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ABSTRACT

Objective: To prospectively evaluate the diagnostic utility of interlobar renal arteria resistive index values, in predict-
ing the presence of vesicoureteral reflux in children with sonographically normal appearing kidneys. Methods: We
investigated 35 children with a history of urinary tract infection with grayscale and color Doppler ultrasound (US) fol-
lowed by a standard voiding cystouretherogram to assess the presence of vesicouretera reflux. All renal units (individ-
ual kidneys) were morphologically normal without evidence of hydronephrosis. Resistive index (RI) was measured at
the level of the interlobar arteries. Results: Of atotal of 67 kidney units, 3 kidney units yielded no diagnostic results
due to technical factors (crying, agitation). 46 kidney units (69%) were not associated with any degree of reflux. 17
kidney units (25%) were associated with low-mid grade reflux (grades| - I11). 4 kidney units (6%) were associated with
high grade reflux (grades 1V - V). No statistically significant correlation was found between the interlobar resistive in-
dices of sonographically normal appearing kidneys and the presence, absence, or degree of vesicoureteral reflux. Con-
clusions: The results of this study suggest that resistive index measurements taken in the interlobar arteries of sono-

graphically normal appearing kidneys cannot be used to predict the presence or absence of vesicoureteral reflux.
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1. Introduction

Urinary tract infections are very common in the pediatric
population, especialy in girls. Most children with vesi-
coureteral reflux and urinary tract infections have an ex-
cellent prognosis with resolution of reflux by 4 years of
age. The greatest risk of renal involvement in urinary
tract infection is in newborn boys and pre-school age
girls[1].

According to the guidelines of the American Academy
of Pediatrics (AAP), a sonogram should be performed on
all infants and young children with fever and their first
documented UTI; prior to 2011, according to the AAP
guidelines of 1999, voiding cystourethrography (VCUG)
or radionuclide cystography (RCN) were recommended.
New AAP guidelines [2] have recently been proposed for
children with urinary tract infections (UTI). It is now re-
commended that VCUG or RCN not be done after the
first febrile UTI. Thisis based on the fact that “the risks,
costs, and discomfort of the VCUG are hard to justify,
because there is no evidence that patients benefit from

"Corresponding author.

Copyright © 2012 SciRes.

having their VUR diagnosed” [2].

Regardless of the new AAP recommendations, it has
been shown that a normal renal sonogram does not ex-
clude the presence of vesicouretera reflux, even in chil-
dren aged 5 years or older. Therefore, if reflux is consid-
ered, a VCUG must be performed even in older children,
regardless of the sonographic findings [3].

There are some studies regarding the effects of reflux
on renal blood flow. Paltiel [4] studied the effect of chro-
nic, low pressure reflux on renal growth and function in a
porcine model. The results of that study showed that such
reflux, in pigs, led to mild chronic interdtitial inflamma-
tion and fibrosis after 1 year. However, the imaging find-
ings were normal.

Helin [5] studied blood flow parameters, including re-
nal vascular resistance, in piglets with unilateral ureteric
pressure elevation, as may happen in vesicouretero reflux.
In that study no significant changes in renal vascular re-
sistance was found between normal kidneys and those in
which there was elevated ureteric pressure.

Resistive index (RI) is defined, in Doppler ultrasound,
as the ratio of the peak systolic velocity minus the end
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diastolic velocity/peak systolic velocity. RI is widely used
a measurement of resistance of arterial flow, and elimi-
nates the need for precise angle-measurements of blood
flow. Most ultrasound machines can automatically cal-
culate the RI within an arterial structure automaticaly, as
illustrated in Figure 1.

Radmayr [6] studied the relationship for resistive in-
dex (RI), reflux and scarring. Patients with VUR grades
IV and V demonstrated a statistically significant increase
in RI compared to those with low grade or no reflux. The
author concluded that a possible cause of these elevated
RIs may be the presence of rena scarring, found in many
children with higher grades of reflux. The author aso
recommended routine determination of Rl during rena
ultrasound examinations to detect rena injury and scar-
ring in patients with VUR.

Our study was performed in effort to evaluate the fol-
lowing research questions:

1) Is there an dteration of the resistive indices of the
interlobar arteries, in children with reflux and sonogra-
phically normal appearing kidneys?

2) If such an ateration in Rl exists, can these measure-
ments be used to predict the presence or absence of vesi-
coureteral reflux?

3) Is there a correlation between resistive index and
the grade of reflux?

Given the known pathophysiology of reflux and renal
blood flow in animals with reflux, our hypothesis was
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that resistive index would not be a positive predictor of
reflux in children, and therefore, not a useful tool to pre-
dict the presence or absence of reflux in normal appear-
ing kidneys on sonography.

2. Materials and M ethods

After obtaining IRB approval, we investigated 35 chil-
dren with a history of UTI with grayscale and color Dop-
pler US followed by a standard voiding cystourethero-
gram to assess the presence of vesicoureteral reflux.
Ages ranged from newborn - 12 years of age. There were
14 males and 21 females. All renal units (individual kid-
neys) were morphologically normal without evidence of
hydronephrosis or rena scarring. Resistive index (RI)
was measured at the level of the interlobar arteries. The
arcuate arteries were not selected due to technical diffi-
culties in obtaining Doppler measurements in such small
structures, which relies on patient cooperation. Three
measurements of the interlobar RIs were obtained at the
level of the upper, mid, and lower poles of each kidney.
All sonograms were performed on the Siemens Anta-
res unit. Each sonogram was performed by one of two
experienced ultrasound technicians. All VCUGs were
performed fluoroscopically and the results of each study
were tabulated by one of five experienced pediatric radi-
ologists (with arange of 5 - 20 years of experience). Re-
flux grade was assigned according to the international
reflux grading system (Grades | - V). Rl values were then
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Figure 1. Spectral Doppler ultrasound of the interlobar arteries of the kidney, demonstrating the calculation of the resistive

index. In thiscase, the Rl is0.51.
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tabulated with VCUG results.

3. Resaults

A tabulation of the results of this study is presented in
Table 1. A total of 67 kidney units were assessed. 3 kid-
ney units yielded no diagnostic results due to technical
factors (crying, agitation). 46 kidney units (69%) were
not associated with any degree of reflux. 17 kidney units
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(25%) were associated with low-mid grade reflux (grades
I - ). 4 kidney units (6%) were associated with high
grade reflux (grades IV - V).

The mean RI values obtained in the three positions of
each kidney are summarized in Table 2. The overall
mean RI was 0.68.

Table 3 demonstrates the number and percentages of
infants with each grade of reflux in both kidneys. Here,

Table 1. Summary of RI values and presence, absence, and grade of reflux.

Patient Sex Age Rtkidup Rtkidmid Rtkidlow Ltkidup Ltkidmid Ltkidlow Refluxrt Reflux It
1 M 4 weeks 0.72 0.74 0.62 0.69 0.7 0.72 NO NO
2 F 12 weeks 0.75 0.74 0.71 0.73 0.61 0.67 Grade 2 Grade 3
3 F 624 weeks 0.66 0.57 0.68 0.63 0.6 0.67 NO NO
4 F 8 weeks 0.6 0.63 0.67 0.69 0.63 0.65 NO NO
5 F 260 weeks 0.69 0.66 0.65 0.64 0.61 0.62 1 NO
6 M 44 weeks 0.74 0.73 0.74 0.66 Grade 2 Grade5
7 F 104 weeks 0.65 0.65 0.65 0.73 0.65 0.73 NO NO
8 M 0 week 0.61,0.6 0.61 0.58 0.6 0.67 0.62 Grade 5 Grade 5
9 M 20 weeks 0.84 0.85 0.83 0.87 0.8 0.84 NO NO
10 F 72 weeks 0.73 0.64 0.69 N/A N/A N/A NO Grade 4
11 F 156 weeks 0.73 0.76 0.62 0.51 0.61 0.68 NO NO
12 F 364 weeks 0.78 0.78 0.62 0.74 0.7 0.7 NO NO
13 F 104 weeks 0.69 0.75 0.71 0.64 0.67 0.59 NO Grade 1

14 F 56 weeks 0.7 0.65 0.65 Absent |eft kidney Grade 5 NO
15 M 28 weeks 0.81 0.82 0.79 0.8 0.78 0.79 NO NO
16 F 6 weeks 0.69 0.55 0.64 0.68 0.75 0.72 NO NO
17 M 78 weeks 0.75 0.77 0.77 0.75 0.75 0.74 NO Grade 2
18 F 60 weeks 0.6 0.68 0.72 0.7 0.75 0.58 Grade 2 Grade 3
19 F 208 weeks 0.61 0.69 0.71 0.58 0.67 0.72 Grade 2
20 M 244 weeks 0.69 0.68 0.73 0.57 0.58 0.67 Grade 3 NO
21 F 260 weeks N/A N/A N/A 0.58 0.67 0.61 Grade 3 Grade 3
22 M 1 week 0.62 0.65 0.74 0.76 0.72 0.56 NO NO
23 M 156 weeks 0.76 0.75 0.74 0.71 0.59 0.58 NO NO
24 F 130 weeks 0.69 0.62 0.64 0.68 0.62 0.66 NO Grade 2-3
25 F 36 weeks 0.67 0.77 0.69 0.68 0.66 0.72 NO NO
26 F 12 weeks 0.63 0.63 0.54 0.67 0.72 0.8 NO NO
27 M 4 weeks 0.75 0.79 0.69 0.74 0.81 0.75 NO NO
28 F 572 weeks 0.59 0.61 0.56 0.65 0.69 0.56 NO NO
29 F 468 weeks 0.6 0.53 0.59 0.63 0.79 0.57 Grade3 NO
30 M 0 week 0.67 0.48 0.63 0.68 0.7 0.71 Grade 2 Grade 3
31 M 44 weeks 0.73 0.76 0.74 0.65 0.71 0.62 NO NO
32 M 8 weeks 0.72 0.74 0.69 0.7 0.72 0.7 NO NO
33 F 36 weeks 0.67 0.77 0.69 0.68 0.66 0.72 NO NO
34 F 45 weeks 0.57 0.62 0.74 0.53 0.52 N/A NO NO
35 M 32 weeks 0.71 N/A N/A N/A Absent |eft kidney Grade 3 N/A
Copyright © 2012 SciRes. OJMI
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67.65% of the sample size's right kidneys demonstrated
no reflux, and 69.70% of the study population’s left kid-
neys demonstrated no reflux.

Each p value in Table 4 is two-sided, and was not ad-
justed for the fact that multiple hypothesis tests were
performed. Since a multiple hypothesis correction will
increase each p value, and no p value is less than 0.05,
then the overall conclusion is that there are no significant
results (irrespective of correction).

Our study had 80% power at the 5% significance level
to detect a decline of at least 0.065 in the resistive index
associated with reflux in either the left or right kidney.
More specifically, a test to determine whether reflux is
associated with a decline in resistive index would have
approximately 80% power if the true mean of the resis-
tive index is 0.065 units lower among infants with reflux
than among those without it.

Table 2. Resistive index mean (xstandard deviation) of the
resistive index in the upper, middle, and lower poles of the
right and left kidneys.

Position Right kidney Left kidney
Lower pole 0.679 +/-0.07 0.676 +/-0.07

Mid pole 0.687 +/—0.09 0.680 +/-0.07
Upper pole 0.688 +/—0.07 0.676 +/—0.08

Table 3. The number and percentage of infants with each
grade of reflux in theright and left kidneys.

Right kidney Left kidney
Reflux grade

Count Percent Count Percent

0 (none) 23 67.65 23 69.70

1 1 2.94 1 3.03

2 5 14.71 1 3.03

3 3 8.82 5 15.15

4 0 0.00 1 3.03

5 2 5.88 2 6.06

Total 34 100 33 100

Table 5 demonstrates the p value between the resistive
index in each location and reflux grade in each kidney.
Again, it was not adjusted for multiple hypothesis tests,
since the uncorrected p values were greater than 0.05.
The conclusion is that there is no significant correlation
between resistive index and reflux grade, irrespective of
whether amultiple hypothesis correction is applied.

Lastly, Table 6 demonstrates the statistical signifi-
cance in predicting reflux at various parts of the kidney
with a given resistive index, adjusted after the potential
confounding effects of age and gender. This logistical
regression analysis had an 80% power at the 5% signifi-
cance level to detect an odds ratio of 2.85. It, moreover,
successfully concludes that there is no significant predic-
tive value of resistive index in reflux. The left lower re-
sistive index demonstrated a p value of less than 0.1 in
predicting reflux in at least one kidney.

4. Discussion

Wheat is the normal RI value of the interlobar arteries in
children? Radmayr [6] found that RI values are related to
age. In children less than a year of age, the maximum RI
value is 0.77 +/— 0.08. In the second year of life on, the
Rls are lessthan 0.7. The mean RI taken at all agesis 0.6
+/-0.06. All of the RIs obtained in our study were within
this range and therefore normal.

Table 5. Spear man correlation (p value) between theresistive
index in each location and thereflux gradein the kidney.

Resistive index location Correlation with reflux gradein

Kidney Position Right kidney Left kidney
Left Lower —-0.34(0.07) -0.23(0.22)
Left Middle —0.09 (0.62) —0.04 (0.84)
Left Upper —0.35(0.06) 0.01 (0.97)
Right Lower -0.15 (0.40) -0.0 (0.99)
Right Middle -0.32(0.07)  -0.19(0.31)
Right Upper -0.21(0.24) 0.05 (0.80)

Table 4. p values to compar e infants with and without reflux
in the left kidney, right kidney, and at least one kidney with
respect to theresstiveindex in each postion of the kidney.

Resistiveindex location ~ Right kidney L erf;flih?(ney Rgf-ltﬁ)érl :
reflux: absent absent vérs% kidney: yes
Kidney Posiion ~ Versuspresent present VS. no
Left Lower 0.084 0.250 0.085
Left Middle 0.527 0.930 0.597
Left Upper 0.095 0.948 0.246
Right Lower 0.487 0.803 0.908
Right Middle 0.095 0.413 0.140
Right Upper 0.271 0.752 0.715

Table 6. p value assessment, from logistic regression, of pre-
dicting reflux in the right kidney, left kidney, or at least one
of thetwo kidneys, after adjusting for infant age and gender.

Resistive index location Predicting reflux in

Kidney Position  Right kidney Leftkidney Atleast1
Left Lower 0.127 0.194 0.093
Left Middle 0.619 0.752 0.664
Left Upper 0.120 0.703 0.217
Right Lower 0.472 0.998 0.984
Right Middle 0.078 0.308 0.133
Right Upper 0.164 0.984 0.605

Copyright © 2012 SciRes.
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Measurement of resistive index is a noninvasive diag-
nostic modality for studying changes in renovascular re-
sistance. Since it is a ratio, and independent of the Dop-
pler angle, Rl values are an ideal way of studying in-
trarenal resistance in difficult or non cooperative patients.
Elevated RIs (RI > 0.7) can be encountered in diseases
involving the tubulointerstitial or vascular system (e.g.
lupus nephritis) [7,8].

It is well known that intrarenal reflux has a predilec-
tion for affecting the upper and lower poles of the kidney,
which is thought to be the result of the morphology and
vertical orientation of the renal papillae in these regions.
[9]. Funson and Cremin [10] found that there is an abun-
dance of compound papillae in the upper and lower pole
regions and were more subject to intra renal reflux, espe-
cialy at lower pressures. Therefore, might the RIs be dif-
ferent in the upper and lower poles compared to the mid
pole region? Three regions of each kidney were studied
with Doppler sonography in our study, to determine if
there are any differences in Rl measurements in these
locations in refluxing kidneys. However, no statistically
significant differences in the RI values in the various
poles of the kidneys, associated with reflux alone, were
seen.

Kawauchi et al. [11] studied two populations of chil-
dren, and both groups demonstrated vesicoureteral reflux.
One group, however, did not demonstrate renal scarring
on radionuclide studies, while the other group did dem-
onstrate evidence of renal scarring. The results of this
study showed that the RIs were significantly elevated in
kidneys with scars compared to those without scars. The
authors concluded that it must be renal scarring which
produces parenchymal damage, which in turn, elevates
the RI and not reflux alone. The authors also concluded
that the increased RI in refluxing kidneys may predict the
presence of renal scarring and is therefore useful for fol-
low up in patients with documented reflux on VCUG.
The results of our study would suggest this may be true.

There are severa limitations of our study. The sample
sizeis small and this study is continuing to acquire more
data. Given our results, a higher sample size may have
theoretically produced a statistically significant associa
tion between RI and vesicoureteral reflux. While the sta-
tistical power in our study was enough to demonstrate a
difference had one existed, alarger sample size may have
yielded p values less than 0.05.

Secondly, none of our patients had radionuclide imag-
ing to document the presence or absence of renal scarring.
We assumed that no significant parenchyma damage
existed, since all of the kidneys were morphologicaly
normal on sonography. However, nuclear imaging is
more sensitive for the detection of rena scarring than
ultrasound [12].

Our study, however, is a harbinger for future studies. It

Copyright © 2012 SciRes.

is the first, using sonographically normal kidneys, to in-
vestigate the predictive value of resistive indices in vesi-
coureteral reflux. Other studies have demonstrated the
importance of each variable thus far (i.e. Rl or reflux),
but have not used a model of clinically normal kidneys to
extract a possible relationship. Such an undertaking ac-
curately simulates clinical scenarios. In addition, the
prior literature suggests that elevated RIs are the result of
parenchymal scarring. Therefore, elevated renal RIs in
the face of reflux might be a predictor of rena scarring,
and might prompt the investigation of such using ra-
dionuclide imaging.

In summary, our preliminary results suggest that resis-
tive index measurements taken in the interlobar arteries
of sonographically normal appearing kidneys do not pre-
dict the absence or presence of vesicoureteral reflux. Ad-
ditionaly, no statistically significant correlation exists
between RI values and reflux grade. Our results also
confirm prior studies, in that elevated RIs are not related
to reflux per se, but are more likely to be a predictor of
renal scarring.

In the imaging workup of children with urinary tract
infections and sonographically norma appearing kidneys,
interlobar RI values are not predictive of vesicouretera
reflux. A VCUG is still required to evaluate for the pres-
ence of reflux. However, elevated renal RIs may suggest
renal scarring, in the presence of reflux, and lead to fur-
ther work-up with radionuclide imaging.
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