
Contrast-‐enhanced  Ultrasound  (CEUS)
in  the  Diagnosis  of  Acute  Pyelonephritis  – an  Interim-‐Analysis

Introduction:
Urinary  tract  infections  (UTIs)  are  among  the  most  common  infectious  
diseases  and  drivers  of  antibiotic  use  and  in-‐hospital  days.  An  early  
and  adequate  risk  assessment  has  the  potential  to  optimize  site-‐of-‐
care  decisions  and  thus  allocation  of  limited  health-‐care  resources.
Contrast-‐enhanced  ultrasound  (CEUS)  has  been  described  as  a  
promising  method  for  detecting  acute  pyelonephritis  and  its  
complications.  Its  sensitivity  and  specificity  has  been  claimed  to  
approach  that  of  contrast  CT,  but  the  available  data  are  very  limited.  

Results:
59  of  114  study  patients  were  eligible  for  the  substudy.  33  patients  
(56%)  underwent  study  ultrasound,  8  (14%)  refused  to  participate,  
and  18  (31%)  missed  the  examination  for  various  reasons.  
3  of  33  patients  (9%)  showed  signs  of  pyelonephritis  by  gray-‐scale  
and  Doppler  US,  2  patients  (6%)  exhibited  underperfused  areas  that  
were  only  visible  by  CEUS  (e.g.  Fig.3).  
28  patients  (85%)  showed  no  signs  of  pyelonephritis  whatsoever.
All  findings  of  pyelonephritis  were  only  recorded  in  the  24  patients  
with  fever.  In  the  8  patients  with  fever  and flank  pain  3/8  studies  
were  suggestive  of  pyelonephritis.  

Conclusion:
1. In  patients  hospitalized  for  UTI  with  fever  and/or  flank  pain  early  

ultrasound  examination  has  a  low  yield  of  detecting  abnormalities  
suggestive  of  pyelonephritis.

2. Findings  are  entirely  restricted  to  patients  with  fever.
3. If  only  patients  with  fever  and flank  pain  are  considered  a  

substantial  proportion  of  patients  will  have  abnormal  ultrasound  
examinations.

4. The  addition  of  CEUS  to  standard  ultrasound  technique  markedly  
increases  the  detection  rate.

5. Whether  abnormalities  detected  by  ultrasound  correlate  with  
clinical  outcomes  in  our  study  and  might  be  useful  in  risk  
stratification  remains  to  be  determined.
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Figure 1 Trial overview. D1: day 1; D3: day 3; D5: day 5; D7: day 7; D30: day 30.
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Methods:  
The  „Triple  P  in  UTI“  study  (Procalcitonin,  pyuria  and  
proadrenomedullin  in  the  management  of  urinary  tract  infections,  
Drozdov  et  al.  Trials 2013)  is  a  randomized  controlled  trial  with  a  
factorial  (2x2)  design.
It  compares  two  strategies  regarding  initiation  and  duration  of  
antibiotic  therapy  (pyuria/PCT  guided  versus  guideline  based)  and  two  
algorithms  for  triage  decisions  (ProADM  plus  clinical  criteria  versus  
standard  clinical  criteria  alone)  in  patients  with  UTI  (Fig  1).

In  a  substudy,  all  hospitalized  patients  with  fever  and/or  flank  pain  
undergo  gray-‐scale,  Doppler  and  contrast  enhanced  ultrasound  
(Contrast  agent:  Sonovue®,  Bracco)  of  both  kidneys  within  72h  of  
admission.  We  report  interim  results  of  this  substudy.

Fig.2:  Focal  pyelonephritis  and  abscess  in  different  phases  
of  CEUS  (Fontanilla  et  al.,  Abd.  Imag.  2011)

Fig.3:  Two  examples  of  focal  pyelonephritis  detected  by  
CEUS

Fig.1:  Overview  of  the  „Triple  P  in  UTI  study“

Correlation with CT (eight cases) was good, but CT
detected additional lesions in two patients. On the other
hand, CEUS depicted better than CT very small
abscesses (size around 1 cm).

Scar

In one patient, a scar related to previous pyelonephritis
was the only finding. In another patient with focal
pyelonephritis, there were scars related to previous APN.
These were seen as focal thinning of the cortex, hypo-
echoic on CEUS.

Normal

In nine patients, CEUS showed normal enhancement,
with no renal lesions. In all of these cases, no further
imaging was performed (unless obstruction was present)
and clinical resolution ensued.

Grey-scale ultrasound and power Doppler

Findings on basal grey-scale ultrasound and power
Doppler and their correspondence to the CEUS diag-
nosis are shown in Table 2. The most common finding in
complicated APN was a focal hyperechoic lesion, almost
always with bulging of the cortex. This corresponded
most frequently to focal pyelonephritis without abscess,
but corresponded also to pyelonephritis with small
abscess, and even to a medium size abscess (one case).
Most medium or large abscesses were seen as heteroge-
neous or hypoechoic focal lesions with cortical bulging.

All focal lesions appeared as hypovascular or avascular
areas on power Doppler, but power Doppler was normal
or non-evaluable in eight cases with focal pyelonephritis
or focal pyelonephritis with abscess.

Other findings

Among those patients with parenchymal lesions on
CEUS, pyonephrosis due to obstructive ureteral lithiasis
was seen in two cases, one of them with a perirenal ab-
scess. In five other cases, obstructive lithiasis was found.

In nine cases, parenchymal CEUS was normal. This
excluded complicated pyelonephritis, but it did not
exclude uncomplicated pyelonephritis. In two of these
cases, the diagnosis was pyonephrosis; in another case
acute diverticulitis was found.

Other findings included very frequently perirenal fluid
and urothelial thickening and enhancement; and less
commonly biliary bladder wall edema, pleural effusion
and ascites.

Follow-up

Follow-up was performed in 25 patients. Resolution was
very fast in focal pyelonephritis without abscess (days),
without residual lesions. In all of the cases with medium
size or large abscesses, the evolution was slow (more
than a month), even though the patients were doing
well clinically. The lesion gradually turned smaller and
smaller, the rim enhancement disappeared, and ulti-
mately ended in complete resolution or focal atrophic
cortical lesions (scars) (three cases).The cases with small
abscesses inside focal pyelonephritis had an intermediate
evolution, with residual scarring in two cases.

Differential diagnosis

From an imaging standpoint, differential diagnoses
included infarction, in two cases, and residual postpye-
lonephritic lesion (scar), in one case. One patient who
had an abscess had previously had a lower pole infarc-
tion due to a critical stenosis in a lower pole segmental
artery in the early posttransplantation period (Fig. 5).
This was seen as non-enhancing areas within a large area
of retarded and very diminished enhancement in the
lower pole, with preservation of a cortical rim. In
another patient who had multiple coalescent abscesses
the possibility of multiple infarctions or septic emboli
was considered because he was a drug abuser.

Discussion
Imaging is necessary in complicated APN both to eval-
uate the presence and extent of renal and perirenal le-
sions, and to detect potentially treatable causes. Up till
now, CT has been the preferred imaging technique to

Fig. 1. Focal pyelonephritis and abscess are shown in the
different phases of CEUS. m, medullae; s sinus. Pyelone-
phritis areas are always most conspicuous during the
parenchymal late phase, as round or wedge-shaped cortical
or corticomedullar hypoechoic areas (shown in the drawing as
grey areas). These areas may be seen also during the cortical
phase, and are less conspicuous during parenchymal early
phase. Abscesses are always seen as anechoic areas
(shown in the drawing as black areas), with or without rim or
septal enhancement, alone or within areas of pyelonephritis.
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