Pyonephrosis: Ultrasound and Computed Tomography
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Ultrasound and computed tomography represent the imaging processes of choice in the diagnosis and staging
pyonephrosis in emergency settings.
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| 1. Introduction

Urinary tract infections (UTIs) are amongst the most frequent community-acquired and healthcare-associated bacterial
infections, and they are to be found in many specialties, such as internal medicine, gynecology, urology and intensive care
medicine. UTIs are classified based on the anatomical level of infection, the severity grade of infection, underlying risk
factors and microbiological findings. However, the clinical phenotypes of UTIs are heterogeneous and range from benign,
uncomplicated infections to complicated UTIs (cUTIs), pyelonephritis and severe urosepsis, depending mostly on the host
response. Pyonephrosis (PN) refers to infected hydronephrosis with associated suppurative destruction of the kidney
parenchyma, with partial or total loss of renal function, and it is defined as an accumulation of purulent debris and
sediment in the renal pelvis and urinary collecting system. PN is associated with factors that compromise host defense,
including immunosuppression, renal failure, renal transplantation@, and it is associated with local factors that
compromise the urinary tract, such as congenital uropathy, neurogenic bladder, pregnancy, presence of foreign bodies
such as calculi, indwelling catheters or other drainage devices, or endoscopic maneuvers, and it is frequently associated
with the obstruction of the collecting system (renal calculus disease, RCD) BRI4IBIE PN has also been reported in
patients with urinary obstruction from tumors, such as in transitional cell carcinomalZl8l. Emerging evidence challenges
the current paradigm that the bladder is a sterile microenvironment, and reveals that live bacteria are present in the
bladder, even in “culture negative” patients2LALLI2 ynder basal conditions, the microbiome is not simply an innocent
bystander, living peacefully side-by-side with its human host. Rather, commensal microbes are health-promoting and play
numerous diverse roles in the maintenance of human wellness. In contrast, the microbiome is altered in multiple disease
states with the conversion of the health-inducing microbiome into a disease-promoting microbiome (also known as
pathobiome). This condition is particularly pronounced in critically ill patients, where the pathobiome plays an important
role in critically ill infection[13I[141[15],

Pyonephrosis is uncommon in adults, rare in children and extremely rare in neonates; however, it has been reported in
several neonates and adults, making it clear that the condition may develop in any age group. The clinical spectrum of PN
is extremely variable, from asymptomatic bacteriuria to sepsis, making diagnosis more challenging. Similar to an abscess,
pyonephrosis is typically associated with fever, chills and flank pain, although some patients may be asymptomatic. The
walled-off exudate is protected by the body’s natural system and by antibiotics, and for those reasons a prompt diagnosis
at an early stage is necessary, because the systemic inflammatory response syndrome leading to major organ dysfunction
(fever or hypothermia, hyperleukocytosis or leukopenia, tachycardia, hypotension, tachypnea, neurological compromise
(q-SOFA)) is recognized as the first event in a cascade to multi-organ failure. For these reasons, PN is considered a
urological emergency that can rapidly progress to sepsis and septic shock®lL€l. The treatment of urosepsis calls for the
combination of urgent decompression (either percutaneous or retrograde with a ureteral stent placement under US or CT
guidance), adequate life-supporting care, appropriate and prompt antibiotic therapy, and adjunctive measures. Drainage
has low morbidity and mortality rates and an excellent outcome, and significantly decreases the need for nephrectomy.
The prognosis of pyonephrosis is good in patients who receive prompt diagnosis and treatment, with the infectious
process rapidly resolving after either nephrostomy or retrograde stent drainage, because of the adequate control of
overwhelming infection in an obstructed renal unitBIEZILEI201 \when pyonephrosis is not recognized early, it can rapidly
deteriorate and develop into septic shock, and in these cases potential complications include irreversible damage to the
kidneys with the possible need for nephrectomy2ll. Ultrasound and computed tomography represent the imaging of
choice in the diagnosis and staging of the pathology in emergency settings. In clinical practice the distinction between PN
and hydronephrosis is challenging.



Ultrasound is easily performed in emergency settings and bedside for the critically ill patients, and is often used in image
guidance for interventions and to monitor the drainage of the calico-pelvic system3202223] yjtrasound can rapidly
confirm or exclude the presence of pyonephrosis, speeding up patient management and treatment, and demonstrate
hydronephrosis with echogenic debris in the renal pelvis, which is considered highly suggestive of pyonephrosis/1&l24125]
(28] Although computed tomography (CT) is considered more reliable, useful, and impactful in the critical care setting!22l[23]
[271[28][29)(30131]  the diagnosis can be missed on unenhanced CT because of the difficulty encountered in the radiologic
differentiation of hydronephosis from pyonephrosis2l. The direct assessment of purulent urine is easily performed in the
case of the presence of air bubbles; recent studies demonstrated the HU measurement of urine may be helpful in the
diagnosis of purulent urine22ABABL At contrast-enhanced CT examinations, PN signs are characterized by the
presence of signs of obstruction with associated renal pelvic wall thickening and perirenal fat stranding!2Z[28132][33]

| 2. Ultrasound

Renal ultrasound has an established role in evaluating patients with suspected renal inflammatory disease [29211i34]
Ultrasound is particularly effective in diagnosing pyonephrosis: the sensitivity of renal ultrasonography for differentiating
hydronephrosis from pyonephrosis is 90%, and its specificity is 97%[2U2434 The key diagnostic point in differentiating
urine from infected urine is that in the first case, the collecting system has the acoustic properties of a cystic structure;
instead, ultrasonographic findings suggestive of pyonephrosis include the presence of hydronephrosis in conjunction with
hyperechoic debris in the collecting system. These findings are specific enough: their absence excludes pyonephrosis

with a high degree of accuracy (Figure 1 and Figure 2)2L241125[26)27)[28][35] | emphysematous pyelonephritis, the
presence of gas in the US-B mode is observed as large hyperechoic lines appearing as “dirty shadows” (Figure 3)B8. US

can detect thickening of the renal pelvic wall (>2 mm), which in severe cases may appear multilayered due to mucosa
edema (Figure 3). Ultrasonography does have drawbacks BZ; for example, it may not always differentiate hydronephrosis

from early pyonephrosis, especially in the case of low-grade hydronephrosis (Figure 4), and the ultrasound diagnosis of
PN can be challenging in patients with kidney abnormalities or in the presence of a parapyelic cyst. The major limit of
ultrasound is represented by the extrarenal/retroperitoneal extension of the pathology, because of the intrinsic limit of the
imaging modality, especially in obese patients. Extrarenal/retroperitoneal extension of pyonephrosis should be considered
every time inhomogeneous fluid is seen around the kidney within the perirenal space, in the case of inhomogeneous
hyperechogenicity of perirenal fat, or by the direct visualization of extrarenal abscess formation (Figure 5 and Figure 6). In
those cases, second level imaging is mandatory to assist the clinician in planning renal decompression.

(<}

Figure 1. A 78 years old septic male patient. Ultrasound (US) longitudinal (a) and axial (b) view of the left kidney showing
high-grade hydronephrosis with gross dilatation of the renal pelvis and calyces, filled by inhomogeneous urine (white
arrow) and an extremely dilated inferior calyceal group filled by a huge ball of debris conglomerate (*). Axial (¢) and MPR



coronal Computed Tomography (CT) (d) after intravenous contrast in cortical-medullary phase, showing high grade
hydronephrosis, diffuse parietal thickening of the calico-pelvic system (white arrow), fat stranding of perirenal and renal
sinus fat. Small amount of free fluid is appreciated anteriorly (dashed arrow).
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Figure 2. A 71 years old septic patient. US longitudinal (a,b) view of left kidney. Severe hydronephrosis, with extreme
cortical thinning. High-grade dilatation and parietal thickening (white arrow) of calico-pelvic system fluid filled by
inhomogeneous fluid with multiple hyperechogenic spots (*). Enlarged and markedly hyperechogenicity of renal sinus fat
with acoustic shadowing due to staghorn calculi (dashed arrow). Perirenal fat inhomogeneity was detected (dashed line).
Axial (c) and MPR coronal (d) CT with intravenous contrast in cortical-medullary phase after stent placement (white
arrow), showing high-grade hydronephrosis with diffuse parietal thickening of calico-pelvic system (dashed arrow),
staghorn calculi and renal sinus lipomatosis with mild inhomogeneous fat stranding and suffusion (*).

(b)

Figure 3. A 73 years old septic male patient. US longitudinal view of left kidney (a,b) showing hydronephrosis with parietal
thickening of inferior calyceal group (*), dense peripheral echoes within the calyceal system (white arrow) with acoustic
shadowing at low-gain indicating gas-forming infection, perirenal suffusion was detected (dashed arrow). Axial CT (b) with
intravenous contrast in cortical-medullary phase after stent placement (white arrow), showing drainage of calico-pelvic
system. Mild perirenal fat stranding (*).



(b)

Figure 4. A 42 years old septic female patient. US longitudinal view (a,b) of the right kidney showing low/mild-grade
hydronephrosis (white arrow) with sharply defined urine debris level (*).

Figure 5. A 48 years old septic woman. US longitudinal (a) and axial (b,c) view of the right kidney. Enlargement of the
kidney, hydronephrosis with sharply defined urine-debris level (white arrow). Thickening of perirenal fascia and markedly
inhomogeneous echogenicity of perirenal fat suggesting extrarenal extension (*). The patient underwent nephrostomy in
the emergency setting, and CT was performed after stent placement. Axial (d) and MPR coronal (e) CT with intravenous
contrast in parenchymal phase, showing correct stent positioning (white arrow) and drainage of calyceal-pelvic system.
The right kidney appeared enlarged with a delayed parenchymal phase, the calyceal-pelvic system was unstretched after
nephrostomy placement. Right perirenal fascia was thickened posteriorly (dashed arrow) and extrarenal extension of the
pathology was confirmed by the presence of an abscess in the right iliopsoas muscle (*).



Figure 6. An 83 years old septic woman. US longitudinal (a,b) view of the right kidney showing high-grade hydronephrosis
with the calyceal-pelvic system completely occupied by inhomogeneous echogenic debris (with arrow). Perirenal fascia is
thickened and perirenal fat is hyperechogenic and inhomogeneous (dashed arrow). Fluid over-collection is appreciated
around the kidney (*), and free fluid was appreciated in the abdomen. Complicated pyonephrosis with extrarenal
extension was diagnosed. CT with intravenous contrast. Axial CT after intravenous contrast in parenchymal (c) and
urography phase (d), showing hydronephrosis with parietal thickening of calyceal-pelvic system, multiple loculated over
fluid collection in the perirenal (white arrow) space and abscess in iliopsoas muscle (*). In the urography phase,
extravasation of urine into extrarenal fluid collections due to abscessualization of the calyceal-pelvic system.
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