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Pyelonephritis, complicated by abscess
formation, in young women, in the context
of daily clinical praxis. Which is the best
work-up imaging protocol?

A mini pictorial review

Aikaterini Solomou’, Pantelis Kraniotis', Nikolaos Ntoulias?, Anastasios Apostolos?,
Irene Tsota3, Aspasia Rigopoulou’

Abstract

Background: Renal abscess is a rare complication of acute pyelonephritis. Radiologic imaging is important, bearing
in mind the lack of laboratory tests’ specificity for the diagnosis of an abscess. It mostly occurs in diabetes mellitus
patients (75% of abscesses) and/or in the existence of a stone, with young women being the most affected popula-
tion. Our goal was to highlight the optimal imaging protocol, in the work-up of complicated pyelonephritis in young
women, trying to avoid radiation exposure.

Methods: Four (4) cases of renal abscess following acute pyelonephritis in women of relatively young age, ranging
from 17 to 22, who were admitted to our hospital in a 18-months period. All patients were submitted to ultrasound
(U/S) examination and one patient to Magnetic Resonance Imaging (MRI).

Results & Conclusions: Because of its availability and low cost, U/S appears to be the first-line imaging technique for
the investigation of a renal abscess after acute pyelonephritis. Particularly in cases of young women where imaging
findings or laboratory tests are inconclusive, MRI with diffusion-weighted images (when available) should be used
as an adjunct to confirm the abscess, obviating the need of radiation exposure.
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INTRODUCTION

Pyelonephritis is one of the many faces of Urinary
Tract Infection (UTI) and the formation of renal abscess
is considered a rare clinical complication [1]. It mostly
occurs in diabetes patients (75% of abscesses) and/or
with coexisting renal calculi with young women being
the most affected population [2]. Fortunately, the im-
provement of imaging techniques (Ultrasound (U/S),
Computed Tomography (CT) and Magnetic Resonance
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medical treatment and the wide application of interven-
tional techniques, like percutaneous abscess drainage,
have significantly decreased mortality rates from 40-50%
to about 1.5%-15% in the last three decades [3].

We herein report a case series of renal abscesses in
young women, highlighting the most prevalent imag-
ing features and stressing-out the necessary imaging
protocol, in order to avoid radiation exposure.

MATERIALS AND METHODS

We detected four cases of renal abscesses following
acute pyelonephritis between May 2018 and Novem-
ber 2019 from our hospital archives. All patients were
Caucasian women of young age, ranging from 17 to
24 years old, that were admitted to our hospital due
to clinical manifestations resembling those of UTl and
especially pyelonephritis. The right kidney was affected
in 3 of the 4 cases. Patients did not present any other
comorbidity, chronic medical treatment or had a history
of a surgical procedure.

After a clinical examination and relevant laboratory
tests, all patients were initially imaged with U/S scan
[5]. In one case, with inconclusive clinical and lab tests,
furtherimaging was needed. The patient was pregnant
and could not be submitted to CT. In order to confirm the
diagnosis, the latter patient was submitted to MRI, with
DWI, without intravenous Gadolinium administration.

RESULTS
U/S

Patients were scanned with a convex probe and both
grayscale and color Dopplerimages were acquired. The
location of the abscesses was mainly cortical. Largest
dimensions ranged between 1.5 to 2.4cm. The lesions
were mainly hypoechoic. On color Doppler there was
no vascularity within the lesions, apart from one where
there was minimal internal vascularity. All cases pre-
sented with a small amount of perirenal fluid. Renal

Table 1. Ultrasound characteristics of renal abscesses

calculus was detected in one case. Ultrasound findings
are summarized in Table 1. Ultrasound imaging findings
are highlighted in Fig. 1-4.

MRI

The MRI protocol included T2WI TSE coronal and
axial planes, T2WITSE axial with fat- suppression images;
Diffusion balances 0, 50, 100, 150, 500, T1 GRE with fat
suppression axial and coronal images and TTWI GRE

+ Dist 1.57 cm
x Dist 112¢cm
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Figure 1 (a-b). Patient #1. Ultrasound images, grayscale (a) and color
doppler (b) show a well-defined inhomogeneously hypoechoic
lesion, (largest dimension 1.5cm) within the renal cortex which
has a more hypoechoic center. On color Doppler the lesion is
hypovascular with only peripheral vascularity (b).

Colour doppler vascularity Perirenal  Renal

Patients Location Echogenicity within lesion fluid stones
1 Cortex Heterogeneously Hypoechoic No Yes No
2 Cortex Inhomogenously Hyperechoic No Yes No
3 Cortex Mixed Echogenicity Minimal Yes Yes
4 Corticomedullary Hyperechoic No Yes No

Junction
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Figure 2 (a-b). Patient #2. Ultrasound im-
ages, grayscale (a) and color doppler (b)
show a well-defined inhomogeneously
hyperechoic lesion (largest dimension
1.5cm), within the renal cortex which has a
more hypoechoic center. On color Doppler
the lesion is hypovascular with peripheral
vascularity only (b). (c-d). Patient #2. Axial
DWI (c) and corresponding ADC map (d).
The lesion is hyperintense on the DWIand
hypointense on the ADC, consistent with
true diffusion restriction.
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Figure 3 (a-b). Patient #3. Ultrasound grayscale images show a
well-defined lesion within the renal cortex (largest diameter 1.6cm)
with mixed echogenicity and predominantly hyperechoic center
(a).There is also a small quantity of perirenal fluid around the upper
pole of the kidney (b).

Figure 4. Patient #4. A hyperechoic lesion (largest diameter 2.4cm)
centered within the corticomedullary region.

in- and opposed phase in the transverse plane. The
abscess detected as an inhomogeneous lesion with
internal moderately high T2-WI signal, surrounded by
a thin hypointense wall. There was restricted diffusion
with high signal in the DWI images and low values in
the corresponding ADC map, in keeping with an abscess
(Fig. 2c-d).

DISCUSSION

Renal abscesses may occasionally be presentin pa-
tients with pyelonephritis as a focal or hematogenous
complication [6]. The main risk factors include: diabetes
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mellitus, renal calculi and ureteral obstruction. The
clinical outcome of the patient relies mainly on early
diagnosis, so radiological imaging plays a significant role
[7]. Laboratory tests are not specific for the diagnosis
of renal abscess; however, the diagnosis is established
with U/S or CT/ MRl studies. U/S is the first line imaging
modality performed because of its low cost, feasibility,
widespread availability, and low examination time.
However, CT with contrast agent outmatches US in the
diagnosis of renal abscesses with a very high diagnostic
rate [8]. CT finds great usage in cases of inconclusive U/S
diagnoses, assessing accurate abscess size and exten-
sion and providing information about kidney function.
Additionally, CT isimportant in the follow-up of medical
treatments. On the other hand, despite the higher sen-
sitivity and specificity of MRI and its overall diagnostic
value, it is not used as a first line diagnostic technique,
due to its relative inaccessibility and its higher cost. MRI
is essential in patient’s follow-up imaging and in cases
that require avoiding radiation dose such as paediatric
patients or pregnant patients. However, all the above-
mentioned techniques contribute to the earliest possible
diagnosis, management and follow-up of patients with
renal abscesses following acute pyelonephritis [9]. A
renal abscess in the ultrasonography usually presents
as a well- or moderate-defined hypoechoic lesion, rarely
with internal hyperechogenicity. It is usually located
in the cortex or in the cortico-medullary parenchyma,
regularly accompanied by perinephric collection. Sep-
tations and loculations have been described into renal
abscesses. The differential diagnosis between a renal
abscess and focal nephritis remains an issue for radi-
ologists; focal nephritis usually presents with smaller
lesions with poorly defined borders. The combination of
acute pyelonephritis is demonstrated by a hypoechoic
kidney [10]. Studies using Doppler show absence of
vascularity in the necrotic pus-filled region, while the
flow in the wall may be variable. A modern approach
includes contrast-enhanced U/S for evaluating renal
abscesses, which provides better specificity and sensi-
tivity comparing to classic U/S. In addition, it has been
supported that contrast-enhanced may be equal to CT
onimaging quality, while it can be applied even in young
women avoiding radiation exposure [11]. On CT, early
abscess emerges as ill-defined hypoattenuating non-
enhancing lesion. In the contrary, late abscess appears
as well-defined hypoattenuating lesion surrounded
by a thick irregular enhancing/hypervascular wall. The
presence of gas within a hypoattenuating cystic forma-
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tion is compatible with an abscess. Unenhanced CT is
useful to provide information about calculi, gas-forming
infections, haemorrhage, and parenchymal calcifica-
tions, while the use of intravenous contrast material
especially the nephrographic phase (50-90 seconds) is
essential for the diagnosis of renal abscess due to the
significant differentiation between the normal enhanc-
ing renal parenchyma and hypovascular lesions [12,13].
Computed tomography (CT) is considered the gold
standard imaging modality not only for the diagnosis
and assessment of acute pyelonephritis but also for the
severity of inflammation and its complications such as
an abscess. However, it should not be used in young
women and especially during pregnancy, due to radia-
tion exposure concerns. MR-imaging is essential for the
diagnosis of abscesses although its usage is limited. The
use of diffusion-weighted images provides immediate
and accurate diagnosis as it shows restriction of diffusion
with low signal of the affected area, in the ADC map,
which is indicative of renal abscess. Contrary to CT, it
can be used for further investigation of renal abscesses
especially in children and young women where radiation
protection concerns are raised. [12,14]

The specificity and sensitivity of the imaging meth-
ods are not well-established with important variance,
as it is affected by physicians’ experience and abscess’
characteristics. It is supported that newer applications
of US, like tissue harmonic imaging have reported
sensitivity and specificity equivalent to 97% and 80%,
respectively [15]. CT provides higher sensitivity and
specificity (>90%) than US, when an intravenous agent
is administered [16]. The existing literature do not ana-
lyze the prognostic value of MRI for renal abscesses as
a diagnostic approach.

CONCLUSION

The formation of an abscess due to pyelonephritis
is very uncommon. CT is considered the gold standard
examination to detect renal abscess, when clinical con-
cern is raised, according to the literature. However, in
cases of very young women of child-bearing age and/
or in cases of pregnant women ultrasound should be
the first line investigation. In inconclusive cases, MRI
with DWI (when available) should be used instead of
CTin order to avoid radiation exposure in this sensitive
group. Furthermore diffusion-weighted images can
characterize the lesion without the need for IV Gado-
linium administration.
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