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Introduction: Dimercaptosuccinic acid (DMSA) scintigraphy is the
gold standard in the evaluation of renal parenchymal defects and
is widely used in the pediatric population. As more recent ultra-
sound equipment was purchased at our tertiary pediatric centre,
our objective was to evaluate if renal ultrasound (US) results are
equivalent or sufficient when compared to DMSA scintigraphy in
the assessment of renal anomalies.

Methods: The charts of all 463 patients who underwent DMSA
scintigraphy between January 2009 and May 2014 at our pediatric
tertiary centre were reviewed. The objective was to look for cor-
relation between US and DMSA scan results for renal scars/dyspla-
sia. A hundred and sixty pediatric patients followed with US and
DMSA scan for a total of 285 renal units remained for evaluation
after exclusions. Timing of the exams, urinary tract infection (UTI),
and indication for imaging were reviewed. Results with older (105
patients) and newer (55 patients) US equipment were compared.
Results: Among the 285 renal units evaluated, 39 (14%) had renal
parenchymal defects shown by US and 87 (31%) by DMSA scin-
tigraphy (sensitivity 36%, specificity 96%). The DMSA scan was
normal for eight abnormal kidneys (3%) on US. The results were
not statistically significant when compared to exams performed
with newer or older US machines.

Conclusions: At our institution, US data are not sensitive enough
to give reliable information about renal parenchymal defects, even
with newer equipment. DMSA scintigraphy still remains mandatory
for the evaluation of renal anomalies, but could be optional if the
US exam indicates parenchymal defects.

Introduction

The gold standard imaging method to assess renal paren-
chymal defects (i.e., hypoplasia, dysplasia, scars), is con-
sidered to be dimercaptosuccinic acid (DMSA) scintigraphy.’
Even if it is well-tolerated, there are some concerns about
accessibility, radiation exposure, and lengthy protocols in the
pediatric population.? Early detection of parenchymal dam-

age is very useful in patient management, as it may lead from
a conservative approach to surgical treatment. In addition,
it helps determine the long-term prognosis and to establish
appropriate followup. Acquired renal parenchymal anom-
alies are also a major risk factor for hypertension, protein-
uria, pregnancy-related complications and, in severe cases,
end-stage renal disease.>® Despite the debate regarding the
most appropriate investigation, the least invasive imaging
method providing sufficient clinical information is usually
preferred. Recent advances in ultrasound (US) technology
have led some physicians to believe that US study could
now be more appropriate to evaluate renal defects. The
constant improvement of imaging instruments, the increas-
ing knowledge of users, and the increased awareness of the
ALARA principle in urology made us reappraise our current
practice. As more recent US equipment was purchased at
our tertiary pediatric centre, we sought to evaluate whether
we could solely rely on US compared to DMSA scintigraphy
to assess renal parenchymal anomalies.

Methods

Our research’s protocol was approved by the local research
ethics board. We performed radiological and clinical retro-
spective chart review of all 463 children who underwent a
DMSA scan at our centre between January 2009 and May
2074. One hundred and sixty patients (and 285 renal units)
were included (Fig. 1). Selected pediatric patients had an US
at our centre within 60 days of the DMSA scan without acute
events between or at the time of the imaging process. We
excluded from the analysis any anatomical abnormalities
that could have invalidated the results, i.e., obesity, febrile
urinary tract infection (UTI), and US performed without
specific focus on the kidneys (Fig. 1). DMSA scintigraphy
and US reports were independently reviewed and compared
for each renal unit to create a realistic clinical scenario.
DMSA scintigraphy was mostly performed for children with
higher risk of renal parenchymal lesions, i.e., high-grade
vesicoureteral reflux (VUR), recurrent febrile UTI, etc.
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Fig. 1. Flow chart. US: ultrasound; UTI: urinary tract infection.

DMSA scintigraphy

All DMSA scans were performed in a standardized protocol.
Each scintigraphy was interpreted by one of our two nuclear
medicine pediatric specialists, who were unaware of the US
results. Imaging was performed at least two hours following
isotope administration using a dual detector gamma camera
(Philips Axis) with a high-resolution, low-energy collimator
for the delayed planar images and single-photon-emission
computed tomography (SPECT). Three planar images of
500 kcounts on a 128 x 128 matrix format with adjust-
able zoom (1.5-3.2) were taken: posterior, left, and right
posterior oblique. Relative renal function was evaluated on
the basis of the posterior image after background correc-
tion. SPECT studies were sampled over 180 degrees on a
128 x 128 matrix with step and shoot, 65 second/step, total
time 21 minutes. Iterative reconstruction was performed.
Doses were scaled for patient weight (37 to 185 MBq of 99
mTc-DMSA). No sedation was used. Report was considered
abnormal when at least one of the following criteria was
met, as in Patel et al'*: diffuse or sharp indentation in renal
contour with thinning of cortex, any shaped defects with loss
of renal volume, degree of photopenia or absent activity,
and heterogeneous uptake of renal radionuclide.” Defects
located centrally over the pelvicalyceal system were not
considered abnormal.

US study

Fourteen radiologists regularly rotate at our tertiary pedi-
atric centre. They were unacquainted with other findings.
US examinations were either performed using Philips/ATL
HDI5000 (older, 105 patients) or 1U-22 Philips (newer, 55
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patients) (Philips Medical Systems, Andover, M, U.S.) with
probes varying from 4-13 MHz, depending on the patient’s
size. A standardized US examination protocol was followed.
Longitudinal and transverse grey-scale images through both
kidneys, prone and supine, were obtained. Kidneys were
routinely assessed for hydronephrosis, echogenicity, corti-
comedullary differentiation, lengths, and regularity of corti-
cal outline. Doppler studies were not routinely performed.

Renal parenchymal defects on ultrasonography were
defined as in Barry et al.? This included approximation of
sinus echoes to the cortical surface with or without under-
lying calyceal dilatation, irregularity of cortical outline, or
a difference in prone renal length to denote parenchymal
involvement on US. Underlying calyceal dilatation was not
considered essential for the diagnosis of scarring or dysplasia.

Statistics

Data was analysed with MedCalc 12.3. Receiver operating
characteristic (ROC) curves were obtained as in DelLong
et al.” The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of US in iden-
tifying renal parenchymal damage were calculated using
DMSA scan as the reference method with contingency
tables. Comparisons between US and DMSA scan findings
were made using 95% confidence interval (Cl) of area under
the curve (AUC) analysis; p<0.05 was considered significant.
Difference between ROC curves for older and newer US
machines was assessed with Hanley JA et al’s method.'*'

Eighty-two males and 78 females were included for a total
of 285 renal units (141 right and 144 left kidneys). Median
age at the time of imaging studies was 1.1 year old (range
1 day-17 years) with a mean age of 2.2 years old. Main

Table 1. Main indication for imaging studies

Indication Pl
of patients
Vesicoureteral reflux (VUR) (with or without UTI)"* 85
Low-grade (I-ll1) 35
High-grade (IV-V) 50
Recurrent febrile urinary infection (without VUR) 27
Multicystic dysplastic kidney 23

Renal agenesis

Renal anomalies (ex: ureterocele, ectopic ureter,
horseshoe kidney)

9
6
Hypertension 5
Ureteropelvic junction obstruction 3
Renal ectopy 2

“ Patient with VUR and other coexistent conditions were classified in the VUR section.
UTI: urinary tract infection.
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Table 2. DMISA scan and US results by patients

Patients, n (%) Normal US Abnormal US Total
Normal DMSA 81 (51) 5(3) 86 (54)
Abnormal DMSA 45 (28) 29 (18) 74 (46)
Total 126 (79) 34 (21) 160

DMSA: dimercaptosuccinic acid scintigraphy; US: ultrasound.

indications for imaging were high-grade VUR, recurrent
febrile UTI, multicystic dysplastic kidney, renal agenesis,
and hypertension (Table 1). One hundred and two (64%)
sets of exams were performed on the same day.

The US and DMSA scans results were recorded and clas-
sified by patient and by renal unit (Tables 2, 3). Parenchymal
involvement was seen on DMSA scans for 87 units (74
patients), but only 31 units (29 patients) were also identi-
fied by US. Relying solely on the US report, we would have
missed radiological parenchymal defects in 56 renal units
(28% of all children); however, for eight renal units (five
patients), no anomaly was seen on the DMSA scan, even
though the US was positive for renal damage. The charac-
teristics of patients with positive US and negative DMSA
scan are listed in Table 4.

Overall, using DMSA scintigraphy as the gold standard, the
sensitivity of older vs. newer US was 37% and 32%, and the
specificity was 98% vs. 93% (Table 5). The global sensitivity
and specificity are 36% and 96%, respectively. The PPVs of
older and newer US were 88% and 64% and the NPVs were
77% vs 78%, respectively (Table 5). The calculated AUC was
between 0.63 and 0.68 for the different subgroups, with a p
value below 0.05 for all results presented (Fig. 2). A value
of one means a perfect concordance between US and the
gold standard, while 0.5 is as good as flipping a coin. The
difference between the AUC of older and newer ultrasound
machines was not statistically significant.

Discussion

The incidence of febrile UTI in healthy children is 1-3%.1¢17
Subsequent renal parenchymal changes occur in 40% of those
with VUR and 6% of those without VUR.'® Surgical manage-
ment gains priority with regard to degree of parenchymal
involvement. This is why renal screening should be per-
formed with a high-sensitivity apparatus, especially since
we now know that neither US nor DMSA is precise enough
to detect VUR."

US is commonly used because it is available at low cost
and is radiation-free. DMSA scintigraphy is a secondary
choice due to its radiation exposure and associated costs.
Recent US equipment acquisition led us to presume that
better sensitivity could be achieved. We were unable to
observe a significant difference between the older and newer
apparatus. We think that sensitivity was already maximal
with the older instruments. We strongly believe that the
lower sensitivity of US examination is due to the poorly

Table 3. DMSA scan and US results with older and newer
US machines by renal units

Renal units, n (%) Normal US Abnormal US Total
Older Newer Older Newer

Normal DMSA 123 (43) 67 (23,5) 3(1) 5(2) 198 (69.5)

Abnormal DMSA 37 (13) 19(6,7) 22(8) 9(3) 87 (30.5)

Total 160 (56) 86 (30) 25(9) 14(5) 285

DMSA: dimercaptosuccinic acid scintigraphy; US: ultrasound.

defined criteria of parenchymal defects. Moreover, the PPV
of newer US (64%) was inferior to older US machines (88%).
The global PPV of US was 79%. The low PPV could be
explained by the low prevalence of renal scars in our popu-
lation. Seventy-five percent of the positive US with negative
DMSA scans were linked to renal atrophy (Table 4). Renal
defects located centrally over the pelvicalyceal system were
considered normal. There could also be ambiguous cases
of renal atrophy with hydronephrosis, leading to normal
reports. Unfortunately, there are no standard interpretations
of neither DMSA or US. Systematic approaches to analyze
DMSA scan and define renal scarring with US have been
proposed, but they are not systematically used in clinic.'0"?

Additionally, Levart et al*® concluded twice that US was
sensitive enough to identify clinically significant scars. In
their studies, US detected all severe renal parenchymal
defects (5/5, 100%) seen on DMSA, with a lower sensitivity
to detect moderate (19/24, 79.2%) and mild (15/44, 31.8%)
defects. It remained unclear which renal parenchymal dam-
age was clinically significant and how long the followup
should be. To our knowledge, no correlation was established
between the degree of parenchymal anomaly and the risk
of long-term adverse events. Regardless of the size of the
defect, the probability of hypertension was estimated by
Silva et al to be 0% for patients without renal damage, 15%
for patients with unilateral, and 45% for those with bilateral
renal damage, defined by DMSA scan.?® In our study, we
chose a binary approach instead of stratification because
of the lack of precise description of renal anomaly severity
on imaging reports.

Table 4. Characteristics of patients with positive US and
negative DMSA

::t'i:::; i Reasons for imaging Ultrasound findings

2 VUR Renal atrophy

12 UPJ obstruction Renal atrophy

1 Pyelonephritis Non-specific renal lesion

1 Renal anomalies Fetal lobulation vs. renal scar
12 UTI + PUV Renal atrophy

10 Hypertension Renal atrophy

aThe other kidney had a positive DMSA scintigraphy; "both kidneys positive on ultrasound
and both negative on DMSA scintigraphy. DMSA: dimercaptosuccinic acid scintigraphy;
PUV: posterior urethral valve; UPJ: ureteropelvic junction; US: ultrasound; UTI: urinary tract
infection; VUR: vesicoureteral reflux.
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Table 5. Ultrasound compared to DMISA scan results

n Sensitivity Specificity Positive predictive value Negative predictive value
Patients 160 0.39 0.94 0.85 0.64
Renal units (RU) 285 0.36 0.96 0.79 0.77
Older machines (RU) 185 0.37 0.98 0.88 0.77
Newer machines (RU) 100 0.32 0.93 0.64 0.78

DMSA: dimercaptosuccinic acid scintigraphy.

Furthermore, we used accessible information to the
physician in a bona fide clinical setup to reflect the actual
practice, thus avoiding non-reproducible research settings.
For this reason, we relied on available radiologist reports,
even if our pediatric urologists are used to reviewing US
images.>”%12 According to Barry et al, US could achieve
excellent sensitivity and specificity to detect renal scars by
dedicated pediatric radiologists using state-of-the-art equip-
ment.'? Unfortunately, these circumstances did not repro-
duce the daily clinical scenario.”

We did not routinely performed Doppler studies because it
was demonstrated that renal power Doppler US does not pre-
dict renal scarring after UTlIs.?' Besides, the compared efficacy
of DMSA and Doppler US determined that DMSA scintigraphy
was the most sensitive method to detect renal anomalies.’

Another limitation is the wide range of expertise of our
ultrasonographists, as commonly found in other centres.
Roebuck et al’s meta-analysis reported an interobserver reli-
ability of 53-92% for DMSA.® Our small sample size and
the retrospective nature of our study may also explain the
difficulty in showing a significant difference.

In addition, DMSA scintigraphy is a less-than-perfect
gold standard, as shown on piglets with 85% sensitivity
and 97% specificity for renal anomalies.?? Our estimated
36% sensitivity for US is far from ideal, since Roebuck et
al concluded that the US evaluation could replace DMSA
scintigraphy if its sensitivity was higher than 85%.° The same
authors highlighted the need for studies with larger number
of renal units to evaluate the accuracy of US in detecting
renal defects. They identified 10 studies that contained suf-
ficient information to calculate sensitivity and specificity of
US relatively to DMSA scan. The discovered methodological
flaws translated into a wide range of sensitivities (37-100%)
and specificities (65-99%), indicating that the performance
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== Older machines (Renal units)
== Newer machines (Renal units)

— et
S ——
S ——— -==05

95% Confidence Interval
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0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8

Fig. 2. Area under receiver operating characteristic (ROC) curve with a 95%
confidence interval.

of US remains controversial.® As well, they concluded that
DMSA scintigraphy was the best modality.

Given the high specificity of US (96%) in our study, we
argue that DMSA scintigraphy should be optional for chil-
dren with an abnormal US. In a clinical scenario, the DMSA
scan would not change the patient’s management. In our
cohort, 29 children (18%) could have been exempted from
the radiation exposure. But relying solely on US report, we
would have missed radiological anomalies in 28% of all
children. The sensitivity of US remains inferior to DMSA
scan in the pediatric population. The NPV (77%) shows that
a negative US result is probably not as reliable as the DMSA
scan. US should therefore not be considered a reference
method for the evaluation of renal parenchymal defects.

Conclusion

At our centre, unique US studies, even with newer equip-
ment, are not sensitive enough to detect renal anomalies. US
could not be a substitute to DMSA scan. We consider US and
DMSA scintigraphy to be complementary investigations in
the assessment of children with possible renal parenchymal
defects. The former provides structural information and the
latter, functional details. Despite the poor sensitivity of US,
its high specificity makes the DMSA scintigraphy optional
when parenchymal anomaly is clearly detected. These find-
ings confirm what actually occurs in our clinical practice.
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