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Abstract

Purpose Although contrast-enhanced urosonography (ceVUS) has shown capable diagnostic accuracy for the diagnosis of
vesicoureteral reflux (VUR) in children, the ability of ceVUS to detect intrarenal reflux (IRR) is considered limited. The
purpose of our study is to assess the ability of ceVUS to detect IRR as well as its association with age, gender, and the grade
of VUR.

Methods This study included 5153 children who were referred to our clinic for ceVUS. All children underwent sonographic
examinations, which were performed on a LOGIQ S8 machine equipped with dedicated software for contrast-enhanced stud-
ies with harmonic imaging. Standard ultrasound of the urinary tract was followed by bladder catheterisation and instillation
of physiological normal saline and the US contrast medium (SonoVue®, Bracco).

Results VUR was diagnosed by ceVUS in 1959 out of 5153 children (38%), of whom IRR was found in 233 of 1959 chil-
dren (11.9%). A total of 285 ureteral units showing IRR were found. High grades of VUR (IV + V) with IRR were found in
a total of 235 of 285 (82.81%) renal units. Bilateral IRR was found in 53 patients, usually with a high-grade VUR on both
sides. Most children had VUR grade IV, predominantly those < 12 months. The younger the child, the higher the likelihood
of higher-grade VUR (p=0.02).

Conclusion ceVUS, combined with harmonic imaging and second-generation ultrasound contrast media, enabled IRR detec-
tion in almost 12% of our patients with VUR. IRR is most commonly found in children under 1 year of age with VUR grades
IV and V.
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Introduction

Vesicoureteral reflux (VUR) is one of the most common

urinary tract abnormalities in children and is likely associ-

54 Daniel Turudic ated with the development of reflux nephropathy (RN) [1-4].
danielturudic @ gmail.com The presence of intrarenal reflux (IRR) acts as a risk factor
for RN, because it allows urine to directly enter the renal
tubular system. Although IRR findings in VUR images are
not exceedingly rare, contemporary IRR reports in children
are scarce [5-8]. Early studies showed an IRR incidence
of < 1-10%, diagnosed by fluoroscopic voiding cystoure-
thrography (VCUG), and this considerable variability may
be due to the fleeting phenomenon of IRR and variable test-
ing techniques [9, 10]. Contrast-enhanced voiding urosonog-
raphy (ceVUS), as a radiation-free software technology, has
become a widespread method in diagnosing VUR in chil-
dren because of the development of second-generation ultra-
sound (US) contrast media with harmonic imaging [11-14].
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Although a recent number of studies have indicated adequate
diagnostic accuracy compared with VCUG, its presumed
limited ability to detect IRR in children has been suggested
as a potential drawback of ceVUS [15]. This study aims to
evaluate the ability of ceVUS to detect IRR and its associa-
tion with age, gender, and the grade of VUR.

Materials and methods

A total of 5153 children over 7 years (January 2013 to Feb-
ruary 2020) referred to our clinic for VUR imaging were
enrolled in this study. Indications for ceVUS were urinary
tract infections, dilatation of the pelvicalyceal system and/
or ureter, neurogenic bladder, and follow-up after surgical
or conservative management of VUR. Both parents/guard-
ians and older children were informed in detail of the entire
procedure before the examination. They were also provided
with a written leaflet describing the whole procedure. Before
ceVUS, Combur9 tests (Boehringer Mannheim, Germany)
and urine culture were used as urinary tract infection—free
tests.

Sonographic studies were performed on a LOGIQ
S8 machine (GE Healthcare, Milwaukee, WI) equipped
with dedicated software for contrast-enhanced studies
with a harmonic imaging modality and low or intermedi-
ate mechanical index (MI, 0.04-0.10). The focal point
was located immediately posterior to the kidneys, ure-
ters, and bladder. A high-frequency linear transducer
(7.5-10 MHz) was used for infants and small children
and a low-frequency convex transducer (3.5-5 MHz) for
older children. All scans were first carried out on a grey-
scale with the tissue-specific harmonic imaging modal-
ity. Standard US of the urinary tract in supine and prone
positions was performed after bladder catheterisation and
instillation of normal physiological saline and a freshly
prepared suspension of the US contrast medium (Sono-
Vue®, Bracco). The vial of the US contrast agent was pre-
pared strictly following the manufacturer’s instructions.
ceVUS was performed after instillation of 0.2-0.5% Sono-
Vue® contrast into a 250-500 mL bag of saline, which was
then infused into the bladder by gravity. The catheterisa-
tion is performed by a skilled medical practitioner. The
whole examination is a teamwork of a nephrologist, a
radiologist, and a skilled nurse. The bladder was progres-
sively and homogeneously filled to the expected capacity.
Bladder capacity (in millilitres) was calculated using the
following formula: volume = (age + 2) X 30, where age is
in years or (weight in kilograms X 7) mL for children less
than 12 months of age. Continuous, alternate examination
of the kidneys and urinary bladder was performed during
bladder filling and voiding. Antibiotic prophylaxis was
used. No sedation was required. The diagnosis of VUR
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was determined by the appearance of moving echogenic
microbubbles from the ultrasound contrast in the upper
urinary tract. The five-grade system developed by Darge
and Troeger was used [16]. IRR was demonstrated if the
intraparenchymal spread of contrast was detected. The
appearance of contrast microbubbles outside the pelvical-
yceal system’s contours or the entry of contrast into the
kidney parenchyma is a diagnostic sign of IRR.

Data analysis

Data were analysed using the MedCalc Statistical Soft-
ware version 15.2 (MedCalc Software bvba, Ostend, Bel-
gium; http://www.medcalc.org; 2015). Counted data are
presented as numbers and percentages. Measured data are
presented as means, standard deviations (SD), and medians.

The nonparametric nature of the data was assessed using
the Kolmogorov—Smirnov test. Kruskal-Wallis one-way
analysis of variance was used to investigate the differences
between the two groups. The nonparametric Kruskal-Wal-
lis test was selected due to the considerable dispersion of
data. Linear regression analysis was performed to assess the
relationship between the nonparametric values, and p values
of <0.05 were considered statistically significant.

Results

A total of 5153 children in whom ceVUS was performed
were included in this study. VUR was detected in 1959
(38%) children, and in these children, IRR was found in 232
(11.9%) (Fig. 1).

Of the children with VUR and IRR, 124 were male,
and 108 were female. The male-to-female ratio was 1.2:1.
No male-to-female ratio predominance among children
with VUR and IRR was observed (1.15 vs. 1, Chi-squared
test for left IRR and right IRR p > 0.05). The median
age was 11 months (2—82 months). The children were
divided into three groups according to age (< 12 months,
12-24,> 24 months), in which a total of 285 ureteral units
showing IRR were found. VUR grade II was found in 5
(1.75%), grade III in 44 (15.44%), grade IV in 171 (60%),
and grade V in 65 (22.81%) children. VUR grade IV was the
most common in children in the first year of life (113/285;
39.65%).

Unilateral left and right VURs with IRR were analysed
as individual groups (left and right) and as VURSs joined
together regardless of their side. In all groups (individual
or joined), the largest proportion of children had VUR
grade IV. The majority of VUR with IRR were found in
children < 12 months of age, with VUR grades IV and V
(170/285; 59.65%). We also analysed VUR grades with IRR
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Fig.1 VUR grade IV with
intrarenal reflux (IRR)

by renal units. The same high grades of VUR (IV + V) with
IRR were found in a total of 235 out of 285 (82.81%) renal
units (Table 1).

Table 1 Analysis of age and No. children Total VUR Total Unilat  Bilat Ureteral
overview of VUR with IRR VURIRR VUR/IRR VUR/RR units (VUR/
according to VUR grade IRR)
5153 1959/5153  233/1959  179/233 53/233 285/233
(38.01%) (11.89%) (76.82%) (22.75%)
Left VUR/IRR Grade II I v \" Total
ureteral units Age (months)
<12 2 8 58 34 102
(1.33%) (5.33%) (38.67%) (22.67%) (68.00%)
12-24 1 8 24 5 38
0.67%) (5.33%) (16.00%)  (3.33%) (25.33%)
>24 1 3 6 0 10
(0.67%) (2.00%) (4.00%) (0.00%) (6.67%)
Total 4 19 88 39 150
2.67%) (12.66%) (58.67%) (26.00%)  (100.00%)
Right VUR/IRR Grade I I v A\ Total
ureteral units Age (months)
<12 0 16 55 23 94
(0.00%) (11.85%) (40.74%) (17.04%) (69.63%)
12-24 0 4 21 3 28
(0.00%) (2.96%) (15.56%) (2.22%) (20.74%)
>24 1 5 7 0 13
(0.74%) (3.70%) (5.19%) (0.00%) (9.63%)
Total 1 25 83 26 135
(0.74%) (18.52%) (61.48%) (19.26%)  (100.00%)
Left+right VUR/IRR  Grade I 1 v v Total
ureteral units Age
<12 2 24 113 57 196
(0.70%) (8.42%) (39.65%) (20.00%)  (68.77%)
12-24 1 12 45 8 66
(0.35%) 4.21%) (15.79%)  (2.81%) (23.16%)
>24 2 8 13 0 23
(0.70%) (2.81%) (4.56%) (0.00%) (8.07%)
Total 5 44 171 65 285

(1.75%) (15.44%)  (60.00%) (22.81%)  (100.00%)
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Table 2 Analysis of VUR grade

. ; . . VUR grades I+ I+10 I+I1V 1I+V HI+00 II+IV II+V IV+IV IV4+V V+V Total
in patients with bilateral IRR
No. of patients 1 0 1 0 1 14 6 13 13 4 53
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Fig.2 Multiple comparison box-plot graphs of age/IRR (ceVUS)
(Kruskal-Wallis)

Bilateral VUR with IRR was found in 53 children (106
ureteral units). Children with such conditions had mostly
bilateral high-grade VUR (III+1V, IV +1V, and IV +V)
(Table 2).

Multiple comparison analysis showed significant differ-
ences in children with VUR and IRR between grades II and
V. These differences were age-related (the youngest children
are prone to a high-grade VUR) (p=0.02). Grade IV VUR
showed a substantial number of outliers and extremes, which
indicate the considerable dispersion of this large group. This
dispersion of data justifies using Kruskal-Wallis one-way
analysis of variance (Fig. 2).

Regression analysis showed that the younger the child,
the more likely they have high-grade VUR with IRR. Vice
versa, older children are prone to have lower-grade VUR
with IRR (Fig. 3).

Discussion

Most reports on VUR with IRR were published almost half
a century ago [2, 3, 10, 17]. The lack of reports over recent
decades is probably due to the axiom that IRR does not play
arole in the decision-making regarding the management of
VUR, which is primarily based on reflux grade [18]. How-
ever, IRR has been identified as important in understanding
the pathophysiology of reflux nephropathy [17, 19, 20]. Con-
cave papillae, which are typically most frequent in the polar
kidney area, are prerequisites for developing IRR and renal

@ Springer

Fig.3 Regression analysis of age/IRR (ceVUS) with correlation coef-
ficient (r)

scars. Children with VUR, accompanied by IRR, are gener-
ally considered to be at the more severe end of the clinical
spectrum [7, 21]. Baseline Tc-99 m dimercaptosuccinic acid
(DMSA) scans were found to be worse in an IRR group
than in a non-IRR group of children. However, a similar
incidence of urinary tract infections and reflux resolution
were observed in both groups with medical treatment [18].
A retrospective study with 50 patients showed that cortical
defects on Tc-99 m DMSA correlated well with IRR sites,
and these sites tended to progress to renal scarring [21].
Other studies confirmed that renal scarring distribution is
almost identical to that of renal impairment in children with
IRR [1, 7, 20, 22]. Some authors suggest that ureteral reim-
plantation interventions should be considered sooner in chil-
dren with IRR than in those without [21, 23]. As IRR is not a
stable entity but rather a fleeting phenomenon, fluoroscopic
VCUG depends on timely performed imaging to detect IRR
[24]. Therefore, IRR might be missed by VCUG even in
high-grade VUR because of the variable techniques used
in VCUG, possible inadequate bladder filling, the dilution
of a small amount of radiographic contrast in the already-
dilated collecting system, obscuration by overlying bowel
shadow, low image quality, and too narrow collimation of
the X-ray field, focusing only on the bladder and urethra
during micturition. These technical variabilities may explain
the wide range of IRR incidence and may contribute to the
lower sensitivity of VUR detection by VCUG. Although an
incidence of <2% has been found in most studies, a recent
study showed that using a standardised four-phase VCUG
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with pulsed fluoroscopy and spot films with optimal imaging
during voiding allows detection of up to 11% IRR in patients
with VUR [5].

Developing tissue in children is more sensitive to the
effects of radiation. As life expectancy becomes consider-
ably longer, the potential oncogenic impact of radiation can
accumulate over time [25-28]. Recent advances in tissue
harmonic and contrast-specific imaging techniques, together
with the development of second-generation contrast agents,
have improved the potential of ultrasonography in both the
diagnosis and grading of VUR in children. This advance-
ment in ultrasound technology has improved the detection of
contrast bubbles in renal tissue, resulting in better detection
of IRR [6].

More than 70% of IRR is detected during the void-
ing phase. Since IRR is a fleeting phenomenon, ceVUS
increases the chances of catching IRR as it is often seen at a
later stage of the voiding phase of micturition when the child
is asked to urinate. Proper bladder filling avoids overlooking
IRR, but overfilling the bladder is also not recommended
[29, 30]. For accurate IRR detection, voiding at maximal
intrapelvic pressure is crucial. As some children are prone
to void during the examination before their bladder is full,
repetition of contrast filling of the bladder in such cases may
be unavoidable [31]. Repeated filling of the bladder may also
be necessary if there is a negative result during the initial
examination, mainly if a marked discrepancy is found in
kidney size and intermittent dilatation of the ureters on US
[14]. Differences in VUR detection and its grade have been
reported on repeated VCUG and radionuclide cystography
[31, 32]. Such occurrences can be avoided by cyclic ceVUS
filling, which increases the VUR detection rate [33-35]. An
additional advantage of ceVUS as a repeatable method of
real-time imaging is that it allows extended continuous scan-
ning, which increases the possibility of detecting IRR as a
fleeting phenomenon.

As IRR depends on the papillary duct’s opening, which
is rarely seen in older children, IRR is rarely found in chil-
dren> 5 years. Our results confirm this opinion, because IRR
is more commonly found in younger children (<1 year) and
high-grade VUR (IV and V). As was previously mentioned,
if bilateral VUR with IRR is found, higher grades of VUR
are detected on both sides.

Imaging studies have shown that ceVUS has the advan-
tage of detecting VUR when compared with previous ultra-
sound urosonography methods [12—14, 29, 30]. Harmonic
imaging techniques, which use nonlinear tissue and contrast
agent properties, can partially reduce a certain number of
artifacts observed by previous imaging methods. Contrast-
specific harmonic imaging mode, together with the sub-
traction technique, further increases the conspicuity of the
microbubble. Setting a mechanical index (MI) below 0.10 is
essential to break the microbubbles of the second-generation

USCA. With an increase in MI, the rate of microbubbles
destruction increases. Contrast-enhanced harmonic ultra-
sonography with low MI caused by fair detail resolution,
image quality, margin sharpness, and penetration can facili-
tate a more precise IRR diagnosis. Improvements in sono-
graphic techniques have reduced the disadvantages of the
previous method of ceVUS detection.

We are fully aware of the difficulty of performing ceVUS.
A trained and skilled operator must move the probe quickly
and accurately and record IRR from one kidney to another.
Therefore, IRR detection depends not only on the equipment
but also on the operator’s training, experience, and educa-
tion. Judging from our experience, IRR lasts sufficiently
long to be detected in realtime on both kidneys. The main
advantage of ceVUS lies in the sufficient detection time of
VUR (20-30 min). During that time, the fleeting IRR phe-
nomenon is more likely to be detected or, if missed, even
repeated on the same spot.

In our country, the Health Insurance Fund covers full
reimbursement of ceVUS radiological examination. We
believe that the refund of ceVUS is essential for more wide-
spread use of ceVUS.

Conclusion

ceVUS, combined with harmonic imaging and second-gen-
eration ultrasound contrast media, enabled IRR detection in
almost 12% of children with VUR. The majority of children
with IRR were younger than 12 months and had VUR grades
IV and V. The younger the child, the more likely they have
higher-grade VUR with IRR. The continuous scanning in
which ceVUS detects IRR fits well to IRR’s intermittent
nature as a fleeting phenomenon.
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