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Abstract

Introduction: There is controversy whether ultrasonography (US) can be reliably
used to diagnose renal scars in children following pyelonephritis. This study
aimed to assess the value of US in detecting renal scars using *"Tc-
dimercaptosuccinic acid (DMSA) scintigraphy as the reference diagnostic test.
Material and methods: In a prospective setting, 62 children who had been diagnosed
as having pyelonephritis were studied. All children were evaluated with DMSA
scintigraphy and US, each performed by one examiner. The interval between DMSA
scanning and US was at most 2 days. A radiologist recorded his findings for each
kidney as scarred or unscarred based on established criteria. The sensitivity of US
relative to DMSA scintigraphy in the detection of renal scarring was calculated.
Results: The study subjects were 20 boys and 42 girls, with a median age of
15 months (range, 2 months-6 years). Twenty-nine children were reported to
have renal scarring on DMSA scintigraphy, of whom 12 (41.4%) were correctly
diagnosed as having renal scars on US. The sensitivity of US in detecting scarred
kidneys was 36.8%, and its specificity 97.7%. The sensitivity of US in detecting
kidneys with multiple scars was higher than kidneys with a single scar (p=0.007).
The development of renal scarring was not related to gender (p=0.3). Increasing
age was associated with developing renal scars with an odds ratio of 1.53 for
each year increase in age after adjustment for sex.

Conclusions: The results of this preliminary study show that US cannot be used
reliably as the sole imaging method for detecting pediatric renal scarring.
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Introduction

Urinary tract infection (UTI) is one of the most commonly encountered
infections during childhood [1]. Renal scarring, defined as permanent
damage of the renal parenchyma, has been strongly associated with
vesicoureteric reflux (VUR) and UTI [2]. There is indisputable evidence that
renal scarring is an important cause of renal failure and hypertension in
children during later life [1, 3].

Corresponding author:

Dr. Farid Niafar

Department of Radiology,
Imam-Reza Hospital,
Kermanshah University of
Medical Sciences, Kermanshah,
Iran

E-mail: fniafar@kums.ac.ir

AMS




Farid Niafar, Abolhassan Seyedzadeh, Sedighe A. Hamedani, Sepehr Hamidi

Intravenous urography (IVU) used to be the
preferred method of imaging for the detection of
renal scars. With the advent of dimercaptosuccinic
acid (DMSA) scintigraphy the DMSA scan has
become the golden standard for diagnosing renal
scars [4]. Ultrasonography (US), being an available
and safe technique, is usually the primary
diagnostic imaging in the evaluation of children
with UTI. Added to the mentioned benefits of US,
is its ability to detect major malformations and
dilatation of the urinary tract [5].

To date, several authors have tried to compare
the sensitivity of US and DMSA scanning in assessing
renal scars [6]. However, findings have been
inconsistent and the question whether US can be
used as an alternative to DMSA scintigraphy is still
a subject of interest. This preliminary study aimed
to investigate the value of US relative to DMSA scan
in diagnosing pediatric renal scars after UTI.

Material and methods

From February to November 2006, a total of
62 children referred from the department of pediatrics
to the department of nuclear medicine to undergo
DMSA scintigraphy for the evaluation of a recent
pyelonephritis were prospectively enrolled. The
diagnosis of pyelonephritis was based on clinical
symptoms and a positive urine culture. Positive urine
culture was defined as growth of any number of
colonies of bacteria from suprapubic aspirate in less
than 1 year old infants; and in children older than
1 year, it was defined as growth of bacteria over
10° colony-forming units/ml from a urine sample
collected by a vesical catheter or over 10° colony-
-forming units/ml from clean-voided midstream urine.

The interval between the diagnosis of UTI and
DMSA scan was at least 3 months in all subjects
except in two 2-month old infants in whom the
interval was more than one month. Within two days
after performing DMSA scan, each child was referred
to the department of radiology for ultrasonographic
evaluation by one single radiologist with experience
in pediatric renal sonography. The radiologist was
blinded to the results of DMSA scan or any previous
radiological examinations in patients. Parental
consent was obtained for each child and the study
was approved by the ethics committee of
Kermanshah University of Medical Sciences.

Renal scans were obtained 2-3 hours after
intravenous administration of *"Tc DMSA (120
MBg/1.73 m?). Images were recorded with the child
lying over the y-camera, equipped with a high
resolution collimator. Posterior, anterior, left and
right posterior oblique planar views were recorded.
All images were reviewed and reported by one
nuclear medicine specialist unaware of the patients’
medical history or previous examinations. Renal
scarring on DMSA scans was defined by the

presence of decreased uptake of labeled DMSA with
loss of the contours of the kidney or by the presence
of cortical thinning with decreased volume.

All ultrasonographic evaluations were performed
with real-time B-mode US using a low frequency
(3.5 MHz) convex and a high frequency (7.5MHz)
linear transducer on a GE Logiq Alpha 200 system.
Renal images were obtained in the supine and
prone positions. The criteria of Barry et al. 1998,
were used in the diagnosis of renal scarring with
US i.e. (1) proximity of sinus echoes to cortical
surface, (2) loss of pyramids, (3) irregularity of
outline, (4) loss of definition of capsular echo, or
(5) calyceal dilatation [7]. For each patient, a
checklist was completed by the radiologist and the
presence or absence of renal scarring was recorded.

SPSS version 13.0 for Windows was used for
statistical analyses. Using DMSA scan as the reference
imaging method, the sensitivity and specificity of US
were determined and reported as percentages
with approximate 95% confidence intervals (Cl).
Chi-squared and Fisher’s exact tests were employed
to compare the proportion of categorical variables
between patients as appropriate. Logistic regression
models were used to calculate the odds of developing
renal scar for each year of increasing age and male
sex. To compare means of continuous variables
between patients, an independent t-test was applied.
Statistical significance was set at p<0.05.

Results

Twenty (32%) boys and 42 (68%) girls were
enrolled in the study. Median age of children was
15 months (range, 2 months-6 years) at the time of
DMSA scintigraphy. There was no significant
difference between the mean age of boys and girls,
21.1+18.5 months vs. 22.4+20.6 months, respectively
(p=0.8).

Twenty-nine (46.8%) children had renal scarring
(20 unilateral and 9 bilateral) on DMSA scan and
12 (22.6%) of them were correctly diagnosed to have
scarring on US. Gender was not related to the
development of renal scarring, 43% (18 of 42) in girls
vs. 55% (11 of 20) in boys (p=0.3). Children with renal
scarring were significantly older than children without
renal scarring, 27.8+21.7 months vs. 16.8+16.7 months,
respectively (p=0.03). Increasing age was associated
with an unadjusted odds ratio (OR) of 1.51 (95% Cl,
1.04-2.21) for the development of scarring, and an OR
of 1.53 (95% Cl, 1.05-2.24) after adjustment for sex.

Table | displays the characteristics of studied
kidneys. The sensitivity of US in the detection of
scarred kidneys was 36.8% (95% Cl, 21.5-52.2%),
and its specificity was 97.7% (95% Cl, 94.5-99.9%).
US had a higher sensitivity in the detection of
kidneys with multiple scars than kidneys with
a single scar, 64.3% (9 of 14) vs. 20.8% (5 of 24),
respectively (p=0.007).
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Discussion

This study shows that US does not have sufficient
sensitivity to be used as a reliable imaging modality
for the detection of renal scarring in children following
UTI. However, considering the high specificity of US,
normal ultrasonographic results should reassure us
that there is a low likelihood of renal scarring.

We tried to idealize the study conditions to
achieve an accurate assessment of power of US to
detect renal scarring We deliberately timed the scan
to be at least three months after the diagnosis of
the UTI. This was due to evidence that transient
changes might cause false positive results in DMSA
scan interpretations, even up to two months after
infection [8, 9]. Although the interval was at least
one month in two infants, their kidneys were
subsequently found to be normal on scintigraphy.
Contrary to some previous studies which reviewed
US reports or hard copies [10, 11], we did a live and
contemporary recording of ultrasonographic
findings. In order to enhance the preciseness of the
results, we employed single experienced examiners
for interpreting DMSA and US investigations.

The frequency of renal scarring in this study
(46.8%) was comparable to rates previously reported
in medical literature [12-15], although somewhat high
compared with other studies [16-18]. This variability
of the incidence of renal scarring may be partly
explained by the method of imaging used, as DMSA
scan detects more scars than IVU [19]. In addition,
the presence of VUR or UTI recurrence increase the
risk of renal scarring. Of 58 children whose previous
imaging records were available in our study, 42
(72.4%) had VUR which was bilateral in 25 subjects.

Unsurprisingly, we noted that US performed much
better in finding kidneys with multiple scars and most
of the scarred kidneys missed by US had a single scar.
Also, we observed that more than half (63.2%) of the
kidneys reported to be scarred on DMSA scintigraphy
had a single scar. Obviously, the sensitivity of US will
increase if we only consider kidneys with multiple
scars. The incapacity of US in detecting renal single
scar is a known issue and has been shown previously
[20-22]. From clinical point of view, the significance
of these unifocal areas of renal scarring is, as yet,
unknown. Several follow-up studies have shown that
many of children with single scarred kidneys do not
develop scarring in later life [5]. However, most
clinicians would agree that positive findings on DMSA
scans, even a single scar, would warrant long term
follow up with antibiotic prophylaxis together with
rapid treatment of any UTI.

While there is great variation between studies
regarding the sensitivity of US, many authors have
pointed to the relatively high specificity of this
method in diagnosing renal scars [10-12, 17, 21]. It is
of note that DMSA scintigraphy per se is not an ideal
modality in detecting renal scars as was shown by

Table I. Findings of DMSA scintigraphy and ultrasound
(US) in examined kidneys

Renal status DMSA us
Total number 124 123*
No scarring (%) 86 (69.4) 107 (87)
Scarred (%) 38 (30.6) 16 (13)**
Cortical inflammation 47 -
Nephrolithiasis - 6
Horseshoe kidney 3 3

*One kidney was not appreciated by US (due to its shrinkage by multiple
scars) and it was found to be ectopic on DMSA scan
**Two kidneys were falsely diagnosed as scarred on US

Arnold et al. [23]. This imaging can lead to false
positive results following pyelonephritis [5]. However,
considering the importance of renal scarring, it would
be very risky to refrain from performing DMSA
scanning in children with proven pyelonephritis.

Given the safety, availability and cost-effectiveness
of US, it would be optimal if DMSA scintigraphy
— which requires intravenous injection and irradia-
tion — could be replaced by US. However, US is
restricted by the fact that it is an operator-dependent
technique and highly reliant on the radiologist’s skills.
It has been shown that the agreement and inter-
observer reliability on diagnosing renal scarring are
very low even between experienced radiologists [12].
This might be due to the fact that the criteria for the
detection of renal scarring on US are not well-defined
and established. In the current study, we applied the
proposed system by Barry et al. [7], but we could not
achieve satisfactory results. We therefore think the
practicality of their criteria needs to be tested by
further studies.

This preliminary study did not identify a significant
difference in the occurrence of renal scarring between
boys and girls. It is known that girls older than six are
more susceptible to urinary infections and the rate
of recurrent UTl is higher among girls [24]. However,
data regarding the occurrence of renal scars in male
and female children is contradictory. Some authors
point to the higher incidence of renal scarring in girls
[13, 25], whilst others have stated that gender has no
influence [26].

Increasing age was associated with a higher
incidence of renal scars. This was independent of
sex. Some studies have not shown any association
between age and renal scarring others have reported
a higher incidence of renal scarring in younger
children [27], whilst some have demonstrated
a greater incidence in older children [13]. Overall,
it is believed that in older children, the renal
parenchyma is more resistant to infection and thus
the formation of scars is less common [28]. Vernon
et al. 1997 reported that the risk of new renal scars
developing in children aged 4 and older was very low.
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It is possible that many of the older children included
in our study were suffering from recurrent UTIl and
had developed renal scars at a younger age. As we
did not have access to the data regarding the state
of renal scarring in most of our patients prior to this
study, it is difficult to comment on this issue.

Conclusions

According to the results of this study, US should
not be used as the sole imaging modality to find
renal scars in children due to its insufficient
sensitivity. Future studies are needed to develop
a well defined sets of criteria for ultrasonic detection
of pediatric renal scarring.
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