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Abstract
Objective The recommended durations of treatment for acute focal bacterial nephritis (AFBN) and acute pyelonephritis (APN)
are different. This study aimed to clarify the sonographic findings used to differentiate AFBN from APN during diagnosis and to
compare these findings with those obtained using computed tomography (CT).
Methods Eleven children with urinary tract infection who underwent contrast-enhanced CT and ultrasound examinations within
a 24-h period were included. Diagnoses of AFBN and APNwere established using CT data as the gold standard; viz., a focal area
of poor enhancement is observed in AFBN but not in APN. The following ultrasound findings were evaluated: focal loss of
corticomedullary differentiation (one/multiple), focal hyperechogenicity, abscess formation, and diffuse nephromegaly. Fisher’s
exact test was used for statistical analysis.
Results Of the 11 patients, 8 had AFBN and 3 had APN. The two groups differed significantly in the incidence of a focal loss of
corticomedullary differentiation (present/absent, 8/8 vs. 0/3; p = 0.01) but not in the incidence of focal hyperechogenicity, abscess
formation, and diffuse nephromegaly (present/absent, 2/8 vs. 0/3, p > 0.99; 1/8 vs. 0/3, p > 0.99; and 5/8 vs. 3/3, p = 0.49, respec-
tively). The poorly enhanced area used to diagnose AFBN on CT images appeared as a focal loss of corticomedullary differentiation
in ultrasound examinations. CT revealed multiple lesions in two cases in which ultrasound revealed only single lesions.
Conclusion In our small cohort, ultrasound could be adequately used to diagnose AFBN based on the presence of a focal loss of
corticomedullary differentiation. CT may not be required to differentiate AFBN from APN.
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Introduction

Pediatric urinary tract infections are a common problem en-
countered in emergency departments. Febrile urinary tract

infection usually manifests as acute focal bacterial nephritis
(AFBN), which is also known as acute lobar nephroma, or as
acute pyelonephritis (APN) [1, 2]. The differentiation of
AFBN and APN during the acute phase is important because
the recommended treatment durations differ for these condi-
tions [3]. A 3-week course of intravenous and oral antibiotics
therapy, rather than 2 weeks, is recommended for pediatric
patients with AFBN [3].

AFBN presents as a localized, non-liquefactive, inflamma-
tory renal bacterial infection that typically involves one or
more lobes [1, 2, 4, 5]. In recent studies, AFBN diagnoses
were based on imaging findings obtained using computed
tomography (CT) [3, 6, 7]. Pediatric and infection control
physicians assign a diagnosis of AFBN if the patient exhibits
nephromegaly on ultrasound and positive CT findings and
APN if nephromegaly is absent or present without lesions on
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CT [8, 9]. In contrast, radiologists use very similar definitions
for AFBN and APN, which are both characterized by poorly
enhanced areas in the kidney [1, 3, 4, 6, 7, 10–12]. This dis-
crepancy in definitions might cause confusion among radiol-
ogists and physicians with respect to the differentiation of
AFBN from APN.

In the emergency department, ultrasound is usually the first
modality used to evaluate urinary tract infections in pediatric
patients [10, 13, 14]. The characteristic sonographic findings
of AFBN involve variable echogenicity [2, 5, 15, 16].
Although only one report has suggested that ultrasound is as
effective as CT for diagnosing AFBN and that systematic
study focused on nephromegaly rather than echogenicity, CT
was performed more than 72 h after ultrasound examination
[9]. The present study aimed to clarify the sonographic find-
ings that could be used to diagnose and differentiate AFBN
from APN and compare the sonographic findings with CT
findings obtained within 24 h.

Patients and groups

The ethics committee of our institution approved this ret-
rospective study and waived the requirement of informed
consent from the patients. The medical records of 14 chil-
dren with suspected urinary tract disease who underwent
contrast-enhanced CT and ultrasound within 24 h between
May 2014 and September 2019 were reviewed. The ex-
clusion criteria were as follows: (1) no clinical diagnosis
of urinary tract infection (n = 1) and (2) clinical diagnosis
of chronic- rather than acute-phase disease (n = 2). The
remaining patients in our cohort were classified into two
groups: AFBN and APN.

Diagnosis of AFBN and APN

Diagnoses of AFBN and APN were established according to
previous reports, using CT findings as the gold standard.
Specifically, AFBN was indicated by positive CT findings
such as a poorly enhanced area in the kidney (Figs. 1–3),
while APN was diagnosed clinically if nephromegaly was
absent or present without focal CT lesions (Fig. 4) [8, 9].

CT

All CT investigations were performed using 64-detector
CT scanners (Definition AS+, Siemens Healthcare,
Erlangen, Germany, from 2014 to 2017 and Definition
Wedge, Siemens Healthcare, Erlangen, Germany, from
2017 to 2019). All examinations were performed using
a low-dose technique with either a weight-based table or
automated tube current modulation to determine the tube
current (in mA) and a voltage of 80–120 kV, which was

Fig. 1 Case 2. A 1-year-old male pediatric patient with acute focal bac-
terial nephritis. a A sagittal sonogram shows focal hyperechogenicity in
the upper pole of the right kidney (arrow). In this lesion, a focal loss of
corticomedullary differentiation is shown relative to other areas.
Ultrasound shows only one lesion. The right renal size is 76 mm, and
the left kidney is atrophied. The size of the right kidney was greater than
that in a previous report (estimate, 57.65 ± 11.35mm) [18]. bAn axial CT
image shows a poorly enhanced area in the upper pole (arrow). This
location shows focal nephromegaly. c An axial CT image at the lower
level of (b) depicts another lesion at the mid-pole level (arrow) and does
not show focal nephromegaly
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automatically adjusted according to the patient’s phy-
sique. The standard section thickness was 3 mm.
Contrast material (300 mg iodine/mL) was administered
at a dose of 2 mL/kg, with a maximum volume of
100 mL. The contrast material was injected either via
automated or manual methods. CT examinations were
performed in the portal or delayed phase, and not in
the arterial phase. The CT dose index was 2.61 ±
2.00 mGy (range, 0.81–6.92 mGy; 32-cm phantom).

Ultrasound

All sonograms were obtained using a 9–15-MHz linear trans-
ducer (LOGIQ 7, E9, E10 and S8; GE Healthcare, Waukesha,
WI, USA). The sonographic examinations were conducted by
four pediatric radiologists with 7, 10, 15, and 20 years of
clinical experience in pediatric ultrasound.

Evaluation of imaging findings

In accordance with previous studies [1, 2, 4, 7–9, 11, 12, 17],
the number of focal lesions (null, single, or multiple) was
recorded, and the imaging findings from CT were evaluated
as follows: focal poor enhancement (Figs. 1, 2, and 3), focal
nephromegaly (Fig. 1), abscess formation (Fig. 2), and diffuse
nephromegaly (Fig. 4). The number of focal lesions (null sin-
gle or multiple) and the following findings were also evaluat-
ed on ultrasound images: focal loss of corticomedullary dif-
ferentiation (Figs. 1, 2, and 3), focal hyperechogenicity
(Fig. 1), abscess formation (Fig. 2), and diffuse nephromegaly
(Fig. 4). Diffuse nephromegaly was defined as a renal size
greater than the previously reported normal size (>1 cm)
[18]. Focal nephromegaly on CT images was defined as a
focal area of bulking around the renal shape. The diagnostic
criteria for an abscess were an area of hypoattenuation and an
absence of enhancement in the renal parenchyma on CT [5, 8,

Fig. 2 Case 4. A 2-year-old female pediatric patient with acute focal
bacterial nephritis. a A sagittal sonogram shows a focal loss of
corticomedullary differentiation without hyperechogenicity (arrows).
Multiple lesions are visible (arrows). A liquefactive change with low
echogenicity was revealed, and abscess formation was diagnosed. The
renal size is 124 mm. The size of the right kidney is greater than that in a
previous report (estimate, 89.13 ± 11.35 mm) [18], indicating the pres-
ence of nephromegaly. b Axial sonogram shows a focal loss of

corticomedullary differentiation without hyperechogenicity (arrow-
heads). A liquefactive change with low echogenicity was revealed, and
abscess formation was diagnosed (arrows). c A coronal reconstructed CT
image shows an area of poor or no enhancement indicative of abscess
formation (arrow). Focal nephromegaly is also visible. d A coronal re-
constructed CT image shows multiple areas of poor enhancement and an
area of no enhancement indicative of abscess formation (arrow). The left
kidney is atrophied
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11, 12, 19] and a focal anechoic area in the renal parenchyma
on ultrasound [11, 20]. The CT findings from cases exhibiting
abnormal sonographic findings were reviewed. For patients
exhibiting multiple lesions, the findings for the largest lesion
were compared in this study.

Review process

The presence or absence of the abovementioned image find-
ings was evaluated. All CT data were transferred to multi-
planar reconstructions (MPRs); in some patients, sections with
a slice thickness of 1 mm were reviewed. Two radiologists
with 10 and 15 years of clinical experience reviewed all im-
ages on a 1600 × 1200 picture archiving and communication

Fig. 4 Case 9. A 2-year-old male pediatric patient with acute pyelone-
phritis. a A sagittal sonogram shows diffuse nephromegaly without a
focal loss of corticomedullary differentiation in the left kidney. The size
of the left right kidney is greater than that in a previous report (estimate:
63.22 ± 11.17 mm) [18]. b A sagittal sonogram shows a normally sized
right kidney without abnormal sonographic findings. The renal size is
62 mm. The left kidney is larger than the right kidney, suggesting the
presence of nephromegaly. c A coronal reconstructed CT image shows
diffuse nephromegaly in the left kidney (arrows) relative to the right
kidney (arrowheads). A focal area of poor enhancement is not visible

Fig. 3 Case 7. An 8-year-old male pediatric patient with acute focal
bacterial nephritis. a A sagittal sonogram shows a focal loss of
corticomedullary differentiation without hyperechogenicity (arrows).
This wedge-shaped area of decreased echogenicity involves the upper
pole of the kidney. The right and left renal sizes are 87 and 93 mm,
respectively. The sizes of the right and left kidneys are not greater than
those in a previous report (estimates: 80.1 ± 11.35 and 83.4 ± 11.17 mm,
respectively) [18] and therefore do not indicate diffuse nephromegaly. b
A coronal reconstructed CT image reveals a poorly enhanced area without
focal nephromegaly (arrow)
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system monitor (PACS; GE Healthcare). Any discrepancies
were resolved through consensus. During the review process,
the radiologists were unaware of the physical or other imaging
findings.

Statistical analysis

Data are presented as medians and ranges. Fisher’s exact test
was used to compare the sex distribution and presence or
absence of previous sonographic findings between pediatric
patients with AFBN and APN. The significance level for all
tests (two-sided) was set at 5%. All data were analyzed using a
commercially available software program (SPSS version 24;
IBM, Armonk, NY, USA).

Results

This study included 11 children (9 boys and 2 girls). The
patients’ characteristics are summarized in Table 1. The mean
age was 6.2 ± 6.0 years (range, 0–19 years). Of the 11 patients,
eight were diagnosed with AFBN and three were diagnosed
with APN. No significant difference in the sex ratio was ob-
served between pediatric patients with AFBN and APN (sex
[male/female], 6/2 vs. 3/0, p > 0.99).

Number of focal lesions

CT identified multiple lesions in six cases, while ultrasound
identified multiple lesions in four cases.

Sonographic findings

The sonographic findings in the AFBN and APN groups are
summarized in Table 2. A CT finding of a poorly enhanced
area in the kidney was required for a diagnosis of AFBN.
Locations corresponding to this CT finding were detected as
focal losses of corticomedullary differentiation on ultrasound
in all cases with AFBN, but no cases with APN.

Focal loss of corticomedullary differentiation

The presence of a focal loss of corticomedullary differentia-
tion differed significantly between patients with AFBN and
those with APN (present/absent, 8/8 vs. 0/3; p = 0.01; Figs. 1,
2, and 3).

Focal hyperechogenicity

The presence of focal hyperechogenicity differed significantly
between patients with AFBN and those with APN (present/
absent, 2/8 vs. 0/3; p > 0.99; Fig. 1).Ta
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Abscess formation

No significant difference was observed in the presence of
abscess formation between patients with AFBN and those
with APN (present/absent, 1/8 vs. 0/3, p > 0.99; Fig. 2).

Diffuse nephromegaly

No significant difference was observed in the presence of
nephromegaly between pediatric patients with AFBN and
those with APN (present/absent, 5/8 vs. 3/3, p = 0.49;
Fig. 4).

Comparison of sonographic and CT findings

Table 3 summarizes the comparison between sonographic
and CT findings at each location. The locations exhibiting
focal hyperechogenicity on ultrasound appeared both as
focal areas of nephromegaly and poor enhancement on
CT. Locations exhibiting a focal loss of corticomedullary
differentiation on ultrasound appeared as focal areas of
poor enhancement on CT. Some of these locations also
exhibited focal nephromegaly or abscess formation. The
same locations corresponding to abscess formation were
identified via ultrasound and CT. However, CT detected
multiple lesions in two cases in which ultrasound identified
only one lesion.

Discussion

We demonstrated that in our small cohort, ultrasound could
adequately diagnose AFBN on the basis of sonographic find-
ings such as a focal loss of corticomedullary differentiation.
CT may not be required to differentiate AFBN from APN.
However, CTmight be superior to ultrasound for the detection
of multiple lesions. When faced with recommendations by
pediatric and infection control physicians to use CT as a diag-
nostic modality for AFBN, radiologists may respond that CT
might not provide additional value over ultrasound in terms of
decisions regarding the treatment duration.

Various sonographic findings were observed in patients
with AFBN. In our small cohort, two of the three locations
that appeared as focal nephromegaly on CT also exhibited
hyperechogenicity on ultrasound. The third case exhibited ab-
scess formation, which was detected as a lesion with low
echogenicity, consistent with previous reports [21, 22]. None
of the cases exhibiting poor focal enhancement and no focal
nephromegaly on CT exhibited focal hyperechogenicity on
ultrasound.We speculate that the severity and phase of inflam-
mation influences the variability observed in sonographic
findings. Focal nephromegaly on CT and hyperechogenicity
on ultrasoundmay be detected in cases presenting with a more
acute or severe inflammatory condition than in cases without
these findings [2, 5, 20]. These findings may indicate a hem-
orrhagic or edematous change in the renal parenchyma [11,
12]. In contrast, the absence of hyperechogenicity on ultra-
sound might indicate the non-acute phase of AFBN and may

Table 3 Comparison of focal
sonographic and CT findings at
the same locations in patients with
AFBN

Sonographic findings Number of
cases

CT findings at the same
location

Number of
cases

Focal loss of corticomedullary
differentiation

8 Focal nephromegaly 3/8

Focal poor enhancement 8/8

Abscess formation 1/8

Focal hyperechogenicity 2 Focal nephromegaly 2/2

Focal poor enhancement 2/2

Abscess formation 0/2

Abscess formation 1 Focal nephromegaly 1/1

Focal poor enhancement 1/1

Abscess formation 1/1

AFBN, acute focal bacterial nephritis

Table 2 Sonographic findings in
pediatric patients with AFBN and
APN

Sonographic findings AFBN (n = 8) APN (n = 3) P value

Focal loss of corticomedullary differentiation 100% (8/8) 0% (0/3) 0.01

Focal hyperechogenicity 15% (2/8) 0% (0/3) > 0.99

Abscess formation 12.5% (1/8) 0% (0/3) > 0.99

Diffuse nephromegaly 62.5% (5/8) 100% (3/3) 0.49

AFBN acute focal bacterial nephritis, APN acute pyelonephritis
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be attributable to recovery or evolution to a renal abscess [1, 5,
8, 11, 15, 16, 20]. One case report described a hyperechoic
lesion that changed to a hypoechoic lesion after 3 days [5].
Therefore, lesions that do not appear as focal nephromegaly
on CT or hyperechogenicity on ultrasound may correspond to
a more acute phase that occurs a few days after the onset of
urinary tract infection.

A common radiological finding of APN is a striated
nephrogram on a CT image, wherein alternating linear bands
of high and low attenuation appear in a radial pattern that
extends to the corticomedullary layers of the kidney [23]. In
our small cohort, however, we did not observe any cases with
only imaging findings of a striated nephrogram, and this find-
ing was only detected in limited focal areas of kidney and was
accompanied by multiple lesions. This finding was not clearly
defined in a previous study that focused on the duration of
treatment provided to patients with AFBN and APN [3]. This
discrepancy between studies might have led to confusion re-
garding the definitions used by radiologists and physicians to
differentiate AFBN from APN.

Abscess formation is an important factor in decisions re-
garding the treatment method [1, 8, 11, 17, 20]. In our study,
only one case exhibited a renal abscess, which was detected
by both ultrasound and CT. Ultrasound may be a useful mo-
dality for evaluating renal abscess.

Previous studies have reported that urinary tract infection is
more common in female than in male patients [24, 25]. Our
result was not consistent with those findings. We note that the
inclusion of patients who underwent CT led to the selection of
patients with relatively severe urinary tract infection. Our co-
hort also included some infants, and previous studies have
demonstrated a male predominance among young infants with
urinary tract infection [25]. These factors might have affected
the sex ratio in our cohort.

The number of focal lesions was correctly diagnosed by
CT. Although CT involves radiation exposure and contrast
medium injection, this technique allows the evaluation of the
entire kidney, without any blind areas. Although the number
of focal lesions does not affect the treatment duration, CTmay
be recommended when a patient responds poorly to an initial
72-h course of antibiotic treatment prescribed based on a
sonographic diagnosis, when an ultrasound assessment does
not yield a diagnosis, or when clinical and laboratory findings
strongly suggest renal involvement, given the dependency of
ultrasound results on the operator’s skill level [3, 6, 8, 9, 17].
Contrast-enhanced ultrasound was reported to be useful for
evaluating small renal abscesses or focal pyelonephritis
[26–28]. This technique requires neither irradiation nor seda-
tion and may thus be more acceptable for children. Although
contrast-enhanced ultrasoundmay be difficult to perform in an
emergency department, it is useful in cases involving a suspi-
cion of renal abscess or when the patient does not respond as
expected to treatment.

This study had some limitations. First, it included a small
number of patients with APN or AFBN and was retrospective
in nature. Particularly, the number of patients with APN was
very small. Clinically, most patients with suspected APN are
prescribed with antibiotic therapy based on the sonographic
findings, and CT is not usually performed. Therefore, addi-
tional prospective studies with larger patient populations are
needed to confirm our preliminary findings. Second, we in-
cluded only cases in which both CT and ultrasound were per-
formed within 24 h. This inclusion criterion may have led to
inclusion bias toward patients with more severe urinary tract
infection. Moreover, patients who exhibited only striated
nephrogram on imaging findings may have been excluded.
Third, some cases involved multiple lesions and therefore
might have represented various phases of AFBN (acute or
chronic). Because it was difficult to differentiate these phases,
we focused solely on the largest lesion in each case.

Conclusion

In our small cohort, ultrasound was adequate for the diagnosis
of AFBN, based on sonographic findings such as a focal loss
of corticomedullary differentiation. Our results suggest that
CTmay not be needed to differentiate AFBN fromAPNwhen
determining the appropriate treatment method.
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