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Variant: 1   Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

US kidneys retroperitoneal Usually Appropriate O

US duplex Doppler kidneys retroperitoneal May Be Appropriate O

MRA abdomen without IV contrast May Be Appropriate O

MRI abdomen and pelvis without IV contrast May Be Appropriate O

MRI abdomen without IV contrast May Be Appropriate O

CT abdomen and pelvis without IV contrast May Be Appropriate ☢☢☢

MAG3 renal scan May Be Appropriate ☢☢☢

Arteriography kidney Usually Not Appropriate ☢☢☢

Radiography abdomen and pelvis Usually Not Appropriate ☢☢☢

MRA abdomen without and with IV contrast Usually Not Appropriate O

MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate O

MRI abdomen without and with IV contrast Usually Not Appropriate O

MRU without and with IV contrast Usually Not Appropriate O

MRU without IV contrast Usually Not Appropriate O

CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen without IV contrast Usually Not Appropriate ☢☢☢

DMSA renal scan Usually Not Appropriate ☢☢☢

CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢

CT abdomen without and with IV contrast Usually Not Appropriate ☢☢☢☢

CTA abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢

CTU without and with IV contrast Usually Not Appropriate ☢☢☢☢

 
Variant: 2   Renal failure. Chronic kidney disease (CKD). Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

US kidneys retroperitoneal Usually Appropriate O

US duplex Doppler kidneys retroperitoneal May Be Appropriate O

MRA abdomen without IV contrast May Be Appropriate O

MRI abdomen without IV contrast May Be Appropriate O

CT abdomen and pelvis without IV contrast May Be Appropriate ☢☢☢

Arteriography kidney Usually Not Appropriate ☢☢☢

Radiography abdomen and pelvis Usually Not Appropriate ☢☢☢

MRA abdomen without and with IV contrast Usually Not Appropriate O

MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate O

MRI abdomen and pelvis without IV contrast Usually Not Appropriate O

MRI abdomen without and with IV contrast Usually Not Appropriate O

MRU without and with IV contrast Usually Not Appropriate O
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MRU without IV contrast Usually Not Appropriate O

CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen without IV contrast Usually Not Appropriate ☢☢☢

DMSA renal scan Usually Not Appropriate ☢☢☢

MAG3 renal scan Usually Not Appropriate ☢☢☢

CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢

CT abdomen without and with IV contrast Usually Not Appropriate ☢☢☢☢

CTA abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢

CTU without and with IV contrast Usually Not Appropriate ☢☢☢☢

 
Variant: 3   Renal failure. Kidney disease of unknown duration. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

US kidneys retroperitoneal Usually Appropriate O

US duplex Doppler kidneys retroperitoneal May Be Appropriate (Disagreement) O

MRA abdomen without IV contrast May Be Appropriate O

MRI abdomen and pelvis without IV contrast May Be Appropriate O

MRI abdomen without IV contrast May Be Appropriate O

CT abdomen and pelvis without IV contrast May Be Appropriate ☢☢☢

Arteriography kidney Usually Not Appropriate ☢☢☢

Radiography abdomen and pelvis Usually Not Appropriate ☢☢☢

MRA abdomen without and with IV contrast Usually Not Appropriate O

MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate O

MRI abdomen without and with IV contrast Usually Not Appropriate O

MRU without and with IV contrast Usually Not Appropriate O

MRU without IV contrast Usually Not Appropriate O

CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen without IV contrast Usually Not Appropriate ☢☢☢

DMSA renal scan Usually Not Appropriate ☢☢☢

MAG3 renal scan Usually Not Appropriate ☢☢☢

CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢

CT abdomen without and with IV contrast Usually Not Appropriate ☢☢☢☢

CTA abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢

CTU without and with IV contrast Usually Not Appropriate ☢☢☢☢

 
Variant: 4   Renal failure. Neurogenic bladder. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

US kidneys retroperitoneal Usually Appropriate O

MRI abdomen and pelvis without IV contrast May Be Appropriate O

CT abdomen and pelvis without IV contrast May Be Appropriate ☢☢☢

DMSA renal scan May Be Appropriate ☢☢☢

US duplex Doppler kidneys retroperitoneal Usually Not Appropriate O

Fluoroscopy voiding cystourethrography Usually Not Appropriate ☢☢



Fluoroscopy cystography Usually Not Appropriate ☢☢☢

Radiography abdomen and pelvis Usually Not Appropriate ☢☢☢

MRI abdomen and pelvis without and with IV contrast Usually Not Appropriate O

MRI abdomen without and with IV contrast Usually Not Appropriate O

MRI abdomen without IV contrast Usually Not Appropriate O

MRU without and with IV contrast Usually Not Appropriate O

MRU without IV contrast Usually Not Appropriate O

CT abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen with IV contrast Usually Not Appropriate ☢☢☢

CT abdomen without IV contrast Usually Not Appropriate ☢☢☢

MAG3 renal scan Usually Not Appropriate ☢☢☢

CT abdomen and pelvis without and with IV contrast Usually Not Appropriate ☢☢☢☢

CT abdomen without and with IV contrast Usually Not Appropriate ☢☢☢☢

CTA abdomen and pelvis with IV contrast Usually Not Appropriate ☢☢☢☢

CTU without and with IV contrast Usually Not Appropriate ☢☢☢☢
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Summary of Literature Review
 
Introduction/Background
Renal failure is defined as the inability of the kidney to secrete nitrogenous wastes and maintain 
fluid and electrolyte homeostasis, leading to azotemia. Acute kidney injury (AKI) is the preferred 
term for an abrupt decline in function. Chronic kidney disease (CKD) is abnormal renal function 
present for >3 months. AKI is defined as an increase in creatinine by ≥0.3 mg/dL within 48 hours or 
an increase in serum creatinine to ≥1.5 times baseline (within prior 7 days) or urine volume ≤0.5 
mL/kg/hr for 6 hours [1,2]. The need for renal replacement therapy (dialysis or hemofiltration) 
indicates stage 3 AKI, the highest stage. Although oliguria reflects decreased glomerular filtration 
rate (GFR), changes in urine output may be physiologic. Thus, urine volume measurement is less 
important than measurement of serum creatinine in the diagnosis of AKI. 
 
AKI is common, affecting up to 20% of hospital inpatients and between 30% to 60% of critically ill 
patients [3] with a rising incidence worldwide. Hospital-acquired AKI is 5 to 10 times more 
common than community-acquired AKI. AKI has a significant impact on patient morbidity and 
mortality with increased health care costs. AKI may be reversible or can lead to CKD. 
 
AKI is often multifactorial but generally categorized as prerenal, renal, or postrenal. Prerenal factors 
include impaired blood flow from any cause including hypotension, hypovolemia, decreased 
cardiac output, or renal artery occlusion. Renal causes include any disease that damages renal 



parenchyma, such as vasculitis, acute tubular necrosis, glomerulonephritis, interstitial nephritis, 
renal infection or infiltration, drugs, and toxins. Postrenal AKI results from ureteral, bladder, or 
urethral obstruction. Renal and prerenal etiologies far outweigh obstruction as a cause of AKI, 
accounting for >97% of AKI [4]. 
 
For appropriate intervention, identification of the specific cause of AKI is critical, as there are 
different treatments for diseases such as glomerulonephritis, vasculitis, and ureteral obstruction. 
Evaluation of the patient with AKI includes a thorough history, physical examination, and 
laboratory analysis of blood (for serum creatinine, blood urea nitrogen, complete blood count, and 
differential) and urine (microscopy for casts and epithelial cells, chemistry, and biomarkers) [3]. 
Renal biopsy may be indicated for differentiation of nephritic and nephrotic syndromes [3]. 
 
CKD is common, affecting 10% of the world population. It is defined as an abnormality of kidney 
structure or function, present for >3 months, with health consequences [5]. The definition requires 
knowledge of laboratory values in the preceding 3 months. Hypertension and diabetes are the 
predominant risk factors for CKD [6]. Five stages of CKD are based on estimated GFR calculated 
using serum creatinine and standard equations such as the Modification of Diet in Renal Disease 
study equation or CKD Epidemiology Collaboration equation [7]. Stage 5 with a GFR <15 mL/min 
per 1.73 m2 body surface area is considered kidney failure [5]. CKD may be silent, progressing 
through stages of CKD to renal failure. Patients with CKD are at increased risk for hypertension, 
cardiovascular disease, bone disease, and anemia with increased morbidity and mortality. 
 
Evaluation of the patient with CKD will include a thorough history, physical examination, 
laboratory, and serologic workups. Markers of kidney damage include measurement of 
albuminuria and urinary sediment; urinary albumin-to-creatinine ratio is a sensitive and specific 
marker for CKD. Abnormal histology on kidney biopsy or structural abnormalities on imaging 
(small echogenic kidneys, dysplastic or polycystic kidneys, renal scarring, hydronephrosis) will also 
qualify as CKD [8].

 
Special Imaging Considerations
The use of iodinated contrast or gadolinium-based contrast agents merits special discussion in the 
context of renal failure. Generally, iodinated contrast is avoided in AKI unless there is an over-
riding clinical question that cannot be answered with an alternative imaging modality or when an 
intravascular intervention is required [9]. Avoidance of other nephrotoxic drugs, adequate 
hydration, and close assessment are part of the management. In CKD, the risk-benefit ratio is 
determined by the level and acuity of kidney disease, specifically weighing the benefits versus risks 
of any contrast agent. Patients already on hemodialysis or peritoneal dialysis may undergo 
contrast-enhanced CT if there is no residual renal function. 
 
For MRI, there are risk-benefit considerations with respect to the type of gadolinium-based 
contrast agents. Unenhanced MR angiography (MRA) techniques may be diagnostic. Group II 
gadolinium-based contrast agents, and lowest diagnostic contrast dose should be standard for 
contrast-enhanced MRA. Patients already on hemodialysis may undergo contrast-enhanced MRI 
with group II agents if safety guidelines are followed. For more details please refer to the ACR 
Manual on Contrast Media [9]. 
 
Ultrasound (US) contrast media are not nephrotoxic, which makes these potentially ideal agents for 

https://www.acr.org/Clinical-Resources/Contrast-Manual
https://www.acr.org/Clinical-Resources/Contrast-Manual


microvascular imaging in AKI or CKD [10]. Contrast-enhanced US has the potential to provide 
dynamic quantitative information about renal perfusion and can diagnose acute cortical necrosis 
and infarction in allografts and native kidneys [11-13].
For the purposes of distinguishing between CT and CT angiography (CTA), ACR Appropriateness 
Criteria topics use the definition in the ACR–NASCI–SIR–SPR Practice Parameter for the 
Performance and Interpretation of Body Computed Tomography Angiography (CTA) [14]: 
 
"CTA uses a thin-section CT acquisition that is timed to coincide with peak arterial or venous 
enhancement. The resultant volumetric dataset is interpreted using primary transverse 
reconstructions as well as multiplanar reformations and 3-D renderings.” 
 
All elements are essential: 1) timing, 2) reconstructions/reformats, and 3) 3-D renderings. Standard 
CTs with contrast also include timing issues and reconstructions/reformats. Only in CTA, however, 
is 3-D rendering a required element. This corresponds to the definitions that the CMS has applied 
to the Current Procedural Terminology codes. 
 
CT urography (CTU) is an imaging study that is tailored to improve visualization of both the upper 
and lower urinary tracts. There is variability in the specific parameters, but it usually involves 
unenhanced images followed by intravenous (IV) contrast-enhanced images, including 
nephrographic and excretory phases acquired at least 5 minutes after contrast injection. 
Alternatively, a split-bolus technique uses an initial loading dose of IV contrast and then obtains a 
combined nephrographic-excretory phase after a second IV contrast dose; some sites include 
arterial phase. CTU should use thin-slice acquisition. Oral hydration, IV saline hydration, 
compression bands, and low-dose furosemide have all been reported as methods to improve 
urinary distension. Reconstruction methods commonly include maximum intensity projection or 3-
D volume rendering. For the purposes of this document, we make a distinction between CTU and 
CT abdomen and pelvis without and with IV contrast. CT abdomen and pelvis without and with IV 
contrast is defined as any protocol not specifically tailored for evaluation of the upper and lower 
urinary tracts and without both the precontrast and excretory phases. 
 
MR urography (MRU) is also tailored to improve imaging of the urinary system. Unenhanced MRU 
relies upon heavily T2-weighted imaging of the intrinsic high signal from urine for evaluation of 
the urinary tract. IV contrast is administered to provide additional information regarding 
obstruction, urothelial thickening, focal lesions, and stones. Contrast-enhanced T1-weighted series 
should include corticomedullary, nephrographic, and excretory phase. Thin-slice acquisition and 
multiplanar imaging should be obtained. MRU is most commonly performed on a 1.5T machine, 
but imaging at 3T has become more widely used; however, comparison of 3T MRU and CTU has 
not been published in the literature. For the purposes of this document, we make a distinction 
between MRU and MR abdomen and pelvis without and with IV contrast. MR abdomen and pelvis 
without and with IV contrast is defined as any protocol not specifically tailored for evaluation of 
the upper and lower urinary tracts, without both the precontrast and excretory phases and without 
heavily T2-weighted images of the urinary tract.

 
Initial Imaging Definition
Initial imaging is defined as imaging at the beginning of the care episode for the medical condition 
defined by the variant. More than one procedure can be considered usually appropriate in the 
initial imaging evaluation when:

https://www.acr.org/-/media/ACR/Files/Practice-Parameters/body-cta.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/body-cta.pdf


There are procedures that are equivalent alternatives (i.e., only one procedure will be ordered 
to provide the clinical information to effectively manage the patient’s care)

•

OR

There are complementary procedures (i.e., more than one procedure is ordered as a set or 
simultaneously wherein each procedure provides unique clinical information to effectively 
manage the patient’s care).

•

 
Discussion of Procedures by Variant
Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
A. Arteriography kidney
Arteriography is reserved for intervention rather than for the initial diagnosis of AKI. Renal 
revascularization may be considered in a very select group of patients with AKI. There is no 
relevant literature regarding the use of arteriography in the evaluation of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
B. CT abdomen and pelvis
Unenhanced CT abdomen and pelvis is useful for further evaluation of US-detected 
hydronephrosis by determining level and cause of obstruction. CT is the most sensitive modality 
for urinary tract calculi and more sensitive than US for retroperitoneal pathology [15]. Although CT 
can also provide an assessment of renal size and volume, it is generally not considered the first-
line imaging modality for AKI [16]. CT may be considered if US is not feasible or is nondiagnostic 
because body habitus. 
 
The use of iodinated contrast hinges on renal function and specific indication. CT with IV contrast 
is not appropriate for the diagnosis of and determination of the cause of AKI. There is no relevant 
literature regarding the use of CT abdomen and pelvis with IV contrast in the evaluation of AKI. 
 
CT abdomen and pelvis without and with IV contrast is not appropriate for the diagnosis of and 
determination of the cause of AKI. There is no relevant literature regarding the use of CT abdomen 
and pelvis without and with IV contrast in the evaluation of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
C. CT abdomen
There is no relevant literature regarding the use of CT abdomen in the evaluation of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
D. CTA abdomen and pelvis
Contrast-enhanced CTA is very rarely indicated for initial diagnosis of AKI given the potential 
nephrotoxicity. The risk-benefit ratio should be carefully evaluated if CTA is necessary to diagnose 
vascular thrombosis or stenosis. The lowest dose of contrast needed for a diagnostic study should 
be used and supplemented with adequate volume expansion [9]. There is no relevant literature 
regarding the use of CTA in the evaluation of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  



E. CTU
There is no relevant literature regarding the use of CTU in the evaluation of AKI. The requirement 
for IV contrast limits its utility.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
F. MRA abdomen
MRA may be considered when there is a high suspicion of a renovascular cause of AKI such as 
renal artery stenosis, thrombosis, or arterial injury after trauma, all of which are rare [4,17]. 
 
However, there is no relevant literature regarding the use of MRA abdomen without and with IV 
contrast in the evaluation of AKI. If contrast-enhanced MRA is needed after consideration of the 
risks and benefits, group II contrast agents should be used [9]. Contrast-enhanced MRA has a 
sensitivity of 93% and a specificity of 93% compared with 85% and 84%, respectively, for Doppler 
US for diagnosis of >60% stenosis [18]. 
 
Unenhanced MRA techniques, such as time-spatial labeling inversion pulse or steady-state free 
precession, may be considered in AKI. These techniques have a sensitivity of 73% to 100%, 
specificity of 82% to 99%, and negative predictive value of 88% to 100% for the diagnosis of >50% 
renal artery stenosis [19,20].

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
G. MRI abdomen and pelvis
MRI with IV contrast is generally not indicated in AKI. Unenhanced MRI may be used to evaluate 
extent and cause of suspected distal urinary tract obstruction. However, there is no relevant 
literature regarding the use of MRI abdomen and pelvis without IV contrast in the evaluation of 
AKI. 
 
There is no relevant literature regarding the use of MRI abdomen and pelvis without and with IV 
contrast in the evaluation of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
H. MRI abdomen
MRI without IV contrast can be sufficient for characterization of the cause and level of obstruction 
and for evaluation of some renal morphologic abnormalities. Alterations in corticomedullary 
differentiation are recognized but are nonspecific. Functional MRI techniques—such as bold 
oxygen level dependent imaging (BOLD), arterial spin labeling (ASL), diffusion-weighted imaging 
(DWI), and diffusion kurtosis imaging (DKI) that provide information on renal perfusion, 
oxygenation, and diffusion—are still the subject of active research [21,22]. 
 
MRI with IV contrast is generally not indicated in AKI. However, acute cortical necrosis can be 
specifically diagnosed when there is a low T2 signal rim at the corticomedullary junction and 
absence of cortical enhancement [23].

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
I. MR urography
There is no relevant literature regarding the use of MRU in the evaluation of AKI. However, a 
nonenhanced contrast MRU may provide additional information in patients with renal failure 
secondary to obstruction.



Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
J. Radiography abdomen and pelvis
There is no role for radiography in AKI, other than for evaluation of renal stone disease, which 
acknowledges that radiography is less sensitive than CT for stone disease [24].

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
K. DMSA renal scan
Tc-99m dimercaptosuccinic acid (DMSA) scintigraphy is ideal for functional renal cortical imaging 
and is most useful for detection of focal renal parenchymal abnormalities and scars in the setting 
of acute or chronic pyelonephritis or for differential renal function. There is no relevant literature 
regarding its use in the evaluation of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
L. MAG3 renal scan
Tc-99m mercaptoacetyltriglycine (MAG3) is the most frequently used renal tubular agent, 
specifically to quantify renal tubular extraction. Its rate of clearance can be used as an independent 
measure of renal function. The Tc-99m MAG3 radionuclide angiogram assesses renal perfusion, 
and the following scintigraphic renogram can quantity split renal function. Diuretic furosemide 
renography can help to confirm a dilated obstructed versus a dilated nonobstructed renal 
collecting system. A persistent nephrogram without excretion suggests acute tubular necrosis [25]. 
Measurement of effective renal plasma flow may provide prognostic information. However, Tc-99m 
MAG3 is not widely used in the differentiation of causes of AKI.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
M. US kidneys retroperitoneum
US has the greatest diagnostic value in the detection of hydronephrosis associated with acute 
urinary tract obstruction [4]. Grayscale US is highly sensitive (>90%) for hydronephrosis and 
bladder distension, allowing localization of the level of obstruction and guiding intervention such 
as Foley catheter placement or nephrostomy/stenting [26]. However, even in hospitalized patients 
with AKI, the prevalence of hydronephrosis is low, ranging from 5% to 10%, with obstruction being 
the cause of AKI in <45.2% of patients with hydronephrosis [4,27-29]. The highest yield for US is in 
patients with risk factors for urinary obstruction, such as pelvic tumors, bladder disorders, prostate 
hypertrophy, stone disease, and pelvic surgery. In patients without risk factors for obstruction, <1% 
of patients had US-detected obstruction [4]. Hydronephrosis does not necessarily indicate 
obstruction; a distended bladder, reflux, pregnancy, postobstructive dilation, or diuresis may cause 
ureteral and collecting system dilatation. When the bladder is distended, the patient should be re-
evaluated after the bladder has been decompressed by voiding or catheterization. False-negative 
US studies may be secondary to suboptimal image quality, dehydration, early obstruction, or 
compression of the renal pelvis or ureters by tumor or fibrosis. 
 
A secondary role of US is the evaluation of renal size, echogenicity, and morphology to 
differentiate AKI from CKD and allow determination of prognosis. Normal renal length is >10 cm in 
the third decade, but renal length correlates with height, sex, age (negative correlation), and 
weight in normal patients and varies with the state of hydration or presence of an obstruction [3]. 
Renal size/volume correlates with creatinine clearance [30]. Both kidney size and parenchymal 
thickness decrease in CKD [31]. Therefore, a normal kidney size suggests AKI rather than CKD. 
However, infiltrative and inflammatory diseases, as well as renal vein thrombosis, may increase 
kidney size and parenchymal thickness in AKI or CKD. Increased renal echogenicity is associated 



with acute and chronic medical renal disease, but this is nonspecific and does not correlate well 
with renal function. Patients with AKI have only a 30% to 40% chance of increased echogenicity 
[4,28]. Alternatively, small echogenic kidneys are diagnostic of CKD. 
 
Color Doppler is routinely used to assess global perfusion and confirm arterial and venous patency. 
Color Doppler will differentiate a dilated pelvis from prominent renal veins in the renal sinus and 
can confirm presence or absence of ureteral jets in the bladder. 
 
If there is contemporaneous imaging such as CT or MRI showing normal kidneys and no new risk 
factors for obstruction, additional US is not indicated.

Variant 1: Renal failure. Acute kidney injury (AKI), unspecified. Initial imaging.  
N. US duplex doppler kidneys retroperitoneal
Renovascular causes of AKI are rare; renal artery stenosis was found in 1.5% of cases with AKI even 
when it was not the cause of AKI [4]. In an older series of intensive care patients, AKI was attributed 
to renal artery thrombosis, stenosis, or trauma in 1% [17]. The diagnosis of significant renal artery 
stenosis can be made by obtaining angle-corrected measurements of the peak systolic velocities in 
the aorta and main renal arteries. Using a cutoff value of 285 cm/s achieved sensitivity, specificity, 
and overall accuracy of 67%, 90%, and 81%, respectively, for >60% stenosis [32]. In a smaller series, 
using a cutoff value of 180 cm/s, the sensitivity and specificity of US were 85% and 84%, 
respectively, for >60% stenosis [18]. Renal artery duplex Doppler studies may be appropriate in 
selected patients with a high clinical suspicion of renal artery stenosis. 
 
Resistive index (RI) has been studied in patients with AKI as a means to detect intrarenal 
vasoconstriction and differentiate renal from prerenal AKI. An elevated RI has been reported to be 
an early predictor of early or persistent postoperative AKI after cardiac or hip surgery [33,34] or 
persistent AKI in critically ill patients [35] and is associated with intensive care unit mortality [36]. 
An elevated RI can predict progression to CKD [37]. However, an elevated intrarenal RI is not 
specific to the cause of AKI as RI depends on multiple physiologic and pathologic factors, including 
vascular compliance, age, atherosclerosis, renal damage, hypertension, heart rate, as well as 
intrinsic renal disease [33,37]. Serial RI measurement is largely a research tool at this time.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
A. Arteriography kidney
Arteriography is reserved for intervention rather than for initial diagnosis. Treatment of renal artery 
stenosis may be considered, but a recent meta-analysis does not indicate a benefit in the 
preservation of renal function [38].

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
B. CT abdomen and pelvis
Unenhanced CT is useful for further evaluation of US-detected hydronephrosis by determining 
level and cause of obstruction. CT is the most sensitive modality for urinary tract calculi [15]. 
Although CT can determine if there is hydronephrosis and assess renal size/volume, it is generally 
not considered the first-line imaging modality [16]. CT may be considered if US is not feasible or is 
nondiagnostic because of body habitus.
 



There is no relevant literature regarding the use of CT abdomen and pelvis without and with IV 
contrast for initial evaluation of CKD. Although CT with IV contrast may be feasible depending on 
the stage of CKD, it is not appropriate for the diagnosis of and determination of the cause of CKD. 
 
There is no relevant literature regarding the use of CT abdomen and pelvis with IV contrast for 
initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
C. CT abdomen
There is no relevant literature regarding the use of CT abdomen in the initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
D. CTA abdomen and pelvis
In CKD, contrast-enhanced CTA might be carefully considered for vascular thrombosis or stenosis 
depending on the GFR and risk-benefit ratio. In one study of 1,007 patients with CKD undergoing 
US, renal artery stenosis was found in 4.3% of patients [39]. There is no relevant literature 
regarding the use of CTA abdomen and pelvis for initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
E. CT urography
There is no relevant literature regarding the use of CTU in the initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
F. MRA abdomen
MRA is indicated when there is a high suspicion of a renovascular cause of CKD, which is rare. In 
one study of 1,007 patients with CKD undergoing US, renal artery stenosis was found in 4.3% of 
patients [39]. Unenhanced MRA techniques may be an option. When compared with contrast-
enhanced CTA in the detection of <50% or >50% renal artery stenosis, an unenhanced MRA was 
reported to have a sensitivity, specificity, and accuracy of 74%, 93%, and 90%, respectively [19]. 
 
For contrast-enhanced MRA, a group II contrast agent using lowest dose that obtains a diagnostic 
study should be used [9]. In the detection of >60% renal artery stenosis, contrast-enhanced MRA 
has a sensitivity of 93% and specificity of 93% compared to 85% and 84%, respectively, for Doppler 
US [18].

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
G. MRI abdomen and pelvis
There is no relevant literature regarding the use of MRI abdomen and pelvis without and with IV 
contrast in the initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
H. MRI abdomen
Unenhanced MRI may be used for characterization of level and cause of obstruction or evaluation 
of renal morphologic abnormalities. Functional MRI techniques such as BOLD, ASL, DWI, and DKI 
that provide information on renal perfusion, oxygenation, and diffusion are still the subject of 
active research [21,22]. 
 
The use of contrast should be considered only after evaluation of the risk-benefit ratio and degree 
of renal function [9]. There is no literature to support any added diagnostic value of the use of IV 



contrast and its attendant risks, and it is not appropriate for the diagnosis of and determination of 
the cause of CKD. 
 
There is no relevant literature regarding the use of MRI abdomen without and with IV contrast in 
the initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
I. MR urography
There is no relevant literature regarding the use of MRU in the initial evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
J. Radiography abdomen and pelvis
The role of abdominal radiography in CKD is limited to evaluation of renal stone disease, which 
acknowledges that radiography is less sensitive than CT for stone disease [24]. Signs of renal 
osteodystrophy confirm the presence of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
K. DMSA renal scan
Tc-99m DMSA scintigraphy is ideal for functional renal cortical imaging and is most useful for 
detection of focal renal parenchymal abnormalities and scars in the setting of acute or chronic 
pyelonephritis or for differential renal function. Serial imaging may be useful for monitoring renal 
cortical scarring. 
 
The literature search did not identify any studies regarding the use of Tc-99m DMSA as a first-line 
test in the evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
L. MAG3 renal scan
The literature search did not identify any studies regarding the use of Tc-99m MAG3 as a first-line 
test in the evaluation of CKD.

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
M. US kidneys retroperitoneum
US can differentiate AKI from CKD by determining renal size and volume. Renal length correlates 
with renal function in CKD [30,40-42]. Renal volume may be less useful given the contribution of 
renal sinus fat. In CKD, the kidneys are typically small with loss of global parenchymal and cortical 
thickness [42,43]. Renal length <9 cm in an adult is definitely abnormal [44]. It should be 
emphasized that normal-sized kidneys do not exclude CKD as renal size is initially preserved in 
diabetic nephropathy or infiltrative disorders. 
 
Increase in renal echogenicity is a nonspecific subjective manifestation of renal disease. In a series 
of 1,007 patients with CKD, abnormalities were detected in 26.8% of patients at initial US 
evaluation [39]. The most common US findings were increased echogenicity in 10.3%, cortical 
thinning in 4.3%, renal artery stenosis in 4.3%, and hydronephrosis in 1.9% of patients [39]. 
However, these findings contributed to the diagnosis in only 5.9% of patients and affected 
management in 3.3% of patients [39]. 
 
The low impact on management does not support the use of US for routine surveillance of CKD. 
US may be indicated when there is a prior history of stones or obstruction, renal artery stenosis, 



frequent urinary tract infections, or family history of autosomal dominant polycystic kidney disease 
[39]. In patients with CKD and diabetes or hypertension, US has minimal impact on diagnosis and 
management [6,8].

Variant 2: Renal failure. Chronic kidney disease (CKD). Initial imaging.  
N. US duplex doppler kidneys retroperitoneal
A high RI can be a predictor of progression of CKD, but an elevated RI is not specific to renal 
disease [37], and threshold values vary in the literature. The literature search did not identify any 
studies regarding the use of RIs US in the initial evaluation of CKD. 
 
For renovascular disease, US is a low-yield test unless the patient has a history of renal artery 
stenosis [39].

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.
Some patients will present without prior laboratory results and cannot be definitively categorized 
into AKI or CKD. In these patients, a detailed history, physical examination, and laboratory analysis 
of blood (for serum creatinine, blood urea nitrogen, complete blood count, and differential) and 
urine (microscopy for casts and epithelial cells, chemistry, and biomarkers) will be obtained in 
addition to imaging. More frequent measurement of serum creatinine will detect the more rapid 
deterioration of AKI. The imaging workup is similar to patients with AKI.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
A. Arteriography kidney
Arteriography is reserved for intervention rather than for the initial diagnosis of renal failure. Renal 
revascularization may be considered in a very select group of patients with AKI. There is no 
relevant literature regarding the use of arteriography in the evaluation of renal failure of unknown 
duration.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
B. CT abdomen and pelvis
Unenhanced CT of the abdomen and pelvis is useful for characterization of US-detected 
hydronephrosis by determining level and cause of obstruction. CT is the most sensitive modality 
for urinary tract calculi and more sensitive than US for retroperitoneal pathology [15]. Although CT 
can determine whether there is hydronephrosis and measure renal size/volume, it is generally not 
considered a first-line imaging modality [16]. CT may be considered if US is not feasible or is 
nondiagnostic because body habitus. 
 
There is no relevant literature regarding the use of CT abdomen and pelvis without and with IV 
contrast in the evaluation of renal failure of unknown duration. Iodinated contrast may be 
administered to patients established on dialysis without residual renal function. However, CT with 
IV contrast is not appropriate for the diagnosis of and determination of the cause of kidney failure.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
C. CT abdomen
There is no relevant literature regarding the use of CT abdomen in the initial evaluation of renal 
failure of unknown duration.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
D. CTA abdomen and pelvis



Contrast-enhanced CTA abdomen and pelvis is very rarely indicated in these patients, given the 
potential nephrotoxicity. The risk-benefit ratio should be carefully evaluated if CTA is necessary to 
diagnose vascular thrombosis or stenosis. The lowest dose of contrast needed for a diagnostic 
study should be used and supplemented with adequate volume expansion [9]. There is no relevant 
literature regarding the use of CTA abdomen and pelvis in the evaluation of renal failure of 
unknown duration.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
E. CT urography
There is no relevant literature regarding the use of CTU in the evaluation of renal failure of 
unknown duration and the requirement for IV contrast limits its applicability.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
F. MRA abdomen and pelvis
There is no relevant literature regarding the use of MRA abdomen and pelvis without and with IV 
contrast in the evaluation of renal failure of unknown duration. 
 
MRA may be indicated when there is a high suspicion of a renovascular cause of AKI/CKD, such as 
renal artery stenosis, thrombosis, or arterial injury after trauma, all of which are rare [4,17]. 
Unenhanced MRA techniques, such as time-spatial labeling inversion pulse or steady-state free 
precession, have a sensitivity of 73% to 100%, specificity of 82% to 99%, and negative predictive 
value of 88% to 100% in the diagnosis of >50% renal artery stenosis [19,20]. 
 
There is no relevant literature regarding the use of MRA abdomen without IV contrast in the 
evaluation of renal failure of unknown duration. 
 
For contrast-enhanced MRA, a group II contrast agent should be used [9]. For the detection of 
>60% renal artery stenosis, an contrast-enhanced MRA has a sensitivity of 93% and a specificity of 
93% compared with 85% and 84%, respectively, for Doppler US [18].

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
G. MRI abdomen and pelvis
Unenhanced MRI of the abdomen and pelvis may be used to evaluate extent and cause of 
suspected urinary tract obstruction. However, there is no relevant literature regarding the use of 
MRI abdomen and pelvis in the initial evaluation of renal failure of unknown duration.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
H. MRI abdomen 
There is no relevant literature regarding the use of MRI abdomen without and with IV contrast in 
the initial evaluation of renal failure of unknown duration. 
 
MRI performed without IV contrast can be used for further characterization of the cause and level 
of obstruction and for evaluation of some renal morphologic abnormalities. Alterations in 
corticomedullary differentiation are recognized but are nonspecific. Acute cortical necrosis can be 
specifically diagnosed when there is a low T2 signal rim at the corticomedullary junction and 
absence of cortical enhancement following contrast administration [23]. Functional MRI 
techniques, such as BOLD, ASL, DWI, and DKI that provide information on renal perfusion, 
oxygenation, and diffusion are still the subject of active research [21,22].



Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
I. MR urography
There is no relevant literature regarding the use of MRU in the initial evaluation of renal failure of 
unknown duration. However, nonenhanced contrast MRU may provide additional information in 
patients with renal failure secondary to obstruction.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
J. Radiography abdomen and pelvis
There is no role for radiography in AKI/CKD other than for evaluation of renal stone disease, which 
acknowledges that radiography is less sensitive than CT for stone disease [24].

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
K. DMSA renal scan
Tc-99m DMSA scintigraphy is ideal for functional renal cortical imaging and is most useful for 
detection of focal renal parenchymal abnormalities and scars in the setting of acute or chronic 
pyelonephritis or for differential renal function. The literature search did not identify any studies 
regarding the use of Tc-99m DMSA as a first-line test in the evaluation of renal failure of unknown 
duration.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
L. MAG3 renal scan
The literature search did not identify any studies regarding the use of Tc-99m MAG3 as a first-line 
test in the evaluation of renal failure of unknown duration.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
M. US kdneys retroperitoneum
US has greatest diagnostic value in the detection of hydronephrosis associated with urinary tract 
obstruction [4] with a sensitivity >90% for hydronephrosis and bladder distension [26]. However, 
even in hospitalized patients with AKI, the prevalence of hydronephrosis is low, ranging from 5% to 
10%, with obstruction the cause of AKI in <45.2% of patients with hydronephrosis [4,27-29]. The 
highest yield for US is in patients with risk factors for urinary obstruction, such as pelvic tumors, 
bladder disorders, prostate hypertrophy, stone disease, and pelvic surgery. In patients without risk 
factors for obstruction, <1% of patients had US-detected obstruction [4]. Hydronephrosis does not 
necessarily indicate obstruction; a distended bladder, reflux, pregnancy, postobstructive dilation, or 
diuresis may cause ureteral and collecting system dilatation. A distended bladder should be 
decompressed, and the patient should be revaluated. False-negative US studies may be secondary 
to suboptimal quality, dehydration, early obstruction, or compression of the renal pelvis or ureters 
by tumors or fibrosis. 
 
A secondary role of US is the evaluation of renal size, echogenicity, and morphology to 
differentiate AKI from CKD and allow determination of prognosis. Normal renal length is >10 cm in 
the third decade, but renal length correlates with height, sex, age (negative correlation), and 
weight in normal patients and varies with the state of hydration or presence of an obstruction [3]. 
Renal size/volume correlates with creatinine clearance [30]. Both kidney size and parenchymal 
thickness decrease in CKD [31]. Therefore, a normal kidney size suggests AKI rather than CKD. 
However, infiltrative and inflammatory diseases, as well as renal vein thrombosis, may increase 
kidney size and parenchymal thickness in AKI or CKD. Increased renal echogenicity is associated 
with acute and chronic medical renal disease, but this is nonspecific and does not correlate well 



with renal function. Patients with AKI have only a 30% to 40% chance of increased echogenicity 
[4,28]. Alternatively, small echogenic kidneys are diagnostic of CKD. 
 
Color Doppler is routinely used to assess global perfusion and confirm arterial and venous patency. 
Color Doppler will differentiate a dilated pelvis from prominent renal veins in the renal sinus and 
can confirm presence or absence of ureteral jets in the bladder.

Variant 3: Renal failure. Kidney disease of unknown duration. Initial imaging.  
N. US duplex doppler kidneys retroperitoneal
Renovascular causes of AKI/CKD are rare; renal artery stenosis was found in 1.5% of cases with AKI 
even when not the cause of AKI [4]. In an older series of intensive care patients, AKI was attributed 
to renal artery thrombosis, stenosis, or trauma in 1% [17]. The diagnosis of significant renal artery 
stenosis can be made by obtaining angle-corrected measurements of the peak systolic velocities in 
the aorta and main renal arteries. Using a cutoff value of 285 cm/s achieved sensitivity, specificity, 
and overall accuracy of 67%, 90%, and 81%, respectively, for >60% stenosis [32]. In a smaller series, 
using a cutoff value of 180 cm/s, the sensitivity and specificity of US were 85% and 84%, 
respectively, for >60% stenosis [18]. Renal artery duplex Doppler studies may be appropriate in 
selected patients with a high clinical suspicion of renal artery stenosis. 
 
RI has been studied in patients with AKI as a means to detect intrarenal vasoconstriction and 
differentiate renal from prerenal AKI. An elevated RI has been reported to be an early predictor of 
early or persistent postoperative AKI after cardiac or hip surgery [33,34], or persistent AKI in 
critically ill patients [35], and is associated with intensive care unit mortality [36]. An elevated RI can 
predict progression to CKD [37]. However, an elevated intrarenal RI is not specific to the cause of 
AKI, as RI depends on multiple physiologic and pathologic factors; including vascular compliance, 
age, atherosclerosis, renal damage, hypertension, heart rate, as well as intrinsic renal disease 
[33,37]. Serial RI measurement is largely a research tool at this time.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.
Patients with neurogenic bladder due to disorders affecting the central nervous system typically 
present with signs of urinary frequency, urgency, and bladder overactivity, but there is little recent 
peer-reviewed original research on the initial imaging of this condition associated with renal 
failure. Underactivity of the bladder is less common, and it is characterized by prolonged voiding 
with a sensation of incomplete emptying and hesitancy; however, imaging is not generally part of 
the evaluation of underactive bladder [45]. Approximately 26% of patients with neurogenic bladder 
from spina bifida will develop renal failure, but <2% progress to end-stage renal disease [46]. 
 
Nearly all patients with spinal cord injury have historically developed renal dysfunction, which has 
been a major cause of death until more recent advances in diagnosis and care [47]. Patients with 
spinal cord injury have a 7% risk of stone development within 10 years, and this can contribute to 
renal insufficiency [47]. Review of clinical history, physical examination, US and urodynamic studies 
are the key components of an initial diagnosis of neurogenic bladder in Europe [48], but 
recommendations vary by country. For example, urodynamic evaluation is not recommended in 
British guidelines [49].

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
A. CT abdomen and pelvis
Unenhanced CT is useful for characterization of US-detected hydronephrosis by determining the 



level and cause of obstruction. CT can determine if there is hydronephrosis, measure renal 
size/volume, and assess urinary bladder distension and wall thickening but it is generally not 
considered a first-line imaging modality [16]. CT may be considered if US is not feasible or is 
nondiagnostic because of body habitus. 
 
There is no relevant literature regarding the use of CT abdomen and pelvis without and with IV 
contrast in the evaluation of renal failure associated with neurogenic bladder, but CT with IV 
contrast is not a first-line test for evaluation of kidney failure due to neurogenic bladder. Other 
options that do not use iodinated contrast are available.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
B. CT abdomen
Unenhanced CT is useful for characterization of US-detected hydronephrosis by determining the 
level and cause of obstruction if the pelvis is included. CT can determine if there is hydronephrosis 
and measure renal size/volume, but it is generally not considered a first-line imaging modality [16]. 
 
There is no relevant literature regarding the use of CT abdomen without and with IV contrast in the 
evaluation of renal failure associated with neurogenic bladder, but CT with IV contrast is not a first-
line test for evaluation of kidney failure due to neurogenic bladder. Other options that do not use 
iodinated contrast are available.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
C. CTA abdomen and pelvis
There is no role for CTA in the initial evaluation of renal failure associated with neurogenic bladder.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
D. CT urography
There is no relevant literature for CTU in the initial evaluation of renal failure associated with 
neurogenic bladder.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
E. Fluoroscopy cystography
There is no role for cystography in the evaluation of neurogenic bladder other than as a method of 
visualization during video urodynamics.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
F. Fluoroscopy voiding cystourethrography
Voiding cystourethrography is used to image the bladder wall and urethra and evaluate for 
vesicoureteral reflux but is not part of the evaluation of renal failure. There is no relevant literature 
regarding the use of voiding cystourethrography in the initial renal failure in a patient with 
neurogenic bladder.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
G. MRI abdomen and pelvis
MRI can show the urinary system well, and T2-weighted imaging can demonstrate hydronephrosis 
and hydroureter as well as US. Likewise, the urinary bladder can be well-visualized. In one review 
from Asia, MRI was favored above US for better evaluation of the collecting systems and ureters, 
which were shown in the coronal plane [50]. However, MRI of the abdomen and pelvis is not 
routinely used in the evaluation of renal failure associated with neurogenic bladder regardless of 



whether or not IV contrast is administered.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
H. MRI abdomen
There is no relevant literature for MRI abdomen in the initial evaluation of renal failure associated 
with neurogenic bladder, regardless of whether or not IV contrasted series are included.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
I. MR urography
There is no relevant literature for MRU in the initial evaluation of renal failure associated with 
neurogenic bladder. However, contrast-enhanced MRU is not routinely performed in this setting, 
and the majority of the information is obtained by unenhanced MRI sequences.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
J. Radiography abdomen and pelvis
There is no role for radiography in initial evaluation of neurogenic bladder. However, it may be 
used in the long-term surveillance for development of renal stone disease, acknowledging that 
radiography is less sensitive than CT for detection of stone disease [24].

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
K. DMSA renal scan
Tc-99m DMSA renography may be useful for the detection of focal renal scarring from urinary tract 
infection in patients with neurogenic bladders [51]. Serial imaging may be used to monitor renal 
cortical scarring. Tc-99m DMSA renal scintigraphy may also provide useful information if US is 
"difficult to interpret” because of patient or technical issues [52]. For this document, it is assumed 
that the procedure is widely available and is performed and interpreted by an expert.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
L. MAG3 renal scan
There is no relevant literature regarding the use of Tc-99m MAG3 as a first-line test in the 
evaluation of renal failure associated with neurogenic bladder.

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
M. US kidneys retroperitoneum
The American Urological Association supports clinical evaluation and measurement of postvoid 
residual but does not specifically endorse US for this measurement. However, US is routinely used 
by urologists in the initial workup because it can easily measure bladder volume. In patients with 
neurogenic bladder and lower urinary tract symptoms, US and postvoid residual measurement is 
also supported by international guidelines [48,49,53]. 
 
In a study of 60 patients with neurogenic lower urinary tract dysfunction after spinal cord injury, a 
distended bladder anterior wall detrusor (hypoechoic layer) with a thickness <0.97 mm on US was 
92% sensitive and 63% specific for risk assessment of renal damage [54]. Although bladder wall 
thickness can be characterized by US, this aspect of the examination is not supported as part of 
any current guideline recommendations [49]. 
 
In patients at high risk for upper tract disease, US should include the kidneys to evaluate for 
hydronephrosis, parenchymal scarring, and stones [49] because it has high sensitivity for upper 
tract dilatation [55]. The bladder should also be evaluated, for trabeculations, wall thickness, and 



shape. Sensitivity of US for renal scarring in spinal dysraphism patients is variable, and in one study 
was unacceptably low relative to scintigraphy (negative predictive value, 0.6) [52]. Predictors of 
positive US in these patients include time since injury, previous stone removal, nontraumatic spinal 
cord injury, and previous bladder surgery [56].

Variant 4: Renal failure. Neurogenic bladder. Initial imaging.  
N. US duplex doppler kidneys retroperitoneal
Although US has been widely accepted as a first-line imaging modality for neurogenic bladder, 
there is not any literature to support a role for Doppler.

 
Summary of Highlights

Variant 1: US kidneys retroperitoneal is usually appropriate for the initial imaging of 
unspecified AKI. US is used to detect hydronephrosis and evaluate renal size and 
morphology.

•

Variant 2: US kidneys retroperitoneal is usually appropriate for the initial imaging of CKD. 
Small and/or scarred kidneys confirm the diagnosis.

•

Variant 3: US kidneys retroperitoneal is usually appropriate for the initial imaging of renal 
failure of unknown duration. US is used to detect hydronephrosis and evaluate renal size and 
morphology. The panel did not agree on recommending US duplex Doppler kidneys 
retroperitoneal for the initial imaging of renal failure of unknown duration. There is 
insufficient medical literature to conclude whether or not these patients would benefit from 
US duplex Doppler kidneys retroperitoneal for the initial imaging of renal failure of unknown 
duration. US duplex Doppler kidneys retroperitoneal in this patient population is 
controversial but may be appropriate.

•

Variant 4: US kidneys retroperitoneal is usually appropriate for the initial imaging of renal 
failure associated with neurogenic bladder. US is used to detect hydronephrosis, renal 
scarring, and stones as well as to evaluate the bladder.

•

 
Supporting Documents
The evidence table, literature search, and appendix for this topic are available at 
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the 
final rating round tabulations for each recommendation. 
 
For additional information on the Appropriateness Criteria methodology and other supporting 
documents, please go to the ACR website at https://www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.
 
Gender Equality and Inclusivity Clause
The ACR acknowledges the limitations in applying inclusive language when citing research studies 
that predates the use of the current understanding of language inclusive of diversity in sex, 
intersex, gender, and gender-diverse people. The data variables regarding sex and gender used in 
the cited literature will not be changed. However, this guideline will use the terminology and 
definitions as proposed by the National Institutes of Health.
 
Appropriateness Category Names and Definitions

https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria
https://www.acr.org/Clinical-Resources/Clinical-Tools-and-Reference/Appropriateness-Criteria


Appropriateness 
Category Name

Appropriateness 
Rating Appropriateness Category Definition

Usually Appropriate 7, 8, or 9
The imaging procedure or treatment is indicated in 
the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

May Be Appropriate 4, 5, or 6

The imaging procedure or treatment may be 
indicated in the specified clinical scenarios as an 
alternative to imaging procedures or treatments with 
a more favorable risk-benefit ratio, or the risk-benefit 
ratio for patients is equivocal.

May Be Appropriate 
(Disagreement) 5

The individual ratings are too dispersed from the 
panel median. The different label provides 
transparency regarding the panel’s recommendation. 
“May be appropriate” is the rating category and a 
rating of 5 is assigned.

Usually Not Appropriate 1, 2, or 3

The imaging procedure or treatment is unlikely to be 
indicated in the specified clinical scenarios, or the 
risk-benefit ratio for patients is likely to be 
unfavorable.

 
Relative Radiation Level Information
Potential adverse health effects associated with radiation exposure are an important factor to consider 
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures 
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been 
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose 
quantity that is used to estimate population total radiation risk associated with an imaging procedure. 
Patients in the pediatric age group are at inherently higher risk from exposure, because of both organ 
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation 
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as 
compared with those specified for adults (see Table below). Additional information regarding radiation 
dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation 
Dose Assessment Introduction document.
Relative Radiation Level Designations

Relative Radiation Level* Adult Effective Dose Estimate 
Range

Pediatric Effective Dose 
Estimate Range

O 0 mSv  0 mSv
☢ <0.1 mSv <0.03 mSv

☢☢ 0.1-1 mSv 0.03-0.3 mSv
☢☢☢ 1-10 mSv 0.3-3 mSv

☢☢☢☢ 10-30 mSv 3-10 mSv
☢☢☢☢☢ 30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in 
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing 
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as “Varies.”
 

https://edge.sitecorecloud.io/americancoldf5f-acrorgf92a-productioncb02-3650/media/ACR/Files/Clinical/Appropriateness-Criteria/ACR-Appropriateness-Criteria-Radiation-Dose-Assessment-Introduction.pdf
https://edge.sitecorecloud.io/americancoldf5f-acrorgf92a-productioncb02-3650/media/ACR/Files/Clinical/Appropriateness-Criteria/ACR-Appropriateness-Criteria-Radiation-Dose-Assessment-Introduction.pdf
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Disclaimer
The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for 
determining appropriate imaging examinations for diagnosis and treatment of specified medical 
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring 
physicians in making decisions regarding radiologic imaging and treatment. Generally, the 
complexity and severity of a patient’s clinical condition should dictate the selection of appropriate 
imaging procedures or treatments. Only those examinations generally used for evaluation of the 
patient’s condition are ranked.  Other imaging studies necessary to evaluate other co-existent 
diseases or other medical consequences of this condition are not considered in this document. The 
availability of equipment or personnel may influence the selection of appropriate imaging 
procedures or treatments. Imaging techniques classified as investigational by the FDA have not 
been considered in developing these criteria; however, study of new equipment and applications 
should be encouraged. The ultimate decision regarding the appropriateness of any specific 



radiologic examination or treatment must be made by the referring physician and radiologist in 
light of all the circumstances presented in an individual examination.
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