures. Nevertheless, in 19% of the cases there was a
discrepancy in the results. There was only one child (two
ureter units) in whom the two studies correlated for reflux
and its grade. Among the remaining 9-ureter units (9
children) each study, picked up different ureter units in
different children.

We were interested in the reasons underlying this

discrepancy in the results among these 9-ureter units.
Accordingly, the age of the whole group and the possible
history of pyelonephritis in the DRNC and VCUG posi-
tive group were studied.

In DRNC, out of 6 VUR positive patients 5 had ab-
normal DMSA findings versus 3 out of 5 VUR positive
patients in VCUG. In order to strengthen the correlation
between the DMSA abnormalities and VUR positive
cases, a detailed history was taken, and ultrasonography
(USG) was performed to rule out any space occupying
lesions or other underlying condition.

The median age among the patients in the DRNC

Table 1   DRNC, VCUG and DMSA findings in patients

Ureter units DRNC VCUG DMSA

Four of patients had
5 (five children) (+) (−) abnormal and one had

normal DMSA findings

Two patients had abnor-
4 (four children) (−) (+) mal and two had normal

DMSA findings

2 (one child) (+) (+)
Abnormal DMSA
findings

39 (−) (−) Not obtained

DRNC: Direct radionuclide cystography, VCUG: Voiding
cystourethrography, DMSA: Dimercaptosuccinic acid scintig-
raphy

a

Table 2   The comparison of the two methods with regards to age
groups
The ages divided into three groups as defined below, showing the
distribution of the two techniques within the whole study group.

DRNC

MONTH − +
%/n %/n

< 48 months − 54.5/6 45.5/5
    VCUG + 14.3/1 none

49–156 months − 66/5 none
    VCUG + 33/3 25/1

> 157 months − 100/3
    VCUG +

b
Fig. 2   The age distribution of patients by the outcome of VCUG
and DRNC.
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negative group was higher than that of the positives. In
contrast, the median age among the patients with VCUG
positive group was higher than that of the negatives.
Neither of these differences, however, was significant (p
= 0.08, p = 0.38, respectively) (Fig. 2).

We studied the ages in three groups as less than or equal
to 48 months, between 49–156 months and above 157
months (Table 2). In the first group (≤ 48 months) the
percentage of DRNC positive and VCUG negative was
45% whereas VCUG positive and DRNC negative was
14%. In the second group (49–156 months), no child was
detected by DRNC as positive whereas VCUG detected
33% of VUR positive cases.

DISCUSSION

VUR is proven to be a variable phenomenon in different
conditions of hydration, bladder volume and pressure and
therefore, examination techniques.10 As we noted in our
study, one might expect that two different techniques
attempting to diagnose VUR from two separate episodes
of voiding would reveal some discrepancy in the diag-
nostic results. When VUR positive cases are considered,
DRNC  detected 1 more positive patient when compared
to VCUG. Although we found different numbers of ureter
units read as showing VUR on each study, overall no
significant difference was found statistically.

Comparative studies have shown that DMSA is more
sensitive than either USG or urography (IVU) in the
diagnosis of pyelonephritis and is the only imaging mo-
dality which has been verified in animal models of acute
pyelonephritis.19,20 The DMSA scans were only taken in
the VUR positive group in order to show cortical defects
which are very likely to be secondary to VUR and gave
additional information and support in favor of VUR,
when other causes were excluded by USG.

DRNC detected 6 children as positive for VUR (5
children as grade 1–2 and one child with grade 3 on one
side and grade 1 on the other), 5 of whom had positive
DMSA findings (5/6). Whereas VCUG detected 5 chil-
dren as positive for VUR (2 children as grade 1–2, 2 as
grade 3 and one child with grade 5 on one side and grade
2 on the other side), 3 of whom had positive DMSA
findings (3/5).

In the scope of these findings stated above DRNC
seems to have a relatively higher sensitivity when com-
pared to VCUG in the detection of VUR.

And when we studied in addition the ages and cortical
function of the discordant group, we noted that DRNC
seemed to be more sensitive for the detection of reflux in
the younger group of patients (≤ 48 months). While in the
older age (49–156 months) VCUG seemed to be more
sensitive for detecting reflux.

The inclusion criteria of patients, namely the presence
of recurrent urinary tract infection, having both proce-
dures within 30 days, taking consent from the families and

requesting the patients living far from the medical center
to come back after the elimination of the infection, all
restricted the number of patients. Although it was obvious
that the number of patients was not sufficient for statistical
analyses, the clinicians found the number of patients
satisfactory.

There have been several studies comparing the sensi-
tivity of DRNC versus VCUG. For some authors, VUR
was diagnosed at the same rate by the two methods,2,7,17

and more recently in several reports DRNC showed
greater sensitivity in detecting VUR than VCUG.3,13 Our
results have shown similar findings to those of Poli-
Merol.14 if age is taken into consideration.

Several studies have shown that the possibility to detect
VUR increases using multiple fillings to the bladder, with
greater variations observed in the grade of VUR when
multiple fillings were used.6,8,10 Although there is a rea-
sonable time between the two studies, performing DRNC
as a second study might have overestimated its actual
sensitivity.

There should be adequate filling of the bladder to avoid
false negative results with under filling. At the time of the
diagnosis of UTI or cystitis, it is usually advisable to wait
from days to even weeks after the therapy is begun so that
bladder irritability does not result in under filling, which
can lead to false negative results.15 Despite our strict
selection criteria and close surveillance it is possible that
a breakthrough UTI or cystitis could have occurred.
Inadequate filling of the bladder on either study might
have caused this discrepancy.

Hydration, bladder capacity and pressure could all have
caused this variability between the methods. Bladder
capacity is not constant and varies with the conditions like
the patient size, age, anxiety and bladder irritability.3 We
very much think that one of the children’s negative result
from DRNC versus a positive result from VCUG (grade
III) is either due to her young age (8 months), the obvious
lack of cooperation and anxiety, as well as a possible
breakthrough infection which could have caused under
filling of the bladder during the procedure.

On the other hand, there are some objective criteria
which favor DRNC: allowing continuous monitoring
during the entire procedure can demonstrate reflux which
could well be intermittent.3,7 Whereas VCUG relies on
intermittent fluoroscopy (radiographic snap-shot) which
has a narrow window of opportunity to detect reflux. Also
very small volumes of reflux can be visualized because of
the absence of body, background.14 All of these facts
could have led VCUG to miss VUR.

A major advantage of DRNC is the much lower radia-
tion dose to the bladder and the gonads which varies from
50–100 times less than that with standard techniques
used in VCUG, making it ideal for the follow-up of
children with VUR after medical treatment and for fol-
lowing the outcome of antireflux surgery.3,7,9,16 Even the
recent low dose fluoroscopic systems reported average
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ovarian radiation doses that are approximately 10 times
greater than the doses used in DRNC.18

A major disadvantage of DRNC is its poorer anatomic
resolution than VCUG. This causes a real drawback,
namely, the lack of good anatomic definition of the
bladder and urethra.6,8 Unless there is a major abnormal-
ity such as a large bladder diverticula or a large uretero-
cele it is not possible to detect other common anatomic
anomalies in DRNC.

We think that if VUR is suspected among infants and
young children, particularly for girls if no urethral or
vesical abnormality is suspected, then DRNC can be
performed as the first line of investigation. Higher sensi-
tivity in detecting intermittent reflux and exposure to a
much lower radiation dose are also important points worth
considering. For infants and children, as well as for older
children, besides the probability of VUR for the cause of
renal problems if bladder or urethra is attempted to be
studied, then VCUG should be chosen, and the superiority
of DRNC in this condition is less obvious.

These two techniques should not be considered as
rivals; instead they should be accepted as complementary
methods. Depending on the information sought, the age of
the child and the imaging studies that have already been
done, the physician should make a decision between
DRNC and VCUG for further assessment.
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