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Abstract

Background/Objectives: To assess the “footprint” sign in voiding cystourethrogram
(VCUG) for its diagnostic and prognostic significance in indicating a “pop-off” mech-
anism that may reduce pressure on the contralateral kidney. Methods: A retrospective
analysis included patients with a “footprint” sign or high-grade vesicoureteral reflux (VUR)
in VCUG. They were categorized into two groups: those with (Group A) and those without
(Group B) the “footprint” sign. Results: Among 55 patients (median age 18 months),
18 exhibited the “footprint” sign. Group A had predominantly male patients. Bilateral
VUR was less common in Group A (38.9%) compared to Group B (51.4%), though not
statistically significant (p-value: 0.385). The “footprint” sign was predominantly associated
with the left side (77.8% in Group A). The median differential renal function (DRF) was
significantly lower in kidneys with the “footprint” sign (11.5%) compared to those without
(44.5%, p-value < 0.001). All patients with a DRF under 20% exhibited the “footprint”
sign. Conclusions: The “footprint” sign correlates with poor renal function, suggesting
a potential pop-off mechanism protecting the contralateral kidney. Management should
prioritize the contralateral kidney with normal function. The “footprint” sign alone in
VCUG may suffice to indicate compromised renal function, negating the need for further
ipsilateral kidney assessment.

Keywords: nephropathy; renal function; Technetium Tc99m dimercaptosuccinic acid;
vesicoureteral reflux; voiding cystourethrogram

1. Introduction
Vesicoureteral reflux (VUR) is a prevalent congenital disorder of the urinary tract

in children who have had a previous urinary tract infection (UTI) or in asymptomatic
infants with a prenatal sonographic diagnosis of hydronephrosis or hydroureter [1,2].
The currently available imaging techniques used to determine VUR include radiographic
voiding cystourethrogram (VCUG), direct radionuclide cystography, and the recently
introduced contrast-enhanced voiding ultrasonography [3–5]. VCUG is the most commonly
used technique and employs a well-defined international grading system (I to V) based on
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the level of reflux and the morphology of the pelvicalyceal system, bladder, ureters, and
urethra, but it does not infer the function of the affected kidney [6]. However, in some cases
of moderate to severe reflux, the morphology of the refluxing pelvicalyceal system and
ureters may not conform to the criteria described in the international grading system.

In 2015, Martin et al. [7] introduced the “flowerpot” sign as an indicator of poor kidney
function in high-grade VUR. This sign was characterized by the cephalic configuration of
calyces during maximal reflux. Their study included children with grade IV or V VUR and
categorized the patients based on the presence of the “flowerpot” sign. The authors found
decreased renal function in units with the “flowerpot” sign, with a median differential renal
function (DRF) of 23%, compared to 48% and 40% in grade IV and V VUR units without the
sign, respectively. In this paper, we refer to this sign as the “footprint” sign, as we believe it
resembles an infant’s footprint.

In the current study, we report our observations in VCUG of a distinct pattern in
the refluxing pelvicalyceal system that resembles an infant’s “footprint”, characterized
as dilated calyces atop a dilated, elongated renal pelvis. We conducted this study to re-
evaluate the sign reported by Martin et al. [7], which appears to be a reliable indicator
of poor renal unit function, and to introduce a possible hypothesis. We propose that
this sign may indicate a “pop-off” mechanism, potentially decreasing the pressure on the
contralateral kidney.

2. Materials and Methods
2.1. Study Design and Participants

Medical records of individuals diagnosed with VUR from 2007 to 2019 were retrospec-
tively reviewed. For each patient, demographic and clinical information, VCUG and Tc99m
dimercaptosuccinic acid (Tc99m-DMSA) scintigraphy results, and VUR grading based on
the standards set by the International Reflux Study in Children were extracted. Inclusion
criteria included the presence of either a “footprint” sign or high-grade VUR (grade IV or
V) in VCUG, as indicated in radiology reports and pediatric urologist notes. The “foot-
print” sign was characterized as dysmorphic calyces connected to a dilated renal pelvis,
forming a distinct “footprint” shadow shape, depicted in Figure 1. While no quantitative
measurements (e.g., calyceal angle or pelvis ratios) were performed in this study, we based
our visual identification on previously published radiological definitions. Martin et al. [7]
described the sign as a superior migration of the calyceal axis with an inferior displacement
and increased filling of the renal pelvis, producing a “flowerpot” configuration. They also
reported that during maximal reflux, calyces are located largely cephalad to the renal pelvis
rather than lateral, with a significantly greater median calyceal-spine angle (52◦ [range 37–66])
in affected kidneys compared to high-grade controls (13◦ [range 2–37]). These quantitative
measures support the visual criteria used to identify the footprint sign. VCUG images were
first reviewed by two experienced pediatric radiologists, and the presence of the “foot-
print” sign was subsequently confirmed by a senior pediatric urologist. Exclusion criteria
encompassed individuals with a single kidney, multicystic dysplastic kidney, prune-belly
syndrome, duplex collecting system, renal ectopia, posterior urethral valve (PUV), or those
lacking a Tc99m-DMSA scan.

Patients were categorized into two groups based on the presence of a “footprint” sign:
Group A (with a “footprint”) and Group B (without a “footprint” sign). The DRF of the
affected kidneys in Group A (Figure 2) was compared with the DRF of the refluxing kidneys
in patients with unilateral reflux or the kidneys with a higher grade of reflux in patients
with bilateral reflux in Group B.
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Figure 1. Dysmorphic calyces attached to a dilated renal pelvis form a distinct “footprint” shadow shape.

 

Figure 2. Different views of Tc99m dimercaptosuccinic acid (Tc99m-DMSA) scan uptake in a refluxing
unit with “footprint” shadow. Relative Tc99m-DMSA uptake of the right (footprint) kidney: 8%, the left
kidney: 92%. The coloured spectrum in the DMSA scan represents the differential uptake of radiotracer
by functioning renal cortical tissue. This spectrum reflects relative perfusion and metabolic activity of
kidney function, with colour intensity corresponding to tracer uptake based on count density. Red,
orange, yellow: Higher tracer uptake, interpreted as normal or hyper-functioning cortical tissue. Green,
blue: Moderate to lower uptake, interpreted as reduced function. Black or absent colour: No uptake,
interpreted as non-functioning areas. ANT, anterior; LPO, left posterior oblique; POST, posterior; RPO,
right posterior oblique.

2.2. Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) version 26 was employed for
statistical analysis. The Shapiro–Wilk test assessed data normality. Data were presented
as median (interquartile range [IQR]) for continuous variables and as numbers and per-
centages for categorical variables. The Mann–Whitney U test was used to compare serum
creatinine and DRF between patients with and without a “footprint” sign. Additionally,
Fisher’s exact test/Chi-square test was utilized for comparing the bilaterality of VUR and
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gender between groups. Multivariable linear regression was performed to compare serum
creatinine levels between the groups, adjusting for age and gender. A p-value of less than
0.05 was considered significant.

2.3. Ethical Considerations

The research protocol was in accordance with the ethical standards of the local ethics
committee of the Tehran University of Medical Sciences and the Helsinki Declaration of the
World Medical Association [8].

3. Results
3.1. Patients’ Characteristics

A total of 55 patients, comprising 28 males and 27 females, met the inclusion criteria.
The median age was 18.0 [50.5] months. Bilateral VUR was present in 26 patients (47.3%).
The higher grade of VUR was on the right side in 22 patients (40.0%) and on the left in
33 patients (60.0%). The VCUGs revealed the “footprint” sign in 18 of the 55 patients (Group
A) and high-grade reflux without the “footprint” sign in the remaining 37 patients (Group
B). Table 1 summarizes the clinical and imaging findings for Groups A and B. Notably, only
2 patients (11.1%) in Group A were female, in contrast to the majority in Group B, where
25 out of 37 patients were female (p-value < 0.001).

Table 1. Pertinent clinical and imaging findings of patients with the “footprint” sign (group A) and
those with grade IV–V reflux but without the “footprint” sign (group B).

Variable
Patients

Group A (n = 18) Group B (n = 37)

Gender; male/female 16:2 12:25
Age, months; median [IQR] 28.2 [66.5] 13.0 [42.0]
Bilateral VUR; n (%) 7 (38.9%) 19 (51.4%)
Side of “footprint” or high-grade VUR; right: left 4: 14 18: 19
DRF; median [IQR] 11.5 [7.0] 44.5 [12.3]
Presentation; n (%)

Antenatal hydronephrosis 6 (33.3%) 13 (35.1%)
Recurrent UTIs 9 (50.0%) 23 (62.2%)
Other/Incidental 3 (16.7%) 1 (2.7%)

Neurological and other related disorders; n (%)
Spina bifida occulta 4 (22.2%) 3 (8.1%)
Sacral abnormality 1 (5.6%) 5 (13.5%)
History of ureterovesical junction obstruction 0 (0.0%) 4 (10.8%)

Clinical information at follow-up
Hypertension; n (%) 0 (0.0%) 0 (0.0%)
Significant proteinuria in urinalysis; n (%) 0 (0.0%) 0 (0.0%)
Nephrectomy; n (%) 0 (0.0%) 0 (0.0%)
Creatinine, mg/dL; median [IQR] 0.6 [0.18] 0.6 [0.21]

DRF differential renal function, IQR interquartile range, n number, UTI urinary tract infection, VUR vesicoureteral reflux.

The presentation of VUR was antenatal hydronephrosis in 19 patients (34.5%), recur-
rent UTIs in 32 patients (58.2%), and other/incidental in 4 patients (7.3%). Additionally,
7 patients (12.7%) had spina bifida occulta, 6 patients (10.9%) had sacral abnormalities, and
4 patients (7.3%) had a history of ureterovesical junction obstruction.

3.2. VUR Grade

In Group A, 7 patients (38.9%) had bilateral VUR, which was less than the 19 patients
(51.4%) in Group B; however, this difference was not statistically significant (p-value: 0.385).
Additionally, the side with the higher grade was the left in 77.8% of patients (14/18) in
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Group A, compared to 51.4% (19/37) in Group B. In Group B, the grade of VUR in unilateral
reflux and the higher grade in cases of bilateral VUR was IV in 26 patients (70.3%) and V in
11 patients (29.7%). Table 2 displays the VUR grades for all renal units, classified based on
the patient groups.

Table 2. The grade of vesicoureteral reflux in renal units of all patients.

VUR Grade
Renal Units

Group A (n = 25) Group B (n = 56)

I 1 2
II 2 4
III 2 12
IV 2 27
V - 11

Footprint 18 -
VUR, vesicoureteral reflux.

In Group A, 11 patients (61.1%) had no VUR in the contralateral kidney, and the
distribution of VUR grades I, II, III, and IV in the kidney with the lower grade was 1 (5.6%),
2 (11.1%), 2 (11.1%), and 2 (11.1%), respectively. In Group B, 18 patients (48.6%) had no
VUR in the contralateral kidney, and the distribution of VUR grades I, II, III, and IV in the
kidney with the lower grade was 2 (5.4%), 4 (10.8%), 12 (32.4%), and 1 (2.7%), respectively.

3.3. Tc99m-DMSA

The median differential Tc99m-DMSA renal function was 11.5% [7.0] for renal units
with the “footprint” shadow, in contrast to 44.5% [12.3] for high-grade renal units without
this sign (p-value < 0.001) (Figure 3). All 16 out of 55 patients (29.1%) with a DRF of
less than 20% exhibited the “footprint” sign. Consequently, the sensitivity, specificity,
positive predictive value, and negative predictive value of the “footprint” sign for detecting
refluxing units with a DRF of less than 20% were 100%, 94.9%, 88.9%, and 100%, respectively.

Figure 3. Relative Tc99m dimercaptosuccinic acid (Tc99m-DMSA) scan uptake percentage comparison
between high-grade renal units with and without the “footprint” sign.

3.4. Clinical Information at Follow-Up

At the last follow-up, none of the patients had undergone nephrectomy, and none
had developed hypertension. Among the patients in Group B, two had trace proteinuria
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detected by urinalysis, while the remaining 35 showed no proteinuria. Notably, none of
the patients with the “footprint” sign had proteinuria. Median serum creatinine levels
were similar between the “footprint” group (0.6 mg/dL; IQR: 0.18) and the comparison
group (0.6 mg/dL; IQR: 0.21) (p-value: 0.139) (Table 1). Considering the influence of age
and gender on creatinine, multiple linear regression adjusting for age and gender was
performed. The difference remained non-significant between groups (p-value: 0.163).

4. Discussion
Children with VUR typically undergo evaluation using multiple imaging techniques.

Weitz et al. [9] hypothesized that renal volume adjusted for body size, measured by ul-
trasonography, provides a simpler and less invasive alternative to renal scintigraphy for
assessing renal function in individuals with primary VUR. A statistically significant corre-
lation was found between kidney volume measured by ultrasonography and split renal
function determined by renal scintigraphy at initial examination and follow-up. Never-
theless, VCUG remains the primary imaging modality for initial assessment, detection,
and grading of VUR in many cases [10]. Numerous studies have been conducted to iden-
tify factors contributing to renal damage, a complex multifactorial process not yet fully
understood [1,11–16].

In this study, we demonstrated that VCUG, which illustrates the anatomical features
of the refluxing system, can also provide insights into the functional status of the kidneys.
In refluxing units with impaired function, dilated calyces connected to an enlarged and
elongated renal pelvis form a distinct pattern, which we refer to as the “footprint” sign, as it
aptly describes the observed shape. Our findings corroborate those of Martin et al. [7], who
identified a similar pattern termed the “flowerpot” sign. They examined 57 patients with
high-grade VUR, 11 of whom exhibited the “flowerpot” sign on their VCUG. “Flowerpot”
renal units had a median DRF of 23%, while renal units with grade IV or V reflux had
a median DRF of 45%. These results align with our study, where the median relative
uptake of Tc99m-DMSA was 11.5% in “footprint” units, significantly lower than that of the
comparison group.

The median relative uptake of Tc99m-DMSA was 11.5% for “footprint” units, indi-
cating severely impaired renal function typical of high-grade VUR. Hunziker et al. [12]
demonstrated an increased risk of renal functional disorders in children with grade V VUR.
Similarly, Arapović et al. [1] reported that abnormal Tc99m-DMSA scans (indicating small
kidneys or scar development) are more likely in high-grade VUR. They found that the
incidence of small kidneys was 13.4% in patients with non-dilated VUR, 12.5% in those
with grade III VUR, and 34% in the group with grade IV or V VUR. Additionally, as the
VUR grade increased, renal scarring became more frequent, with a significant difference
between the groups. The prevalence of scarring was 3.8 times higher in the grade IV-V
VUR group compared to those with non-dilated VUR [1].

The clinical outcome of VUR depends on kidney function severity, which determines
the risk of persistent reflux, permanent renal injury, and renal insufficiency. Besides high-
grade VUR, dysfunctional voiding, recurrent pyelonephritis, and delayed antibiotic therapy
are potential causes of kidney scarring in individuals with VUR. Therefore, assessing kidney
function and implementing timely interventions are crucial in cases of high-grade reflux to
prevent potential long-term consequences [13].

To our knowledge, the “footprint” sign is the only known pattern in VCUG that can
provide a clinical interpretation of renal function prior to further assessment. We believe
that “footprint” kidneys represent a distinct category of high-grade refluxes not classifiable
by the international grading system. However, radiologists need to recognize this pattern
so they can inform the referring physician.
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The etiology of the “footprint” pattern is unknown. One hypothesis is that it results
from developmental dysregulation, forming a pop-off mechanism in a refluxing unit with
severely compromised renal function. This pop-off mechanism reduces pressure on the
contralateral kidney, functioning as a pressure venting system, as initially described by
Hoover and Duckett in 1982 in patients with PUV concurrent with vesicoureteral reflux
and unilateral renal dysplasia [17]. Although not statistically significant, the incidence of
bilateral VUR was lower in the “footprint” group, potentially supporting this hypothesis.
The lack of significance might be attributable to the small sample size. Additionally, we
observed a higher incidence of left-side involvement in patients with the “footprint” sign
compared to controls, with 14 out of 18 patients exhibiting the “footprint” on the left side.
This finding aligns with previous studies on the pop-off mechanism in PUV [17,18], where
Hoover and Duckett noted that the left side is more susceptible to abnormalities during
embryogenesis [17]. However, 33.3% of our patients with the “footprint” pattern presented
with antenatal hydronephrosis, compared to 50.0% who presented with recurrent UTIs.
Therefore, this pattern may also develop after birth rather than being due to abnormalities
during embryogenesis. We suggest further investigation to answer this question. Assuming
either of the two hypotheses—where the “footprint” pattern occurs during renal develop-
ment or after birth—we hypothesize that the pop-off mechanism may be the underlying
etiology in both cases.

Furthermore, 16 out of 18 patients (88.9%) with the “footprint” renal unit were male,
contrasting with the female predominance in the comparison group. This male predomi-
nance mirrors the findings of Martin et al. [7], who described the “flowerpot” sign, thus
affirming the higher incidence of renal abnormalities in males and supporting the hypothe-
sis of congenital developmental anomalies associated with this sign [7,12].

We also posit that treating reflux on the side with the “footprint” sign could lead to
dysregulation of urinary system pressures, potentially initiating or exacerbating reflux
in the better-functioning kidney. Therefore, prioritizing the management of reflux in
the contralateral normally functioning kidney and postponing nephrectomy decisions
for “footprint” kidneys may be more advantageous for patients. Moreover, the presence
of the “footprint” sign negates the need for endoscopic dextranomer/hyaluronic acid
copolymer injection in the ipsilateral kidney. Consequently, VCUG alone may suffice
when a “footprint” sign is present, eliminating the need for additional assessments or
Tc99m-DMSA scans on the affected kidney, as dysfunction is already confirmed. This
approach facilitates the management and monitoring of these patients, particularly in low-
to middle-income countries lacking facilities for renal scans for every patient and also
reduces costs and radiation exposure for children in all countries. While the “footprint”
sign may mitigate damage to the contralateral kidney, Tc99m-DMSA may still be required
if ultrasonography of the contralateral kidney is abnormal.

It is noteworthy that at our center, endoscopic dextranomer/hyaluronic acid copoly-
mer injection is the preferred method for VUR correction in the contralateral “footprint”
kidney when surgery is indicated. Indications for this procedure include breakthrough
febrile infections despite continuous prophylactic antibiotics, high grades of VUR (grades
IV and V), and kidney scarring. None of our patients underwent nephrectomy or ureteral
reimplantation for contralateral VUR correction.

Limitations and Suggestions

We acknowledge that this study has certain limitations, as it is a retrospective observa-
tional study with a limited dataset and relies exclusively on imaging. This retrospective,
single-center study is inherently limited by potential selection bias, lack of standardiza-
tion in imaging interpretation, and possible confounding variables such as a history of
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previous febrile UTIs, which may influence renal scan findings. The absence of formal
interobserver validation may introduce bias, as the “footprint” sign was identified by two
pediatric radiologists and subsequently confirmed by a pediatric urologist, rather than
being assessed independently, precluding calculation of a kappa statistic. The small sample
size (55 patients, of whom only 18 had the footprint sign) limits generalizability and may
overestimate the predictive value of the “footprint” sign.

Additionally, while we propose the “footprint” sign as a potential protective “pop-off”
mechanism, this remains a hypothesis. A definitive evaluation would ideally require com-
parison between patients with the “footprint” sign who underwent ipsilateral nephrectomy
or endoscopic correction by bulking agent and those who did not. As our approach was not
to intervene on the ipsilateral kidney during follow-up, we are currently unable to perform
such an analysis. Future studies including these patient groups are necessary to validate
this hypothesis.

Nonetheless, the proposed concept could serve as a basis for future research. Future
research should focus on prospective, multicenter studies to validate the “footprint” sign
across diverse populations and settings. Moreover, independent image reviews with
interobserver agreement analysis are warranted to improve reliability. The use of emerging
techniques such as machine learning for automated image analysis may further enhance
detection accuracy and support clinical implementation.

5. Conclusions
We contend that “footprint” kidneys represent a distinct subset of high-grade reflux

that does not fit within the international VUR grading system and should be acknowledged
as a unique category. The “footprint” sign is a strong indicator of compromised renal func-
tion and warrants prompt reporting by radiologists to the referring physician. We propose
that the pop-off mechanism may serve as a protective response, preventing the progression
of reflux in the contralateral kidney. Consequently, it may be more advantageous to manage
reflux in the contralateral kidney with normal function and postpone nephrectomy deci-
sions for kidneys with the “footprint” sign. Furthermore, VCUG alone may suffice when a
“footprint” sign is present, obviating the need for additional assessments or Tc99m-DMSA
scans for the ipsilateral kidney, as impaired renal function is already established.
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