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INTRODUCTION
In patients with emergent renal disorders, prompt initiation 
of treatment is critical to preserve renal function and reduce 
morbidity and mortality; however, many of these disorders 
are characterized by non-specific clinical presentations and 
unreliable findings on physical examination. Imaging is, 
therefore, relied upon to establish a diagnosis and direct 
treatment in a timely manner. Ultrasound (US) is the first-
line imaging modality when emergent pathology of a kidney 
allograft is suspected. When emergencies involving native 
kidneys are suspected, CT is generally the initial imaging 
modality of choice, although US can be used when radia-
tion exposure and/or iodinated contrast material is contra-
indicated (e.g., in pediatric and pregnant patients). More 
recently, contrast-enhanced ultrasound (CEUS) has become 
an emerging alternative technique for the detection of select 
renal vascular disorders (e.g., infarction or cortical necrosis) 
and for the identification of renal abscesses, but this method 
is not yet approved for use by the Food and Drug Admin-
istration in the United States. Magnetic resonance imaging 
(MRI) is generally reserved as a problem-solving tool.

In this review, we will examine acute renal pathologies of 
infectious, hemorrhagic, vascular, and traumatic origins. 
For each topic, we will review the typical clinical presen-
tation and define key imaging findings used to synthesize a 
diagnosis, with an emphasis on implications for triage and 
management.

Infectious etiologies
Urinary tract infections (UTIs) affect up to 150 million 
people annually worldwide and are a source of substantial 

morbidity.1 Most UTIs are treated with antibiotics and 
require no imaging. In some cases, however, UTIs can 
become complicated, leading to pyelonephritis, renal or 
perinephric abscess, pyonephrosis, or emphysematous 
pyelonephritis/pyelitis. Imaging is indicated when symp-
toms fail to improve 72 h after initiation of antibiotics or 
when risk factors are present, including diabetes, immuno-
compromised state, advanced age, or history of urinary tract 
obstruction (renal stone disease, congenital or acquired).2 
Intraveneous contrast-enhanced CT (CECT) is the imaging 
modality of choice for these patients, as it allows for charac-
terization of obstructive uropathy, detection of urolithiasis, 
and identification of complications including perinephric 
abscesses and intraparenchymal gas. US may be used when 
ionizing radiation or iodinated contrast should be avoided 
or when patients are too sick to travel to the radiology 
department.2

Emphysematous pyelonephritis and 
emphysematous pyelitis
Emphysematous pyelonephritis is a potentially life-
threatening renal parenchymal infection caused by gas-
forming bacteria, most often Escherichia coli followed by 
Klebsiella species.3 As with many other complicated UTIs, 
diabetes and ureteric obstruction are the most common 
predisposing factors for these infections; more than 90% 
of cases are associated with diabetes without obstruction.4 
Emphysematous pyelonephritis involves the renal paren-
chyma and retroperitoneum (Figure  1), whereas emphy-
sematous pyelitis is limited to gas in the collecting system 
(Figure 2).4 For emphysematous pyelitis, antibiotic therapy 
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ABSTRACT

Diagnostic imaging allows for accurate and early recognition of acute renal pathologies, thus allowing for appropriate 
clinical triage, life-saving treatments, and preservation of renal function. In this review, we discuss the clinical presenta-
tion and imaging findings of renal emergencies with infectious, hemorrhagic, vascular, and traumatic etiologies.

http://creativecommons.org/licenses/by-nc/4.0/
mailto:remere1@ccf.org
https://doi.org/10.1259/bjr.20211151


Br J Radiol;95:20211151

BJREmergent Renal Imaging Findings

2 of 13 birpublications.org/bjr

alone is sufficient, with the caveat that removal of any source of 
obstruction is important. Historically, the treatment of emphy-
sematous pyelonephritis mandated nephrectomy. Contempo-
rary management is guided by the severity and degree of renal 
involvement, with antibiotic therapy and percutaneous drainage 
used as the mainstay approaches and surgical intervention used 
in cases of disease progression or clinical deterioration.3

Radiography has a sensitivity as low as 33% for the detection of 
gas involving the renal parenchyma or perinephric space,4 which 
appears as lucency outlining the kidney, and the sensitivity 
varies depending on the extent, severity, and distribution of gas. 
Ultrasound in these patients shows linear bright echoes with 
“dirty” acoustic shadowing, but this modality may be limited 
in the setting of abundant retroperitoneal gas that obscures the 
kidney.4 If clinical suspicion remains high with an indeterminate 
US examination, CT can be used to confirm and better demon-
strate the severity and extent of the disorder, including paren-
chymal destruction and associated fluid collections, and is more 
useful for prognostic and treatment guidance. The presence of 
mottled gas and parenchymal destruction is associated with a 
higher mortality rate (69%), whereas the presence of bubbly or 
loculated gas with perirenal fluid collections is associated with a 
lower mortality rate (18%).5

Renal abscess
Renal and perinephric abscesses are localized collections of 
inflammatory cells that arise as complications from ascending 
urinary tract infections or, uncommonly, as a result of hema-
togenous spread. Predisposing factors include the presence of 
diabetes, nephrolithiasis, and ureteral obstruction. Early diag-
nosis is critical in these patients, as delayed diagnosis has been 
correlated with increased mortality.6 Treatment with intravenous 
antibiotics and percutaneous drain placement is effective in most 
patients, but the presence of multiloculated abscesses, emphy-
sematous changes, or underlying diseases (i.e., nephrolithiasis 
and diabetes) has been associated with antibiotic treatment 

failure. Refractory cases are treated with nephrectomy, surgical 
drainage, or percutaneous nephrolithotomy.6

For patients with known or suspected renal abscess, US may be 
used initially, but this modality lacks the accuracy and sensi-
tivity of CT (US accuracy,~75%).6 On grayscale US images, the 
involved kidney may appear enlarged, with a focal area or areas 
of hypoechoic parenchyma demonstrating absent flow on color 
Doppler US examination. Over time, a distinct wall may be 
perceptible on grayscale images, with increased vascular flow seen 
on color Doppler images. Although CEUS is not approved for 
renal applications in the United States, the European Federation 
of Societies for Ultrasound in Medicine and Biology (EFSUMB) 
guidelines suggest that CEUS can be used to assess for complica-
tions of pyelopnephritis if the patient remains febrile after 72 h. 
Renal abscesses contain no internal vascularity, as parenchyma 
has been destroyed by liquefactive necrosis, and has no central 
enhancement with CEUS microbubble use.2,7 CECT demon-
strates a low-attenuation collection with an enhancing rim along 
with other secondary signs of renal infection, including renal 
enlargement, perinephric stranding, and thickening of Gerota’s 
fascia (Figure 3).8 MRI demonstrates fluid signal intensity with 
markedly restricted diffusion.9

Pyonephrosis
Pyonephrosis refers to pus in an obstructed and dilated renal 
collecting system. This condition, which is most often caused 
by gram-negative bacteria, should be suspected in patients with 
known urinary tract obstruction who present with fever and 
flank pain.8 Imaging helps facilitate early diagnosis and inter-
vention in these patients, preventing the rapid onset of renal 
failure and sepsis.10 While sensitivity was historically lower 
(~62%), this has improved with newer technology.11 Treatment 
involves decompressing the collecting system with a percu-
taneous nephrostomy tube or with placement of a retrograde 
ureteral internal stent.12

Figure 1. A 61-year-old female with diabetes was admitted to the intensive care unit with diabetic ketoacidosis and septic shock. 
(a) Initial scout digital radiograph shows mottled retroperitoneal gas within the right renal fossa (thick arrow) and large pockets 
of intraperitoneal gas along the right abdominal wall (thin arrows). (b, c) Subsequent axial (b) and coronal (c) contrast-enhanced 
CT images show near-complete destruction of the right renal parenchyma with extensive intraparenchymal, retroperitoneal, and 
intraperitoneal gas (arrows), imaging features of emphysematous pyelonephritis.
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In patients with pyonephrosis, US demonstrates pelvicaliceal 
dilation, echogenic debris, and fluid-fluid levels within the 
collecting system with a sensitivity of 90%, a specificity of 97%, 
and an accuracy of 96% (Figure 4).10 CECT demonstrates renal 
pelvic wall thickening (>2 mm), parenchymal or perinephric 
inflammatory changes, dilation and obstruction of the collecting 
system with high-attenuation material within the collecting 
system, and layering of contrast material on excretory images, 
although more subtle cases may be difficult to distinguish from 
hydronephrosis. MRI demonstrates findings similar to those 
seen on CT, including a dilated collecting system with internal 
debris; on MRI, pyonephrosis can be differentiated from hydro-
nephrosis by the presence of restricted diffusion.10,13

Hemorrhagic etiologies
Cases of perinephric renal and retroperitoneal hemorrhage 
have nonspecific and variable clinical presentations that depend 
on the amount and duration of hemorrhage. Clinical signs and 
symptoms may include back and abdominal pain, the presence of 
a palpable mass, anemia, hypotension, abdominal compartment 

syndrome, hemodynamic instability, hypovolemic shock, or 
hypertension secondary to a Page kidney.14 Retroperitoneal 
and perinephric hemorrhage can be caused by conditions such 
as spontaneous hemorrhage (Wunderlich syndrome), trauma, 
neoplasms, and vascular disorders (i.e., pseudoaneurysm, aneu-
rysm, and arteriovenous malformation [AVM]). (Vascular disor-
ders and trauma are also discussed separately later in this article.) 
Imaging plays an important role in establishing the diagnosis 
and determining the underlying cause.

Wunderlich syndrome, defined as spontaneous nontraumatic 
hemorrhage, can be potentially fatal if not recognized and treated 
early. It classically presents as Lenk’s triad, which consists of flank 
pain, a palpable tender mass, and hypovolemic shock. Renal 
neoplasms, particularly angiomyolipomas (AMLs) and renal 
cell carcinomas (RCCs), are the most common etiologies, with 
other causative conditions including cystic renal disease, vascu-
litis, coagulopathy, AVM, aneurysm, inflammatory disease, and 
urolithiasis.15 Approximately 5 to 10% of patients with sponta-
neous renal hemorrhage do not have an identifiable abnormality.16

Figure 2. A 24-year-old female with diabetes presented with diabetic ketoacidosis and urinary tract infection. (a) Initial sagittal 
ultrasound image shows an echogenic focus of gas in the left upper pole collecting system with “dirty” shadowing (arrow). (b) 
Subsequent non-contrast axial CT image shows gas localized in the collecting system without parenchymal involvement (arrows), 
findings indicating emphysematous pyelitis.

Figure 3. A female receiving immunomodulating therapy for inflammatory bowel disease was admitted with a fever and diag-
nosed with a urinary tract infection. (a) Sagittal ultrasound (US) image of the right kidney shows diffuse multifocal regions of 
hypoechogenicity (arrows). (b) Transverse power Doppler US image demonstrates no flow in one of the hypoechoic regions at the 
mid-pole level (arrows). (c) Coronal contrast-enhanced CT image better delineates multifocal cystic masses/abscesses through-
out the right kidney with associated renal swelling. Klebsiella infection with multifocal renal abscess was confirmed by aspiration 
prior to drain placement.
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For triage and assessment, US is frequently performed initially 
as the presentation can be non-specific, although CT is the 
modality of choice to assess this condition. The sensitivity of 
US for the detection of perinephric hemorrhage is 76%; US is 
not effective in determining the source of the bleeding or the 
underlying pathology.16 On US, perinephric hematoma appears 
as a perinephric collection with mass effect on the renal paren-
chyma that is isoechoic to hyperechoic if acute and hypoechoic 
to anechoic if subacute or chronic. CT is the preferred initial 
imaging examination in a nontraumatic setting, allowing iden-
tification of the presence, amount, and location of the hemor-
rhage.17 On noncontrast CT, acute hemorrhage appears as an 
area of high attenuation (40–70 HU). On CECT or CT angiog-
raphy, active contrast extravasation (when present) can be iden-
tified as a focal area of high attenuation, similar to blood pool, 
that persists and becomes larger on delayed images.15 These tech-
niques can also aid in identifying etiologies such as neoplasm 
and vascular anomaly. In cases of high clinical suspicion without 
a definitive diagnosis on CT, CT or MR angiography, or conven-
tional angiography if needed, can be used to assess for vascular 
etiologies such as polyarteritis nodosa (PAN), aneurysm, or 
AVM. Conventional angiography also allows for definitive treat-
ment with selective arterial embolization.16

On MRI, the appearance of hemorrhage varies since the signal 
intensity changes as blood products age. Because MRI is infre-
quently used acutely, subacute and chronic hematomas are most 
commonly seen. The “concentric ring sign” on MRI is pathogno-
monic for subacute hematoma, appearing as a thin peripheral rim 
of low signal intensity on all pulse sequences, corresponding with 
hemosiderin, and an inner peripheral high T1 signal intensity 
zone, caused by methemoglobin.18 Additional findings include 
a hematocrit effect (fluid-fluid level), especially in the setting of 

coagulopathy, or very occasionally active contrast extravasation, 
indicative of active bleeding.18 If the bleeding source cannot be 
identified on the initial imaging study, follow-up studies should 
be performed, as underlying processes could be obscured by 
hematoma.

The most common cause of spontaneous perirenal hemorrhage is 
AML, followed closely by RCC. AMLs, which are slow-growing 
tumors composed of muscle, fat, and blood vessels, are the most 
common type of benign renal neoplasm. The main complication 
of AMLs is spontaneous bleeding into the retroperitoneum or 
renal collecting system (Figure 5). Larger AMLs have a higher 
incidence of bleeding because of their irregular tortuous vascu-
lature and high frequency of aneurysms. A diameter of 4 cm is 
considered the traditional cutoff to prompt treatment, although 
recent research has suggested that other factors should be consid-
ered, including patient age and rate of tumor growth.19 One 
series suggests that an aneurysm size of 5 mm is a more specific 
indicator of hemorrhage risk for AMLs.20 On the other hand, for 
RCCs, the risk of hemorrhage is independent of size.16 Clear cell 
carcinoma is the most common cell type of RCC to cause hemor-
rhage. Spontaneous renal hemorrhage or rupture may be the first 
sign of an RCC (Figure 5), and hematoma may conceal the tumor 
on imaging. In general, for neoplasms leading to hemorrhage, 
CECT is only moderately sensitive (57%) for demonstrating the 
underlying neoplasm at the time of presentation.16 MRI can be 
used if there is suspicion of an underlying neoplasm that is not 
well visualized on CT.

Vascular disease, usually in the form of PAN, is the next most 
common cause of spontaneous renal hemorrhage.21 PAN is a 
multisystem necrotizing vasculitis involving small and medium 
vessels that most commonly involves the renal arteries (80%) 

Figure 4. An 86-year-old female with recurrent urinary tract infections presented with fever and septic shock. Sagittal ultrasound 
image of the right kidney shows echogenic material within a severely dilated collecting system (arrows), which is suggestive of 
pyonephrosis given the clinical history. Frank pus was noted at the time of a percutaneous nephrostomy catheter placement, con-
firming the diagnosis of pyonephrosis.
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and is thought to be related to autoimmune disease and hepatitis 
B.22 Arterial aneurysm rupture can cause spontaneous hemor-
rhage, which may present unilaterally or bilaterally; PAN should, 

therefore, be a primary differential consideration in patients 
with bilateral renal hemorrhage.16 On CECT, PAN appears as 
enhancing arterial microaneurysms. In some patients, these 

Figure 5. Spontaneous renal hemorrhage in three different patients. (a, b) A male with tuberous sclerosis presented with left flank 
pain. (a, b) Coronal (a) and axial (b) contrast-enhanced CT images show a large hemorrhagic left renal angiomyolipoma con-
taining macroscopic fat (circles), central high-attenuation active contrast extravasation (thick arrows), and extensive perinephric 
blood products (thin arrows). A small portion of the left upper pole renal parenchyma is visualized on the coronal image (a, 
arrowhead). (c, d) A 61-year-old male presented with right flank pain. Axial excretory phase (c) and coronal portal venous phase 
(d) contrast-enhanced CT images show a newly discovered 8-cm right interpolar renal mass (oval) with poorly visualized margins 
due to associated spontaneous subcapsular hematoma with adjacent posterior retroperitoneal hemorrhage (arrows). The patient 
subsequently underwent a right nephrectomy, and pathologic analysis characterized the mass as a papillary renal cell carcinoma. 
(e, f) A 75-year-old female with chronic atrial fibrillation who was taking warfarin presented with flank pain and weakness. Axial 
(e) and coronal (f) CECT images show a 15 cm left subcapsular hematoma (arrows). No underlying renal mass is visualized. Labo-
ratory tests demonstrated a supratherapeutic international normalized ratio of 5.6 and a hemoglobin level of 6.9 g dl−1, leading to 
a diagnosis of anticoagulation-related spontaneous hemorrhage.
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microaneurysms may thrombose, leading to distal hypoperfu-
sion and renal infarction. On angiography, aneurysms of varying 
sizes can be seen, with the presence of multiple small aneurysms 
nearly 100% specific for PAN.22 Treatment for these patients 
involves angioembolization.

Anticoagulation-related spontaneous retroperitoneal hemor-
rhage, another cause of spontaneous renal hemorrhage, is asso-
ciated with a mortality rate as high as 19% within 6 months.23 
Because of the nonspecific symptoms of this condition, 10% of 
cases are misdiagnosed upon initial encounter. Supratherapeutic 
anticoagulation and polypharmacy are risk factors for major 
bleeding, especially in the elderly population. Patients with this 
condition are treated with coagulopathy reversal, reversal of anti-
coagulation, and blood products as needed. Invasive approaches 
are reserved for patients who are refractory to conservative treat-
ment and for patients with mass effect or compressive symp-
toms.23 Findings on CT typically include a nonhomogeneous 
retroperitoneal hyperdense mass (60–80 HU) with a dependent 
hyperdense component (Figure 5).24

Vascular etiologies
Vascular emergencies may be caused by underlying vascular 
pathologies or by compromise of the renal vasculature. CECT 
is often the initial imaging modality of choice for underlying 
processes in native kidneys, but US is preferred for evaluating 
kidney allografts.

Renal pseudoaneurysm
Renal pseudoaneurysms are arterial wall disruptions that allow 
constrained hemorrhage into the adjacent renal parenchyma or 
capsule. They may occur after trauma (including biopsy) or after 
surgical interventions (e.g., partial nephrectomy), and they may 
occur at arterial anastomoses or within the renal parenchyma. 
Patients may be asymptomatic or may present with nonspecific 
symptoms and signs such as gross hematuria, bleeding, pain, 
and decreased renal function.25 Renal pseudoaneurysms can 
be managed surgically or with minimally invasive radiologic 

treatments, including percutaneous management, or endo-
luminal management. Treatment is recommended for symp-
tomatic patients (intermittent or continuous bleeding), or for 
asymptomatic pseudoaneruysms that enlarge, do not resolve, or 
become symptomatic.26 Unstable or active bleeding cases require 
urgent intervention.25

On grayscale US images, pseudoaneurysms appear as anechoic 
cystic structures adjacent to blood vessels. A neck connecting the 
pseudoaneurysm to the feeding artery may be identified on gray-
scale or color Doppler US images. Color Doppler images typi-
cally show a “yin-yang” pattern of flow, with a to-and-fro pattern 
seen on spectral Doppler images. On unenhanced CT, the pseu-
doaneurysm appears as a low-attenuation rounded structure 
arising at an arterial anastomosis or within the renal parenchyma 
that may partially enhance on CECT depending on the degree 
of thrombosis.26 MR angiography demonstrates similar findings 
and can also be used to assess the pseudoaneurysm sac size and 
degree of intraluminal thrombus, although this evaluation may 
be limited by artifacts from motion, pulsatility, turbulent flow, 
and metallic clips or hardware.26,27 Conventinoal angiography is 
typically reserved for cases with unclear anatomy and for those 
requiring endovascular treatment (Figure 6).27

Renal Artery Aneurysm
A renal artery aneurysm (RAA) is defined as dilation of the renal 
artery with preservation of all three layers of the arterial wall. 
These aneurysms affect an estimated 0.09% of the population 
and are increasingly encountered incidentally because of the 
expanding use of cross-sectional imaging.28 The most common 
causes include fibromuscular dysplasia, vessel degeneration, 
vasculitis, and trauma. Traditionally, treatment is suggested for 
RAAs > 2 cm, for patients with symptoms, and for females of 
childbearing age (because of the high mortality associated with 
aneurysm rupture during pregnancy).28 More recent research, 
however, has proposed a size cutoff >3 cm and rapid growth as 
criteria for treatment.28 Treatment options for RAAs include 

Figure 6. A patient presented with flank pain after undergoing a left partial nephrectomy for renal cell carcinoma. (a) Axial 
contrast-enhanced CT image shows a rounded hyperenhancing pseudoaneurysm at the site of the partial nephrectomy in the 
left interpolar region (thick arrow), with a surrounding perinephric hematoma containing gas related to the surgical hemostatic 
agent (arrows). (b) Subsequent digital subtraction angiography image of the left kidney demonstrates three well-defined saccular 
outpouchings off the renal interlobar arteries, which are pseudoaneurysms.
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open aneurysm repair or endovascular repair with stent place-
ment and coil embolization.28

US allows characterization of the size and location of RAAs. On 
grayscale US images, an RAA appears as dilation of the renal 
artery, with flow seen on Doppler images. For RAAs, CT angiog-
raphy provides higher reproducibility and better anatomic detail 
of the renal vasculature with less operator dependence compared 
to US. On CT, an RAA appears as saccular, non-calcified artery 
dilation, most commonly at the bifurcation of the main renal 
artery.29 Conventional angiography is used for endovascular 
treatment.27

Renal AVM
Renal AVMs, which are abnormal communications between 
arteries and veins outside the capillary level, present with hema-
turia in 75% of patients.30 This hematuria is caused by dysplastic 
vessel rupture within the collecting system and may become life 
threatening in cases of major blood loss. The severity of hema-
turia is not correlated to the size of the AVM, as even small renal 
AVMs may lead to severe blood loss if they are located near the 
pelvicalyceal system.30 Asymptomatic small peripheral AVMs 
without hemodynamic effects can be managed conservatively, 
but AVMs manifesting with hematuria require urgent treatment. 
Transcatheter arterial embolization has become the management 
of choice.30 Total or partial nephrectomy is reserved for patients 
in whom embolization has failed.

AVMs appear as hypoechoic cystic or tubular structures on 
grayscale US images, with color Doppler demonstrating multi-
directional flow and aliasing from high flow velocities. Spec-
tral Doppler imaging shows high-velocity, turbulent flow with 
low-resistance waveforms. CT and MRI demonstrate hyperen-
hancing foci on contrast examinations, with variable appearance 
of dilated draining veins and filling of the IVC. Smaller AVMs 
may be detected only with digital subtraction angiography.30

Vascular compromise
Renal infarcts result from blockage of arterial or venous flow and 
typically present clinically as acute flank pain; however, unantici-
pated infarcts are often found during routine CT. Bland or septic 
thromboembolism are the most common causes of renal infarcts; 
other etiologies include renal vein thrombosis, trauma, dissec-
tion, vasculitis, and hypercoagulability. Renal infarct may be 
suspected on US, but the appearance on grayscale images varies 
widely, ranging from a normal appearance in the acute setting 
to a hypoechoic or echogenic mass during later stages. Doppler 
US imaging demonstrates absence of blood flow with global or 
major segmental infarction.31 CECT is the imaging modality of 
choice for patients with known or suspected renal infarcts. On 
CECT, the infarct appearance varies based on its degree, location, 
etiology, and age. Smaller focal infarcts appear as wedge-shaped 
low-attenuation areas with an apex toward the renal sinus. Larger 
and global infarcts may affect the entire kidney and may be asso-
ciated with mass effect and the “cortical rim sign.”32 This sign 
describes a thin enhancing viable rim of subcapsular cortex that 
is caused by perforating collateral vessels perfusing the outer rim 
of the renal cortex in the presence of main renal artery occlusion 

(Figure  7).33 “Flip-flop enhancement,” a pattern of eventual 
enhancement in initially hypodense infarcts on delayed phase 
imaging may also be seen.32 For patients with renal impairment 
for whom CECT is no longer preferred, CEUS has been shown to 
be of comparable accuracy to CT in diagnosing renal infarction, 
and is significantly more accurate than grayscale and Doppler US 
alone. CEUS has the added benefit of being able to differentiate 
between non-perfused, infarcted tissue and hypoperfused paren-
chymal regions. On CEUS, focal infarcts appear as wedge-shaped 
non-enhancing areas within an otherwise enhanced kidney.7 
On MRI, there is loss of corticomedullary differentiation, low 
signal intensity on T1-weighted and T2-weighted images, poor 
enhancement of the affected region, and associated restricted 
diffusion.34,35 After the acute phase, renal atrophy corresponding 
to the severity of the infarct is seen.32

Acute cortical necrosis is a rare cause of acute renal failure. This 
condition is caused by a substantial reduction of renal blood 
flow with relative sparing of the renal medulla, with most cases 
affecting both kidneys. Acute cortical necrosis may result from 
any condition of severe and prolonged shock, including hypo-
volemia, sepsis, transfusion reaction, and dehydration. Patients 
present clinically with protracted severe oliguria or anuria. Early 
diagnosis and visualization of the extent of cortical necrosis allow 
for prognostic evaluation and treatment planning, including 
early arrangements for dialysis. Findings for this condition on 
US are non-specific. CT demonstrates diagnostic findings of 
abrupt termination of contrast material in the renal artery (“arte-
rial cutoff sign”) on arterial phase images, enhancement of the 
renal medulla with hypoattenuating cortex (“reverse rim sign”) 
on parenchymal phase images, and absent contrast excretion on 
delayed phase images (Figure 8).36,37 CEUS can be used to confi-
dently differentiate between acute cortical necrosis and renal 
infarction. The reverse rim sign appears similar on CEUS and 
appears as hypoechoic non-enhancing renal cortex with adjacent 
normal enhancing renal medulla.38

Renal transplantation
An increasing number of patients are living with kidney 
allografts. For these patients, imaging plays an important role in 
identifying postoperative complications and allograft dysfunc-
tion and failure, allowing for treatment planning. Ultrasound is 
the first-line imaging modality for suspected vascular complica-
tions of renal transplantation, especially in the early postopera-
tive period.

Transplant renal artery stenosis is the most common vascular 
complication, with a prevalence of up to 10%.39 This condition is 
a major cause of graft loss and premature death. Most cases occur 
within the first 6 months after transplantation, with patients 
often presenting with new-onset hypertension or graft dysfunc-
tion.39 The stenosis most commonly occurs within 1 to 2 cm of 
the arterial anastomosis. Prompt diagnosis and treatment of this 
condition, typically with angioplasty with possible stent place-
ment, can prevent allograft damage and systemic sequelae. Color 
Doppler US imaging shows narrowing of the vessel lumen with 
focal aliasing. Spectral Doppler imaging shows a 2.5-fold velocity 
gradient between the stenotic and poststenotic segments, with 
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poststenotic spectral broadening. Peak systolic velocities are often 
elevated to at least 250 to 300 cm/s. Intrarenal arteries may show 
tardus parvus waveforms, which have a delayed systolic upstroke 
(acceleration time >0.07 s), a low systolic peak with rounded 
appearance, and a low resistive index (<0.5) (Figure 9).39 When 

US is non-diagnostic or inconclusive, MR angiography and CT 
angiography can show arterial narrowing.

Transplant renal artery thrombosis occurs in less than 1% of 
patients, typically in the immediate postoperative period, with a 

Figure 7. A patient with atrial fibrillation presented with new-onset flank pain. (a, b) Coronal (a) and axial (b) contrast-enhanced 
CT (CECT) images show a wedge-shaped region of nonenhancing renal parenchyma in the left interpolar region. The apex of 
the wedge-shaped abnormality is directed toward the renal sinus (arrowheads), and there is preserved capsular enhancement 
overlying the base (cortical rim sign) (arrows). These findings indicate a segmental renal infarct of the left interpolar region. (c, 
d) Subsequent coronal (c) and axial (d) CECT images performed several years later show expected changes of chronic infarction, 
with capsular retraction and parenchyma atrophy in the region of the infarction (arrows).

Figure 8. Images from a 62-year-old male with oliguria and septic shock requiring vasopressor support. (a, b) Coronal (a) and 
axial (b) contrast-enhanced CT images show diffuse bilateral renal cortical low-attenuation areas (thin arrows), which is diagnostic 
of acute cortical necrosis. An unrelated nonobstructing right interpolar calculus is present (thick arrow).
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peak incidence at 48 h.39 Early thrombosis (<14 d) is usually due 
to surgical technical errors and rarely caused by acute tubular 
necrosis or allograft rejection, whereas late thrombosis (>14 d) 
is almost always related to trauma. Patients typically present 
with sudden anuria, graft tenderness, pain, and thrombocyto-
penia. This condition may be treated with surgical revascular-
ization or catheter-directed thrombolysis.39 Doppler images in 
these patients show no flow within the renal parenchyma or 
transplanted renal artery. Power Doppler imaging has a higher 
sensitivity than color Doppler imaging to depict slow blood flow 
and may be used to distinguish between absent and slow flow 
(Figure 10).39 Graft-saving interventions are time sensitive; thus, 
confirmatory imaging after US is typically not performed.

Transplant renal vein thrombosis occurs in up to 3 to 4% of 
patients undergoing kidney transplantation, usually within the 
first 2 weeks after surgery.39 Thrombosis often results in graft 
failure, but early detection and treatment with emergent explor-
atory surgery with thrombectomy and revascularization may 
salvage some grafts.39 US shows absent flow within the renal 
vein on color and spectral Doppler imaging, and the intraparen-
chymal renal arteries show high-resistance waveforms, some-
times with reversal of diastolic flow (Figure 11).

Renal transplant vascular torsion is a rare complication caused by 
rotation of the allograft around the renal vascular pedicle. This 
condition requires prompt diagnosis and surgery to salvage func-
tion. Torsion occurs less frequently in extraperitoneal allografts than 
in those with intraperitoneal placement, likely because of decreased 
mobility in the extraperitoneal space. The finding most suggestive for 
this complication is change in axis of the allograft in comparison with 
previous studies. In affected patients, ureteral compromise causes 
renal allograft hydronephrosis and edematous enlargement. On 
spectral Doppler imaging, early or incomplete torsion demonstrates 
venous compromise with an elevated renal artery resistive index 
and an elevated velocity at the main renal artery anastomosis, with 
possible progression to reversed diastolic flow (Figure 12). Complete 
torsion may result in arterial compromise with decreased resistive 
index and complete lack of blood flow on color Doppler imaging.39

Traumatic etiologies
The kidneys are damaged in up to 3% of patients experiencing 
trauma, usually in the setting of blunt trauma.40 Hematuria is the 
most common clinical presentation, but absence of hematuria 
does not preclude substantial renal injury. The American Urolog-
ical Association guidelines state that CECT should be performed 
in all hemodynamically stable patients who have experienced blunt 

Figure 9. A patient presented with an elevated creatinine level 3 months after undergoing a kidney transplant. (a, b) Color (a) and 
spectral (b) Doppler ultrasound images of the kidney allograft show focal aliasing at the main renal artery anastomosis (a, circle) 
with elevated peak systolic velocity of 580 cm/s. A 3.5-fold velocity gradient was present relative to the immediate downstream 
(poststenotic) mid renal artery (not shown). (c, d) Spectral waveforms of interpolar (c) and lower pole (d) arcuate arteries show 
a tardus parvus waveform with delayed upstroke, rounded systolic peak, and increased diastolic flow, indicating transplant renal 
artery stenosis.

Figure 10. A 39-year-old female presented with anuria 1 day after undergoing a right iliac fossa kidney transplant. (a) Sagittal 
power Doppler ultrasound image shows no detectable flow in the kidney allograft. (b, c) Subsequent 99mTc–labelled mercapto-
acetyltriglycine scan shows no flow on the vascular phase in the expected location of the kidney allograft (oval) and is photopenic 
on more delayed-phase images (oval), which is highly consistent with renal artery thrombosis.
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trauma and have either gross hematuria or microscopic hematuria 
and hypotension, as CT can be used to differentiate between injuries 
that can be monitored expectantly and those that require interven-
tion. Precontrast, postcontrast arterial, nephrographic, and delayed 
phases should be obtained. Non-contrast CT can be used to identify 
calculi and parenchymal hematoma, whereas postcontrast phases 

can be used to identify parenchymal and vascular damage, intra-
vascular or collecting system contrast extravasation, and other solid 
organ damage.40 Hemodynamically unstable patients should first be 
assessed with a US Focused Assessment with Sonography in Trauma 
(FAST) examination to identify the presence of free fluid, lacerations, 
and hematomas; however, compared with CECT, US has poorer 

Figure 11. A 52-year-old male presented with an elevated creatinine level 1 day after undergoing a right iliac fossa kidney trans-
plant. (a, b) Transverse color Doppler US images of the kidney allograft centered at the renal vein hilum (a) and mid area (b) show 
no flow in the main renal vein (arrows). (c-e) Spectral Doppler US images of the transplanted renal artery (c), inferior arcuate 
artery (d), and mid arcuate artery (e) show arterial resistive indices of 1.0 with diastolic flow reversal throughout the transplanted 
renal arteries (arrows), further supporting the diagnosis of transplant renal vein thrombosis.

Figure 12. A patient presented with an elevated creatinine level a few days after undergoing a kidney transplant. (a-c) Baseline 
postoperative images show a normal-appearing kidney allograft, including a sagittal grayscale ultrasound (US) image (a), color 
and spectral Doppler US image (b) of the transplanted renal artery demonstrating a peak systolic velocity of 117 cm/s and resis-
tive index of 0.82 (within the expected range), and axial noncontrast CT image (c) showing the allograft hilum in a slightly right 
posterolateral orientation (oval). Repeat imaging was performed after an elevated creatinine level was detected. (d) sagittal US 
image shows substantial graft enlargement and new moderate hydronephrosis (arrows). (e) Color and spectral Doppler US image 
of the transplanted renal artery demonstrates decreased diastolic flow, resulting in increased resistive index (arrows). (f)Axial 
non-contrast CT image again demonstrates hydronephrosis (arrow) and an associated change in graft axis, with the hilum now 
oriented in an anterolateral direction (oval), indicating renal transplant torsion. The patient underwent immediate surgical detor-
sion. Case courtesy of Mindy M. Horrow, MD, Einstein Medical Center, Philadelphia, Pennsylvania.
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sensitivity for retroperitoneal hemorrhage and minor renal injuries, 
inferior resolution, inability to distinguish fresh blood from extrav-
asated urine, and inability to identify vascular pedicle injuries and 
segmental infarct.40,41

The commonly used American Association for the Surgery of Trauma 
(AAST) renal trauma classification system describes the severity 
of renal injury on a scale from 1 to 5 based on the degree of paren-
chymal damage and vascular and collecting system involvement.40 
Grade 1 and 2 injuries are generally managed conservatively with 
observation and supportive care, with reimaging performed in cases 
of patient deterioration. Grade 1 renal injuries (22%–28% of cases) 
present with microscopic or gross hematuria with normal imaging, 
a renal contusion, or a non-expanding subcapsular hematoma 
without parenchymal laceration. Renal contusion appears as a focal 
area of decreased parenchymal enhancement and may have sharply 
or poorly defined margins. Small subcapsular hematomas appear 
as crescentic hyperattenuation (40–60 HU) adjacent to the paren-
chyma with minimal mass effect; if large, the hematoma can assume 
a biconvex appearance (Figure 13). Grade 2 injuries (28%–30% of 
cases) appear as nonexpanding perirenal hematomas confined to the 
retroperitoneum with or without a superficial laceration (<1 cm in 
depth) in the renal cortex.40

Grade 3 injuries (20%–26% of cases) include deep lacerations (>1 cm 
in depth) with vascular injury (defined as pseudoaneurysm or arterio-
venous fistula) or active bleeding contained within Gerota’s fascia and 
without extension into the collecting system or urinary extravasation 
(Figure 13). Grade four injuries (15%–19% of cases) include lacer-
ations extending through the renal cortex, medulla, and collecting 
systems; injuries to the renal vasculature with hemorrhage beyond 
Gerota’s fascia; vascular injuries, including thrombosis, segmental 
renal artery or vein injuries; and all collecting system injuries.40,42 
Treatment for Grades 3 and 4 injuries depends on the extent of injury 
and may include angioembolization for bleeding, ureteral stent inser-
tion for collecting system leaks, and sometimes delayed surgery.40 Of 
note, urinary extravasation in Grade 4 injuries will resolve sponta-
neously in up to 87% of patients, so collecting system injury alone 
(as detected on excretory phase imaging) is not an indication for 
surgery.43 On CT, lacerations in patients with Grade 3 or four injuries 
appear as low-attenuation linear areas in the parenchyma that can be 
associated with hemorrhage. Active hemorrhage, which appears as 
extravasation of contrast medium (measuring within 10–15 HU of 
blood pool contrast) surrounded by lower attenuation clotted blood, 
is an important indicator of impending decompensation. Urinary 
extravasation appears as contrast material surrounding the kidney 
during the pyelographic or delayed phases.44 Infarction occurs with 
segmental arterial thrombosis or laceration and appears as peripheral 
wedge-shaped parenchymal hypoattenuation.

Grade 5 injuries (6%–7% of cases) consist of lacerations that 
completely shatter the kidney, injuries to the renal hilum with devas-
cularization of the kidney and active bleeding, traumatic renal arte-
rial disruption, and traumatic renal artery occlusion (Figure 13).40,42 
Complete devascularization may occur with or without parenchymal 
lacerations, and extensive retroperitoneal hemorrhage and hematuria 
may be absent in cases of isolated intimal injury to the renal artery 
resulting in thrombosis. For hemodynamically unstable patients with 

Figure 13. Increasing severity of traumatic renal injury in 4 
patients. (a, b) Grade 1 kidney injury from a fall off a ladder. 
Axial (a) and coronal (b) CECT images of the left kidney show 
a focal area of decreased renal parenchymal enhancement 
(thin arrow) relative to normal adjacent regions (arrows) 
representing a renal contusion with an associated left cres-
centic subcapsular hematoma (thick arrows), consistent with 
Grade 1 kidney injury. (c, d) Grade 3 kidney injury from a motor 
vehicle collision. (c) Axial nephrographic Phase CECT image 
demonstrates a cortical laceration greater than 1 cm in depth 
with extension to the renal pelvis (arrowhead) and associ-
ated moderate-sized perinephric hematoma (thin arrows). (d) 
Delayed coronal excretory Phase CECT image shows that the 
collecting system is intact without urinary contrast extravasa-
tion (thick arrows). (e, f) Grade 4 kidney injury in a different 
patient. (e) Axial CECT nephrographic Phase image shows 
layering high-attenuation hematoma in the right renal pelvis 
(thin arrows) with perinephric low-attenuation fluid (thick 
arrows). (f) Subsequent axial CECT delayed phase image con-
firms a right collecting system injury with excreted contrast 
spillage into the perinephric space (thick arrows), indicating 
a Grade four kidney injury. (g-i) Grade 5 kidney injury from a 
bicycle collision. (g) Sagittal CECT image of the left kidney 
shows extensive renal parenchymal and perirenal hemorrhage 
(thin arrows) with foci of active contrast extravasation in the 
region of the upper pole (thick arrow). (h) Left renal arterio-
gram confirms active bleeding from an upper pole renal artery 
branch (arrows). (i) Subsequent digital subtraction left renal 
arteriogram obtained after coil embolization demonstrates 
resolution of the bleeding (arrowhead). Cases of Grades 4 and 
5 kidney injury (images e-i) are courtesy of David D. Casalino, 
MD, Northwestern Memorial Hospital, Chicago, Illinois.
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actively bleeding renovascular pedicle injuries, surgical exploration 
is indicated to prevent exsanguination. Renal artery thrombosis or 
avulsion should be treated rapidly to prevent permanent progressive 
loss of renal function, with most authors agreeing that repair must 
occur within 4 h of injury to preserve meaningful renal function.44 
On CT, traumatic renal infarction appears as an abrupt truncation of 
the artery, an absent renal nephrogram, and retrograde opacification 
of the renal vein from the IVC.44

CONCLUSION
Renal emergencies encompass a wide variety of pathologies 
that include infectious, hemorrhagic, vascular, and traumatic 
causes. Many may manifest with non-specific clinical presenta-
tions. Imaging examinations allow clinicians to rapidly diagnose 
these different pathologies, equipping the clinical team with the 
information needed for appropriate treatment planning.
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