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A b s t r a c t

Introduction: Vesicoureteral reflux (VUR) occurs in 20–50% of children suf-
fering from recurrent urinary tract infections (UTIs) and is associated with 
an increased risk of renal scarring and impaired renal function. Early detec-
tion of renal perfusion deterioration would allow for the implementation of 
more aggressive treatment and potentially prevent further damage to the 
renal parenchyma. The aim of the study was to assess renal parenchymal 
perfusions in children with recurrent UTIs with and without coexisting VUR, 
and compare the findings with the results of healthy patients.
Material and methods: Color Doppler sonographic dynamic renal paren-
chymal perfusion measurements were performed with PixelFlux (Chame-
leon-Software, Germany) software in 77 children with recurrent UTIs and 
coexisting VUR and in 30 children with UTIs without VUR. The findings were 
compared with the results of 53 healthy children.
Results: Cortical parenchymal perfusion of children suffering from UTIs and 
VUR was significantly reduced when compared to the control group. Statis-
tically significant differences (p < 0.05) were found in all perfusion parame-
ters (i.e. mean velocity (v

mix
), mean perfused area (A

mix
), mean perfusion in-

tensity (I
mix

), tissue pulsatility index (TPI), and tissue resistance index (TRI)) 
between the control group and children suffering from UTIs and VUR, partic-
ularly VUR grades III and IV. There were no significant differences between 
the UTI group and the control group. No differences were found between the 
controls and VUR grade II.
Conclusions: Renal parenchymal perfusion decreases significantly with 
higher grades of VUR.

Key words: renal parenchymal perfusion, urinary tract infections, 
vesicoureteral reflux, PixelFlux. 

Introduction

Vesicoureteral reflux (VUR) is present in approximately 1% of children 
in Europe and North America, and has a  frequency of 20% to 50% in 
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children suffering from recurrent urinary tract in-
fections (UTIs) [1]. Higher grades of VUR, recurrent 
febrile UTI, and older age are associated with an 
increased risk of pyelonephritis, renal scarring, 
and, consequently, impaired renal function [2, 3]. 
Diagnosis of renal scarring includes ultrasonog-
raphy with the use of B-mode and color/power 
Doppler modes, intravenous urography, techne-
tium-99m dimercaptosuccinic acid (DMSA) scin-
tigraphy, and magnetic resonance imaging (MRI) 
[4, 5]. In all of the mentioned imaging techniques, 
relatively advanced stages of renal scarring can 
be detected when there is profound and sub-
stantial morphological deterioration in the renal 
parenchyma. However, earlier detection of a de-
cline in renal perfusion would allow for the im-
plementation of more aggressive treatment and 
potentially prevent further damage to the renal 
parenchyma. Moreover, current techniques are 
costly, use radiating substances, or have relative-
ly limited availability. Therefore, a new technique 
to evaluate the state of the renal parenchyma is 
needed. Moreover, this procedure should allow 
for the detection of functional restriction of the 
renal cortex before scarring manifests. Localized 
scarring is only one risk in VUR. Another is dif-
fused fibrosis of the parenchyma with a shrinking 
cortex and renal growth restriction in childhood. 
The impending morphological damage is preced-
ed by a decline in renal cortical perfusion. Simple, 
non-invasive color Doppler sonographic dynamic 
tissue perfusion measurements using PixelFlux 
software (Chameleon Software, Germany) have 
been previously reported as a reliable tool for the 
assessment of perfusion in the kidneys, kidney 
transplants, urethra, and other organs [6–11]. 
The software provides a  simple process for the 
quantification of perfusion parameters and may 
be a useful diagnostic tool for the evaluation of 
renal parenchymal perfusion in children suffering 
from UTIs. 

In the current study, color Doppler sonographic 
dynamic tissue perfusion measurement (DTPM) 
was used to evaluate renal parenchymal perfusion 
in children with recurrent UTIs with and without 
coexisting VUR, and the results were compared 
with those obtained in healthy age-matched sub-
jects.

Material and methods

Patients

The study group included 107 consecutive 
children (mean age ± SD 3.9 ±3.5 years, range 
1 month to 15.7 years; mean body mass index 
(BMI) 18.1 kg/m2, range 16.6–21.4 kg/m2) suffer-
ing from recurrent UTIs with no obvious scars on 
renal ultrasound or scintigraphy. The group was 

divided into two subgroups: study group 1 includ-
ed those with coexisting VUR (77 children), and 
study group 2 included those without coexisting 
VUR (30 children). In study group 1 (with VUR), 
25 patients suffered from bilateral and 52 from  
unilateral reflux. Only the kidneys with VUR  
(102 kidneys) were included in the analysis and 
were further analyzed according to VUR grade. For 
patients in study group 2 (with UTIs without VUR), 
the analysis included data from both kidneys  
(60 kidneys). VUR had previously been diagnosed 
or excluded with contrast-enhanced voiding uro-
sonography (ce-VUS) performed by the standard 
protocol used in our center [12]. Recurrent UTIs 
were diagnosed based on clinical symptoms, and 
positive urine analysis and culture. Apart from 
renal scarring, the exclusion criteria included any 
coexisting congenital abnormalities of the uro-
genital tract, in particular the ureterocele, ectopic 
ureters, posterior urethral valves, or neurogenic 
bladder. All children were scanned at least four 
weeks after the last UTI episode.

Among the 77 children suffering from recur-
rent UTIs and VUR (study group 1), there were 
no children with VUR grade I. Among consecutive 
patients, there were only three children with uni-
lateral VUR grade I who were excluded from the 
study based on the small group size, which was 
not appropriate for the statistical analysis. The sev-
en children with VUR grade V had previously been 
excluded from the study (since either renal scar-
ring was diagnosed or they suffered from congen-
ital abnormalities of the urogenital tract, or they 
had both conditions). Therefore, study group 1  
included only patients with VUR grades II, III, and 
IV who met the inclusion criteria.

Control group

The control group included 53 healthy children 
(mean ± SD 5.4 ±4.6 years, range 4 months to  
17.9 years; mean: BMI 18.5 kg/m2, range: 16.4– 
22.2 kg/m2) without a history of renal disease or 
acute nephritis (based on clinical and laboratory 
data), and with normal renal ultrasound. Patients 
had been referred for abdominal ultrasound ex-
amination to clarify abdominal discomfort or pain, 
and only those with no diagnosed abnormalities 
were included in the control group.

Color Doppler ultrasonography

Color Doppler sonographic investigations of 
the kidneys were performed using a Micro Convex 
3–9 MHz transducer and a Voluson E8 ultrasound 
scanner (GE Healthcare, USA). The examinations 
were performed with a fixed algorithm and pre-
defined machine settings in all patients and con-
trols. The ultrasound machine settings were stan-
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dardized as follows: a  7 MHz harmonic B-mode 
frequency, 9 cm/s maximum color coded velocity, 
low frequency, low to normal quality, wall motion 
filter (WMF), 3 speckle reduction imaging (SRI) II, 
and 0.9 kHz pulse repetition frequency (PRF). To 
avoid aliasing, color flow velocity settings were 
changed if necessary. A  video sequence of 2 s 
was recorded, and each contained at least one 
full heart cycle. All examinations were performed 
by one investigator experienced in pediatric ul-
trasonography. Standardized recordings of color 
Doppler sonographic videos in the DICOM format 
were transferred to a personal computer. Subse-
quently, dynamic color Doppler tissue perfusion 
measurements (DTPMs) were carried out using 
the PixelFlux software (Chameleon-Software, Ger-
many) by another investigator blinded to which 
group the patients belonged. 

Dynamic color Doppler tissue perfusion 
measurement

In this study, the following parameters were au-
tomatically computed for each single frame of the 
video within each region of interest (ROI):
– �the mean velocity (v), which corresponds to the 

color hue of the pixels inside the ROI;
– �the mean perfused area (A), which is given by 

the number of perfused pixels inside the ROI;
– �the perfusion intensity (I), which is defined as 

the ratio: I [cm/s] = v [cm/s] × A [cm²]/A
ROI [cm²]. 

where A
ROI

 denotes the total area of the ROI. In 
this way, the perfusion intensity increases with 
the perfusion velocity, but decreases if less of 
the total ROI area is perfused. 
The perfusion intensity is calculated for every 

image in each video in order to compute averag-
es and pulsation indices of the parameters with 
respect to the duration of a full cardiac cycle. The 
whole area occupied by the colored pixels inside 
the ROI is calculated. This calculation is automat-
ically repeated for the same ROIs for all images of 
a digital video. In addition to the measurement of 
flow quantity inside the ROI, which is known as 
‘perfusion intensity’ (I) [7, 13], the other parame-
ters that were calculated to describe the perfusion 
within the entire ROI include: 
– �the tissue pulsatility index (TPI): TPI = (v

mix
 max 

– v
mix

 min)/(v
mix

 mean),
– �the tissue resistance index (TRI): TRI = (v

mix
 max 

– v
mix

 min)/(v
mix

 max).
Each of these parameters was calculated using 

the data from all imaged vessels in color Doppler 
mode, coded as red and blue to reflect the di-
rection and velocity of blood particle movement. 
The results representing the sum of the “red” and 
“blue” values were referred to as the “mix” value 
for each parameter (v

mix
, I

mix
, A

mix
, TPI

mix
, and TRI

mix
).  

In addition to these methods for quantifying per-

fusion, visual impressions of the vasculature were 
obtained by using the “perfusion relief”, which 
was also determined by the software and depicts 
the local distribution of perfusion intensity, much 
like a  map encoding different heights in a  land-
scape using different colors. 

The ROI was outlined as a parallelogram in the 
sonographic image. It was in the renal parenchy-
ma in the area between the outer border of the 
medullary pyramids and the kidney surface (Fig-
ure 1), thus including the interlobular arteries in 
the investigation and excluding the arcuate and 
interlobar arteries. The ROI contained vessels run-
ning in a symmetrical distribution pattern to the 
transducer, branching off from the central inter-
lobar artery. This artery was always central and 
ran straight towards the transducer. The parallelo-
gram was then placed to include a complete vas-
cular segment fed by this interlobar artery. Digital 
videos (DICOM format) containing 25–90 images 
and at least one full heart cycle were recorded. 
The velocity range of the color depiction was ad-
justed to minimize aliasing in the ROI.

Videos with movement artefacts were either 
excluded from perfusion quantification or the rel-
evant video frames without artefacts were manu-
ally selected. A breath hold technique was applied 
when cooperation with children was good. In oth-
er patients, the videos were recorded when the 
patients were calm and only the frames without 
artefacts were chosen for the analysis.

Statistical analysis

Statistical analysis was performed using IBM 
SPSS software, version 21.0. The study groups 
and control group were compared. Descriptive 
statistics for continuous data were calculated. The 
Kolmogorov-Smirnov test was used to define the 
data distribution. One-way analysis of variance 
(ANOVA) was used to compare groups for variables 
with a normal distribution, and the Kruskal-Wal-
lis test was used for variables with a non-normal 
distribution. Post-hoc multiple comparisons were 
conducted using the least significant difference 
test (LSD test). Values of p < 0.05 were considered 
statistically significant.

Results

Data from all patients were considered techni-
cally adequate for the DTPM performed using the 
PixelFlux software (Chameleon-Software, Germa-
ny). Statistical analysis showed no statistically sig-
nificant differences between the groups in terms 
of age, sex, or BMI.

Cortical parenchymal perfusion in children 
suffering from UTIs and VUR was significantly 
reduced when compared to the control group of 
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healthy children (Table I). Statistically significant 
differences were found between the control group 
and study group 1 (with UTIs and VUR) in all mea-
sured perfusion parameters (i.e. mean velocity 
(v

mix
), mean perfused area (A

mix
), perfusion intensi-

ty, I
mix

, TPI, and TRI). There was no significant differ-
ence between the control group and VUR grade II  
when the VUR grade was taken into account. In 
contrast, there were significant differences be-
tween the control group and VUR grades III and 
IV (Figures 2–4) in almost all analyzed parameters, 
with VUR grade IV showing greater impairment 
of the perfusion parameters than VUR grade III 
(Table II). The exception was TRI

mix
, which did not 

differ significantly between VUR grade III and the 

control group. Moreover, most perfusion parame-
ters (i.e. all except v

mix
) in the group of patients 

with VUR grade II were slightly higher than those 
of the control group, but the differences were not 
statistically significant. There were no significant 
differences in parenchymal perfusion between 
study group 2 (children suffering solely from re-
current UTIs) and the control group in any of the 
perfusion parameters (Table I). 

Discussion

Parenchymal perfusion is a crucial prerequisite 
for normal renal function [7]. In children with VUR 
perfusion parameters slowly deteriorate togeth-
er with the development of renal scarring. Early 
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Figure 1. Illustration of signal quantification in a kidney with PixelFlux. Top left – color Doppler – the first frame of 
a video sequence with a parallelogram placed between the outer border of the medullary pyramids and the renal 
surface. Three diagrams showing changes in relevant perfusion parameters: red lines refer to red color Doppler 
pixels, blue lines to blue pixels. Top right – changes in perfused area; bottom left – changes in mean flow intensity; 
bottom right – changes in mean flow velocity

Table I. Mean values of perfusion parameters in study groups 1 and 2 and the control group. Cortical parenchymal 
perfusion of children from study group 1 (suffering from urinary tract infections (UTIs) and vesicoureteral reflux 
(VUR)) was significantly reduced relative to the control group of healthy children in all measured parameters. No 
significant differences in parenchymal perfusion were found between study group 2 (children suffering solely from 
recurrent UTIs) and the control group for any of the measured perfusion parameters

Variable vmix Amix Imix TRImix TPImix

Study group 1 
(UTIs + VUR)

3.5641* 0.2705* 0.5632* 0.6488* 1.1929*

Study group 2 
(UTIs)

4.0704 0.3469 0.7326 0.5425 0.8222

Control group 4.1955 0.3360 0.7088 0.5235 0.7970

*Statistical difference vs. control group at p < 0.05.
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Table II. Mean values of perfusion parameters in study group 1 (suffering from urinary tract infections (UTIs) and 
vesicoureteral reflux (VUR)) according to VUR grade/control group. There was no significant difference in renal 
parenchymal perfusion between the control group and VUR grade II, whereas there were significant differences 
between the control group and VUR grades III and IV in almost all measured perfusion parameters

Variable vmix Amix Imix TRImix TPImix

Control group 4.1955 0.3360 0.7088 0.5235 0.7970

VUR grade II 4.1705 0.3585 0.7908 0.5487 1.0921

VUR grade III 3.5580* 0.2432* 0.4824* 0.5939 1.1122*

VUR grade IV 2.4114* 0.1667* 0.3052* 0.9381* 1.4252*

*Significant difference vs. control group at p < 0.05.

stages of renal parenchymal deterioration, when 
introducing more aggressive treatment could lead 
to better therapeutic results, are however difficult 
to diagnose with routinely used methods such as 
color/spectral Doppler ultrasound or scintigraphy. 
To prevent a  silent decrease of renal function, 
novel methods are necessary to monitor stealthy 
changes in renal parenchyma [7]. An ideal method 
in pediatrics should be harmless, radiation free, 
non-invasive, widely available and inexpensive. 
The technique used in the current study – color 
Doppler sonographic dynamic tissue perfusion 
measurement (DTPM) – fulfils all the criteria.

Dynamic tissue perfusion measurement 
(DTPM) vs. Doppler techniques

In comparison to standard techniques used for 
the description of renal perfusion such as color 
Doppler and measurement of flow velocity indi-
ces in intrarenal arteries (resistance index (RI) and 
pulsatility index (PI)) the new technique offers 
detailed flow information at each single point of 
streaming blood. This novel method enables this 
information to be extracted by calculation of flow 

velocities at any location in tissues simultaneous-
ly at any time point of a video sequence. Quality 
of tissue perfusion is thus perceivable in a much 
more detailed manner. Moreover, TPI enables 
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Figure 4. Mean values of I
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 in study group 1 (UTIs 
and VUR) according to VUR grade/control group. 
No significant difference between control group 
and VUR grade II, significant differences between 
control group and VUR grades III and IV
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Figure 2. Mean values of v
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 in study group 1 (UTIs 
and VUR) according to VUR grade/control group. 
No significant difference between control group 
and VUR grade II, significant differences between 
control group and VUR grades III and IV
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measurements in many cortical vessels simultane-
ously [13]. The novel parameters TRI and TPI have 
the capacity to describe the state of the renal vas-
cular tree in a formerly unmatched subtlety [13].

Another great advantage of the DTPM meth-
od and the great novelty is the fact that record-
ing a short digital color Doppler video containing 
only one full heart cycle is sufficient to perform 
all the measurements of all five parameters of 
the perfusion, e.g. velocity (v

mix
), intensity (I

mix
), 

area (A
mix

), tissue pulsatility index (TPI
mix

) and tis-
sue resistance index (TRI

mix
), at the same time. In 

contrast, performing standard spectral Doppler 
measurement of flow velocity indices in intrarenal 
arteries may be extremely difficult or even impos-
sible, as well as time-consuming in infants and 
younger children, who are the majority of patients 
suffering from VUR. The new method enables re-
liable measurements of the perfusion parameters 
to be made during post-processing, at any time 
after the examination, when the presence of the 
patient and good cooperation with the patient are 
not crucial conditions.

Renal perfusion parameters in children 
suffering from VUR – current study

The results of the current study revealed a sig-
nificant reduction in cortical parenchymal perfu-
sion in children suffering from UTIs and VUR when 
compared to the control group of healthy children 
for all measured perfusion parameters. Moreover, 
when the grade of VUR was taken into account, 
statistically significant differences were found be-
tween the control group and VUR grades III and 
IV for almost all analyzed parameters. In contrast, 
VUR grade II did not differ significantly from the 
control group. Likewise, there were no significant 
differences in parenchymal perfusion between 
children suffering solely from recurrent UTIs and 
the control group for any of the measured perfu-
sion parameters. The results showed that signifi-
cant impairment of renal parenchymal perfusion 
occurs between VUR grades II and III. This is a very 
important message for the management of VUR in 
children, proving that higher grades of VUR, start-
ing from VUR grade III, should be treated more 
aggressively in order to prevent a decrease of the 
renal cortical perfusion parameters and in conse-
quence deterioration of the renal function. The 
slight increase in most perfusion parameters in 
the group of patients with VUR grade II compared 
to the control group, although not statistically sig-
nificant, might suggest that early stages of VUR 
provoke a kidney response and may be a poten-
tial mechanism of auto-defense, since a relatively 
large percentage of lower degrees of VUR, partic-
ularly at an early age, may spontaneously resolve 
with time [14, 15]. 

Renal perfusion in children suffering from 
VUR – literature review

The review of the literature shows that the 
renal perfusion parameters in children with UTIs 
and/or VUR have not been previously extensively 
described. The results obtained in our study are 
similar to those published by Frauscher et al. and 
Radmayr et al., where the authors measuring renal 
resistive index (RI) at the level of the interlobar/ar-
cuate arteries using color Doppler demonstrated 
that children with VUR grade I–III showed RI val-
ues less than the normal physiological upper limit, 
whereas patients with VUR grade IV–V demon-
strated a significant increase of RI value [16, 17]. 
Apart from these single publications found in the 
literature, no other reports describing renal paren-
chymal perfusion measurements in children with 
UTIs and/or VUR seem to have been published. 
This is probably because there were no in vivo 
measures of renal perfusion, which can be easily 
performed in children, non-invasively or without 
exposure to exogenous compounds or ionizing ra-
diation [18]. 

Renal perfusion measurement – available 
techniques

Renal perfusion measurement, however, is 
a crucial part of measuring kidney function since 
it is one of the main determinants of glomerular 
filtration rate and tissue oxygenation [19]. The 
development of magnetic resonance imaging 
(MRI) has permitted more widespread use of ar-
terial spin labeling perfusion measurements in 
clinical practice [18]. However, MRI carries the 
risk associated with the necessary general an-
esthesia in smaller children, and remains a  rela-
tively expensive method with limited availability. 
Measurement of renal perfusion using computed 
tomography (CT) is also currently possible [20], 
but the risks associated with its use (e.g. ioniz-
ing radiation, need for general anesthesia, and 
the use of iodine contrast agents) are too high for 
it to be recognized as a  good follow-up tool for 
the pediatric population. Standard ultrasonogra-
phy enables perfusion measurements, but only in 
the main feeding arteries [10]. Contrast enhanced 
ultrasound (CEUS) is another technique used for 
the assessment of renal parenchymal vascularity 
[21]. However, CEUS can only be performed off-li-
cense in children currently [22], is expensive, and 
requires intravenous application, thus making this 
technique too invasive for screening or routine fol-
low-up. Therefore, the assessment of renal paren-
chymal perfusion using the DTPM technique may 
become an important diagnostic tool, enabling the 
identification of children with deteriorating renal 
parenchymal perfusion. This would assist in de-
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termining whether to use a more aggressive treat-
ment before the development of renal scarring.

The authors realize that the study has some 
limitations. A single-center design may be one of 
the restrictions of the study. Another is the fact 
that some of the examinations were performed 
during breathing and that the region of interest 
was not covering all the renal parenchyma, but 
only a part of it. While this resulted from the pos-
sibilities of the software, we believe that the ROI 
chosen for analysis was representative for all renal 
parenchyma. Therefore the results may be trans-
lated for total renal parenchymal perfusion, par-
ticularly since children included in the study group 
did not show renal scarring, which could poten-
tially cause a bias. 

In conclusion, our study shows that color Dop-
pler sonographic dynamic tissue perfusion mea-
surement (DTPM) using PixelFlux (Chameleon-Soft-
ware, Germany) software is a reliable technique for 
evaluating renal parenchymal perfusion in children 
with recurrent UTIs and VUR. The results prove 
that the perfusion parameters are significantly 
reduced in children suffering from VUR grades III 
and IV, whereas they do not differ significantly in 
VUR grade II and in children with UTIs without co-
existing VUR from the control group. These results 
could form a starting point for creating a new ther-
apeutic algorithm incorporating renal parenchymal 
perfusion as an important diagnostic and prognos-
tic factor, thus enabling alterations in treatment 
before renal function deteriorates and irreversible 
renal scarring occurs. These results need to be con-
firmed by further studies on larger populations, 
possibly in a multi-center design. 
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