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ACUTE PYELONEPHRITIS: FREQUENCY OF FINDINGS IN PATIENTS
SUBMITTED TO COMPUTED TOMOGRAPHY*

Flavio do Amaral Campos’, George de Queiroz Rosas?, Décio Goldenberg®, Gilberto Szarf*,
Giuseppe D’Ippolito®

OBJECTIVE: The present study was aimed at establishing the frequency of renal/perirenal and extrarenal
computed tomography findings in patients with acute pyelonephritis, and evaluating the interobserver agree-
ment. MATERIALS AND METHODS: Retrospective study based on the analysis of computed tomography
images of 47 patients with clinical and laboratory findings of acute pyelonephritis. Two independent observ-
ers evaluated the main renal/perirenal and extrarenal alterations. The frequency of tomographic findings and
interobserver agreement were analyzed by the kappa (k) test. RESULTS: The frequency of tomographic find-
ings for the several parameters was the following: striated nephrogram, 100%; renal enlargement, 65%;
perirenal fat heterogeneity, 62.5%: renal calculi, 16.6%:; abscesses, 21%; pleural effusion, 36%; thickened
gallbladder wall, 32.5%; periportal edema, 32.5%. The K test for interobserver agreement demonstrated
reproducibility ranging between moderate (K = 0.511 for renal enlargement) to almost perfect (K = 0.87 for
striated nephrogram) for all of the parameters analyzed, except for perirenal fat heterogeneity (K = 0.268).
CONCLUSION: The frequency of findings of acute pyelonephritis on computed tomography is high. Overall,
striated nephrogram was the most frequent finding. Peri- and extra-renal alterations were found in about 2/3
of the cases. Computed tomography demonstrated a good interobserver agreement.
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Freqiiéncia dos sinais de pielonefrite aguda em pacientes submetidos a tomografia computadorizada.

OBJETIVO: Estimar a freqiiéncia das alteracées tomograficas renais e extra-renais em pacientes com pielo-
nefrite aguda e avaliar o grau de concordancia interobservador. MATERIAIS E METODOS: Realizamos traba-
lho retrospectivo a partir da analise dos exames de tomografia computadorizada de 47 pacientes com diag-
néstico clinico e laboratorial de pielonefrite aguda. Dois examinadores independentes avaliaram as principais
alteracdes renais, perirrenais e extra-renais. Foi medida a freqiiéncia dos achados tomograficos e a concor-
dancia interobservador por meio do teste kappa (k). RESULTADOS: A freqiiéncia dos achados tomograficos
para os diversos parametros estudados foi: nefrograma heterogéneo, 100%; nefromegalia, 65%; heteroge-
neidade da gordura, 62,5%; nefrolitiase, 16,6%; abscessos, 21%; derrame pleural, 36%; espessamento da
vesicula biliar, 32,5%:; edema periportal, 32,5%. O teste K para a concordancia interobservador demonstrou
reprodutibilidade variando entre moderada (K = 0,511 para nefromegalia) e quase perfeita (K = 0,87 para
nefrograma heterogéneo) para todos os parametros estudados, exceto para a heterogeneidade da gordura
perirrenal (K = 0,268). CONCLUSAO: A freqiiéncia dos diversos achados tomograficos de pielonefrite aguda
é elevada, sendo o nefrograma heterogéneo o sinal mais comum. Alteracdes perinefréticas e extra-renais
sdo observadas em até dois tercos dos casos. A tomografia computadorizada apresenta boa concordancia

interobservador.

Unitermos: Pielonefrite aguda; Rim; Tomografia computadorizada; Reprodutibilidade.
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INTRODUCTION

Acute pyelonephritisisaterm currently
recommended by the International Society
of Uroradiology to define arenal inflam-
matory/infectious process?. It isacommon
disease affecting rena parenchyma, inter-
stice and pelvis®, and most frequently oc-
curs in the female adult population in the
age range between 15 and 40 years®.

Most of times, the diagnosisis reached
through clinical and laboratory tests.
Imaging studies may be warranted if the
disease presentation is confusing or atypi-
cal; in these cases, contrast-enhanced CT

is recommended because of its high sensi-
tivity and specificity™>9. Its utilization is
basically restricted to cases of suspicion of
complications, for management of patients
with an unfavorable clinical progres-
sion®", or in the pursuance of some func-
tional or morphological alteration of the
urinary tract®.

Renal and perirenal tomographic signs
found in cases of acute pyelonephritishave
been already described in the literature®®-
19, Few case reports have illustrated the
finding of associated extrarenal alterations
such as pleural effusion®™*?), gallbladder
wall thickening, perivesicular fluid*® and
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periportal edema*®, Until November/
2006 therewas no study in theliterature de-
scribing alarger series of patients present-
ing with such extrarenal findings'™.

Despite the fact that tomographic find-
ings in patients with acute pyelonephritis
are well known, the frequency of these
findings, aswell asCT reproducibility, still
remains to be clearly established.

This study was aimed at estimating the
frequency of renal and extrarenal tomo-
graphic findings in patients with clinical
laboratory signs of acute pyelonephritis,
and evaluating the method reproducibility.

MATERIALSAND METHODS

Abdominal CT imageswere selected in
the period between February/2003 and
February/2006 and included in the present
retrospective, transversal and observational
study. The patients evaluated had a clini-
cal and laboratory diagnosisof acute pyelo-
nephritis, and an initial tomographic report
describing renal and extrarenal alterations
compatiblewithAP. All of theimageswere
acquired onahelica CT apparatus (Philips,
Helicat Flash model) with thin, contiguous
and interpolated slices, 5.5 mm-6.5 mm
thickness (reconstruction with 5.0 mm) and
1-1.5 pitch, according to previously pub-
lished technical parameters®. The contrast-
enhanced imageswereacquired after intra-
venous injection of iodinated, nonionic
(Opriray, 320-320 mg/ml) contrast agent,

Figure 1. Gallbladder wall thickening (arrow) and acute pyelonephritis with
enlargement of left kidney and heterogeneous nephrogram. At follow-up, the
gallbladder wall was thin, after regression or acute pyelonephritis.
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at a dose of 2 ml/kg, up to a maximum
volume of 200 ml, with an injection pump
(rate 3 ml/s). All of the studies included a
non-contrast enhanced phases, with neph-
rographic (75 seconds after contrast agent
injection, and pyelographic (five minutes
after contrast injection) images from the
diaphragm up to the pubic symphysis.

Of 56 CT studiesinitially selected, nine
were excluded for being considered asin-
adequate due the absence of one of the
mai n examination phases (non-contrast en-
hanced, nephrographic or pyelographic
phases), surgery involving the urinary ap-
paratus or findings compatiblewith chronic
renal failure.

A total of 47 patients — 43 women in
the age range between 19 and 82 years
(mean 31.3 years) and four men in the age
range between 30 and 86 years (mean 54.3
years) — were studied.

Theimages were blindly reviewed in a
workstation by two radiologists, one of
them with five-year experiencein abdomi-
nal radiology (G.Q.R.), and the other in the
3rd year of residency inimaging diagnosis
(FA.C.), who haveidentified renal, perire-
nal and extrarenal alterations compatible
with acute pyelonephritis.

Cases of disagreement were reviewed
by a specialist with 20-year experience
(GD.), aiming at establishing the absolute
frequency of the classification for both
acute pyelonephritis and tomographic
signs.

Acute pyelonephritis was classified
into: &) unilateral or bilateral; b) focal or
diffuse; ) with or without nephromegaly;
d) complicated or non-complicate (with or
without renal/perirenal abscess)®.

Renal, perirenal and extrarenal tomo-
graphic findings usually associated with
acute pyelonephritis were analyzed, in an
attempt to determine which of the kidneys
was affected by the inflammatory process.

The following renal and perirenal find-
ings were taken into consideration:

a) Nephromegaly — longitudinal renal
axis > 11 cm®® and/or focal or diffuse
asymmetry of rena dimensions®, consid-
ering that renal infection resultsin volume
increase™ (Figure 1);

b) heterogeneous nephrogram —areas of
hypoperfusion on the renal parenchyma®
(Figure 2);

c) perirenal fat heterogeneity — charac-
terized by striated nephrogram, increased
density of the perirenal fat and thickening
of Gerota's fascia®® (Figure 3);

d) delay in contrast medium excretion
—evaluation performed in the pyel ographic
phase where a delay in the intravenousio-
dinated contrast medium excretion is ob-
served in the affected kidney®;

€) collecting system dilatation — asym-
metrical dimensionsof thepyelocaliced sys-
temwith enlargement of the affected kidney;

f) nephrolithiasis and ureterolithiasis —
presence of calculusin the collecting sys-
tem(lB);

Figure 2. Increase in renal dimensions at right (nephromegaly) associated with
multifocal heterogeneous nephrogram in a patient with clinical and labora-
tory diagnosis of acute pyelonephritis.
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) renal and perirenal abscess — area of
liquefaction with well defined walls or
pseudocapsula, possibly associated with
gas attenuation or athick aspect and den-
sity > 15 UH®® (Figures 4 and 5).

Findings of extra-renal involvement
were:

a) Gall bladder wall thickening or peri-
vesicular fluid = 4 mm-thick or presence of
fluid adjacent to the gall bladder®® (Fig-
ure 1);

b) periportal edema — hypoattenuating
haloinvolving the portal veinor itsbranches
in contrast-enhanced phases™® (Figure 6);

¢) Pleural effusion—any amount of fluid
within the pleural space™.

Statistical analysis of findings was per-
formed, and interobserver agreement was
calculated by means of kappa test (k)@?,
considering thefollowing levels: Insignifi-
cant agreement (k = 0.0-0.20), median (K
= 0.21-0.40), moderate (k = 0.41-0.60),
substantial (k = 0,61-0,80) and almost per-
fect (k = 0.81-1.00).

Also, the chi-sguare test was utilized to
identify the possible correlation between
the presence of renal and perirenal findings
with extra-renal findings.

Thesgnificanceleve for null hypothesis
rejection was established as < 0.05 (5%).

RESULTS

Theresults analysis demonstrated find-
ingsof unilateral acute pyelonephritisin 46
cases (36 at right, and 10 at left), and bi-
lateral em only one case, in atotal of 48
kidneys affected by the disease.

Acute pyelonephritis was classified as
focal and multifocal, respectively, in 11/48
(23.0%) and 37/48 (77.0%) of cases; with
and without nephromegaly, respectively, in

Figure 3. Perirenal fat heterogeneity. Non-contrast-enhanced computed to-
mography image of a patient diagnosed with acute pyelonephritis presenting

increased density of perirenal fat (arrow).

Figure 4. Renal abscess. Computed tomography image in the pyelographic
phase demonstrating enlarged left kidney with heterogeneous nephrogram

associated with heterogeneous nodule with partially defined margins and
hypoattenuating area inside.

Figure 5. Perirenal abscess. Fluid collection in the left perirenal space (aster-
isk), causing expansion and displacing anteriorly the kidney that presents
parenchymal opacification in the pyelographic phase, with interposition of a
small focus of liquefaction (renal abscess) in a patients with clinical and labo-
ratory diagnosis of pyelonephritis.
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Figure 6. Periportal edema. Computed tomography image in the nephrographic
phase of a patient diagnosed with acute pyelonephritis, demonstrating
hypoattenuating halo surrounding the portal branches. Left kidney with het-
erogeneous nephrogram.
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31/48 (64.6%) and 16/48 (33.4%) of cases;
and complicated and non-complicated, re-
spectively, in 10/48 (20.8%) and 38/48
(79.2%) of cases.

The frequency of renal, perirenal and
extrarenal findings of acute pyelonephritis
for both observers 1 and 2 with respective
kappa scores are shown on Table 1.

Amongst the studied findings, the only
one presenting a median (k = 0.268) and
statistically non-significant (p = 0.061)
interobserver agreement was perirena fat
heterogeneity.

Inthe chi-squaretest, astatistically sig-
nificant correlation among renal, perirenal
and extrarenal findings could not beiden-
tified. Additionally, no statistically signifi-
cant correlation could be established be-
tween the presence, separately or in con-
junction, of one of thethree extrarenal find-
ings and the other findings of acute pyelo-
nephritis.

After analysis of the disagreeing cases,
the respectivefrequenciesof findingswere
defined as shown on Table 2.

DISCUSSION

Acute pyelonephritis is a common dis-
ease. Itisestimated that more than 250,000
new cases occur in United States each
year® . Its diagnosis is reached by means
of clinical and laboratory tests; imaging
studies such as ultrasound and computed
tomography are utilized in case of diagnos-
tic uncertainty or necessity to define asso-
ciated complications®.

Main renal and perirenal tomographic
signsfound in cases of acute pyelonephri-
tisarecomprehensively described inthelit-
erature®®19 put there is no reference to
their frequency.

The present study hastried to establish
the distribution of acute pyelonephritis
according to the previously proposed clas-
sification, the frequency of each tomo-
graphic finding, and the CT reproducibil-
ity, considering that the evaluation of the
main findings is subjective.

Itisimportant to note that the total num-
ber of kidneys affected (n = 48) was uti-
lized for calculating the frequency of renal
and perirena findings, and the number o
patients (n = 47) was utilized for calculat-
ing the frequency of extrarenal findings.
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Table 1 Frequency of renal, perirenal and extrarenal signs evaluated by observers 1 and 2, in absolute
numbers, relative frequency and kappa values, considering 48 kidneys involved.

Observer 1 Observer 2

Kappa
Parameters evaluated n % n % (p < 0.001)
Right kidney involvement 37 77.0 37 77.0 1.00
Left kidney involvement 11 23.0 11 23.0 1.00
Focal heterogeneous nephrogram 11 23.0 9 18.7 0.873
Multifocal heterogeneous nephrogram 36 75.0 38 79.2 0.873
Nephromegaly 31 64.6 33 68.7 0.511
Perirenal fat heterogeneity 32 66.6 28 58.3 0.268*
Collecting system dilatation 5 10.4 7 146 0.810
Renal abscess 6 125 10 20.8 0.554
Perirenal abscess 2 4.2 2 4.2 1.00
Renal calculus 8 16.6 18.7 0.928
Ureteral calculus 3 6.2 3 6.2 1.00
Delay in contrast medium excretion 2 4.2 4 8.3 0.647
Pleural effusion* 17 36.1 17 36.1 0.916
Parietal thickening parietal/perivesicular fluid*f 14 32.5 11 255 0.845
Periportal edema* 16 34.0 17 36.0 0.767

* For these parameters, the calculation of the frequency was based on the total number of patients (n = 47).

T Four patients presented signs of cholecystectomy. ¥ p =

0.061.

Table 2 Absolute frequency of tomographic findings after interobserver agreement.

Parameter evaluated

Frequency (%) (n = 48)

Right kidney

Left kidney

Focal heterogeneous nephrogram
Multifocal heterogeneous nephrogram
Nephromegaly

Perirenal fat heterogeneity

Collecting system dilatation

Renal abscess

Perirenal abscess

Renal calculus

Ureteral calculus

Delay in contrast medium excretion
Pleural effusion (n = 47)

Parietal thickening or perivesicular fluid (n = 47)
Periportal edema (n = 47)

77.0
23.0
23.0
77.0
64.6
62.5
12.5
16.6

4.2
16.6

6.2

6.2

Right: 36.1; Left: 27.7

32.5
34.0

The present study has demonstrated a
higher frequency of unilateral (46/47),
multifocal (77.0%) acute pyelonephritis
affecting theright kidney (77.0% of cases).
Pleural effusion asowasmoreprevaentin
the right kidney (36.1%). No data was
found in the literature to explain this fact.

Heterogeneous nephrogram (either fo-
cal or multifocal) wasobservedinal of the
cases studied, and was considered as the
main tomographic finding indicative of
acute pyelonephritis, and also the most

objective because of the excellent
interobserver agreement (k = 0.873). How-
ever, it is known that heterogeneous
nephrogram is not pathognomonic of acute
pyelonephritis, and may occur in cases
where a low-osmolarity contrast agent is
utilized in dehydrated patients or in other
clinical circumstanceslikein patientswith
renal infarction or acutetubular necrosis®.

Nephromegaly was present in two-
thirds of cases. It isimportant to note that
an objective data (the longest renal axis)

Radiol Bras 2007;40(5):309-314
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and a subjective data (renal asymmetry)
were considered in conjunction. If only the
maximum renal diameter was considered
asindicative of nephromegaly, thisfinding
would have been found in only one-third
(31%) of patients.

Acute pyelonephritis was classified as
complicated, i.e., associated with renal and/
or perirenal abscessin about 21% of cases.
Thesignificance of therenal abscess detec-
tion is controversial. In the literature there
are studies demonstrating that small renal
abscesses may resolve only with aclinical
treatment, with no need of aninvasive pro-
cedure®. However, the treatment strategy
only should be defined after the character-
ization of the abscess. Interobserver dis-
agreement was observed in four cases of
suspicion of renal abscess. All of these
cases were reviewed as heterogeneous
nephrogram with interposition of small
hypoattenuating foci, which has generated
adoubtful interpretation, although with no
impact on the management of the patients,
since the lesions were small undrainable
abscesses.

Ureteral obstruction leading to collect-
ing system stasis may be a triggering fac-
tor for acute pyelonephritis®. In the present
casuistic, ureteral calculi were detected
only in three cases (6.2%), and upstream
collecting system dilatation in only one.
Also in this case, association between the
presence of renal calculi and rena ab-
scesses was not observed.

Perirenal fat heterogeneity wasthe sole
finding among the other studied that did
not achieved a significant interobserver
agreement. Thisfinding was considered as
themost subjectiveamong the others, soits
reproducibility waslow. One of thereasons
for this disagreement may be related to the
“window” utilized in the examination. Itis
important to note that thisisanon-specific
finding also observed in cases of previous
inflammatory process sequela in vascular
disease, trauma® or urinary tract obstruc-
tion®?,

All of the other (renal, perirenal and
extrarena) findings showed a statistically
significant interobserver agreement (p =
0.005) ranging between moderate and al-
most perfect, despite the different levels of
experience of the observersand the subjec-
tivity in the evaluation of some findings.
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The presence of extrarena alterations,
particularly those affecting theliver and the
biliary tract should be highlighted. Until
recently, therewas only sporadic reportson
cases of patients with acute pyelonephritis
and gallbladder wall thickening or perivas-
cular fluid®™ and periportal edema*19,

Periportal edema had already been de-
scribed for other conditions such ascirrho-
sis, hepatitis, liver tumors, biliary tract
obstruction, liver and bone marrow trans-
plant, heart failure, abdominal traumain
the pediatric population®?29, and even
in acute pyelonephritis™®®. In the present
study thiswasarelatively frequent finding,
present in one-third of cases.

Thereare several causesfor gallbladder
wall thickening/perivesicular fluid, except
alterations of the gallbladder itself, such as
ascites, hypoalbuminemia, perivesicular
abscess, peptic ulcer, pancreatitis, hepati-
tis, cirrhosis, porta hypertension, chronic
heart and renal failure™®. Acute pyelone-
phritis also has been described as a cause
for gallbladder wall thickening"*®. The
present study identified this finding or
perivesicular fluid in one-third of cases. It
is important to note that both the acute
cholecystitis and acute may cause of pain
inthe right hypochondrium associated with
gallbladder parietal thickening or perive-
sicular fluid, and should be taken into con-
sideration in the differential diagnosis.
There is a belief that extrarenal alteration
occur because of multiplefactorsrelated to
the septic condition and metabolic disor-
derspresent in the setting of infectious pro-
cesses”,

In the largest casuistic so far (21 pa-
tients) describing extrarenal aterationsin
patients with acute pyelonephritis?”), the
authors have found a frequency different
from the one found in the present study,
maybe because of the inclusion and selec-
tion criteria adopted. Additional studies
will be necessary for a more accurate esti-
mation of the true frequency of these find-
ings.

It isimportant to note that the majority
of the patients in the present study (89%)
presented aterations directly related to the
acute pyelonephritis presentation, alowing
to consider the positivity of this tomo-
graphic findings as aresult of the renal in-
flammatory and infectious condition, as

aready identified by other authors'”). How-
ever, it isimportant to note that some of
these findings, perirenal heterogeneity and
collecting system dilatation observed in
patientswith excretory system obstruction,
for example, are non-specific of acute
pyelonephritis?®. On the other hand, it is
also important to note that, for the first
time, the reproducibility of these tomo-
graphic findings in patients with acute
pyelonephritis was established, giving the
method higher reliability, independently
from the investigator experience.

One of the shortcomings of the present
study isthe fact that it has not included al
the patients assisted with suspicion for
acute pyelonephritis, and therefore the ab-
solute frequency of tomographic ater-
ations could not be determined in this
group of patients. The main hindrance in
this type of study would be to submit a
patient to an unnecessary examination,
considering the clinical presentation of
acute pyelonephritiswhich frequently does
not require supplementary imaging studies.
Additionally, tomographic findings were
not correlated with clinical presentation,
laboratory testsresultsand clinical progres-
sion of the disease, which could define
prognostic signs similarly to those de-
scribed in other clinical situations. A new
prospective study isgoing to be devel oped
by the authors to establish the correlation
between tomographic findings and clinical
progression.

The present study demonstrated that, in
patientssubmitted to CT scan, thefrequency
of the different tomographic findings sug-
gestive of acute pyelonephritisis high, and
heterogeneous nephrogram isthe most fre-
quent and reliable. Perirenal and extrarenal
alterationswere observed inup to two-thirds
of casesincluded in the present study. De-
spite their subjectivity, tomographic signs
of acute pyelonephritis present high repro-
ducibility, ratifying the CT value in the
evaluation of this group of patients.
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