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Abstract Renal scarring is known to be associated with
hypertension. The primary objective of this study was to
investigate the prevalence of renal scarring in children
referred to our clinic with hypertension. The secondary
objective was to compare renal ultrasound (US) examina-
tion with dimercaptosuccinic acid (DMSA) renal scan in
diagnosing renal scars in these patients. The study included
159 patients who underwent DMSA renal scan as well as
renal US for the evaluation of hypertension of unknown
etiology. Thirty-three (21%) patients were found to have
renal scars; their demographic details, including mean age
and gender distribution, were not significantly different
from those without renal scars. In comparison with the
DMSA renal scan, sensitivity and specificity of renal US in
diagnosing renal scars were 36% and 94%, respectively. In
our study, in which the prevalence of scarring was 21%,
this gave positive predictive and negative predictive values
of 63% and 85%, respectively. In conclusion, our study
indicates that renal scarring is present in 21% of otherwise
healthy children who are evaluated for newly diagnosed

hypertension, and renal US is not a sensitive imaging
modality to rule out renal scarring.
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Introduction

The prevalence and incidence of hypertension in children is
lower than adults, but in the last decade, the prevalence has
increased from 1% to 5% [1]. Unlike in most adults,
hypertension in children, particularly in the younger age
group, is usually secondary in origin. The most common
cause of secondary hypertension in children is renovascular
or renal parenchymal disease, which account for about 60–
70% of pediatric cases with hypertension [2–4]. Renal
scarring, which is a well-known cause for secondary hyper-
tension, is commonly attributed to one or more episodes of
acute pyelonephritis in the presence of vesicoureteral reflux
(VUR) in younger children [5]. The current gold standard for
diagnosing renal scars is the dimercaptosuccinic acid
(DMSA) renal scan [6, 7]. There is no existing data on the
prevalence of renal scars in pediatric patients with hyperten-
sion. The primary objective of our study was to investigate
the prevalence of renal scarring in pediatric patients referred
to our clinic with hypertension. The secondary objective was
to compare renal ultrasound (US) examination with DMSA
renal scan in the diagnosis of renal scars.

Patients and methods

This retrospective study included patients with arterial
hypertension in the age group of 1 month to 18 years
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who were referred to our general nephrology or hyperten-
sion clinic between 2000 and 2005. Blood pressure (BP)
was measured as per the recommendations of the National
High Blood Pressure Education Program Working Group’s
Third Task Force [8], and hypertension was defined as BP
more than the 95th percentile for age, gender, and height on
more than three occasions. Patients who were found to have
congenital renal abnormalities, decrease in renal function as
diagnosed by estimated glomerular filtration rate (GFR) by
Schwartz formula [9] of less than 90 ml/min per 1.73 m2, or
hematuria and/or proteinuria were excluded. Using these
criteria, 172 patients with hypertension who had DMSA
renal scan as well as renal US examination were identified.
In 72 (42%) patients, the DMSA renal scans had been reported
as abnormal. To eliminate interobserver variability, all
available “abnormal” DMSA scans (59 of 72) were rean-
alyzed by a single radiologist. Those remaining 13 patients
whose DMSA scans were unavailable for reanalysis were
excluded. Data on the remaining 159 patients was analyzed.

Of the 59 patients initially reported as having abnormal
DMSA scans, 33 (56%) were diagnosed as abnormal on the
second review. The DMSA scans on the remaining 26
(44%) patients were diagnosed as normal on the second
review, and for analysis purposes, they were included in the
group with normal DMSA scans. Therefore, 33 patients
with abnormal DMSA scans were compared with 126
patients with normal DMSA scans; all 159 patients also had
renal US examination. Renal US examinations for the 33
patients with abnormal DMSA scans were reviewed again
by the same radiologist. The renal US was classified as
abnormal if the location of the sonographic defect,
characterized by abnormal echogenicity or size, exactly
matched the location of scarring on DMSA scan. Renal
scarring on the 33 abnormal DMSA renal scans were
graded according to the classification of the International
Reflux Study by Peipz et al., which is as follows [10]:

Type 1: Intact outline, reniform shape of normal size but
with a large polar area showing photon deficiency

Type 2: Peripheral focal defects in a nondeformed kidney
of similar size to the contralateral kidney

Type 3: Normal shape, smaller than the opposite kidney,
with a proportionate uptake by the affected
kidney of < 45% if the contralateral kidney was
normal

Type 4a: Distorted image of normal-sized kidney with
pe r iphe ra l pho ton absen t a r ea s and
corresponding loss of renal contour

Type 4b: Appearance of type 4a but small kidney

Renal US examinations were performed by trained
technicians using Acuson Sequoia Machines manufactured
by Siemens, with frequency of probes ranging between
2.5 MHz and 15 MHz depending on patient size.

Longitudinal and transverse gray-scale images were
obtained ventrally and dorsally for all kidneys. All kidneys
were assessed for size (comparison with standards for age
and weight), echogenicity, corticomedullary differentiation,
and cortical outline. All DMSA renal scans were performed
by pediatric nuclear medicine technicians using technetium
dimercaptosuccinic acid (Tc-99 m DMSA) with either two-
or three-headed gamma cameras and single photon emis-
sion computed tomography (SPECT). Data obtained were
analyzed using SPSS version 13 software. Comparison
between patients with normal and abnormal DMSA scans
was done using chi-square test. A p value of less than 0.05
was considered to be significant.

Results

The age of 33 patients with abnormal DMSA renal scans
ranged from 1 month to 17 years, with a median age of
11 years. Included were 18 (55%) females and 15 (45%)
males. Table 1 details the demographic data of the patients
with abnormal DMSA scan (n=33), and a comparison of
these patients with 126 patients with normal DMSA scans
revealed no significant difference in age, gender, ethnicity,
or body mass index (BMI) percentiles.

Of the 159 patients included in the study, 140 (88%) had
normal renal US examination, whereas it was suggestive of
renal scarring (abnormal) in 19 (12%) patients. Of those
patients with abnormal renal US examinations, 12 (63%)
had abnormal and seven (37%) had normal DMSA renal
scans (Table 2). Also, of the 140 patients who had normal
ultrasounds, DMSA scan was found to be abnormal in 21
(15%). Sensitivity and specificity of US in diagnosing renal
scars in our patient population were 36% and 94%,
respectively. The corresponding positive (PPV) and nega-

Table 1 Demographic details of patients with and without scarring on
dimercaptosuccinic acid (DMSA) scan

Demographics DMSA
normal
(n=126) n (%)

DMSA
abnormal
(n=33) n (%)

Age distribution
(years)

0–6 20 (16) 7 (21)
6–12 31 (25) 10 (30)
12–18 75 (59) 16 (49)

Gender Male 48 (38) 15 (45)
Female 78 (62) 18 (55)

Ethnicity African-American 70 (56) 19 (58)
Caucasian 52 (41) 12 (36)
Others 4 (3) 2 (6)

Body mass
index

< 50th percentile 11 (10) 3 (11)
50th– 95th
percentile

53 (46) 14 (52)

95th percentile 51 (44) 10 (37)
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tive predictive values (NPV) for US were 63% and 85%,
respectively.

Among the 33 patients with abnormal DMSA renal
scans, 22 had unilateral scarring and 11 had bilateral
scarring. Of the 44 kidney units with scarring (Table 3),
35 (79%) were classified as having type 2 or higher
scarring. Twenty-three (52%) scarred kidneys were seen in
patients older than 12 years, and included were 11 (25%)
kidney units with type 4 scarring. Only five of the 33
patients (15%) with abnormal DMSA scans had a past
history of urinary tract infection (UTI). Of the patients with
abnormal DMSA scans, voiding cystourethrogram (VCUG)
was done in 20 patients, six (30%) of whom showed
presence of VUR.

Discussion

Evaluation of hypertension in otherwise healthy children is
directed mostly at the diagnosis of an underlying treatable
cause for secondary hypertension [11]. Renal scarring is a
well-known cause for hypertension and proteinuria, with
progression to end-stage renal disease (ESRD) in some
pediatric patients [12, 13]. The 24-h ambulatory blood
pressure monitoring (ABPM) is being increasingly used in
children with renal disease, including those with scarring
[14]. In a study published by Milosevski et al., ABPM
demonstrated nocturnal systolic hypertension in all patients
with renal scarring [15]. Patzer et al. demonstrated that BP
readings measured by ABPM correlated with degree of
renal scarring in their patients [16]. In another study, Silva

et al. assessed the risk of hypertension in children with
primary VUR after a median follow-up period of 72 months
[17]. Renal damage was present in 318 (48%) of 664
patients. The prevalence of hypertension increased with age
from 1.7% for younger age groups to 35% in patients
>20 years at end of follow-up. The probability of
hypertension at 21 years was estimated to be 0% for
patients without renal damage, 15% for patients with
unilateral renal damage, and 45% for patients with bilateral
renal damage. Furthermore, it was estimated by survival
analysis that 50% of patients with unilateral and bilateral
renal damage would have sustained hypertension at about
30 and 22 years of age, respectively. Interestingly, despite
such observations, the prevalence of renal scarring in
pediatric patients undergoing routine evaluation for newly
diagnosed hypertension is not known.

Pediatric patients referred to specialty clinics undergo
numerous investigations, including renal US examination,
to look for any obvious abnormality, including differences
in renal size. However, renal US is not a good imaging
modality for detecting renal scars, even though it is not
uncommon to see reports indicating the possibility of a
renal scar on US examination. DMSA renal scan is
currently the gold standard for diagnosing renal scars [6,
7, 18]. Moorthy et al. reported that although US had a good
specificity for detecting renal scarring, it had a low
sensitivity and could not be substituted for DMSA renal
scan in diagnosing renal scars [19]. Similar results were
reported by Temiz et al., where the authors concluded that
US examination was an inappropriate study for diagnosing
renal scars in children with primary VUR, irrespective of
the grade of reflux [20]. In our patient population, the renal
US examination revealed a very low sensitivity of 36%, a
specificity of 94%, low PPV value of 63%, and NPV of
85%. Of the 59 patients who had DMSA renal scan,
26 (44%) were interpreted as normal on the second review,
which highlights the limitations in interpreting questionable
renal scars on DMSA renal scans and the potential impact
of the interobserver variability. Our study did not include
patients with proteinuria, hematuria, or reduced GFR, and
yet 33 (56%) patients had definite renal scars on DMSA
renal scans, indicating that the incidence of renal scarring in
children presenting with hypertension may in fact be higher
than reported in our study.

The patients included in our study were referred to our
general nephrology or hypertension clinic for the evaluation
of hypertension, and all were without any preexisting renal
or any other comorbid pathology. All patients underwent
extensive workup to rule out secondary hypertension, and all
had renal US examination as well as the DMSA renal scan.
One weakness of this study was its retrospective nature. This
led to the difficulty in retrieving 13 DMSA scans, thus
prohibiting their reanalysis and possibly altering our out-

Table 3 Severity of scarring with age

Type of
scarring

< 6 years 6–12 years >12 years Total n (%)

Kidney units n (%)

Type 1 3 (7) 2 (4.5) 4 (9) 9 (21)
Type 2 3 (7) 6 (13) 3 (7) 12 (27)
Type 3 3 (7) 2 (4.5) 5 (11) 10 (22.5)
Type 4 0 2 (4.5) 11 (25) 13 (29.5)
Total 9 (21) 12 (27) 23 (52) 44

Table 2 Comparison of scarring on renal ultrasound (US) with
dimercaptosuccinic acid (DMSA)

Normal
US n (%)

Abnormal
US n (%)

Total

Normal DMSA 119 (85) 7 (37) 126
Abnormal DMSA 21 (15) 12 (63) 33
Total 140 19 159

US sensitivity 36%, specificity 94%, positive predictive value 63%,
negative predictive value 85%
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come. Nevertheless, one important feature of our study that
may have increased the strength of our findings was to
eliminate bias due to interobserver variability. All radiolog-
ical studies were reviewed by a single radiologist, and
patients with doubtful imaging results were excluded
from the study. The results of our study show that of the
159 patients evaluated for hypertension, 33 (21%) had renal
scarring. Our study also showed that out of the 44 kidney
units evaluated, 35 (79%) had type two or higher scarring.
Interestingly, in patients older than 12 years, of the 23 kidney
units, 11 (48%) had type 4 renal scarring. This is of particular
importance because older children generally undergo fewer
investigations due to a higher incidence of primary hyper-
tension. Recognition of renal scarring in this age group is
important because of its potential for the progression of renal
disease. Of the patients with scarring, only five had a history
of UTI as reported by the parent. The possibility of
asymptomatic or undiagnosed UTI in some patients could
not be ruled out. VCUG was positive in six of the 20 patients
who had a VCUG done. These observations indicate that the
scarring may have been a result of reflux nephropathy, even
though in some of them the VUR had resolved, or the scars
may have been congenital in origin, as may occur with renal
hypodysplasia [21].

In conclusion, our study revealed that renal scarring was
present in 21% of otherwise healthy children who were
evaluated for newly diagnosed hypertension and that renal
US examination was not a sensitive imaging modality in
diagnosing renal scars in such patients. The identification of
renal scars not only helped diagnose more patients with
secondary hypertension, it also helped us take appropriate
measures to prevent the progression of the renal disease in
some patients.
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