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Purpose: To describe the parenchymal defects in kidneys with intrarenal reflux (IRR) diagnosed using contrast-enhanced voiding urosonography (ceVUS) and 99mTc-DMSA scintigraphy (DMSA scan).

Materials and Methods: A group of 186 uretero-renal units (URUs) was analyzed using ceVUS and DMSA scans: 47 without vesicoureteral reflux (VUR) (group A) and 139 with VURs, comprising 73 VURs without (group B), and 66 with IRR (group C). VURs included non-dilating (grades I–II), mildly non-dilating (grade III), and non-dilating (grades IV–V) grades. The parenchymal changes were analyzed using a DMSA scan.

Results: The median age for VUR diagnosis was 16.5 months in girls, and 8.5 months in boys (Z = 3.9; p = 0.001). IRR occurred in 51.4% of boys and in 25.9% of girls (χ2 = 12.4; p < 0.001). The non-dilating VUR occurred in 44% of boys and 24.1% of girls (χ2 = 7.7; p = 0.005). IRRs characterized upper and lower renal segments (81.8 and 63.6%) and middle segments (33.3%). Both incidence and increase in IRR correlated with the grade of VUR (p < 0.001). The incidence of reduced DMSA signal was statistically different among groups A + B and C, but not between groups A and B (χ2 = 32.2; p < 0.001). No statistically significant relationship existed between the reduced DMSA signal and the grade of VUR in group C. The reduced DMSA signal appeared in 9.9% positions in kidneys from group A, 14% from group B, and 32% from group C. Out of all 118 IRRs, 38.1% had reduced and 61.9% had normal DMSA signal. Among 11 parenchymal scars found in all three groups, 2 belonged to group B, 9 to group C, while group A had no scars.

Conclusion: The parenchymal changes are the most prominent in the group with IRR, but they do not significantly differ among kidneys with different grades of VUR. VURs of higher grades are associated with a higher incidence of IRR and early clinical presentation. Scars can also appear in lower-grade VURs accompanied by IRR. Boys with VUR have earlier clinical presentation than girls, as they have significantly higher grades of VUR with a higher proportion of IRRs. Therefore, we suggest a subdivision of VURs into those with IRR and abundant parenchymal damage, and those without IRR and less parenchymal damage.
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INTRODUCTION

Vesicoureteral reflux (VUR) is one of the most common abnormalities of the urinary tract in children, with a prevalence of 1–2% (1). It is defined as a backflow of urine from the urinary bladder to the ureter, pyelo calyceal system, even in the renal parenchyma, and is divided into 5 grades according to voiding cystourethrography (VCUG) and contrast-enhanced voiding urosonography (ceVUS), plus one extra grade detected solely by direct radionuclide cystography (DRNC) (2–4). VUR is the predisposing factor for urinary tract infections (UTI) and renal parenchymal damage in children. The prevalence of parenchymal damage was significantly correlated with reflux grade (5–11). Sometimes the VUR can be intrarenal when the urine reaches the kidney parenchyma and penetrates the tubulointerstitial area through papillary ducts. It can be detected by VCUG (12) and by ceVUS, especially by the second generation of ultrasound contrast agents (UCA) (13, 14).

Intrarenal reflux (IRR) can be the cause of renal parenchymal damage and earlier clinical presentation than in patients with VUR but without IRR (15–20). It is known from the literature that IRRs, detected by VCUG, are highly associated with scar formation in the renal parenchyma on a DMSA scan (17, 18, 20, 21). Some authors detected 1–11% of IRRs among all VURs by using VCUG (17, 20, 22). Such a variable incidence of IRRs was probably dependent on insufficient technique during VCUG. Therefore, Schneider and collaborators believed that the incidence of IRR was overlooked and that it should be over 20% in the case of optimal VCUG procedure (23). The incidence of IRRs, diagnosed by ceVUS, was not known for a long time. Some authors reported a case series of four children (2 girls and 2 boys) with IRR-associated VURs (24). No one of the two boys from that case series had a posterior urethral valve (PUV). Recently, three articles reported that the incidence of IRR was 12–49.5% of all VURs diagnosed by ceVUS (19, 25, 26).

Since ceVUS does not bear any radiation dose for the patient and shows high safety and sensitivity, recently it has become the method of choice for the diagnostics of VUR in many hospitals worldwide (27, 28). It is also known that IRR preferably appears in the parts of the kidney with compound papillae types II and III. Therefore, ceVUS became the method of choice for detecting that kind of papillae in patients with VUR, showing their natural distribution (15, 18, 19). IRRs are distributed more frequently in the upper and lower renal segments, and significantly less in the middle segment, just like compound papillae types II and III, which was reported in one study (19). Since IRR was assigned as a potential place of parenchymal damage in the previous studies (17, 22, 23, 29, 30), we expect more parenchymal changes at the places of IRR in this study. Moreover, since a higher number of IRRs can be detected by ceVUS than by VCUG (19, 26), we expect some other signs of parenchymal damage, not only scars, diagnosed by DMSA scan in renal regions affected by IRR in patients diagnosed by ceVUS.

The aim of this study was to present the number and positions of IRRs in kidneys affected by VURs in boys and girls, and the possible parenchymal changes in kidneys with IRR-associated VURs, diagnosed by ceVUS and DMSA scan. Since the IRR is several times more detectable by ceVUS than by VCUG, we expect more parenchymal defects due to IRR that can be attributed to IRR in patients with IRR-associated VUR.

In this study, we aim to describe even subtle parenchymal defects, not only scars in the kidneys with IRR, diagnosed by ceVUS and by using a DMSA scan.

Our aim is also to estimate the role of recurrent UTI, VUR, and IRR associated with VUR in the occurrence of parenchymal defects in the kidneys by using a DMSA scan.



PATIENTS AND METHODS

In this retrospective study that lasted from March 2017 to July 2021, we included 102 patients that were examined by ceVUS first and by 99mTc-DMSA scintigraphy (DMSA scan) subsequently. Inclusion criteria for the study were recurrent febrile UTI or the first febrile UTI with abnormalities on renal ultrasound.

Patients without VUR, diagnosed by ceVUS, were not included in the study due to ethical reasons, but uretero-renal units (URU) without VUR from the contralateral side of diagnosed VUR in patients with diagnosed VUR have been analyzed by DMSA scan and included in the study as a control group.

Out of expected 204 URUs, 18 URUs were excluded from the study for the following reasons: duplex channel system (11 URUs), multicystic dysplasia (2 URUs), pelvicalyceal dilation and megaureter (2 URUs), non-functioning kidney (1 URU), renal ectopy (1 URU), and renal agenesis (1 URU). Altogether, we analyzed 186 URUs. Out of that number, 47 URUs did not have VURs, while 139 had VURs of all grades. The URUs with VURs were divided into three groups regarding the VUR grade: (1) non-dilating VURs (grades I–II), (2) mildly dilating VUR (grade III), and (3) dilating VURs (grades IV–V). Two boys from the study had PUV. Altogether, we analyzed three URUs because one boy was unilaterally nephrectomized. To perform a better analysis of changes in the renal parenchyma, we also divided kidneys into three separate parts, namely, the lower renal segment, middle renal segment, and upper renal segment.

The group of 47 URUs (141 renal segments) without VUR served as the control group (group A). The group of 139 URUs (417 renal segments) with VUR was additionally divided into two subgroups: 73 without IRR (219 renal segments) (group B) and 66 with IRR (198 renal segments) (group C). All patients from the studied groups underwent a DMSA scan. The URUs with IRRs were not additionally classified according to the size of the IRR.


Contrast-Enhanced Voiding Urosonography Procedure

Although the VCUG is still the gold standard for the detection of VUR in some hospitals, ceVUS is a standard procedure for the same indications in our hospital due to the absence of radiation, high sensitivity, and safety if performed according to current recommendations (27, 28, 31–34). The ultrasound contrast agent (UCA) that we used consisted of an active substance, sulfur hexafluoride in the form of microbubbles (SonoVue, Bracco, Italy). The procedure lasts 10–20 min and can be repeated several times, if necessary. The procedure starts with the catheterization of the patient’s bladder with a 6F–8F feeding tube or hydrophilic catheter. When the bladder is completely emptied, then the UCA solution is prepared by injecting 0.5 ml of UCA into 250 ml of the saline bag and instilled into the urinary bladder through the catheter under the pressure of 70–100 cm column of water. The bladder is filled until functional bladder capacity is reached or until the child starts to void. ceVUS was followed by Ultrasound machine GE Logiq S8 by probes C 2–9 and 9 L, using B-mode and harmonic imaging with a mechanical index of 0.06–0.08. During the procedure, two experienced pediatric nephrologists inspected the kidneys and bladder every 10–20 s and recorded digital images and video clips, if necessary. The results were concluded consensually. The appearance of IRR looks like a “smoke-like” extension of UCA, spreading from the renal calyces through the papillary ducts to the renal parenchyma. Besides the appearance of IRR, we also recorded the exact locations of IRR, distinguishing the occurrence of IRRs in the upper, middle, or lower renal segments, or in combined locations (Figure 1).
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FIGURE 1. (A) Contrast-enhanced voiding urosonography (ceVUS) of the right kidney. The intrarenal reflux (IRR) is visible in the upper and middle renal segments (indicated by yellow arrows). (B) DMSA scan of the right kidney shows reduced DMSA signals (indicated by black arrows) in the upper, middle, and lower renal segments (indicated by black arrows), and a scar in the lower renal segment (indicated by white arrow).




DMSA Scan Procedure

Every patient from the study underwent a DMSA scan following guidelines from the European Association of Nuclear Medicine (35). The DMSA scan is a nuclear imaging procedure that identifies the uptake of DMSA in the kidney parenchyma. Usually, the DMSA scan is performed approximately 6 months after the first febrile UTI. The procedure is started with an i.v. injection of 99mTc-DMSA to the patient in the supine position. Doses of radioisotope are measured according to the patient’s body surface. The images are taken from both sides (anterior and posterior positions of the patient). Images are made by a double-headed gamma camera with a low-energy, high-resolution collimator. Images of both kidneys are made with a total of 300,000–500,000 counts with a matrix of 128 × 128. A DMSA scan was normal if there was a homogenous uptake of the radiotracer. Three independent specialists in nuclear medicine estimated visual measurements in DMSA scans. They were not aware of the results of the previously performed ceVUS or renal ultrasonography. They were told to analyze upper, middle, or lower renal segments independently in terms of the intensity of DMSA uptake and the possible presence of parenchymal scars. Only the findings that were confirmed by at least two observers were taken into consideration (Figure 1). The parenchymal scar was defined as a decreased uptake and inhomogeneous distribution of DMSA together with a deformed renal outline over the affected part of the kidney.



Statistical Analysis

We used the IBM SPSS Statistics program for our statistical data analysis. As the Shapiro–Wilk test indicated a statistically significant deviation from a normal distribution of numeric variables, the median and interquartile ranges were used. Analysis of the statistical significance of differences in a numeric variable between groups was performed using the Mann–Whitney test. Categorical variables were presented as numbers and percentages. The statistical significance of the differences in categorical variables was calculated using the Chi-square test. Logistic regression was also used. Statistical significance was set at p < 0.05. All confidence intervals were given at 95%.




RESULTS


The Data Regarding the Sex

In this study, we examined 102 patients, 62 (61%) girls and 40 (39%), boys, with a median age of 14.25 months (IQR: 6–26 months; range: 1–91 months) at the VUR diagnosis. The median age at the time of VUR diagnosis in girls was 16.5 months (IQR: 8.9–35.5; range: 3–91) and 8.5 months (IQR: 4–19.5; range: 1–66.5) in boys. The median age at the time of diagnosis was significantly higher in girls than in boys (Z = 3.9; p = 0.001). In 70 analyzed URUs in boys, 36 (51.4%) had IRR, while out of 116 analyzed URUs in girls, 30 (25.9%) had IRR. The share of IRR was 2.0 times higher in boys than in girls (χ2 = 12.4; p < 0.001). Out of 70 URUs in boys, 31 (44.3%) had dilating VUR, while out of 116 URUs in girls, 28 (24.1%) had dilating VURs. The share of dilating VURs was 1.8 times higher in boys than in girls (χ2 = 7.7; p = 0.005).



The Distribution of Vesicoureteral Reflux Grades Among the Groups of Uretero-Renal Units With Vesicoureteral Reflux

Out of 139 URUs with VURs, 80 (57.5%) had VURs of grades I and II, 43 (30.9%) had VURs of grade III, while 16 (11.5%) had VURs of grades IV and V (Table 1). Among them, 73 (52.5%) did not have IRR (group B), while 66 (47.5%) had IRR (group C). Group B consisted of 66 (90%) VURs from grades I and II and 7 (10%) VURs from grade III. Group C consisted of 14 (21%) VURs from grades I and II, 36 (55%) VURs from grade III, and 16 (24%) VURs from grades IV and V.


TABLE 1. The number and percentage of URUs with IRR regarding the location of IRR, and the grade of VUR.
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The Distribution of Intrarenal Reflux in the Group C Regarding the Location in the Kidney

Out of 66 URUs from group C, a total number of 118 IRRs were registered in different segments of the kidney. IRRs were distributed in 42 (63.6%) lower renal segments, 22 (33.3%) middle segments, and 54 (81.8%) upper segments alone, or in combinations, with significant differences between the groups (χ2 = 13.3, p = 0.001). In that group, IRRs appeared 2.5 times more frequent in the upper renal segments than in the middle segment, while the IRRs in the lower segment appeared 1.9 times more frequent than in the middle segment (Table 1). Although the incidence of IRR was higher in the upper segment than in the lower renal segment, there was no statistically significant difference between those two groups (χ2 = 1.5, p = 0.221) (Table 1).



The Relationship Between Intrarenal Reflux and Vesicoureteral Reflux Grade

In this study, we found a statistically significant correlation of IRR incidence with the grade of VUR in the lower renal segment (χ2 = 42; p < 0.001), in the middle segment (χ2 = 33; p < 0.001), and in the upper segment (χ2 = 52; p < 0.001). The share of IRRs was 7.7 times higher in VURs of grades IV and V than in the group of VURs of grades I and II, while the share of IRR in VURs of grade III was 6.2 times higher than in the group of VURs of grades I and II in the lower renal segment, 19 times higher in VURs of grades IV and V than in the group of VURs of grades I and II, while the share of IRR in VURs of grade III was 8.7 times higher than in the group of VURs of grades I and II in the middle renal segment, and 6.3 times higher in VURs of grades IV and V than in the group of VURs of grades I and II, while the share of IRR in VURs of grade III was 4.3 times higher than in the group of VURs of grades I and II in the upper renal segment.

Between the groups of VURs of grades IV and V and the group of VURs of grades III, there was no statistically significant difference regarding the existence of IRR in the lower segment (*χ2 = 0.361, p = 0.548), in the middle segment (χ2 = 0.361, p = 0.057), and the upper segment (χ2 = 1.5, p = 0.226).

The probability for the occurrence of IRR increased 3.2 times (95% CI: 2–4.7; p < 0.001) with each increase in VUR grade in the lower renal segment, 3.7 times (95% CI: 2.1–6.5; p < 0.001) in the middle renal segment, and 3.6 times (95% CI: 2.4–5.3; p < 0.001) in the upper renal segment (Table 1).



The Intensity of the DMSA Signal Among Groups A, B, and C Regarding the Renal Segments

The incidence of reduced DMSA signal was statistically different between groups A, B, and C in the lower renal segment (χ2 = 11.8, p = 0.003), in the middle renal segment (χ2 = 13.8, p = 0.001), and in the upper renal segment (χ2 = 11.2, p = 0.004) (Table 2). The incidence of reduced DMSA signal in the lower renal segment was 6 times higher in group C than in group A and 3 times higher than in group B, while it was 6.5 times higher in group C than in group A and 3.7 times higher than in group B in the middle renal segment, and 2.2 times higher in group C than in group A and 1.7 times higher than in group B in the upper renal segment (Table 2).


TABLE 2. The number and percentage of URUs with normal or reduced intensity of DMSA signal regarding the location in the kidney in the group’s A, B, and C.
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Between groups A and B, there was no statistically significant difference regarding the incidence of reduced DMSA signal for the lower renal segment (χ2 = 0.399, p = 0.528), the middle segment (χ2 = 0.184, p = 0.668), and for the upper renal segment (χ2 = 0.356, p = 0.551) (Table 2).

Because of that, we fussed groups A and B and considered groups A and B as one unique group (A + B).



The Intensity of the DMSA Signal Between the Group A + B and Group C Regarding the Renal Segments

The incidence of reduced DMSA signal was statistically different between group A + B and group C in the lower renal segment (χ2 = 11.7; p = 0.001), the middle segment (χ2 = 11.7; p = 0.001), and the upper renal segment (χ2=9.6; p = 0.002). The reduced uptake of the DMSA signal was 3.2 times higher in group C than in group A + B in the lower segment, 5 times higher in the middle segment, and 1.9 times higher in the upper segment.

The probability for the occurrence of reduced DMSA signal was 4.8 times higher in group C than in group A + B in the lower segment (odds ratio: 4.8; 95% CI: 2–12; p = 0.001), 6.2 times higher in the middle segment (odds ratio: 6.2; 95% CI: 2–18; p = 0.001), and 2.8 times higher in the upper segment (odds ratio: 2.8; 95% CI: 1.5–5.2; p = 0.002) (Table 3).


TABLE 3. The number and percentage of URUs with normal or reduced intensity of DMSA signal regarding the location in the kidney in the groups A + B, and C.
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The Intensity of the DMSA Signal in Group C Regarding the Vesicoureteral Reflux Grades

There was no statistically significant relationship between the occurrence of reduced DMSA signal and the grade of VUR in the lower renal segment (χ2 = 1.4; p = 0.496), in the middle segment (χ2 = 2.6, p = 0.266), and in the upper renal segment (χ2 = 0.051; p = 0.975) in group C (Table 4).


TABLE 4. The intensity of the DMSA signal in the lower, middle, and upper renal segment regarding the VUR grade in the group C.
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The Analyses of Decreased DMSA Signal Between Groups A, B, and C

Out of 47 URUs from group A (141 positions), the reduced signal was noticed in 11 URUs in 14 positions (9.9%). Out of 73 URUs from group B (219 positions), the reduced signal was noticed in 22 URUs in 32 positions (14%). Out of 66 URUs from group C (198 positions), the reduced signal was noticed in 36 URUs in 65 positions (32%).

Out of all 118 IRRs from group C, 45 (38.1%) had reduced intensity of signal, and 73 (61.9%) had normal signal.

Between groups A and B, there was no statistically significant difference regarding the numbers of renal parts affected by reduced signal (χ2 = 1.68; p = 0.194), while that difference was significant between group A + B and group C (χ2 = 32.2; p < 0.001).

In group A + B, the reduced signal was present in 46 positions (12%), while that number was present in 46 (32%) in group C, which was 2.7 times higher than in group A + B.

The probability of the occurrence of decreased signal in group C was 3.34 times higher than in group A + B (OR: 3.34; 95% CI: 2.2–5.1).



Parenchymal Scars

Out of a total number of 11 parenchymal scars that were found in all three groups (A, B, and C), 2 belonged to group B, 9 belonged to group C, and 0 belonged to group A.

The mean elapsed time between the first febrile UTI and DMSA scan was 8 months (median: 8 months; min-max: 1–66 months).




DISCUSSION

This study showed the exact number of IRRs in patients with recurrent UTI and VUR and analyzed the possible effects of VUR and IRR on renal parenchyma using the ceVUS and DMSA scans.


The Specific Characteristics of Analyzed Patients Regarding the Sex

Although this study altogether included 61% of girls, the share of boys with IRR was 55% of all examined patients. That percentage was consistent with some other studies (23, 25, 26), while in the study by Kim S. W et al. that percentage was even 98% (21).

Boys from our study had a significantly higher percentage of IRR-associated VURs (51.4%) and a higher percentage of dilating VURs (44.3%) compared to girls, with 25.9% and 24.1%, respectively. Moreover, the boys had earlier clinical presentations than the girls. All aforementioned factors could be the predisposing factors for the impairment of renal parenchyma, as was shown earlier (23). Therefore, we conclude that boys are at special risk for the development of parenchymal renal injury during exposure to VUR and IRR.

In this study, we had 2 boys with PUV. One of them was unilaterally nephrectomized. In that group, we analyzed three URUs and got three VURs. Out of all three URUs, one was of grade V with IRR, one of grade III without IRR, and one of grade II without IRR, which was not enough to make conclusions.

In this study, we were not focused on the diagnosis of PUV using ceVUS because our patients were highly suspected to have PUV because of characteristic clinical appearance and US examination before ceVUS. That suspicion was enough for the insertion of a urinary balloon catheter and subsequently undertaken diagnostic and therapeutic cystoscopy. The ceVUS examinations were done after the PUV was already diagnosed. To our mind, the diagnosis of PUV could be achieved easily if we combined the characteristic clinical appearance, the ultrasound of the urinary system, together with ceVUS, because the US is an integral part of the ceVUS procedure. Like some other authors, we do not think that the VCUG is an obligatory method for the diagnosis of PUV (19, 36).

Out of all the detected VURs, the percentage of detected IRRs in this study was 47.5%. If we exclude the results of Cvitkovic Roic et al. who reported 12% IRR, other studies also showed a higher incidence of IRR on ceVUS, which is a much higher incidence than in patients examined by VCUG, which has been reported to be 1–11% (17, 19, 20, 22, 25, 26).

These results are not surprising because some authors pointed out many possible difficulties regarding the protocol of VCUG. They claimed that the number of IRRs should be much higher and that IRRs sometimes represent an elusive phenomenon that demands very close follow-up during the procedure of VCUG (23). In the case of ceVUS, an observer can follow up on the entire diagnostic procedure in real-time and record all phases of the examination without exposure to X-rays.

The second interesting finding from this study is that 90% of VURs without IRR belonged to a non-dilating group of VURs, while 79% of IRR-associated VURs belonged to the group of dilating VURs. This has been noticed earlier in the studies that used VCUG and in some recent studies that used ceVUS (19, 21, 23, 25, 26). Moreover, this study, like the study by Simičić Majce A. et al. showed that the increased incidence of IRR is in accordance with the increase in VUR grade in all renal segments (19).

Thus, the occurrence of IRR is a characteristic of the group of dilating VURs. However, we also found 21% of non-dilating VURs that were associated with IRR in the group of IRR-associated VURs. Similar figures were noticed in the study of Kim SW et al. (14%), where VCUG was used for the detection of VUR. In contrast, Schneider KO et al. did not find any IRR in the group of non-dilating VURs. In our previous study, performed by ceVUS, we found 15% of IRRs in the group of non-dilating VURs, while Cvitković Roić et al. found only 3.5% (19, 25).



The Role of DMSA Scan in the Study of IRRs

A previous study reported that the number of parenchymal changes differed significantly between the groups of kidneys without VUR from those with VURs regarding the intensity of DMSA signal and the scar formation in patients examined by VCUG and DMSA scan. Moreover, that study showed significantly more parenchymal changes in the group of dilating VURs than in the group of non-dilating VURs and in the group without VURs. They suggested that kidneys without or with low-grade VURs represent the low-risk group regarding the development of renal parenchymal damage, while the group of dilating VURs represents the high-risk group and should be followed more carefully regarding the development of kidney damage (11). The changes in DMSA uptake in this study can be considered permanent because the mean time elapsed between the first febrile UTI and the DMSA scan was 8 months, which is more than 3–6 months that was recommended by Jakobsson B et al. and Polito C et al. (37, 38).

In this study, we used a DMSA scan to detect the parenchymal injuries as possible late consequences of IRR. Our study showed that IRRs are distributed mostly in polar areas, while they are significantly less located in the middle segment, which corresponded to the natural distribution of composed papillae types II and III, as also noted in some previous reports (15, 18, 19).

This study showed a significantly higher incidence of reduced DMSA signal in the URUs with IRR than in the groups of URUs without VURs and with VURs but without IRR. Moreover, the groups without VURs and groups with VURs but without IRR did not differ regarding the incidence of reduced DMSA signal. That fact indicates that the probability of starting parenchymal injury is much higher in the URUs with IRR than in the other two groups. That was also proved in the study by Kim S. W et al. where the sites of IRRs detected by VCUG had photon defects in 76.3% of cases. In addition, they reported that sites of IRR tended to develop scars in 65.2% over time, while the process of scar formation could be slowed down by using surgical therapy (21). However, Kim SW et al. analyzed only a small number of IRRs, i.e., the small percentage of patients with VUR, because the VCUG can show a lower number of IRRs, probably those connected with the highest grades of VUR. In our study using the ceVUS and DMSA scans, a large number of IRRs were presented with a wider spectrum of parenchymal changes and not only by scars. In the group of patients with IRR from this study, we found no difference in changes in DMSA signal between the grades of VUR. That means that once IRR exists, the changes in renal parenchyma will be present regardless of the grade of VUR.

The analysis of the number and locations of reduced DMSA signals in the affected kidneys in the different groups of patients showed that the group with IRR-associated VURs was significantly more affected by reduced DMSA signals than the group without VUR and the group with VUR but without IRR. That is the direct and undoubtful proof that IRR plays a significant role in the process of renal parenchymal injury. IRR could facilitate the transmission of infective agents and allow the water hammer effect of backflow of urine through the compound papillae types II and III, causing consequences such as scars, pressure-related damage of papillae, delay of kidney growth, and finally shrunken kidneys (16, 39).

Our study has also shown that only 38% of positions affected by IRRs had decreased DMSA signal, which gives us the hope that there are still 62% of remaining unaffected positions, which allows us to act by preventive and therapeutic measures in order to prevent renal injury.

Although we found the expected small number of scars in the renal parenchyma, we did not find any scars in the URUs without VUR and only two scars in the group with VUR without IRR. The majority of the nine scars have been found in the group of URUs with IRR. This finding is in accordance with data from the previous studies done by VCUG, showing that only the biggest IRRs can be detected by VCUG, and those are usually connected with scar formation. Since ceVUS detects more IRRs, we can find the subtle, starting changes in the renal parenchyma, not only scars, allowing us to start with treatment and that way to prevent renal damage. All that indicates that ceVUS has become a sensitive and useful diagnostic method, which could point to optimal moments for an early therapeutic and preventive approach to patients with VUR and IRR. Therefore, in our opinion, we suggest that IRR should be incorporated in the future classification of VURs because of clear evidence that kidneys with IRR-associated VURs belong to a risk group of VURs and should be treated more actively than those without IRR, as was previously mentioned in some other reports (19, 23).




CONCLUSION

The parenchymal changes are much more developed in URUs with IRR-associated VURs and in the renal parts associated with IRR than in those without IRR.

Even though the parenchymal damage is more expected in the higher grades of VUR due to a higher incidence of IRR, that damage is also expected in the VURs of lower grades accompanied by IRR.

VURs of higher grades and those with IRR have an early clinical presentation.

Boys with VUR have an earlier clinical presentation than girls due to the fact that they have significantly higher grades of VUR with a higher proportion of IRRs.

According to these results, we can divide VURs into two additional groups: those with IRR, with a higher expectance of parenchymal damage, and those without IRR, with a less chance of parenchymal damage.
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