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Abstract
Background: The incidence of vesicoureteral (VUR) in the
general population is less than 1%. Reflux carries an
increased risk of pyelonephritis and renal failure. The
purpose of the current study was to check whether the
voiding cystourethrography (VCUG) test is necessary in most
cases of upper urinary tract infection (UTI) in children, and
to investigate if there is a correlation between the presence
of VUR and urinary tract infection, or the reflux is a random
finding that does not require monitoring. In the same time
we studied the correlation with various markers of
inflammation, renal ultrasound findings (US), 99m
technetium (Tc)-dimercapto-succinic acid (DMSA) nuclear
renal scans findings, and the clinical presentation.

Methods: The current study is retrospective, based on tests
taken at the Poriya medical center in Tiberius (Eastern
Galilee population), between 2009-2013. The study includes
88 children up to 2 years that were asked for VCUG. All the
children had symptoms of UTI. Prior to performing the
imaging tests, the children had laboratory tests (blood,
urine, culture), then renal US. VCU was performed within
two weeks to one month from the beginning of the
complaints, for children up to six month old. Older children
did the voiding test after doing DMSA. DMSA was done 3-5
months after the acute UTI.

Results: Approximately 40% (37.5%) of patients suffered
from reflux: 66.7% with incorrect DMSA (filling defect/scar)
had reflux. Only 18.2% of children with normal DMSA
results had reflux. Renal US test was not correlated with
VCU results. High inflammation factors levels (CRP, ESR)
were found in all subjects with reflux, and only 52.6% of
cases with positive reflux had low lymphocytes levels
compared with only 14.3% in patients without reflux.

Conclusions: VCUG is not required in most cases of upper
UTI. Suitable replacement test can be done by renal DMSA,

which has also an added value of detecting a potential renal
damage (scars). High levels of inflammation factors,
erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) strongly suggest a possible existence of reflux.
In contrast, lower levels deny the existence of reflux in
children with upper UTI.

Keywords: Voiding cystography; DMSA scan; Renal-
ultrasonogaphy; Vesico-ureteral reflux; Pyelonephritis;
Nephronia

Introduction
Urinary tract infection (UTI) results from bacterial invasion to

the urinary tract system. It is one of the most important causes
of chronic renal failure. The incidence in boys is about 1% and
4% in girls [1,2]. 5-12% of the children, age between two months
to two years with high fever, are suffering from UTI. 20-30% of
the children will develop another episode, between 6-12 months
after the first episode of UTI [3]. UTI of the upper urinary tract
present with fever, flank pain and abdominal pain
(Pyelonephritis). Recurrent pyelonephritis can damage the
parenchyma with renal scars and arterial hypertension, with
subsequently chronic kidney disease (CKD) until end stage renal
disease. Vesicoureteral reflux (VUR) is classically considered a
risk factor for the development of renal scarring [4-6]. The
theory that reflux might produce renal scarring was proposed by
Hodson [2]. Ransley and Risdon showed that scarring occurred
only when UTI was present in association with VUR and
intrarenal reflux [6,7].

Another sub entity of upper tract infection is Nephronia
characterized by high fever of 40°C and acute severe
inflammation of the renal parenchyma until the formation of
abscess. With proper and early diagnosis with CAT scan,
intensive and prolonged antibiotic treatment, nephronia is
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reversible episode. Sometimes the children can have scars in the
upper and lower pole of the kidney (30-50% of the cases) [7-9].

VUR results from abnormal backflow of urine from the
bladder to the ureteral and in some instance to pelvis and calyx,
with incidence of 2% of the population, with familiar
predisposition of 30% [1,10-13]. Based on previous studies, the
prevalence of VUR is 25 to 40% in children with UTI [11]. Initially,
VUR was graded as mild, moderate, or severe by radionuclide
technique (RNC) [12]. Demonstration of tracer reflux in only the
ureter by RNC or grade I VUR on VCUG using the International
Reflux Study grading system was considered mild. Tracer reflux
in a non-dilated renal pelvis on RNC or grade II and III VUR on
VCUG was graded moderate. Reflux of tracer into a grossly
dilated renal pelvis on RNC or grade IV and V VUR on VCUG was
considered severe [12-13]. Cases of bilateral reflux in which the
grade differed on each side we reassigned the grade of the more
severely affected side. Reflux with grade III, IV and V we have
more acute pyelonephritis with renal parenchymal damage and
only in 30% of the cases we can have spontaneous normalization
of the reflux. The early detection of VUR allows prophylactic
antibiotic treatment or reimplantation of the ureter early, before
UTI occurs, and may prevent the development of renal scarring
[14,15]. The incidence of renal scarring has been reduced from
35%-60% to the current rate of 10%-12% [16]. Identification of
VUR in the general population is not feasible, but it would seem
sensible to investigate groups at risk by VCUG [16-18] before the
first UTI.

Recently, it was published that children with reflux treated
with antibiotics, does not shown any superiority on the
recurrence of UTIs, scar formations, and kidney function
deterioration, suggesting that scars formation are not
dependent on the presence or absence of VUR. To mention that
60% of the renal scars are without VUR. More, the contribution
of reflux to the development of scars secondary to UTI was not
proven yet, and that reflux is responsible for recurrence of UTIs
[11,17,18]. To prevent serious complications, early diagnosis,
proper antibiotic treatment and elimination of risk factors is very
important [6,8,19].

Performance of VCUG is necessary for diagnosis and
treatment of VUR. The timing of VCUG performance is
controversial. Some authors recommend that VCUG should be
done 4-6 weeks after treatment of UTI [10,19,20]. But others
believe that VCUG must be done as soon as possible. After VUS
is introduced, the number of VCUG investigations were reduced
by over half and, consequently, a significant reduction of
radiation exposure in children can be achieved [21-26].

At Baruch-Padeh Poria Medical Center, we are performing all
these imaging tests as following: In children with age less than
half year, renal US is recommended during admission or nearby.
If the ultrasound is abnormal and if there is no response to
treatment with antibiotics during 48 hrs, VCUG must be
performed during the coming two weeks [23,24,26], and renal
scan 3 to 5 months after the UTI [27]. Children with age above
half year, ultrasound will be performed first, and renal DMSA
scan few months later [25-27]. VCUG will be performed if the
scan is abnormal and there is clinical UTIS history. Diagnosis or
suspected nephronia, VCUG must be performed. VCUG is the

goal standard procedure for the diagnosis of reflux, and renal US
be a screening for the existence of reflux in correlation with the
hydronephrosis.

The aims of our study was to explore whether there is
correlation between the renal scintigrapy results and VUR,
whether there is correlation between renal US (Hydronephrosis)
and the existence of reflux, and whether there is relationship
between inflammatory markers and VUR.

Patients and Methods
The study is retrospective study, based on tests taken at the

Baruch-Padeh Poriya Medical Center in Tiberius (Eastern Galilee
population), between: 2009-2013. The study does not include
children with congenital anatomical defects. 98 children were
recruited for VCUG, but it was performed only in 88 children.
The study included children up to age 2 years. All the children
suffered from symptoms of UTI and were indication to perform
VCUG (UTI, age, recurrent UTIs, resistant to treatment, renal US
finding of hydronephrosis, small or ectopic kidney) and clinical
pyelonephritis. Children with congenital renal malformation as
horseshoe kidney, dysplastic kidney, posterior urethral valve,
were excluded. Before entering the VCUG, a urine culture,
routine blood tests, renal US and renal DMSA scan, were
performed in all children after the acute period (3-5 months).
VCUG was performed two weeks to one month from the UTI
episode in children aged until 6 monthly, and only after scan in
children older than 6 months.

Demographic characteristics include age, sex, past history,
surgery and medications. The children were divided in
subgroups according to age: 1-2 yrs, 2-3 yrs, 3-4 yrs and 4-5 yrs.
Physical examination and pain scale, fever, dysuria, urgency and
frequency were recorded. Urine culture, Erythrocyte
Sedimentation Rate (ESR), C-Reactive Protein (CRP), and total
WBC counts, plasma creatinine, urea, bacteria species. Imaging
results: Renal US, DMSA scan, and VCUG.

Statistics
The x2 test, the Fisher exact test, the odds ratio (OR), and the

Student t-test were used for statistical analysis. All P values
<0.05 were considered significant.

Results
A total of 98 children were requested to perform VCUG in our

center between the years 2009-2015, and only 88 children
performed the test. 33 children had reflux and 55 without reflux.
81.8% of the 45 of the children without reflux were female, and
87.5% of the 28 of the children with reflux were female. Mean
age of children with reflux were 2.5-3 years. High incidence of
reflux was in children less than year of age, and more than 4
years of age. The mean age of children with cystography was 2.7
years in female and 1.2 in male (Figure 1).
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Figure 1: The children age distribution during cystography.

Figure 2: Percent of complains during anamesis.

Figure 3: The reflux grade distribution.

Fever was the main complain in almost all children (99%) with
and without reflux, according to VCUG. Disuria and flank pain
was absent in more than 90% of children with and without
reflux (Figure 2). 58% of the children had II-V grade reflux, 42%
had I-II grade reflux (Figure 3).

37.5% of patients suffered from reflux. 66.7% with incorrect
mapping (filling defect/scar) had reflux and only 18.2% of
children with normal DMSA scan results had reflux. Renal US
test was not correlated with VCUG results. High inflammation
factors levels (CRP, ESR) were found in all subjects with reflux,
and only 52.6% of cases with positive reflux had low
lymphocytes levels compared only to 14.3% in patients without
reflux.

Inflammatory markers as CRP and ESR were very high in
children with reflux. 100% of children with reflux had high
ESR/CRP blood levels, versus 69% of children without reflux.

Regarding the leukocytes count, leukocytosis (Neutrophils)
count was higher in children with reflux but not statistically
significant. Impressively, 53% of children with reflux suffered
from lymphopenia versus 14% of children without reflux
(P<0.005). Kidney function tests were normal in all children with
and without reflux. From all children participated in the study,
75% of children suffered acute pyelonephritis, and 21% suffered
from nephronia (Abscess), and only 38% of children with
nephronia and 36% with pyelonephritis, were diagnosed with
reflux. 20% of children, urine culture was positive without any
relation to the existence of reflux. Escherichia Coli was found as
the cause of pyelonephritis in 72% of children with reflux versus
83% of children without reflux (Figure 4).

Figure 4: The prevalent frequency of Bacteria species in
children with and without reflux.

Regarding the role of non-invasive imaging studies in
detecting reflux in children with upper urinary tract infection,
we found that renal US was the preferred test to perform,
because its availability and safety. According to our results, we
found that US was not able to diagnose reflux and we don't find
correlation between renal US findings (Hydronephrosis) and
VCUG results. The same conclusion regarding reflux grade
especially grade I-II (Figure 5). Renal scan (DMSA) was
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performed in all 91% of children with reflux, and in 80% it was
found abnormal.

Figure 5: Ultrasound and Scintigraphy scan results in children
with and without reflux.

Figure 6: Schintigraphy Scan results in children with &
without reflux.

Figure 7: Schintigraphy results in children with reflux.

In 71% of children without reflux, only 30% of the scans were
abnormal. In all children with reflux, 66.7% of the scans were
abnormal and 18% were normal (P<0.005, Figures 6 and 7). By
the distribution according to reflux grade, we found that in
children with low grade reflux (I-II), 66% of the scans were

abnormal and in 89% of the scans of children with high grade
reflux (P<0.005, Figure 8). Important finding was the correlation
between abnormal scans and the existence of reflux in children
age between 1-2 years. Hence, VCUG can predict reflux in most
cases and without necessity for VCUG.

Figure 8: Ultrasound results according to reflux grade.

Discussion
Vesicoureteral reflux is the most common anomaly of urinary

system. It is one of the most important risk factor of UTI [1,11].
VUR is backflow of urine from the bladder to the ureter and in
some instance to the pelvis and the calyx [1-4]. The benefits of
early detection and treatment of reflux are clear for the
prevention of renal damage [28,29]. Screening for reflux has
been recommended in recognized risk groups such as children
with UTI. The grade of ultrasound findings was identified as risk
factor for VUR. In previous retrospective studies, abnormal renal
US findings such as dilatation of the ureter and pelvis were
considered as useful for predicting VUR. Other retrospective and
prospective studies indicate that renal US is of little benefit in
diagnosing VUR [30,31]. There are two types of reflux: primary
and secondary. Primary reflux is more common and has familial
and hereditary origin, and results from malfunction of
ureterovesical valve. Secondary reflux results from increased
intravesical pressure due to conditions such as neurogenic
bladder or posterior urethral valves (PUV) [1,19].

VCUG is the method of choice for diagnosis of VUR. The
timing of VCUG is controversial [22-24]. Many researchers
suggest postponing the VCUG until 4-6 weeks after treatment.
They believe that acute infection and release of endotoxins lead
to transient reflux. Renal US can performed to rule out
hydronephrosis first [25,26,32,33].

The current work is based on data from medical records of
children in the Eastern Galilee in 88 children with UTI as part of
the investigation by UCUG test. In our study we investigate
whether cystography is necessary in almost all cases of upper
recurrent urinary tract infection in children treated in our center
between 2009-2013. Renal DMSA scan was performed in most
of the children in the sample before performing the cystography,
and only six children aged less than six months have carried out
the DMSA scan after the cystography. As expected most patients
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that suffered from UTI were female (84% female vs. 16% male).
Out of total tested, 37.5% suffered from reflux. In the girls
group, 38.4% suffered from reflex while in boys only 28.6% were
suffer. Clinically, the most frequent symptom in children with
upper UTI was fever (>38°C). This finding was positive in all
children with reflux. High fever (>39°C) was observed in more
than 58% of children, and in those with reflux, 71% suffered
from high fever (>39°C) vs. 50% of children without reflux.

When exploring the laboratory results, CRP and ESR were
more positive in children with reflux compared with children
without reflux. In the inflammation results in acute phase of
infection mapping results issued several months later, we get the
best correlation between the results of ESR and DMSA scan. In
abnormal scan, we found 100% increase in ESR value, and
normal mapping only in 70%, which is statistically significant
(P<0.005). The correlation between scintigraphy and CRP was
low. There was more hydronephrosis by US, and more results of
scar and filling defect on scan, and more reflux in VCUG in the
left kidney compared to right kidney. Leukocytosis was found in
children with UTI and presence or absence of reflux.
Lymphopenia was found in children with reflux (52.6%) and in
14% without reflux. Blood creatinine and urea were normal in all
children.

Renal ultrasound test is the first choice to perform in children
with upper urinary tract infection. It’s not invasive procedure
but there was no correlation between the ultrasound and
cystography especially in children with low grade reflux (1 and
2).

Regarding the scan test (DMSA) and the comparison with to
UVUG, we found that in 91% of children with reflux, 80% of
renal scan were abnormal. 71% of the children without reflux,
the scan was abnormal in 31% (P<0.005). We can summarize
that in children with reflux, we found abnormal renal scan in
66.7%, and only 18.2% were normal.

According to the grade of the reflux: in Reflux 1-2 grade,
66.7% of scan were abnormal, 33.3% were normal. In reflux
stage III-V, 89% of the scan were abnormal and only 11% were
normal. Moreover, in 1-2 years old children, there is a strong
correlation between abnormal scan and the presence of reflux.
Hence, with non-invasive test as renal scan, we can predict the
existence of reflux. But in children with reflux high grade and
normal scan (18%) we need further large study. 75% of children
suffered from pyelonephritis, 21% suffered from nephronia. It
was impressive to find that in 37.5% of children with nephronia,
reflux was diagnosed. In 20% of children the urine culture was
positive without any relation to the existence or absence of
reflux. In 72% of children with reflux, and 82% without reflux,
the pathogenic was Escherichia Coli.

Conclusion
We can conclude that the existence of reflux in children with

UTI/pyelonephritis is of great relevance, and that VCUG in not
indicated in all cases of upper UTIS in children. This finding is
confirmed by the strong correlation between the high level of
CRP & ESR, lympopenia, fever duration, sex, and the presence of
VUR. Among these variables, the grade of US findings was not of

high predictive value for predicting VUR. According to our
results, renal scan with DMSA can be the best test to perform for
pediatric patients with suspected reflux and URI. Positive renal
scan results, with high CRP/ESR levels and with grade IV-V US
findings by US, and then VCUG is indicated. Early diagnosis and
proper antibiotic treatment can prevent renal parenchyma
damage.
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