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Introduction: Urinary tract infection is common in children and vesicoureteral
reflux is one of its predisposing factors. Contrast cystography and radionuclide
cystography are two common methods for the diagnosis of vesicoureteral
reflux. This study compared two methods, indirect radionuclide cystography
(IRC) with voiding cycling method and voiding cystoureterography with
contrast (VCUG).
Materials & Methods: This analytical study was conducted on 55 children with
urinary tract infection who were referred to our nephrology clinic in six
months. In order to diagnose urinary reflux, 109 ureters (one child had a single
kidney) were evaluated using IRC and VCUG methods with a one-month
interval. Kappa coefficient was used to determine the agreement rate, and the
McNemar’s test was employed to compare the ability of two methods in the
diagnosis of VUR.
Results: The mean age of the children was 5.4 years (range: 6 months to 13
years). A total of 38 children (69%) were female and 17 (30.9%) were male.
Seventy percent of the children older than three years old had urinary control.
From 109 ureters, 29 (26.4%) with urinary reflux were detected by the IRC
method, whereas only 15 (13.6%) were diagnosed using VCUG.
Statistically, the two methods did not have agreement in the diagnosis of VUR
(Kappa: 0.556, p< 0.001) and the IRC method had more power to diagnose VUR
in comparison with VCUG.
Conclusions: Although we observed a significant difference in the diagnostic
value of two methods, the choice of diagnostic method depends on specific
technical conditions. However, in ideal conditions, the IRC method is suggested
to be performed since it is more powerful in the diagnosis of urinary reflux.
Keywords: Vesico-Ureteral reflux; Urinary Tract Infections; Pediatrics;
Diagnostic Imaging.
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Introduction

Vesicoureteral reflux (VUR) is an important
anatomical abnormality which predisposes the
person to urinary tract infection. Recurrent
pyelonephritis can lead to kidney scars and
hypertension [1-6]. Recent studies indicate that
VUR is hereditary with a familial prevalence [4-7].
The prevalence of VUR is higher in younger
children. It is about 25 percent in children

younger than four years with urinary tract
infection, 12 percent in children between 4-12
years, and 5 percent in adults [4,7,8]. Despite early
diagnosis and aggressive treatment of VUR, reflux
nephropathy remains a significant cause of end
stage renal disease in children [6,7]. Therefore,
detection of VUR has an important role in
pediatric medicine. The methods of the diagnosis
of vesicoureteral reflux (VUR), considering the
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risks of radiation exposure and invasive
procedures, are challenging and have been
questioned in the recent literature. Therefore, it is
important for the pediatric nephrologists and
urologists to reevaluate the diagnostic methods of
VUR. An ideal method for the diagnosis of VUR
would have some characteristics like no radiation,
no bladder catheterization, no sedation, low cost,
high sensitivity, and provision of complete
anatomical details.
The common methods that are used to diagnose
this disorder include cystography with contrast
(VCUG) (with catheter and radiation), which is an
invasive method, [8- 11] and direct radionuclide
cystography (DRC), which is performed with less
radiation but with a urinary catheter. Despite the
use of digital and pulsed fluoroscopy in girls, the
average ovarian radiation dose has been shown to
be about 10 times greater in VCUG when
compared to RNC [12].
In spite of the advantages of VCUG, it is influenced
by specific conditions like the size and type of the
catheter, the amount of bladder filling, the height
of the contrast fluid to develop the necessary
pressure for entering the bladder, hydration
conditions, volume, temperature, and the density
of the contrast fluid, and it is impossible to regard
them all to create an ideal condition.
In the DRC method, radiopharmaceuticals diluted
with normal saline are injected into that bladder
with a catheter and then the kidney and bladder
are
scanned;
in
the
IRC
method,
radiopharmaceuticals are intravenously injected
and after the renogram period, entrance of the
isotope into the bladder and reflux are evaluated
[8, 11-19].
The IRC method has some important advantages.
For example, it is more similar to physiological
conditions, no catheter is used, and the patient
receives less radiation. In this method, it is
possible to obtain some information on the
kidneys function as well as ureteropelvic drainage.
In comparison with VCUG, IRC is less biased by
other conditions [1, 8, 11].
In recent years, especially in Europe, indirect
radionuclide cystography (IRC) without using a
urinary catheter (which is a noninvasive method)
has been used [8, 11, 13].
In recent decade, through cycling voiding
cystography (CVC), it has been possible to
diagnose hidden cases of VUR. This method, which
is performed by multiple bladder fillings, is of
specific importance because of the low amount of
radiation in comparison with cycling VCUG.

Most of the studies have indicated that DRC is
highly accurate in the diagnosis of VUR, but there
are different results regarding IRC. Some studies
have reported acceptable constancy of the results
of IRC in the diagnosis of VUR while some have
not [8,11,19-24]. This study evaluated the
constancy of two methods, IRC with VCUG, in the
diagnosis of VUR.

Materials and Methods

This analytical study was done to determine the
diagnostic value and constancy of two methods.
Using convenience sampling, 55 children with UTI
who referred to nephrology clinic in 6 months
were enrolled in the study. The diagnosis of UTI
was made according to the following criteria:
1. More than 5 white blood cells (WBC) per
high-power field (HPF) in a urine
specimen
2. Isolation of a bacterial strain in the
quantitative count of ≥ 10(5) cfu/ml13 in
the culture of a urine specimen
3. DMSA scan showing inflammation or scar
in the kidney cortex

The DMSA scan was performed for patients who
were clinically suspicious for UTI but did not have
the first or the second criterion. By this way DMSA
scan confirm the UTI.
Patients with hydronephrosis without ureteral
dilatation on ultrasonography and radionuclide
renogram were excluded.
VCUG and IRC were performed for the patients
with a one-month interval.
IRC was performed in the Children’s Hospital but
VCUG was done in two other private centers,
which were blind to the study.
After injection of the radioisotope intravenously
(99mTc-diethylenetriamine penta-acetic acid) in
the standard dose, renogram was performed. In
order to evaluate VUR, scan was performed before
and after voiding after about one to two hours. In
this method, after the first voiding, enough time is
given to the child to refill the bladder and then, the
patient is evaluated for VUR before and after the
second voiding.
Naturally, children who are cooperative are kept
in a room and scan is performed immediately after
the beginning of the voiding, which is considered
as the after voiding phase.
Routinely, VCUG is performed for diagnosis of VUR
in children with UTI, but because of performing
IRC as an additional procedure, informed consent
was obtained from the parents. Data were
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analyzed by Kappa coefficient to determine the
constancy rate and McNemar’s test to compare the
ability of two methods in the diagnosis of VUR.

Results

In this study, 55 children with UTI were evaluated
and 109 ureters (one child had a single kidney)
were investigated. The mean age of the children
was 5.4 years (minimum 6 months and maximum
13 years). A total of 38 children (69%) were
female and 17 (30.9%) were male. The age group
4-6 years with 22 patients (40%) had the highest
frequency. Seventy percent of children older than
three years had urinary control (Table 1). From
109 ureters, 29 (26.4%) with urinary reflux were
detected with IRC whereas only 15 (13.6%) were
diagnosed with VCUG (Table 2). The agreement
rate of the two methods in the right kidney
(Kappa: 0.48, P<0.05), in the left kidney (Kappa:
0.62, P< 0.01), and in both kidneys (Kappa: 0.55,
P< 0.001) was significant, and there was a
significant difference in their diagnostic power
(Table 3-5). Six right ureters were diagnosed with
VUR using both methods; however, in eight other
right ureters, VCUG was negative while IRC was
positive for VUR (Table 3). VUR was detected in
eight left ureters with both methods but IRC
showed VUR in seven left ureters which were
negative for VUR on VCUG (Table 4). In both sides,
14 ureters had VUR by both methods; there was
only one ureter which had VUR on VCUG while IRC
was negative. IRC detected 14 ureters jointly with
VCUG, and 15 ureters were positive for VUR
(despite negative VCUG results) (Table 5).
According to the significant difference between
the two method and the Kappa coefficient (Kappa:
0.556) and McNemar’s test ( P=0.001), it could be
concluded that these two method did not show
agreement in the diagnosis of VUR in children
with UTI and IRC was more powerful in
diagnosing this disorder.

Discussion

VCUG with contrast is a standard and common
method to detect VUR and other anatomical
disorders in children with the first episode of UTI
[8, 20, 25]. Direct radionuclide cystography (DRC)
has the highest sensitivity in the diagnosis of VUR
and because of the less radiation rate, was
commonly employ this technique in the follow up
of VUR [3, 4, 5, 26].
Ultrasonography with contrast is a method with
less radiation that has showed acceptable

constancy with VCUG in the diagnosis of VUR in
several studies [27, 28].
Cystography with multiple bladders fillings is a
technique that improves the ability to diagnose
VUR according to several studies [4, 8, 29].
Multiple studies have compared the diagnostic
power of IRC with VCUG and DRC with different
results; some of them have reported an acceptable
agreement between these methods and some
indicated that the power of IRC in comparison
with VCUG and DRC was about fifty percent
[12,19, 21, 26-32]. In a study by Pinthus JH et al,
none of the patients who had normal IRC at the
time of the acute illness had VUR in the long term.
They found that early usage of IRC had a high
sensitivity and accurate negative predictive value
for detecting VUR [30]. Indirect RNC has some
special characteristics including offering the
possibility of detecting VUR without bladder
catheterization, physiological setting with natural
bladder filling, and the ability to assess the upper
tract differential renal function and urinary tract
system drainage with the injected radioisotope.
Magnetic resonance urography (MRU) was
introduced in pediatric urology in 1999. This
recent method is increasingly being advocated as
a single imaging modality in UTI. MRU may
provide information which can be obtained by
using the combination of VCUG and DMSA scan in
UTI. The unique advantage of MRU is its ability to
distinguish between renal congenital cortical
defects and acquired scarring.
MRU, like IRC, can provide information about
renal perfusion, renal parenchymal and calyceal
wash-out, and the differential renal function and
can therefore serve as an important tool in
prognosticating and following children with renal
dysfunction. In infants and small children, MRU
needs anesthesia. This is the most important
disadvantage of MRU in comparison with IRC.
The results of this study showed that IRC was
more powerful in detection and diagnosis of VUR
in comparison with VCUG and these two methods
did not have an acceptable constancy with each
other. The high diagnostic power of IRC and VCUG
could be justified in this way: we perform IRC
using the CVC method, which could improve the
diagnostic power of IRC [10, 19, 20, 21, 22]. The
VCUG method is influenced by specific conditions
like the size and type of the catheter, the amount
of bladder filling, and volume, temperature, and
the density of the contrast fluid, and it is
impossible to regard them all to create an ideal
condition. Therefore, one of the disadvantages of
this method is that it depends on special technical
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conditions. False positive cases could be another
reason for the high power of IRC. In studies that
compared IRC and DRC, false positive cases were
reported in the IRC method [19]. In the studies in
which IRC had a lower sensitivity in the diagnosis
of VUR, diuretics were used but it was avoided in
our study, which may be one of the reasons of the
increase in the diagnostic power of IRC [22].

Table 3. Constancy of VUR diagnosis in right kidney by
IRC and VCUG methods
Kappa: 0.48 and P< 0.05
IRC

VCUG

Conclusions

Considering the mentioned reasons in our study,
the agreement between IRC and VCUG was not
acceptable; moreover, the diagnosis of VUR could
be improved using IRC with the CVC method.
In order to evaluate the accuracy of IRC with the
CVC method and compare it with other methods,
further studies with larger sample sizes and
standard methods are suggested. Because of the
advantages of IRC in the diagnosis of VUR,
especially in older people, and if other studies
confirm its high sensitivity, it could be used an
alternative noninvasive method in the diagnosis of
VUR.

Total

Frequency
Age group
Younger than 4
4-6 years old
7-9 years old
Older than 10
Total

Total

15
22
11
7

55

Without

VUR

VUR

(+)

(-)

With VUR(+)
Without VUR(-)

Table 1. Frequency of children with UTI according to
age group

With

6

40

48

14

41

55

14

Total

IRC

VCUG

With

Without

VUR

VUR

(+)

(-)

8

0

With VUR(+)
Without VUR(-)

7

Total

15

VCUG

IRC

Right
Left
Total
Total

39
39

Total

8

46
54

VCUG

With

Without

VUR

VUR

(+)

(-)

14

1

15

80

109

Without VUR(-)
Total

15
29

IRC

Age group

55

Table 5. Constancy of VUR diagnosis in both kidneys
by IRC and VCUG methods
Kappa: 0.55 and P< 0.001

With VUR(+)

Frequency

41

Table 4. Constancy of VUR diagnosis in left kidney by
IRC and VCUG methods
Kappa: 0.62 and P< 0.01

100

Table 2. Frequency of VUR according to IRC and VCUG
methods

7

8

Percentage

27.3
40
20
12.7

1

total

79

Total

94

Conflict of Interest
7
(12.72)
8
(14.54)
15
(13.63)
15
(13.63)

14
(25.45)
15
(27.27)
29
(26.36)
29
(26.36)

None declared

Financial Support
None declared

References
1.

Cohen RA, Ruthon HG, Belman AB, Kass EJ, Majid M,
Shear C. Renal scarring and vesicoureteral reflux in

Journal of Pediatric Nephrology | Volume 2 | Number 1| 2014

24

Comparison of Diagnostic Methods of Vesicoureteral Reflux – Nikibakhsh AA et al

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

children with myelodysplasia. J Urol 1990 Aug;
144(2pt2):541-4.
Jack S, Elder. Urologic disorders in infants and
children: In: Kingman A, editor. Nelson textbook of
pediatrics. 16th ed. Saunders; 2000, 1627-29.
Decter RM. Vesicoureteral Reflux. Pediatric in
review; 2001; 4; 205-210.
Windbory J. Clinical aspects of urinary tract
infection: In: Barrett TM, Holiday MA, Vernir RL.
Pediatric nephrology. 4th ed. Baltimore: Williams &
Wilkins; 1999, P. 626-46.
Garson I, Brugn RD. Diagnostic imaging: In: Barrett
TM, Holiday MA, Vernir RL, editors. Pediatric
nephrology. 4th ed. Baltimore: Williams & Wilkins;
1999, P. 377-89.
Craig JC, Irwig LM, Knight JF, Roy LP, “Does
treatment of vesicoureteric reflux in childhood
prevent end-stage renal disease attributable to
reflux nephropathy?” Pediatrics 2000;105(6):1236–
1241.
Greenfield SP, Manyan NG, Wan J. Experience with
VUR in children. Clin Character J Urol 1997;158:547577.
Conway JJ, Kraglik GD. Effectiveness of direct &
indirect
radionuclide:
cystography
in
detectingvesicoureteral reflux. J Nucle Med 1976;
17:81-83.
Kleinman PK, Diamond DA, Karellas A, Spevak MR,
Nimkin K, Belanger P. “Tailored low-dose
fluoroscopic voiding cystourethrography for the
reevaluation of vesicoureteral reflux in girls.
American
Journal
of
Roentgenology
1994;162(5):1151–1154.
Peters AM, Morony S, Gordon L. Indirect
radionuclide cystography demonstrates reflux
underphysiological
conditions.
Clin
Radiol
1990;41(1):44-47.
Bower G, Lovergrove FT, Geijsel H, Vander Schaff A,
Guelfi
G.
Comparison
of
direct
and
indirectradionuclide cystography. J Nucl Med 1985;
26(5): 465-8.
Conway JJ, Belman AB, King LR, Filmer RB. Direct
and indirect radionuclide cystography. J Urol 1975;
113(5): 689-93.
De Sadeleer C, De Boe V, Keuppnes F, Desprechins B,
Verboven M, Piepsz A. How good is technetium- 99m
mercaptacetyltriglycine indirect cystography? Eur J
Nucl Med 1994; 21(3): 223-7.
Gordon L. Peters AM, Morony S. Indirect
radionuclide cystography: a sensitive technique for
thedetection of vesicoureteral reflux. Pediatr
Nephrol 1990; 4(6): 604-6.
Gordon L, Barrett TM. Detection of vesico-ureteric
reflux by indirect radionuclide cystography. Lancet
1989;4(2):1108.
Khriesat I, Khriesat S, Hazza I. Comparison of direct
& indirect nuclear cystography in diagnosing of
vesicoureteral reflux. Saudi J Kidney Disease
Transplant 2001;12(1):28-31.
Nasralah PF, Nura S, Crawford J. Clinical applications
of nuclear cystography. J Urol 1982; 128(3): 550-3.
Sarage M, Stanicic A, Markovic V. The role of direct
radionuclide cystography in evaluation of
vesicoureteral reflux. Scand J Urol Nephrol 1996;
30(5): 367-71.
Polito C, Rambaldi PF, Lamana A, et al. Enhanced
detection of vesicoureteric reflux with isotopic
cystography. Pediatric Nephrol 2000;14:827-30.

20. Polito C, Moggio C, Manna ALA, et al. Cyclic voiding
cystoureterography in the diagnosis of occult
vesicoureteric reflux. Pediat Nephrol 2000;14:39-41.
21. Fettich JJ, Kenda RB. Cyclic direct radionuclide
voiding cystography: increasing reliability in
detecting vesicoureteral reflux in children. Pediat
Radiol 1992;22:337-8.
22. Hinman FSR, Miller ER, Hutch JA, et al. Low pressure
reflux: relation of vesicoureteral reflux to
intravesical pressure. J Urol 2002; 167: 1063-68.
23. Palitel HG, Rupich RC, Kiruluta HG. Enhance
detection of VUR in infant & children with use of
cycling
voiding
cystouretrograhy.
Radiol
1992;184:753-55.
24. Corso A, Ostinelli A, Trombetta MA. Indirect
radioisotope cystography after the furosemide test:
its diagnostic efficacy compared to direct study.
Radiol Med 1989;78(6):645-8.
25. Eglal Shalaby Rana, Lisa H. Imaging in pediatric
urology. Pediatric clinics of North American
1997;44(5):1065-87.
26. Radmayr C, Kluser A, Pallwein L, et al. Contrast
enhanced reflux sonography in children:a
comparison to standard radiological imaging. J Urol
2002;167:1428-30.
27. Maurizio. Bosio: Cystography with echo contrast: a
new imaging modality to detect vesicoureteric reflux
in children. Pediat Radiol 1998;28(4):250-5.
28. Jayu G, Bul CS; Padhy AK, et al. Radionuclide studies
in evaluation of urinary tract infection. Indian Pediat
1996; 33(8): 635-40.
29. Boubaker A. Deleloye A. Investigation of the urinary
tract in nuclear medicine. Rev Med Suisse Romande
2000;120(3):251-7.
30. Pinthus JH, Oksman Y, Leibovitch I, et al. The role of
indirect radionuclide cystography during the acute
phase of pyelonephritis in young women. BJU Int.
2005 Mar;95(4):619-23.
31. 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(2):179-86.
32. Cerwinka WH, Damien Grattan-Smith J, Andrew
Kirsch J. Magnetic resonance urography in pediatric
urology .Journal of Pediatric Urology 2008;4:74e83.

Journal of Pediatric Nephrology | Volume 2 | Number 1| 2014

25

