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A BSTRACT
Background: Vesicoureteral reflux is the most common urinary congenital anomaly in children. Given the risk associated
with radiation exposure there has been an increasing need for radiation-free method in the diagnosis and follow-up of the
vesicoureteral reflux. The aim of our study is to compare conventional urosonography without contrast enhancement and x-ray
voiding cystourethrography.
Patients and Methods: Children with recurrent urinary tract infection with suspected vesicoureteral reflux were included to the
study. Vesicoureteral reflux is demonstrated and graded by x-ray voiding cystourethrography. DMSA is used for the evaluation
of renal scar. Conventional sonographic procedure was performed in all patients. Ureterovesical junction insertion angle was
evaluated. The diameter and length of the ureterovesical junction were also measured.
Results: 268 children enrolled to the study. Vesicoureteral reflux was demonstrated in 62 children by x-ray voiding cystourethrography. Ureterovesical junction insertion angle measurement had a statistically significant relation for right and left vesicoureteral
reflux presence (right: r: .646, p: .01 and left: r: .446, p: .01). Diagnosis sensitivity of vesicoureteral reflux with conventional
ultrasonography is 95.10% and specificity is 81% (Youden’s index 76.1%) for the cutoff value of the ureterovesical junction
insertion angle is 28.6 degrees. Positive predictive value is 87.2%, negative predictive value is 94.73% and diagnostic accuracy is
86.29% with conventional ultrasonography.
Conclusions: Measurement of ureterovesical junction insertion angle, length and diameter by conventional urosonography is an
easy accessible and cheap technique with high sensitivity and specificity for the diagnosis and followup of the vesicoureteral
reflux without exposure to ionizing radiation.
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1. I NTRODUCTION
Vesicoureteral reflux (VUR) is the most common urinary
congenital anomaly in children. It predisposes children to
urinary tract infection, renal scarring and chronic renal failure. X-ray voiding cystourethrography (VCUG) is routinely
applied for the detection of vesicoureteral reflux. However
this technique involves exposure to ionizing radiation. Given
the risk associated with radiation exposure there has been an
increasing need for radiation-free method in the diagnosis
and follow-up of the vesicoureteral reflux.
In the past years many efforts were being made for the demonstration of VUR without radiation exposure. Reflux diagnosis with ultrasonography (US) was studied by recent studies.
Indirect US methods such as ureteral and pelvicalyceal dilatation, pelvic and ureteral wall thickening, sign of dysplasia
and direct US methods by using bladder catheterization and
various substance were performed for this goal. Although the
technical improvements, impossibility to exclude VUR if the
urinary tract is completely normal, defects for visualizing all
reflux grades and need for an US contrast agent and bladder
catheterization were the limitations of reflux diagnosis with
US.[1–3] Determining more precise criterion for US will be
helpful in decision making during follow-up of the patients
with urinary tract infection.
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allowed for drinking water but avoid eating. Every patient
went through bladder volume calculation for several times
to catch the estimated optimal bladder capacity according
to the age. When the bladder volume was enough for exam,
the transducer was angled laterally and swept both left and
right sides to check the bladder wall and margins. The ultrasound beam was projected as close to perpendicular to the
bladder wall as possible. The ureteral orifices were determined by following ureteral traces in transverse plane and
by the help of ureteric jets on both sides. The transducer was
angled in oblique-sagittal plane; parallel to the distal ureteral
trace. The ureterovesical junction is a straight elliptical tunnel shaped line through the bladder wall. Ureterovesical
junction inserts an angle into the bladder trigone. This angle
between bladder wall and the ureteral orifices on each side of
the bladder in the oblique-sagittal plane was evaluated. The
diameter of ureterovesical junction was also measured at the
same plane as the ureterovesical junction insertion angle was
measured in the oblique sagittal plane (see Figure 2).

VCUG was undertaken by using a digital screening unit
(Siemens Luminos dRF Max). A transurethral catheterization was performed before the procedure using a 6F or 8F
feeding tube in aseptic condition. The bladder was filled
through the catheter by means of gravity with prewarmed
at 37◦ C contrast medium. The estimated bladder capacity
The aim of our study is to compare conventional urosonogra- for patient’s age was calculated by the formula (ml= (30 ×
phy without sonographic contrast media enhancement and age) + 30). Filling was checked with intermittent digital
x-ray voiding cystourethrography and to determine a crite- fluoroscopy. Vesicoureteral reflux is confirmed and graded
rion for increasing suspicion of VUR in US.
according to the international classification.

DMSA is used for the evaluation of renal scar. All ultrasonographic data is compared with data derived from x-ray
Children with recurrent urinary tract infection with suspected voiding cystourethrography and DMSA scan.
vesicoureteral reflux were included to the study. Demographic and clinical data of the patients were recorded by
patient’ cards. All patients underwent urinary tract ultrasonography, x-ray voiding cystourethrography and dimercaptosuccinic acid (DMSA) scan. Urinary tract ultrasonography
was performed before VCUG and DMSA.

2. PATIENTS AND METHODS

Conventional sonographic procedure was performed with
a Toshiba Aplio 80 equipped with a 3.5 to 7.5 MHz convex multiple frequency electronic transducers. In all patients
urinary tract US was performed in supine position with suprapubic area exposed, including size, shape, presence of hydronephrosis, scars and parenchymal thickness and structure
of the kidney and urinary tract. The bladder volume was measured in conventional ultrasound examination on the frozen
ultrasound pictures (see Figure 1). Bladder capacity was
calculated with Koff’s formula (bladder volume (ml) = [(age
(years) + 2] × 30 for each patient. Each ultrasound scan Figure 1. Bladder volume calculation and bladder wall
was done during morning period of the day. Patients were thickness by conventional US
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Local ethical committee approval and voluntary informed
consent were obtained.

of the ureterovesical insertion junction angle was determined
by using ROC curve and Youden’s index. Youden’s indexes
of recent studies were also calculated for diagnostic perforResults were analyzed using SPSS-21 software for
mance comparison.
Windows R (Chicago, IL). Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV) and A p value < .05 was considered to indicate statistical signifiYouden’s index (YI) were calculated. The best cutoff value cance.

Figure 2. Measurement of the angles between vesical wall and the both ureterovesical junctions, in oblique-sagittal plane
(a) Right UV junction, (b) Left UV junction

3. R ESULTS

presence when compared with vesicoureteral reflux absence
(see Table 2). We demonstrated that ureterovesical junction
268 children (F/M: 179/89) with recurrent urinary tract in- insertion angle measurement had a statistically significant refection with suspected vesicoureteral reflux were included lation for right and left vesicoureteral reflux presence (right:
to the cross-sectional study. These patients did not have any r: .646, p: .01 and left: r: .446, p: .01).
surgical procedure history before application. Vesicoureteral
reflux was demonstrated in 62 children (F/M: 41/21) by x- Diameter of ureterovesical junction measurement was staray voiding cystourethrography. All patients had primary tistically significant wider in vesicoureteral reflux presence
VUR. Mean age of the patients was 4.20±3.36 years. The when compared with vesicoureteral reflux absence (see Table
age of 23 patients with vesicoureteral reflux (37.09%) was 3). Another statistically significant relation demonstrated beunder 2 years old. Median height of the patients was 96.5 tween diameter of right ureteral orifice and vesicoureteral recm (min: 52 – max: 145). Mean serum creatinine value was flux presence (r: .309, p: .05). Increase in the diameter of left
0.38±0.16 mg/dl and renal functions were in normal ranges ureterovesical junction detected, although any statistically
significant relation between diameter of left ureterovesical
in all patients.
junction and vesicoureteral reflux.
Vesicoureteral reflux was confirmed in 84 of the 536
ureterovesical junction units. 22 patients had bilateral vesi- The measurement of ureterovesical junction insertion angle
coureteral reflux. 6 patients with bilateral vesicoureteral and diameter of ureterovesical junction with conventional ulreflux were younger than 2 years old. High grade (4th and trasonography, vesicoureteral reflux can be demonstrated (p
5th degree) vesicoureteral reflux was 29.76% of all vesi- < .05). Diagnosis sensitivity of vesicoureteral reflux with concoureteral reflux. High grade vesicoureteral reflux ratio un- ventional ultrasonography is 95.1% and diagnosis specificity
der 2 years old was 39.13%. Low grade reflux ratios under 2 of vesicoureteral reflux with conventional ultrasonography is
years old were 21.73% for grade 1st , 21.73% for grade 2nd 81% and Youden’s index 76.1% for the cutoff value of the
ureterovesical junction insertion angle is 28.6 degrees. Diagand 17.41% for grade 3rd (see Tables 1-2).
nosis sensitivity of low grade vesicoureteral reflux with conUreterovesical junction insertion angle measurement was sta- ventional ultrasonography is 94.3% and diagnosis specificity
tistically significant increased degree in vesicoureteral reflux
Published by Sciedu Press

11

dcc.sciedupress.com

Discussion of Clinical Cases

of vesicoureteral reflux with conventional ultrasonography
is 77.1% and Youden’s index 71.4% for the cutoff value of
the ureterovesical junction insertion angle is 28.6 degrees.
Positive predictive value (PPV) is 87.2%, negative predictive value is 94.73% and diagnostic accuracy is 86.29% with
conventional ultrasonography when compared with VCUG
considering the ureterovesical junction units (see Table 4).
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All patients underwent DMSA scan. Renal scar was shown
in 35 (56.45%) patients by DMSA. Ultrasonography could
demonstrate renal scar in 23 (65.71%) of these patients. A
statistically significant correlation cannot be demonstrated
between renal scar in DMSA scan and measurements of
ureterovesical junction insertion angle and diameter of
ureterovesical junction.

Table 1. X-ray voiding cystourethrography results of the patients
Vesicoureteral reflux grade

Left Kidney (n / %)

Right Kidney (n /% )

None

8 (12.90%)

32 (51.60%)

1

18 (29.00%)

9 (14.50%)

2

8 (12.90%)

6 (9.70%)

3

12 (19.40%)

6 (9.70%)

4

11 (17.70%)

4 (6.50%)

5

5 (8.10%)

5 (8.10%)

Total

62 (100.00%)

62 (100.00%)

Table 2. X-ray voiding cystourethrography results of the patients according to age
Vesicoureteral reflux grade
< 2 years old (n / %)
> 2 years old (n /% )
1

5 (8.10%)

11 (17.74%)

2

5 (8.10%)

6 (9.67%)

3

4 (6.45%)

12 (19.35%)

4

6 (9.67%)

7 (11.38%)

5

3 (4.77%)

3 (4.77%)

Total

23 (37.09%)

39 (62.91%)

Table 3. Ultrasonographic findings of the ureterovesical junction units
VUR presence

VUR absence

p

Left UV junction insertion angle measurement (º)

40.69±7.05

22.23±4.57

.02

Right UV junction insertion angle measurement (º)

39.75±7.28

23.94±4.45

.01

Diameter of left UV junction measurement (mm)

4.33±2.10

2.30±0.40

.005

Diameter of right UV junction measurement (mm)

4.20±2.30

2.51±0.91

.001

Note. VUR: Vesicoureteral reflux; UV: Ureterovesical

Table 4. Diagnosis sensitivity and specificity of vesicoureteral reflux with conventional ultrasonography compared with
VCUG considering the ureterovesical junction units
USG (+)*
USG (-)
Total

**

VCUG (+)

VCUG (-)

Total

75

6

81

Sensitivity 98.80%
Specificity 81.00%

11

32

43

86

38

124

PPV 87.20%
Note. * ureterovesical junction insertion angle ≥ 28.60 degrees;
predictive value

12

NPV 94.73%
**

Accuracy 86.29%

ureterovesical junction insertion angle < 28.60 degrees; PPV: Positive predictive value; NPV: Negative
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4. D ISCUSSION
Vesicoureteral reflux is one of the most important causes
of recurrent urinary tract infection and renal scarring. The
prevalence of VUR varies from 1.3% of healthy children to
8%-50% of children with urinary tract infection.[4] X-ray
voiding cystourethrography is gold standard for diagnosis.
Early diagnosis and intervention may help to prevent from
renal scars. Adverse effects related to ionizing radiation and
urethral catheterization limit extensive usage of this imaging
technique. It is not always an accessible technique for all
medical centers. A noninvasive, radiation free, cheap and
available method will change the course of the disease.
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Youden’s index of Mahant’s study[5] was 16%, Asanuma’s
study[10] was 64.3% and Koşar’s study[9] was 83%. Youden’s
index of our study is relatively higher when compared with
recent studies. This high index value demonstrates the efficacy of our technique. We also demonstrated that Youden’s
index of our study is also higher for low grade vesicoureteral
reflux detection. In Asanuma study[10] by visualization of
Doppler signals (retrograde flow into the ureter), the cutoff
angle was accepted 55 degrees or greater for detecting grade
3 to 5 grade with a lower sensitivity (85.5%) than our study.
Koşar et al.[9] by using same visualization of Doppler signals (retrograde flow into the ureter) were that the sensitivity
was 90% and specificity 93%. Because the requirement of
the patient’s compliance this method could not be applied
to patients under 2 years old. It is a handicap for clinical
practice when considering the need of visualization of the
urinary tract require mostly during earliest childhood. 23 of
our patients with vesicoureteral reflux were under 2 years of
age. Our study does not required patient’s compliance for
angle measurement. We did not use retrograde flow into the
ureter by color doppler US. Appropriate bladder volume is
enough for ureterovesical junction insertion angle detection.
Bladder volume measurement could be done easily in any
age of the patients.

In recent studies US was widely used for the diagnosis of
VUR. Conventional US finding for suggestion of VUR were
dilatation of pelvicalyces, ureters or collecting systems in
these studies.[5] Voiding urosonography was another method
which was developed for the detection of VUR. Despite the
elimination of adverse effects related to ionizing radiation,
the limitations of the voiding urosonography were a requirement of catheterization and echocontrast media usage.[6–8]
In these studies, another evaluation method of VUR was
visualization of Doppler signals (retrograde flow into the
ureter) from the bladder to ureter during the course of bladder filling by using a color Doppler US. This procedure could The structure of the study was a cross-sectional design. US
be applied only patients aged ≥2 years because it required scans were performed before VCUG in all patients with recurrent urinary tract infection. Study had some limitations
compliance from the patients.[9, 10]
related to the design. All patients had primary VUR and
The sensitivity of conventional US for detection of VUR also they had no surgical interventions at the time of the
was 40% with specificity 76% (5). The sensitivity of void- investigations. Similar angular calculations with US were
ing urosonography for detecting VUR was demonstrated not performed during long-term follow-up. Ureterovesical
between 57% and 100% and specificity between 85% and junction insertion angle measurements in our study did not
100%.[2] Demonstration of VUR with retrograde flow into refer the VUR classification. For these reasons this study
the ureter by Doppler US had sensitivity between 81.6% and could not respond to questions about angular changes related
90% and specificity between 82.7% and 93%.[9, 10] In our with grow-up of children with VUR, related to surgical procestudy we used conventional US with a new measurement dures, or about the grade of VUR. This study could not also
procedure and we demonstrated that our sensitivity for de- compare differences between primary and secondary VUR.
tecting VUR without catheterization and echocontrast media Future studies in this area can respond to these questions.
usage was 95.1% and our specificity 81% for all degree of Although these limitations we demonstrated that increased
VUR and Youden’s index 76.1% for the cutoff angle of 28.6 angles were suspicious about VUR existence in the patients
degrees or greater. Conventional ultrasonography findings with urinary tract infection. It is a more precise criterion in
(presence of hydronephrosis, scars and parenchymal thick- US for increasing suspicion of VUR.
ness and structure of the kidney and urinary tract) can be
helpful for suspicion of high grade vesicoureteral reflux but According to our knowledge, our study is the first study on
low grade vesicoureteral reflux cannot be demonstrated by the demonstration of VUR with this technique. Measurethese findings. Our technique has also a high sensitivity ment of ureterovesical junction insertion angle and diameter
(94.3%) and specificity (77.1%) for low grade vesicoureteral of ureterovesical junction by conventional ultrasonography
reflux and it will be helpful for the suspicion of vesicoureteral is an easy accessible and cheap technique for all medical
reflux. We calculated Youden’s indexes of recent studies for centers. It is a non-invasive and radiation free technique
and also it has reasonably high sensitivity, specificity and
diagnostic performance comparison of our study.
Published by Sciedu Press
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good Youden’s index. It can be used for the diagnosis and C ONFLICTS OF I NTEREST D ISCLOSURE
followup of the vesicoureteral reflux with high sensitivity The authors declare they have no conflicts of interest.
and specificity.
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Koşar A, Yeşildağ A, Oyar O, et al. Detection of vesico-ureteric
reflux in children by colour-flow Doppler ultrasonography. BJU International. 2003; 91: 856-859. PMid:12780848. https://doi.or
g/10.1046/j.1464-410X.2003.04223.x
Asanuma H, Matsui Z, Hiroyuki S, et al. Color Doppler ultrasound evaluation of ureteral jet angle to detect vesicoureteral reflux in children. J Urology. 2016; 1877-1882. PMid:26804751.
https://doi.org/10.1016/j.juro.2016.01.055

ISSN 2375-8449

E-ISSN 2375-8473

