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Abstract. – OBJECTIVE: Vesicoureteral re-
flux (VUR) affects up to 1% of Caucasian chil-
dren. Primary VUR is characterized by failure of 
the ureterovesicular junction to prevent urine 
from traveling in a retrograde fashion from the 
bladder to the ureters and the kidneys. Several 
reports in the literature describe the prevalence 
of this condition in pediatric patients; overall, 
VUR affects more males during infancy and with 
higher grades. However, a thorough consider-
ation of these articles reveals important con-
tradictions regarding the prevalence by gender 
and age. We analyzed those contradictions and 
suggested a possible explanation based on our 
single center experience with this patient group. 
In particular, for the age interval 0-2 years: we 
have found that (1) VUR mostly affects boys; 
(2) the male/female ratio steadily declines over 
time; (3) the unequal prevalence between males 
and females essentially disappears when chil-
dren reach the age of two years. 

CONCLUSIONS: The natural history of VUR in 
infant boys differs from that of infant girls, and 
therefore requires a gender-specific approach. 
Available data support the need to redefine the 
categorization and clinical guidelines for this 
disease.
Key Words:

Epidemiology, Gender medicine, Incidence, Preva-
lence, Genetics of vesicoureteral reflux.

Introduction

Vesicoureteral reflux (VUR) (OMIM entry: 
193000) is the retrograde reflux of urine from the 
bladder into the ureter and, in some instances, to 
the kidneys1.

Primary VUR is caused by congenital anoma-
lies of the ureterovesicular junction leading to an 
incompetent valve mechanism. This condition is 
dependent on the insufficient submucosal length 
of the ureter inside the bladder walls that in turn 
cannot exert their function, i.e., constriction of 
the ureter to control the urine flux. The “suffi-
cient” length is not a fixed parameter and rather 
depends on the ratio between the submucosal 
tract length and the diameter of the ureter itself. 
Briefly, the ureter enters the bladder wall with an 
angle less than 90 degrees, and the smaller the 
angle, the longer is the tract of ureter embedded 
inside the bladder wall before it exits into the 
bladder lumen. The submucosal ureter length is 
considered “adequate” when it allows a proper 
valve mechanism2.

On the other hand, secondary VUR is an ac-
quired condition that is a consequence of high 
pressure inside the bladder, despite the presence 
of a functional valve mechanism. This type of 
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VUR may be caused by anatomical or functional 
obstructions3,4, such as posterior urethral valves, 
urethral or meatal stenosis (anatomical blockage), 
bladder instability, neurogenic and non-neuro-
genic bladder5.

VUR is frequently associated with two other 
conditions: urinary tract infections (UTI)6 and 
renal scarring that, in severe cases, can lead to 
hypertension and renal failure7. In particular, 
UTI leads to reflux due to an increased inflam-
mation-related intra-bladder pressure. Children 
with UTI can have VUR, and the contemporary 
presence of both conditions often correlates with 
renal damage, with a direct relationship between 
the number of UTI episodes and renal scar for-
mation8. All treatments preventing UTI (such as 
circumcision in males) have a positive effect in 
preventing renal damage, especially at younger 
ages9. However, VUR per se and without con-
comitant UTI does not cause renal damage10, and 
the rate of spontaneous resolution of high-grade 
VUR is independent of the presence of intrarenal 
reflux11. Spontaneous resolution is possible, and 
an inverse relation between grade and resolu-
tion has been described12; the patient’s gender is 
another important variable (female patients are 
more prone to non-resolution)13.

The severity of VUR is measured using an 
ordinal scale of five degrees, as shown in Table 
I (based on the work of Greenbaum and Mes-
robian)3.

VUR Incidence and Prevalence
Data about VUR incidence and prevalence are 

uncertain and only estimations may be drawn. 
This is mainly caused by the absence, in most 
cases, of specific symptoms, especially when this 
condition is not associated with UTI; this brings 
to undiagnosed patients, for whom the discovery 
of this alteration is usually accidental. To date, a 
prevalence between 0.4% and 1.8% is estimated 
for children without other concomitant condi-

tions14. This percentage rises to ~16% among 
infants showing prenatal hydronephrosis15, and 
further increases in the presence of familiari-
ty, indicating a genetic predisposition in some 
cases16,17. However, the spontaneous resolution 
of VUR in children, especially males18, might 
determine an underestimation of its prevalence 
among relatives. VUR incidence is also quite 
high (7-17%) in children affected by end-stage 
renal disease19,20.

Several groups have searched for a genetic 
cause of VUR. To date, some genes have been 
specifically linked to this condition21 and also the 
genetic predisposition to UTI is currently under 
investigation22. Some Authors23-25 have described 
an incidence of 27% in siblings of patients with 
VUR and a 66% rate for those whose parents 
had VUR during childhood26, thus revealing a 
familial aggregation. Despite these reports, there 
is no agreement yet among experts about the ex-
act mode of inheritance. Indeed, VUR has been 
described either as an autosomal dominant trait 
with incomplete penetrance27,28, or an autosomal 
recessive trait29, or an X-linked condition30 or 
even a polygenic disease31; to date, at least nine 
chromosomal loci have been related to VUR, and 
some genes have been identified1.

Although UTIs are more frequent in girls 
because of their anatomy, VUR affects more 
boys, with a higher grade and at a younger age, 
but also with better chances of spontaneous res-
olution32-35. Altogether, the literature about VUR 
is large (VUR was first described by Pozzi in 
1893)36 and complex, because of contradicto-
ry management recommendations and unclear 
data about the gender-related prevalence. This 
last fact is, at least partially, due to diagnostic 
issues: girls are usually diagnosed for VUR 
later than boys. However, data retrieved from 
the literature seem to suggest a more complex 
scenario. Godley and Ransley2 performed an 
extensive analysis and compared data from 15 

Table I. VUR grading, corresponding ureter size status, and involved organs.

	Grading 	 Ureter size status	 Involved organs

Grade I	 Non-dilated	 Ureter only
Grade II	 Non-dilated	 Renal pelvis and calyces
Grade III	 Mildly dilated	 Mild dilation of the pelvicalyceal system, minimal
		    blunting of the fornices
Grade IV	 Mild dilatation associated with 	 Blunt fornices but preserved papillary impressions
	 moderate tortuosity	
Grade V	 Gross dilatation and tortuosity	 Dilated pelvis and calyces, loss of both fornices and
		    papillary impressions
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cohorts of patients of different sex and age. They 
grouped the reports according to patients’ age, 
creating four sets: (1) infants (< 1 year, 5 reports 
published between 1970 and 2006), (2) 0-2 years 
(two reports, in 1999 and 2006), (3) 0-15 years 
(7 reports, published from 1975 to 2006) and 
(4) adults (> 15 years; 1 report in 1990). The 
first evident conclusion we made is the non-ob-
vious subdivision of age ranges, which shows 
remarkable overlaps for the youngest ages. This 
happens because most reports are not consistent 
regarding two issues: (1) who is defined as an 
infant and who is not (first two sets), and (2) 
the fact that it is common to pool results from 
distinct studies, despite ample age variations, to 
perform a more robust statistical analysis [see 
the aforementioned point (3)]. However, the most 
striking contradiction about the data retrieved 
by Godley and Ransley2 is the large fluctuation 
in the males/females (M:F) ratio, especially at 
the lowest ages2. In infants aged 0-12 months, 
this ratio ranges from 1.6 (i.e., 1.6:1) to rough-
ly 0.59 (i.e., 1:1.7); in the interval 0-2 years, it 
goes from 1 (1:1) to approximately 0.33 (1:3); 
and in the interval 0-15 years it is between 0.5 
(1:2) and 0.25 (1:4). Notably, in adults (i.e., > 15 
years, based on one report) it drops to 0.20 (1:5). 
Clearly, the data based on the youngest ages are 
contradictory, despite the general conclusions 
previously described, which are also shared by 
Godley and Ransley2 (infant boys and non-infant 
girls are the most affected patients). Indeed, 
there seems to be a “stabilization” of these ratios 
with increasing ages, towards a significantly 
higher prevalence in girls. This tendency in 
the information collection, i.e., pooling together 
inhomogeneous data, is also common in recent 
reports35,37; interestingly, the VUR numerical 
trends for boys and girls reported by Godley and 
Ransley2 are in agreement with the most recent 
data37. Collectively, these data strongly suggest 
that an ample age fork in the available literature 
somehow “masks” the sex-related VUR preva-
lence in the youngest patients, especially males.

A More Accurate Age Subdivision 
Reveals New Age- and Sex-related VUR 
Features in Infants

We searched for an answer to two main ques-
tions: (1) why are males more affected than fe-
males at younger ages, and with a higher VUR 
degree, yet they show a higher proportion of 
spontaneous healing? (2) Why are females more 
affected at older ages, and have a lower probabil-

ity of spontaneous healing, despite their gener-
ally milder condition? To obtain additional clues 
about the possible mechanisms responsible for 
VUR formation, we reviewed the records of the 
Operative Unit of the Department of Urology of 
the Children Hospital “Bambino Gesù” of Rome, 
Italy, which were collected between January 2007 
and December 2010. These data have a peculiar-
ity that is missing in all other published research 
on this subject: for each patient, the age is defined 
as ‘days from birth to the time of diagnosis’. 
Therefore, it is possible to group the children 
using much smaller age ranges than previously. 
In this data set, a total of 464 cases of primary 
VUR were diagnosed after the first febrile UTI 
in children aged 2 years or less. These data are 
reported in Table II, in which children were split 
by sex and age in time intervals of 90 days for 
ages > 180 days, and pooled only before the 180th 
day, because of the limited number of patients 
available in this early time window.

There is a clear difference between the 
number of boys (295) and girls (163), in the 
total population of pediatric patients that were 
treated in this hospital, in the analyzed time 
frame of children’s ages (i.e., two years). Ad-
ditionally, the general M:F ratio observed for 
them (M:F = 295:169≈1.75) is consistent with 
the literature2.

It is common practice that males are mon-
itored for this condition after the first febrile 
UTI; instead, females are screened after the sec-
ond or even third episode, due to their anatom-
ical predisposition to infections. Consequently, 
in other studies girls were diagnosed for VUR 
later than boys, thus introducing a time bias 
that possibly influences the VUR grade at the 
time of diagnosis. On the contrary, the patients 
of our dataset were all diagnosed after the first 
febrile UTI, and this approach eliminated this 
potential confounding factor (that is inadver-
tently overlooked by some Authors). An anal-
ysis of the data focused on children’s age (each 
interval spanning three months, except the first 
(180 days) and last (100 days) ones) allowed us 
to determine how this condition affects the M:F 
ratio during the first two years of life. From 
Table II and Figure 1 it is easy to highlight that 
(1) male infants with VUR are much more nu-
merous than coetaneous females, in agreement 
with the literature; (2) males are more affected 
than females at younger ages, as reported in 
the papers cited by Godley and Ransley2; (3) 
the M:F ratio decreases when the patients’ age 
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increases. This third point was only partially 
suggested by the works discussed by Godley and 
Ransley2. A sharp distinction between our data 
set and others is that, unexpectedly, while for 
0-6 months old infants the M:F ratio is roughly 
3, for 21-24 months old children this value ap-
proximately drops to 1 (Table II). Therefore, our 
records show that the M:F ratio drift is essential-
ly due to a change in the number of boys, since 
the number of girls is almost constant in the 
6-24 months age frame (Table II and Figure 1). 
These data illustrate that the VUR prevalence 
in males depends on the patient’s age, while in 

females is largely independent of this variable. 
Remarkably, analyzing the data of the Children 
Hospital “Bambino Gesù” (Rome, Italy) without 
any possible bias created by the use of arbitrary 
time windows confirms these observations. In-
deed, the probability density functions (pdf) of 
the time of diagnosis for males and females are 
both skewed to the left (i.e., they have positive 
skewness). However, (1) the boys’ skewness is 
0.2876 and the girls’ skewness is roughly one-
third of this value (0.1034) and (2) the ratio (97.5 
percentile – median) / (median – 2.5 percentile) 
is considerably greater for boys (1.5552) than for 
girls (1.1146)38. Overall, the pdf of girls is much 
more “flat” than the pdf of boys, thus confirm-
ing the existence of an early age peak for the 
latter group of patients.

Interestingly, the data from “Bambino Gesù” 
Hospital about infant boys match the data from 
the literature39, since the prevalence of affected 
males in newborns is much higher than that of 
females. An analysis of published articles also 
reveals that males tend to have higher grades of 
VUR at younger ages, but their condition is more 
prone to spontaneous resolution12,32-34. Some Au-
thors conjecture that this natural healing might be 
secondary to an increase in the intramural length 
of the ureter caused by normal growth2,3. Thus, 
we hypothesize that the VUR affecting males and 
females are different medical conditions, because 

Table II. Screening for VUR at the “Bambino Gesù” Hospital during the years 2007-2010.

	 Age (days)										          M:F
	 year/sex		  ≤ 180	 181-270	 271-360	 361-450	 451-540	 541-630	 631-730	 Total	 Ratio by year

2007	 M	   2	   9	 12	 10	 13	 14	   7	   67	 2.0
	 F	   1	   4	   6	   5	 10	   4	   3	   33	
2008	 M	   2	 14	 10	 12	 11	   7	 10	   66	 1.7
	 F	   1	   6	 10	   4	   4	   6	   9	   40	
2009	 M	   9	 16	 19	 11	   3	   6	   6	   70	 1.9
	 F	   0	   6	   5	   9	   9	   4	   3	   36	
2010	 M	   4	 23	 19	 18	 11	 12	   5	   92	 1.5
	 F	   3	 11	 12	   7	   6	 10	 11	   60	
Total	 Total M	 17	 62	 60	 51	 38	 39	 28	 295	 1.7
	 Total F	   5	 27	 33	 25	 29	 24	 26	 169	
M:F ratio by age		  3.4	 2.3	 1.8	 2.0	 1.3	 1.6	 1.1		

Data are organized by age (expressed in days) for males (M) and females (F). Age intervals last 90 days, except the first interval 
(column 1, showing cumulative data for infants of less than 180 days of age) and the last interval (column 7, spanning 100 days, 
in order to reach the age of two years, i.e., 730 days). The M:F ratios are calculated both on the totals for each year (last column) 
and on the totals for each age interval in the whole time frame considered (last row), rounded to the one decimal place. Note that 
while the M:F ratio by year is fairly stable over time, the M:F ratio by age shows a decrease when the children’s age increases. 
The diagnosis was assessed using retrograde cystography; results were evaluated both by a radiologist and a pediatric urologist. 
All patients were assigned to grades II-V and subsequently treated according to the available protocols. Grade I patients were 
excluded from this table unless, during the follow-up checks, their grade increased; we made this choice because grade I patients 
are frequently subject to spontaneous resolution32-34.

Figure 1. Total number of boys (blue, upper line) and girls 
(pink, lower line) affected by VUR, with ages between 6 
and 24 months. This graph is based on the cumulative data 
of these patients, which are reported in Table II, row 5.
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of their different epidemiology (distinct age-de-
pendent prevalence in the two genders, Figure 1) 
as well as the possibility of spontaneous healing 
in boys (data from the literature). As a conse-
quence, during growth the M:F ratio declines 
(Figure 1) and, notably, several Authors2,20,39,40 
have described that, at some point, girls become 
more affected by VUR than boys.

We explain the – now, only apparent – con-
tradiction between a higher VUR prevalence in 
either sex, especially below the age of two, by 
introducing the “age range” as a critical variable. 
The exact causes of the “female” VUR are un-
known, and also it is unclear if their particular 
onset of VUR might actually affect both sexes. 
However, since VUR and UTI are related condi-
tions, the simpler and shorter – and, consequent-
ly, more prone to infections – female urinary 
apparatus may be involved. It is intriguing to 
hypothesize that VUR in girls is a consequence 
of their anatomy and that the primary cause of 
reflux for them is connected with UTI occur-
rence, at least in a significant number of cases. 
Indeed, a recent report shows that febrile UTI 
incidence is independent of VUR presence in 
girls aged 0-24 months41. If this were true, VUR 
in girls would be, in many cases, the effect of 
environmental factors. Some Authors15,16,22 have 
already hypothesized that certain cases of VUR 
may be the consequence of gene-environment 
interactions. However, we believe that there is 
also a male-specific VUR. In 1997, Yeung et 
al40 showed that a mild form of reflux affects fe-
males more than males and that this VUR is not 
connected with kidney abnormalities. Instead, 
severe reflux is frequently associated with kidney 
damage, is probably of fetal origin, and is almost 
exclusively a male disorder. This suggests that, 
for some reason(s), the urogenital tract of males 
during development is more prone to VUR than 
that of females. It is known that prenatal reflux 
is more frequent in males40 and that refluxes 
diagnosed before the age of one year are more 
prone to spontaneous resolution40,42. Also, the 
male apparatus is more complex and its matura-
tion ends at birth43, similarly to what happens in 
other primates, where VUR spontaneously heals 
in most cases and both sexes within 2-3 years 
from birth. This outcome implies “that the at-
tainment of full competence by the ureterovesical 
junction is a matter of maturation rather than of 
growth”44. Thus, it is possible that in some cases 
(for example, due to minor genetic alterations or 
because of slightly untimely physiological signals 

caused by environmental factors, which produce 
low impact modifications)45, the male urogenital 
tract maturation may be delayed after the birth 
to some extent. This is indeed true for the intra-
mural length of the male ureter, which increases 
in size up to 10-12 years old2,3. Nevertheless, 
since no major alterations are involved in the 
biochemical pathways, VUR would spontaneous-
ly resolve, in most subjects, before birth. It has 
been suggested an inverse relationship between 
VUR spontaneous resolution on the one side and 
duration of the VUR46 and patients’ age47 on the 
other side. Therefore, in most male infants VUR 
may be considered somehow “physiological”, at 
least under certain circumstances15. This obser-
vation would explain the high rate of spontaneous 
healing in males, compared to females. Instead, 
in all cases in which the reflux persists in boys, 
or is of high grade, VUR has to be considered 
a “non-physiological” condition and should be 
treated accordingly4,48.

How Many VURs Are There?
In a recent review48, the Authors wrote in their 

conclusions: “The present literature is marked 
by controversy and divergent guidelines regard-
ing VUR imaging, screening, and treatment, al-
though there are multiple areas of consensus.” 
Indeed, there are several studies that either (1) 
recommend treatment with antibiotics, or (2) 
suggest their ineffectiveness to prevent UTI in 
VUR-affected children, or (3) discuss the use of 
antibiotics vs. surgery19,20,48-50. Even VUR imag-
ing51 and UTI diagnostics52 are debated topics in 
general VUR management53-55. We believe that 
these contradictions and the lack of homoge-
neous treatment protocols occur because there 
are several types of VUR, each needing different 
guidelines for clinical management.

It is well known from the literature that VUR 
may be either primary or secondary. The latter 
is due to functional or anatomical obstructions; 
consequently, the removal of the obstacle gener-
ally leads to healing. Instead, primary VUR is a 
more complex condition. Primary VUR may be 
associated with other anomalies (syndromes) af-
fecting mainly the kidney(s) development. Over-
all, despite its name, primary VUR probably is 
not the primary event for these patients. Instead, 
in primary VUR a genetic alteration likely leads 
to embryonic development abnormalities that, 
eventually, cause several defective phenotypes 
including, but not limited to, VUR. Notably, there 
are also genetic anomalies that interfere with the 
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formation of a normal vesicoureteral junction 
without affecting any other part of the urogenital 
tract (we define these as non-syndromic VUR); 
indeed, in most cases, children affected by VUR 
have normal kidneys14. In a research based on a 
mouse model the Authors56 were able to genet-
ically separate VUR and small kidney pheno-
types. They also demonstrated that the implicated 
gene(s), which map on autosomes, are involved in 
a delay of the urinary tract development. This last 
finding is noteworthy, since it suggests a strong 
difference between syndromic and non-syndrom-
ic VUR. Both types are presumably of genetic 
origin, but the former may be a “failure” in some 
early step of the urogenital tract development, 
while the latter could merely be a “delay” in a 
(likely) later step of the same developmental 
pathway. This lag is possibly mediated by a gene/
environment interaction that perturbs the normal 
urogenital tract maturation to some extent. In 
humans, different steps of this process are con-
trolled by different sets of genes57, and several 
genetic alterations may induce VUR, either alone 
or together with other urogenital conditions. This 
would explain the genetic heterogeneity of the 
VUR phenotype, involving mutations in different 
genes, located on different chromosomes. Some 
of these mutations are dominant (but occasionally 
show incomplete or age-dependent penetrance) 
while others are recessive or X-linked (see the 
“VUR incidence and prevalence” section).

Thus, the abovementioned results from the 
mouse model of Murawski et al56 and a com-
parison of the available literature with our data 
suggest a new VUR classification, based on gen-
der, syndromic nature and etiology (Figure 2). 
Putting together our clinical knowledge and what 
is known from the literature, we propose a flow-
chart that can be used by physicians that want to 
effectively deal with this condition keeping into 
account what has been discussed in this review 
about the gender and age variables (Figure 3).

Conclusions

In their well-known article on VUR, Kelly 
and co-workers state: “The former conclusion 
that VUR is a homogeneous disorder is no lon-
ger tenable; it is clearly heterogeneous”60. Our 
data, combined with those previously published, 
strongly suggest that VUR is genetically hetero-
geneous and is not just one condition, but rather 
an ensemble of different cases, each charac-

terized by different causes (Figure 2). For this 
reason, we evaluated a spectrum of clinical treat-
ment plans that accounts for this diversity (Fig-
ure 3). In addition, the VUR classification may 
require modifications dealing with possible inter-

Figure 2. Etiology and features of VUR represented by 
a non-Venn diagram. VUR may affect both males and 
females, which are shown at the top and bottom halves 
(blue and pink color, respectively) without mutual overlap. 
Also, VUR may be the only condition (non-syndromic) or 
one of the multiple phenotypes of a complex, multi-organ 
disease (syndromic). These two possibilities are shown at 
the left and right halves of the diagram (yellow and green 
color, respectively) and do not overlap each other, but 
overlap both sexes. Finally, the causes of VUR may either 
be the (mis)action of specific genes, or environmental 
factors, or gene/environment interactions. Horizontal and 
vertical lines represent environmental and genetic factors, 
respectively. This classification subdivides the diagram into 
16 rectangles. We distinguish the following cases: (1) male, 
non-syndromic, unknown etiology (pale green); (2) male, 
non-syndromic, VUR induced by genetic factors only (pale 
green with vertical lines); (3) male, syndromic, VUR induced 
by genetic factors only (dark green with vertical lines); (4) 
male, syndromic, unknown etiology (dark green, top right); 
(5) male, non-syndromic, VUR induced by the environment 
only (pale green with horizontal lines); (6) male, non-
syndromic, VUR induced by genetic and environmental 
factors (pale green with squares); (7) male, syndromic, 
VUR induced by genetic and environmental factors (dark 
green with squares); (8) male, syndromic, induced by the 
environment only (dark green with horizontal lines). In the 
bottom half of the figure, there are 8 additional cases that 
are homologous to cases 1-8, but concern females instead of 
males. This diagram intends to represent only the identities 
of these 16 (8 + 8) cases/groups of patients (i.e., the sizes 
of the 16 sectors of this diagram are not quantitative with 
respect to the entire population of patients).
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actions between the genetic background and the 
gender/age variables. We encourage investigators 
to publish their genetic analyses of VUR using/
taking into account younger ages and narrower 
age subdivisions, in order to (1) confirm that this 
condition affects patients differently according to 
their gender and (2) create a link between genetic 
makeup and age and gender of these subjects. 

The potential generalization of these assessments 
would identify VUR as a topic of personalized 
medicine and, even more importantly, help rede-
fine VUR treatment guidelines accordingly.
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Figure 3. A simplified flowchart for the clinical management of VUR; this graph is partially based on the existing 
literature on this subject and includes, as critical nodes, the two variables (sex and age) that are evaluated in this 
review. This chart is intended solely for showing a possible sequence of steps taken by physicians and is not meant to 
be comprehensive or directly applied to all patients. Some of the steps that we describe as sequential may also happen 
at the same time or be chronologically swapped. For example, usually, the diagnosis of primary/secondary VUR, the 
assessment of renal damage and the evaluation of (febrile) UTI are done at the same time. Starting from the utmost 
left, once VUR is diagnosed, it is crucial to evaluate the residual renal function (RRF) and the presence of any visible 
obstacle causing the reflux; either of these two conditions may induce the physician to choose an invasive approach, such 
as surgery, to treat the patient. Moreover, the presence of UTI should be monitored along all the steps of this flowchart, 
since UTI may occur/recur after the VUR diagnosis, and antibiotic prophylaxis should be performed before sending the 
patient to the operating room. We suggest “watchful waiting” as a valid option in two cases: (1) in low VUR grades for 
any sex and age (as suggested by our knowledge and shared clinical experience) or (2) in infant males, especially with 
grades III and IV (based on the present report). Indeed, the spontaneous resolution of higher VUR grades in infant males 
or in prenatal cases has been described in the literature58,59. However, the final decision to apply this approach to infant 
males with a grade V and without renal damage and UTI is necessarily left to the judgment of the pediatric urologist, 
on a case-by-case basis and according to his/her experience and knowledge of this matter. The red color indicates 
nodes (RRF, obstruction removal, male, age, surgery) that are considered crucial, for our report and/or from a general 
medical standpoint; the green represents the least invasive actions/events/clinical variables (VUR diagnosis, visible 
obstacle, watchful waiting, regression, discharge); the yellow marks important actions/events/clinical variables and 
mildly invasive approaches (remaining nodes). Ovals mean start, end, or key intermediate step; diamonds are medical 
decisions/choices; rectangles are clinical actions.
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