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Correlation of ureteric jet angle (UJA) oty

with vesicoureteral reflux grade and its
assessment as a noninvasive diagnostic
parameter to detect vesicoureteral reflux
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Abstract

Background Vesicoureteral reflux (VUR) is an essential urogenital entity affecting infants and younger children.

Many patients present late with recurrent urinary tract infections (UTls), which lead to chronic pyelonephritis, renal
scarring, and end-stage renal disease (ESRD). This progression in disease adds to significant morbidity and mortality

in the paediatric age group. Voiding cystourethrography (VCUG) is the investigation of choice which is an invasive
procedure and is related to the risk of ionizing radiation and iodinated contrast administration. Ureteric jet angle (UJA)
is a Doppler parameter that can be obtained by measuring the angle between the horizontal axis of the floor of the
optimally distended bladder and the Doppler ureteric jet at the ureteral opening into the bladder. The study aimed
(1) to investigate the correlation of UJA with VUR grade and (2) to assess the utility of UJA as a noninvasive diagnostic
indicator to diagnose VUR as an alternative to VCUG.

Method All paediatric patients with urinary complaints were evaluated by voiding cystourethrography (VCUG) for
assessment of grades of VUR, followed by colour Doppler evaluation of ureteric jets. VCUG interpretations were made.
UJA was calculated as the angle between the long axis of the colour Doppler jet and the horizontal axis of the floor
of the optimally distended urinary bladder on colour Doppler examination. Ureteric jet angles were recorded on both
sides irrespective of the presence of VUR, and data were analysed using SPSS. The correlation coefficient (r) with p
value was calculated. The diagnostic efficacy of UJA (58° or more) to detect VUR was assessed by calculating sensitiv-
ity, specificity, PPV, NPV, positive LR and negative LR. The AUC was calculated to evaluate the diagnostic efficacy of
UJA 58° or more to detect VUR.

Results In total, 34 (68 renal units) children (8 months—12 years), including 20 males (M) and 14 females (F),
examined. The mean age was 4.96 + 2.87 years for the total population, including 4.60 + 2.02 years for boys and

547 +2.75 years for girls. Twenty-one patients (10 girls and 11 boys) showed VUR on MCUG. Eight patients showed
high grades (grade IlI-V), including seven boys and a girl. The range of UJA in VUR-negative patients was 27-60° with
a median angle of 42.03°. VUR-positive patients showed an angle range of 32-71°with a median angle of 62.13°. High-
grade VUR was seen in 8 patients with an angle range of 59-84° and a median angle of 76.31°. A positive correlation
(r=0.81) was noted between UJA and VUR grading. The sensitivity and specificity of angle > 58° to detect VUR were
0.66 and 0.92 with PPV 0.93 and NPV 0.63. Yuden’s J value was 58°. The value for the area under the curve was 0.7.
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Conclusions Positive linear correlation was seen between UJA and VUR grades with high specificity and positive
predictive value. The Diagnostic Utility of UJA 58° as a screening method to detect severe VUR was acceptable and

can be further studied with a larger sample size.

Keywords Doppler, Ureteric jet angle, Vesicoureteral reflux, Area under curve

Background

Vesicoureteral reflux (VUR) is the most common con-
genital urinary tract in children associated with the
abnormal development of the UV]. VUR is a critical risk
factor for developing urinary tract infections in the pae-
diatric population [1]. It is observed in~30% of children
presenting with urinary tract infections and about ~ 1% of
the general population [2-4].

Untreated VUR leads to parenchymal injury and
fibrotic scarring of the kidney, known as reflux nephropa-
thy (RN), which is a significant cause of end-stage renal
disease (ESRD) [5]. Chronic renal failure in these patients
requires long-term dialysis and renal transplantation [6,
7].

Micturating cystourethrogram (MCUG) is the method
of choice to diagnose VUR in children, which involves
urinary catheterization and administration of a contrast
agent into the bladder [8]. The risk of exposure to ion-
izing radiation is involved. Moreover, MCUG has a low
detection rate to diagnose early and mild (low-grade)
VUR. On that account, noninvasive, contrast free and
radiation-free methods are required to diagnose VUR.

Only a few studies have demonstrated the utility of ure-
teric jet angle (UJA) and its significance in diagnosing
VUR [9]. In this study, we attempt to correlate the UJA
with grades (severity) of VUR and evaluate its role as an
indicator to diagnose VUR in children. Early diagnosis/
screening of children with this parameter can provide
prophylactic antibiotic coverage to prevent secondary
urinary tract infection (UTI), reducing morbidity and
mortality in these patients.

Methods
In this hospital-based, cross-sectional study, we evalu-
ated 34 children (total 68 renal units) of age group
8 months—12 years with urinary symptoms referred to
the Department of Radiodiagnosis, GMC, Bhopal, for
VCUG from January to June 2020 following the approval
from institutional ethical committee. The patients were
divided into VUR positive (cases) and VUR negative
(controls) groups according to the presence of VUR in
VCUG, and individual grades of VUR were noted accord-
ing to the international grading system of VUR.

VCUG is the standard gold method to confirm the
presence of VUR in infants and children. It also provides

a detailed anatomy of the bladder and urethra. For per-
forming VCUG, first informed written consent was
obtained from parents, and the procedure was explained.
All patients came with a urinary catheter in place from
referring clinical departments. The empty bladder was
gradually distended with a mixture of normal saline
(20%) and radio-opaque contrast media Omnipaque
(Iohexol 350 mg I/ml, 80%) under fluoroscopic guidance.
After achieving optimal distension (observer-dependent),
full bladder, micturating, and empty bladder, spot films
were taken. Interpretations were made, and documenta-
tion was done.

For UJA measurements, all patients, irrespective of
the presence of VUR on VCUG, were evaluated by the
2D (Figs. 1, 2, 3 4 and 5) and colour Doppler sonogra-
phy (Fig. 6). Patients were examined in the supine posi-
tion for about 10—-15 min with BPL E-CUBE B, 2D, and
a colour Doppler machine following the adjustments of
appropriate USG parameters. Though the ultrasound

Fig. 1 Distended Urinary bladder in transverse axis



Maravi et al. Egypt J Radiol Nucl Med (2023) 54:109 Page 3 of 8

FURETERIC OPENING

Fig. 4 Visualization of left ureteric orifice

Fig. 2 Depiction of the horizontal floor of the distended urinary
bladder

Fig. 5 Grey scale depiction of ureteric jet angles as moving echoes

ﬁ"r, =

RIGHT URETERIC OPENING

parameters varied for each patient, the frequency was
6.0 on 2D and 6.5 on colour flow images in most patients
(age group 8 months—3 years). The other parameters
were as follows-

For 2D-Frq=6.5, P=100%, Gn=49, DR=77, FR=15,
D=7.0 and colour flow (CF)—Frq=6.0, p=100%,
Gn=>50, WF =4, with 0.9 kHz. Due to difficulty localiz-
ing bilateral ureteric jets in a single transverse plane, each
Fig. 3 Visualization of the right ureteric orifice side was examined as one after another. Angles on both
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Fig. 6 Schematic diagram to visualize and calculate ureteric jet angle
on colour Doppler ultrasonography

sides were recorded. The ureteric jet was identified as
fast-moving echoes from the ureteric orifice with linear
colour coding on each side (Figs. 5 and 6). Images were
frozen, and the auto-calculated angle with three points
between the longitudinal axis of this linear colour cod-
ing and the horizontal floor of the optimally distended
urinary bladder (Fig. 2) was measured on a transverse
scan with a high-frequency linear probe (5-7.5 MHZ).
Most infants and younger children were examined during
sleep. No sedation was given.

Statistical analysis

We analysed the data using the updated version of SPSS.
Quantitative variables were described as median values.
For the assessment of categorical variables, the Pearson
chi-square test was utilized. The correlation coefficient
(r) was calculated, and for the signification of any correla-
tions between variables, the p value was derived with a
significance level of less than 0.05. The confidence inter-
val was 95%. The cut-off angle of 58° was calculated from
Youden’s ] index. The diagnostic efficacy of UJA 58 °C or
more in detecting VUR grade was calculated, including
sensitivity, specificity, PPV, NPV, and likelihood ratios
using standard formulas (using the number of true posi-
tives, true negatives, false positives and false negatives).
In addition, AUC was calculated to assess the diagnostic
efficacy of (UJA 58° or more) to detect VUR.
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Table 1 Age-wise distribution of angle range and median angle

Age Angle range Median angle
8 months-3 year 40-84 58.28
VUR positive 40-84 64
VUR negative 40-60 48
4-6 years 27-84 53.55
VUR positive 45-84 62
VUR negative 23-46 33.83
7-9 years 45-76 59.37
VUR positive 46-76 63
VUR negative 27-49 39
10-12 years 27-73 44
VUR positive 44-45 44.5

VUR negative - -

All angles are in degree

Results

A total of 34 children (Total of 68 renal units), includ-
ing 20 males (M) and 14 females (F), were examined. The
overall incidence of VUR was 0.61 in VCUG. Age ranges
from 8 months (0.66 years) to 12 years. The mean age
was 4.96 +2.87 years for the total population, including
4.60+2.02 years for boys and 5.47 +2.75 years for girls.
The total population angle ranges from 27 to 84° with a
median angle of 54.5°. Out of 34 children, 21 (61.74%)
patients showed evidence of VUR, including 11 (55.00%)
males and 10 (71.42%) females (Table 1). 13 children
showed normal findings on VCUG (Table 1). Significant
overlapping of UJA was seen when groups were com-
pared between VUR positive and VUR negative popula-
tions; however, statistically, significantly higher angles
were seen in the VUR positive population (p <0.005).

In the VCUG-positive population (for VUR), the angle
ranges from 40 to 84° with a median angle of 62.13°. On
the other hand, the negative population angle ranges
from 27 to 60°with a median angle of 42.03°.

Under the age group 8 months-3 years, 14 (41.71%)
patients were examined, including nine males and five
females. Under this age group, the VUR positive popu-
lation angle ranges from 40 to 84° with a median angle
of 64°, and VUR negative population angle ranges from
40 to 60°with a median angle of 48°. Under the age group
4—6 years, ten patients (29.41%), including seven males
and three females, were evaluated. In VUR-positive
cases, the angle varies from 45 to 84° with a median
angle 62°. In VUR negative cases, the angle ranges from
23 to 46° with a median angle 33.8. In the age group
8 months—3 years, mean ureteric jet angles were higher
with increased refluxing units. A total of 16 cases showed
bilateral refluxing units. Under the age group of 7-9 years
(all female children), the VUR-positive population (total
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of four patients) showed an angle range from 46-76° with
a median angle of 63° (11.76%).In VUR negative popula-
tion under this age group angle ranges from 27 to 49°with
a median angle of 39°. Under the age group of 10-12
years, 6 (17.64%) children showed VUR in VCUG with
UJA ranging from 44-45°, with a median angle was 44.5°.
In VUR negative population under this age, the group
angle ranges from 27 to 45° with a median angle of 39°
(Table 1).

In male children, 11 (32.35%) males show VUR in
MCUG with an angle range of 44—84° and a median angle
of 65.59°. On the other hand, VUR hostile male popula-
tion shows a rise ranging from 23 to 60°and a median
angle of 44.27°. Ten (29.41%) female children show some
evidence of VUR on MCUG with an angle range of
42-79° and a median angle of 58.5°. On the other hand,
the negative female population offers an angle range from
27 to 53° with a median gradient of 37°.

Overall median angles were higher in the male popula-
tion than in the female population. The median angle was
also higher in VUR positive male population compared to
VUR negative male population.

In VUR positive male population, the median angle was
large (69.11°), and the VUR grade was high when similar
findings were compared to the female population. Posi-
tive female children show a median angle of 62.66° with a
milder VUR grade (I). Male children with bilateral reflux-
ing units also showed significantly high VUR grades
(Tables 2 and 3).

The male population shows high incidences of VUR
with higher grades (median grade III, seen in 5 male
children) with a median angle of 69.84°. On the con-
trary, the female child population show low grades (most

Table 2 Laterality wise distribution of VUR
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frequently grade I). In refluxing units, higher rates were
seen in only two female children, with a mean angle of
54.35°.

A total of 8 children show High grade (III-V) VUR and
a median angle of 76.31°. Thirteen children show low-
grade VUR (I-II) with a median angle of 54.23°.

Widespread occurrence and grade of VUR were
higher in bilateral ureters, i.e., 15 (71.42% {9 M+ 6F},
eight patients from the age of 8 months—6 years show-
ing high grade (III-IV) VUR, five children under the age
of 8 mon-3 years showed the equal number of cases. Iso-
lated right (3) and left side VUR (3), and both sides were
showing female predominance (2 females out of 3). The
average angle in bilateral refluxing units was 68.2 on the
right (R) and 64.8 on the left (L), which were higher on
the right side. Grade I VUR was seen most frequently in
bilateral refluxing units. Grade I VUR was also seen most
frequently in children aged 1-10 years (total of 4). No
sex predilection was seen in isolated right-sided VUR.
In right-sided, isolated refluxing units, the angle ranges
from 45 to 65° with a median angle of 48°. In left-sided
isolated refluxing units, the grade ranges from 44 to 63
with a median angle of 63° (Tables 3 and 4).

Nine male children, with a mean age of 2.91 year,
showed sonographic features of urinary tract infection/
cystitis in contradictory to only one 9 year, old female.

A positive linear correlation between UJA and grades
of VUR is seen with a significant p value (»p<0.05) for
grades of VUR (Table 5).

Cut off the angle of 58° or less was calculated from
Youden’s ] index. The overall sensitivity of curve 58°or
more to detect VUR was 0.66, which means the prob-
ability of getting VUR in children with urinary com-
plaints is low. Therefore, it has a low potential for
recognizing children with VUR. On the other hand,

Age Rightsided  LeftSided Bilateral VUR Table 4 Gender-wise distribution of refluxing units with mean
VUR VUR age and grades

8 months-3 years 7 4 7 Refluxing units Males Females Meanage Grades (Of VUR)

4-6 years 4 2 6 (In years)

7-9 years 1 2 5 16 7 1 2.87 High (lll/V)

10-12 years 1 1 3 20 4 9 5.46 Low (I/11)

Total 13 9 21 Total 11 10

Table 3 Gender-wise distribution of angle range and grades in refluxing and nonrefluxing units

Mean Male Female VUR Grade Angle Mean Total

age range angle

291Y 7 2 + 4 48-84 72.05 9

9y 0 1 - - 45-53 49 1

All angles are in degree
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Table 5 Values of correlation coefficient and p value in refluxing
units with grades of VUR and median angles

Refluxing Grades Angle Median Correlation p
units range  angle coefficient  value(<0.05
(in (in (r) is
degree) degree) significant)
16 High 59-84 76.31 0470 0.005*
(V)
20 Low 40-76 54.23 0.530 0.001*
(I711)

*p value (<0.05 is significant)

Table 6 Diagnostic accuracy of angle 58° of more for detecting
VUR grades

Diagnostic efficacy of angle 58° Value Interpretation
or more

Sensitivity 0.66 Low

Specificity 092 High

PPV 093 High

NPV 0.63 Low

PLR* +0.36 Low

NLR** —-825 High

AUC 0.7 Acceptable

*Positive predictive ratio

**Negative predictive ratio

the overall specificity of an angle 58° or more to detect
VUR is 0.92, which means the probability of getting
negative VUR in healthy children is high. However,
sensitivity and specificity vary greatly depending
on the spectrum of VUR in the studied population
(Table 6).

The positive and negative predictive values for this
parameter (UJA) to diagnose high-grade VUR were
0.93 and 0.63, respectively. The probability of having
the VUR in VUR-positive children is high (PPV =0.93).
However, the likelihood of not having VUR in VUR-
negative children is low (NPV =0.63). The likelihood
ratio for diagnosing negative cases was 0.36 and for
positive patients was 8.25. The high positive likeli-
hood ratio suggests angle>58° is more indicative of
VUR. These ratios explain how much more likely posi-
tive test results occur in children with VUR than those
without VUR. The negative likelihood ratio (LR-) for
angle 58° to detect VUR is 0.36 for this study, which
suggests this parameter may prove to be of value for
ruling out the diagnosis (Table 6).

The area under the curve (AUC) was 0.7, which sug-
gests the acceptability of this parameter as a screening
tool to detect high-grade VUR.
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Discussion

Hiroshi et al. [9] were the first (in 2016) to evaluate
the role of UJA in detecting VUR in children. In their
study, they evaluated children with urinary tract infec-
tions or hydronephrosis. They concluded that mean
ureteric jet angles were significantly higher in refluxing
units (67.9°) than in non-refluxing units (47.8°). Simi-
lar findings of higher angles in refluxing units (60.47°)
and lower in non-refluxing units (42.59°) were reported
by Nedra et al. [10]. Both studies have also suggested
a greater angle for each reflux grade. In our research,
we have evaluated symptomatic children with urinary
complaints irrespective of the presence of urinary tract
infection, hydronephrosis, or other detectable urinary
abnormalities with a higher median angle in refluxing
units (62.13°) and lower angles in non-refluxing units
(42.03°) similar to above two studies with positive lin-
ear correlation (r=0.81) between UJA and reflux grade
suggesting high grade for higher angles.

There were many refluxing units in the age group
8 months—3 years compared to the age group 10-12 years
1. This difference suggests that the incidence of VUR is
higher in infants and younger children than the older
children. These results support previous literature, offer-
ing increased incidences of VUR in infants more than
in younger children [3]. Longitudinal studies have dem-
onstrated that~50 to 65% of cases of non-syndromic
primary VUR undergo spontaneous resolution with age
[11, 12]. The mechanism leading to this resolution is
not studied; however, the elongation of the intra-vesical
ureter (0.5 cm at birth vs 1.5-2.5 cm in adults) due to
somatic growth has been suggested as an explanation for
the improved function of the VU] in older children [13].
Alternatively, morphological changes in the bladder and
ureter’s smooth muscle layer and its supporting extracel-
lular microenvironment could be why most VUR resolves
over time [14, 15]. High-grade VUR was also reported in
children younger children<1 year, and low-grade VUR
were mostly seen in older children between ages 3—5 year
by Lipana et al. [16]. Still, no statistical difference was
noted in their study’s proportion of patients having VUR
by age group.

In addition, high-grade VUR causes repeated urinary
tract infections leading to significant renal damage in
infants [16]. Studies have shown that in children under
the age of 1 year with a urinary tract infection, 70% will
have VUR. This number decreases to 15% by the age
of 12. The younger the patient and the lower the grade
at a presentation, the higher the chance of spontaneous
resolution. Approximately 85% of stage I & II VUR cases
will resolve spontaneously. About 50% of grade III VUR
and a lower percentage of higher grades will also resolve
spontaneously.
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In this study, the overall incidence of VUR was higher
(71.42%) in the female population, however, low-grade,
compared to the male children [17, 18]. Some studies
showed that VUR is more common in males antenatally;
however, there is a definite female preponderance in
later life, with 85% of cases being female. Hiraoka et al.
[12] found no gender difference in the incidence of VUR
detected in the prospective study of babies from mothers
with a positive family history of VUR. Most of the VUR
identified in family studies were classified as low grades
without dilation of the renal pelvis or ureter [19, 20].

In this study, the male population showed higher grade
VUR (7 males with 63.63%) in contradiction to the female
population (10%, 8 months old female infants). This find-
ing supports other studies showing that most VUR in
male infants is of higher grades, whereas VUR in female
infants is equally distributed between low and high
grades [9]. Lipana et al. [16] reported similar results, with
more males having higher VUR grades in both the right
and left kidneys than females. Still, there was no statis-
tical difference in the proportion of patients with VUR
according to sex. The primary reason is frequent void-
ing dysfunction/ high urethral resistance found in male
babies, which enhances intra-vesicle pressure and causes
higher VUR incidences in male infants [13, 14]. However,
this finding also allows for earlier detection of VUR by
ultrasound in male infants (by causing repeated urinary
symptoms).

Average angles were higher (63°) on the left side when
compared to right refluxing units (48.33°), which is in
support of previous studies which showed high angles on
the left side [11].

Additionally, Asanuma et al. [9] evaluated the diagnos-
tic accuracy of cut-off UJA 70° or more to detect grade
IV/V VUR with a sensitivity of 0.81 and specificity of
0.82, which were higher than our study. However, results
similar to our research (diagnostic efficacy of cut-off
angle 58° with relatively lower sensitivity 0.66 and higher
specificity 0.92) have also been reported by Zadeh et al.
[10], who has evaluated the diagnostic efficacy of cut-off
angle 50° with sensitivity and specificity of 0.70 and 0.79,
respectively.

In our study, the value for the area under the curve was
0.7, less than the diagnostic efficacy reported by Hiroshi
et al. [1] but similar to the effectiveness written by Lipana
et al. [16].

Lipana et al. [16] also stated low sensitivity and nega-
tive predictive value of angle 52 to detect high-grade
VUR with AUC<0.7. They evaluated the sensitivity and
specificity of curve 52° to detect VUR, which were 0.60
and 0.58, with poor correlation between ureteral jet angle
and VUR owing to functional abnormalities such as void-
ing dysfunction in examined population [12]. Though not
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promising, this value suggests the acceptability of this
parameter (UJA) as an alternative tool to diagnose high-
grade VUR in children.

The significant difference between the diagnostic effi-
cacy of this parameter (UJA) from other studies can be
due to the small sample size of the population in the pre-
sent study.

Mohanan et al. [21] have reported that higher grade
VUR (IV/V) is related to moderate to severe renal scar-
ring. However, the prevalence of this renal dysfunction
was found to be lower in children with high-grade VUR
without the occurrence of urinary tract infections (UTI).
This suggests early detection by screening (by measuring
UJA in these children) can prevent urinary tract infec-
tions (by administering prophylactic antibiotics) and
could avoid ESRD.

Therefore, early diagnosis in children is crucial as stud-
ies have shown that the children with VUR who present
with a UTT and associated acute pyelonephritis are more
likely to develop permanent renal cortical scarring than
those without VUR, with an odds ratio of 2.8. Thus VUR
increases the frequency of UTIs and the risk of damage
to upper urinary structures and end-stage renal disease

(6.

The limitation of the study

Low sensitivity of UJA equal or>58° to detect VUR in
this study may be attributed to the smaller sample size
and widely varying spectrum of VUR in the studied pop-
ulation. Furthermore, the interpretations and values may
not be precise. Therefore, these results cannot be gener-
alized in an entire paediatric population, and firm con-
clusions about the positive outcomes cannot be made.

Conclusions

Measuring ureteric jet angle on colour Doppler is a sim-
ple, easy, and acceptable technique for detecting VUR
in children. Furthermore, this parameter is noninvasive
and does not involve any contrast administration. So this
novel parameter can be used as an alternative to VCUG
to diagnose high-grade VUR; however, more research
with a larger sample size is suggested.

Abbreviations

VUR Vesicoureteric reflux
VCUG Voiding cystourethrogram
UJA Ureteric jet angle

R Right

L Left

M Male

F Female

ESRD End stage renal disease
PPV Positive predictive value
NPV Negative predictive value

LR Likelihood ratio



Maravi et al. Egypt J Radiol Nucl Med (2023) 54:109

Acknowledgements
Not applicable

Author contributions

PM was involved in design of work, interpretation of data, drafting of work,
revision of work. LK contributed to design of creation. BR was involved in
data acquisition. AT contributed to analysis of data. All authors have read and
approved the manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials

The datasets generated and analysed during this study are not publicly avail-
able due to the restricted data sharing policy of the institute but are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Written informed consent obtained. Ethical committee of Gandhi medical
college and Hamidia Hospital, Bhopal, Madhya Pradesh, India.

Consent for publication
Written consent obtained.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Radiology, Gandhi Medical College and Hamidia Hospital,
Bhopal, Madhyapradesh, India. 2Department of Radiology, College of Medi-
cine, University of Cincinnati, Cincinnati, USA. > Department of Community
Medicine, Gandhi Medical College and Hamidia Hospital, Bhopal, Mad-
hyapradesh, India.

Received: 16 February 2023 Accepted: 11 June 2023
Published online: 19 June 2023

References

1. Hidas G, Billimek J, Nam A, Soltani T, Kelly MS, Selby B, Dorgalli C et al
(2015) Predicting the risk of breakthrough urinary tract infections: primary
vesicoureteral reflux. J Urol 194(5):1396-1401. https://doi.org/10.1016/].
juro.2015.06.019

2. Williams G, Fletcher JT, Alexander SI, Craig JC. Chapter 355 primary
vesicoureteric reflux and reflux nephropathy. Oxford Textbook of Clinical
Nephrology. 4th Edition. pp 2844-2853

3. Tullus K (2015) Vesicoureteric reflux in children. Lancet (London, England)
385(9965):371-379. https://doi.org/10.1016/S0140-6736(14)60383

4. Fillion M-L, Watt CL, Gupta IR (2014) Vesicoureteric reflux and reflux
nephropathy: from mouse models to childhood disease. Pediatric
Nephrology (Berlin, Germany) 29(4):757-766. https://doi.org/10.1007/
s00467-014-2761-3

5. Brakeman P (2008) Vesicoureteral reflux, reflux nephropathy, and end-
stage renal disease. Adv Urol 2008:508949. https://doi.org/10.1155/2008/
508949

6. Sakate M, Teixeira AS, Teruio A, Sakate Y, Silva PG, Colombo UB, Goldberg
J. Study of the ureterovesical jet using colour Doppler in patients with
and without vesicoureteral reflux*.[Citeseer]

7. Smellie JM, Barratt TM, Chantler C, Gordon |, Prescod NP, Ransley PG,
Woolf AS (2001) Medical versus surgical treatment in children with severe
bilateral vesicoureteric reflux and bilateral nephropathy: a randomized
trial. The Lancet 357:1329-1333

8. Sofia S, Sillén U, Bachelard M, Hansson S, Stokland E (2004) Spontane-
ous resolution of high-grade infantile vesicoureteral reflux. The J Urol
172(2):694-698. https://doi.org/10.1097/01.ju.0000130747.89561 cf.
(discussion 699)

Page 8 of 8

9. Asanuma H, Matsui Z, Satoh H, Asai N, Nukui C, Aoki Y, Mizuno R, Oya M
(2016) Color doppler ultrasound evaluation of ureteral jet angle to detect
vesicoureteral reflux in children. J Urol 195(6):1877-1882. https://doi.org/
10.1016/j,juro.2016.01.055

10. Zadeh NE, Sadeghi-Bojd S, Ansari-Moghaddam A, Mashhadi A, Zadehmir
M (2023) Color doppler ultrasound’s utility in detecting vesicoureteral
reflux using the ureteral jet angle. J Ultrasound Med: Off J Am Inst Ultra-
sound Med 42(3):723-728. https://doi.org/10.1002/jum.16107

11. Gordon AC, Thomas DF, Arthur RJ, Irving HC, Smith SE (1990) Prenatally
diagnosed reflux: a follow-up study. Br J Urol 65:407-412

12. Hiraoka M, Hori C, Tsukahara H, Kasuga K, Kotsuji F, Mayumi M (1999)
Voiding function study with ultrasound in male and female neonates.
Kidney Int 55(5):1920-1926

13. Arlen AM, Cooper CS (2015) Controversies in the management of
vesicoureteral reflux. Curr Urol Rep 16(9):64. https://doi.org/10.1007/
$11934-015-0538-2

14.  Agostiniani R, Mariotti P (2011) The natural history of vesicoureteral reflux.
J Matern Fetal Neonatal Med 24(Suppl 1):2-3. https://doi.org/10.3109/
14767058.2011.607557

15. Roshani H, Dabhoiwala NF, Verbeek FJ, Kurth KH, Lamers WH (1999)
Anatomy of the ureterovesical junction and distal ureter studied by
endoluminal ultrasonography in vitro. J Urol 161:1614-1619

16. Lipana KA, Bolong D (2020) The utility of ureteral jet angle sonography as
initial screening tool for assessing vesico-ureteral reflux in the philippines:
a prospective, cross-sectional trial. Philipp J Urol 27(1):29-34

17. Nino F, llari M, Noviello C, Santoro L, Rétsch IM, Martino A, Cobellis G
(2016) Genetics of vesicoureteral reflux. Curr Genomics 17(1):70-79.
https://doi.org/10.2174/1389202916666151014223507

18. Chandra M, Maddix H, McVicar M (1996) Transient urodynamic dysfunc-
tion of infancy: relationship to Urinary tract infections and vesicoureteral
reflux. J Urol 155(2):673-677. https://doi.org/10.1016/50022-5347(01)
66495-4

19. Avni EF, Schulman CC (1996) The origin of vesico-ureteric reflux in male
newborns: further evidence in favour of a transient fetal urethral obstruc-
tion. Br J Urol 78(3):454-459. https://doi.org/10.1046/j.1464-410x.1996.
00106.x

20. El-Khatib MT, Becker GJ, Kincaid-Smith PS (1987) Morphometric aspects
of reflux nephropathy. Kidney Int 32:261-266

21. Mohanan N, Colhoun E, Puri P (2008) Renal parenchymal damage
in intermediate and high-grade infantile vesicoureteral reflux. J Urol
180(4):1635-1638. https://doi.org/10.1016/j.juro.2008.03.094. (discussion
1638)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1016/j.juro.2015.06.019
https://doi.org/10.1016/j.juro.2015.06.019
https://doi.org/10.1016/S0140-6736(14)60383
https://doi.org/10.1007/s00467-014-2761-3
https://doi.org/10.1007/s00467-014-2761-3
https://doi.org/10.1155/2008/508949
https://doi.org/10.1155/2008/508949
https://doi.org/10.1097/01.ju.0000130747.89561.cf
https://doi.org/10.1016/j.juro.2016.01.055
https://doi.org/10.1016/j.juro.2016.01.055
https://doi.org/10.1002/jum.16107
https://doi.org/10.1007/s11934-015-0538-2
https://doi.org/10.1007/s11934-015-0538-2
https://doi.org/10.3109/14767058.2011.607557
https://doi.org/10.3109/14767058.2011.607557
https://doi.org/10.2174/1389202916666151014223507
https://doi.org/10.1016/s0022-5347(01)66495-4
https://doi.org/10.1016/s0022-5347(01)66495-4
https://doi.org/10.1046/j.1464-410x.1996.00106.x
https://doi.org/10.1046/j.1464-410x.1996.00106.x
https://doi.org/10.1016/j.juro.2008.03.094

	Correlation of ureteric jet angle (UJA) with vesicoureteral reflux grade and its assessment as a noninvasive diagnostic parameter to detect vesicoureteral reflux
	Abstract 
	Background 
	Method 
	Results 
	Conclusions 

	Background
	Methods
	Statistical analysis
	Results
	Discussion
	The limitation of the study

	Conclusions
	Acknowledgements
	References


