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ACR Appropriateness Criteria® 1 Renal Failure 

American College of Radiology 
ACR Appropriateness Criteria® 

Clinical Condition: Renal Failure 

Variant 1: Acute renal failure, unspecified. 

Radiologic Procedure Rating Comments RRL*

US kidneys and bladder retroperitoneal 9 Preferably with Doppler methods. None 

Tc-99m MAG3 scan kidney 5 Global and differential function. Assess 
recoverability; distinguish from chronic. Med 

MRA abdomen 4 

Newer techniques with gadolinium are 
very effective for renal artery evaluation. 
Rule in/out renal vein/caval thrombosis. 
See statement regarding contrast in text 
under “Anticipated Exceptions.” 

None 

Arteriography kidney  3 

Potentially helpful in trauma, evaluation 
for renal artery occlusion. Consider 
aortography with CO2 to avoid 
nephrotoxicity of iodinated contrast. 

Med 

CT abdomen without contrast 3 

Potentially helpful in trauma. Noncontrast 
helical CT more sensitive than KUB for 
calculi. Evaluation of ureteral obstruction 
due to retroperitoneal diseases, masses, 
tumors (hydronephrosis on sonography, 
but cause undetectable). 

Med 

X-ray abdomen (KUB) 2 Assess for calculi; however, insensitive 
for 30% of calculi. Low 

X-ray voiding cystourethrography 2 
VCUG may be indicated if vesicoureteral 
reflux is suspected as a contributing factor 
in ARF. 

Low 

MRI abdomen with or without contrast 2 

Potential role in search of sonographically 
unclear causes of ureteral obstruction. 
With contrast preferred if not 
contraindicated. 

None 

Rating Scale:  1=Least appropriate, 9=Most appropriate *Relative 
Radiation Level 



ACR Appropriateness Criteria® 2 Renal Failure 

Clinical Condition:  Renal Failure 

Variant 2: Chronic renal failure. 

Radiologic Procedure Rating Comments RRL*

US kidneys and bladder retroperitoneal 9 Preferably with Doppler methods. None 

MRA abdomen 6 

Noninvasive evaluation of renal arteries as 
cause of renal failure. Preferred with 
contrast unless contraindicated. See 
statement regarding contrast in text under 
“Anticipated Exceptions.” 

None 

CTA abdomen 3 Effective in detecting RAS, if 
nephrotoxicity is not a problem. Med 

X-ray abdomen (KUB) 3 Provides information about calcification, 
majority of calculi, occasionally renal size. Low 

X-ray voiding cystourethrography 3 If reflux is suspected. Particularly 
appropriate in children. Low 

Tc-99m MAG3 scan kidney 3 Global and differential renal function; 
prognosis for recovery. Med 

CT abdomen without contrast 3 

Potentially helpful in trauma. Helical 
noncontrast CT for calculi. Search for 
retroperitoneal mass/adenopathy as the 
cause of obstruction. Surveillance of 
native kidneys for RCCA. 

Med 

Arteriography kidney 2 
Problem of contrast nephrotoxicity. CO2 
aortography an option. Newer MRA 
techniques preferred. 

Med 

MRI abdomen with or without contrast 2 
Surveillance of native kidneys for RCCA. 
Preferred with contrast unless 
contraindicated. 

None 

Rating Scale:  1=Least appropriate, 9=Most appropriate *Relative 
Radiation Level 
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RENAL FAILURE

Expert Panel on Urologic Imaging: Nicholas 
Papanicolaou, MD1; Isaac R. Francis, MD2;  
David D. Casalino, MD3; Ronald S. Arellano, MD4; 
Deborah A. Baumgarten, MD, MPH5; Nancy S. Curry, 
MD6; Manjiri Dighe, MD7; Gary M. Israel, MD8;  
S. Zafar H. Jafri, MD9; Akira Kawashima, MD10;  
John R. Leyendecker, MD11; Srinivasa Prasad, MD12; 
Parvati Ramchandani, MD13; Erick M. Remer, MD14; 
Sheila Sheth, MD15; Pat Fulgham, MD.16 

Summary of Literature Review 
Renal failure is defined as the inability of the kidney to 
maintain homeostasis leading to azotemia or the 
accumulation of nitrogenous wastes; however, exact 
biochemical or clinical criteria for this diagnosis are not 
defined clearly. “Renal failure” is distinguished from 
“renal insufficiency,” where renal function is abnormal 
but capable of sustaining essential bodily functions [1]. 
Renal failure is defined as anuric when urine volume is 
less than 50 ml for 24 hours; oliguric when the volume is 
less than 500 ml for 24 hours; and nonoliguric when the 
volume is from 500-6,000 ml for 24 hours. Urine output 
above 6,000 ml is designated polyuric [2]. 

Causes of renal failure are conventionally separated into 
three categories: prerenal, intrarenal, and postrenal. 
Hypoperfusion is the cause of prerenal failure (fluid loss, 
fluid sequestration, low cardiac output, renal artery 
stenosis [RAS]). Causes of intrarenal failure include acute 
tubular necrosis (ATN) and interstitial, glomerular, or 
small–vessel disease. Obstruction is the usual postrenal 
cause of failure (also, distal renal tubular obstruction). 
Distinction between acute renal failure (ARF) and chronic 
renal failure (CRF) can often be made clinically [3]. 
However, many patients are first seen with markedly 
elevated serum creatinine of unknown duration, so that 
classification into ARF or CRF is not possible. 
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There are significant limitations in using serum creatinine 
as an accurate measure of renal function, including 
decreased muscle mass and poor nutritional status [4]. 
Creatinine clearance measures the ability of the 
glomerulus to filter creatinine from the plasma and 
approximates the glomerular filtration rate (GFR); there is 
a reasonable correlation between the 2-hour and 24-hour 
creatinine clearance (r=0.85), but the error in calculation 
may vary from 10%-27%. Creatinine clearance of less 
than 60 ml/min may be termed renal insufficiency; less 
than 30 ml/min is renal failure. End-stage renal disease 
(ESRD) implies CRF of a degree (ie, GFR <10-12 
ml/min) such that life cannot be sustained long-term 
without dialysis. In ARF, the creatinine clearance is 
usually less than 25 ml/min. Unfortunately, creatinine 
clearance is often not helpful when the creatinine value is 
changing. 

Acute Renal Failure 
ARF can be broadly defined as a sudden decrease in renal 
function resulting in azotemia. It can develop in the 
setting of pre-existing renal insufficiency or can develop 
in a patient with previously normal kidneys [5]. In a 
patient with previously undiagnosed renal failure, initial 
evaluation of renal size by gray-scale ultrasonography 
(US) is most helpful. If the kidneys are small and 
echogenic, the process of long-standing evaluation by US 
helps to identify a correctable cause of renal failure such 
as obstruction. If hydronephrosis is present, retrograde or 
antegrade relief of the obstruction is usually undertaken. 
If no hydronephrosis is evident and the patient does not 
have hypertension or other history to suggest RAS, 
further workup of small, echogenic kidneys is not 
warranted. Conversely, if the kidneys are of normal size 
with or without increased echogenicity, this may represent 
reversible renal failure, most often ARF, and a more 
extensive evaluation is initiated. It should be noted that, 
as with all modalities and procedures, the yield of gray-
scale sonography in the detection of hydronephrosis is 
low among patients without a high pretest probability for 
urinary obstruction (eg, flank pain, urolithiasis, pelvic 
masses, etc), and, therefore is of little value in patient 
management [6]. Scintigraphy with a tubular secretion 
agent (eg, MAG-3) can help assess the level of renal 
function as well as the potential reversibility of the 
process causing the renal failure. Therefore, in addition to 
the history, physical examination, and laboratory analysis 
of serum and urine, US and radionuclide scintigraphy are 
imaging tools that are used early in the evaluation of the 
patient with previously undiagnosed renal failure. If RAS 
or occlusion is suspected, magnetic resonance 
angiography (MRA) techniques may be used to avoid 
nephrotoxic iodinated contrast media. 

Over 75% of patients with ARF will have either prerenal 
azotemia (PRA) or ATN (parenchymal, intrarenal 
process) as the cause [3]. Prerenal causes of ARF relate to 
hypoperfusion or hypovolemia. Clinical suspicion of ARF 
usually leads to a fluid challenge with central monitoring 
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and correction of the hypovolemic state, which in turn 
corrects the renal failure. A common exception to this 
approach is the patient with heart failure or liver failure. 
Acute renal artery occlusion in a solitary kidney or 
solitary functioning kidney is an uncommon cause of lack 
of response to the therapeutic trial of intravascular fluid; 
imaging techniques are used to define the cause of 
hypoperfusion. 

A high ratio of blood urea nitrogen (BUN) to creatinine 
(Cr) has long been considered a marker of PRA. In 
addition, a characteristic laboratory finding in PRA is 
avid sodium retention, with urine sodium concentration of 
less than 20 m Eq/L [7]. Meta-analysis of various 
laboratory studies in an attempt to differentiate PRA from 
ATN reveals that most determinations (urine/plasma 
creatinine index, urine/plasma urea, or urinary sodium) 
are often nonspecific or unreliable [5]. Still, most 
experienced clinicians find that when urine output is less 
than 500 ml for 24 hours, determination of urinary 
fractional excretion of sodium is helpful. 

Duplex Doppler sonography has been suggested to 
distinguish acute prerenal failure from ATN (intrarenal 
failure). Compared with traditional gray-scale US, which 
shows normal kidneys in most patients with ATN, duplex 
Doppler sonography shows an elevated resistive index 
(RI) in 96% of patients with ATN; false negatives include 
nephrotoxic drug-induced ATN [8]. ATN has a higher RI 
than prerenal ARF, but there is some overlap in that 20% 
of patients with prerenal ARF had resistive indices over 
0.75. Hepatorenal syndrome is a distinct form of prerenal 
failure that is associated with an elevated RI [8]. 
Tubulointerstitial causes of intrarenal ARF usually have 
an elevated RI. Acute glomerular-based processes will 
often have a normal RI, whereas chronic glomerular 
processes typically show an elevated RI [9]. 
Consequently, Doppler sonography cannot replace renal 
biopsy. Although there is a weak linear relationship 
between the RI and serum Cr, the RI returns to normal 
before serum Cr in ARF; RI therefore may be useful in 
predicting the course of ARF [10]. 

Trauma presents a unique constellation of prerenal, 
intrarenal, and/or postrenal causes of ARF. In major 
trauma centers, body computed tomography (CT) is used 
increasingly for initial abdominal trauma assessment of 
causes of renal failure such as renal artery occlusion, 
severe kidney trauma, and clot obstruction occurring 
bilaterally or in a solitary kidney. Nephrotoxic drugs and 
ATN following prolonged shock with precipitation of 
hemoglobin and/or myoglobin in the tubules are other 
causes of ARF that may cause abnormal CT findings [2]. 

Obstruction is an uncommon cause of ARF but may occur 
in the oncology patient, the trauma patient, or the patient 
with a solitary kidney [8,9]. Gray-scale US is the most 
effective way to exclude subacute or chronic obstruction. 
Regular gray-scale US is not accurate in the minimally 
dilated obstructive situation, such as with retroperitoneal 
metastatic tumor or idiopathic retroperitoneal fibrosis, 
where ureter encasement interferes with peristalsis; in one 

series, 4%-5% of patients with obstruction showed 
minimal or no upper tract dilation [11]. Duplex Doppler 
sonography is less effective in acute obstruction since 
obstruction for longer than 6 hours is necessary to show a 
consistently elevated RI; false negatives (ie, normal RI) 
occur in patients who are examined earlier than 6 hours 
after the onset of obstruction [12]. Furthermore, RI 
measurements are often normal in patients with acute 
intermittent obstruction. The patient with a renal 
transplant can present with ARF. Because Platt et al [13] 
found an elevated RI in 85% of transplanted kidneys with 
obstruction, a normal RI should argue strongly against 
obstruction, unless a ureteral leak is also present. In 
addition to obstruction, an elevated RI can also be found 
in rejection and ATN; therefore, RI measurements are not 
reliable in the differential diagnosis of these entities. If 
sonography cannot determine the cause of the obstruction, 
MRI or nonenhanced CT can be obtained (retroperitoneal 
mass, lymphadenopathy, fibrosis, calculi, etc). 

After US excludes obstruction, it is suggested that renal 
scintigraphy with technetium-labeled MAG-3 be 
performed. Progressive parenchymal accumulation 
without significant excretion is suggestive of ATN. 
Absent uptake suggests more serious conditions such as 
acute cortical necrosis and acute glomerulonephritis. In 
ARF, GFR is more affected than renal blood flow, hence 
Tc 99m DTPA accumulation is decreased, and this agent 
is less able to distinguish acute from chronic renal 
disease. However, quantitative studies with the tubular 
agents such as Tc 99m MAG-3 can be used [14,15]. 
These methods assess effective renal plasma flow (ERPF) 
and the degree of renal function, and they also have 
prognostic significance. Patients with ERPF greater than 
125 ml/min and good uptake usually recover completely 
or markedly improve. ATN, hepatorenal syndrome, and 
acute interstitial nephritis belong in the category of good 
prognosis. Patients with low uptake have a poor prognosis 
and eventually require dialysis or transplantation. 

Clinical evaluation and volume replacement resolve the 
majority of prerenal causes of renal failure. US evaluates 
for obstruction and renal size, and it can provide a 
measure of renal perfusion. Some suggest that duplex 
Doppler sonography can supplant radionuclide 
scintigraphy, MRA, or contrast angiography in evaluating 
the renal arteries; however, these results have not been 
reproduced in many centers. Newer MRA techniques 
offer improved images of the main and segmental renal 
arteries [16]. Magnetic resonance imaging (MRI) can also 
provide direct assessment of renal blood flow [17]. 
Scintigraphy is useful for renal perfusion and for 
determining ERPF, which helps assess recoverability of 
function in ARF. CT is used to evaluate the trauma 
patient and supplement technically unsatisfactory or 
equivocal sonography. Excretory urography has no role in 
investigating ARF. 

Chronic Renal Failure 
CRF often presents insidiously and is characterized by a 
steady decrease in GFR. Causes of CRF that lead to 
ESRD and result in transplantation are (in order of 



ACR Appropriateness Criteria® 5 Renal Failure 

decreasing frequency): chronic glomerulonephritis, 
diabetic nephropathy, hypertensive nephropathy, 
polycystic renal disease, chronic pyelonephritis, and renal 
calculi [18]. 

The most common causes of CRF in children are chronic 
glomerulonephritis and pyelonephritis [19]. US best 
differentiates between obstruction and intrinsic 
parenchymal disease. In children with small-scarred 
kidneys, voiding cystourethrography (VCUG) is 
performed. For adults with ESRD and urinary tract 
infection (UTI) or calculi, evaluation with VCUG, 
urodynamics, and retrograde pyelography is also advised 
[18,20]. 

Appendix 1 lists the five stages of chronic renal failure 
based on GFR calculations, as defined by the National 
Kidney Foundation. 

Patients with ESRD on dialysis develop cysts, 
hemorrhage, and neoplasia. Evaluation for cystic change 
in these patients is done optimally with CT, which 
showed 60% of cysts, whereas sonography showed only 
18% [21]. Although solid renal masses in these patients 
were shown equally well by sonography and CT, the 
ability of CT to detect acquired cystic disease and the 
need to follow for possible neoplasm warrants use of CT 
as screening after 3 years of dialysis [21]. Early enhanced 
CT is recommended [22]. In acquired cystic disease, 
follow-up imaging with CT seems advisable only in 
selected populations [23]. Alternatively, MRI and US can 
be used. Patients with CRF on temporary dialysis should 
not be given intravascular iodinated contrast media. The 
administration of gadolinium-based MR intravascular 
agents in patients with CRF is also restricted (see 
“Anticipated Exceptions”). 

Analgesic nephropathy has been in decline worldwide 
over the last several years due to its known relationship to 
excessive use of nonsteroidal analgesics and the banning 
of acetaminophen, and now accounts for only about 1% of 
patients in the USA who are on chronic dialysis and, 
often, develop papillary necrosis [24]. Calcification along 
the papillary line and a “wavy” renal contour are the most 
common radiographic findings. The use of plain 
tomography, sonography and unenhanced CT in the 
search of renal calcifications and their pattern in regards 
to analgesic nephropathy was studied. Unenhanced 
CT was found to be the superior modality for the 
detection of the calcifications (92% sensitivity, 100% 
specificity) [24,25]. Noncontrast helical CT is also more 
sensitive and specific than plain radiography for ureteral 
calculi [26]. 

Hypertensive nephropathy is now one of the most 
common causes of ESRD and in one study accounted for 
25% of all patients [27]. Atherosclerotic RAS presenting 
as CRF accounted for 14% of patients older than 50 in 
another study [28]. Reports on the ability of duplex 
Doppler sonography to detect RAS vary widely; some 
reports are as high as 90%, whereas others show poor 
results [8,28-30]. Over one-third of patients evaluated 
with earlier Doppler methodology had an unsatisfactory 

exam [31]. With use of a posterior or posterolateral 
translumbar approach and analysis of intrarenal vessel 
waveforms, duplex Doppler sonography has been 
reported to detect significant (over 70%) RAS as a cause 
of renal failure, with a sensitivity of 95% and specificity 
of 97% [32-34]. Examinations were almost always 
technically feasible and accomplished within half an hour 
[33]. The study by Kliewer et al [35] found it effective in 
evaluating RAS, but only when the RAS was 80% or 
greater. Usually, high-grade stenoses are associated with 
renal failure. A subsequent study was not able to 
reproduce results adequately to support the use of duplex 
Doppler sonography as a screening test for RAS [36]. 
Duplex Doppler sonography for diagnosis of RAS is very 
operator-dependent [37]. 

Multiple factors influence the management of 
hypertensive nephropathy secondary to RAS. Although 
not critical in most reviews regarding treatment options 
and outcomes, renal size is nevertheless important. The 
typical, medium to long standing RAS kidney is small 
and/or smaller that the contralateral kidney without RAS. 
Normal renal size/length has a long range that depends on 
age, sex, race, body habitus, and, to some extent 
hydration. Likewise, the thickness of the normal renal 
cortex is not clearly defined, and many reports in the 
literature prefer to depend on biochemical and clinical 
facts in judging patient eligibility for and outcomes of 
treatment (eg, the duration of symptoms, presence of 
nephrosclerosis, GFR or serum creatinine clearance, etc). 
Best results of RAS treatment are encountered among 
patients, whose kidneys measure >8 or 9 cm in length, 
whereas a thickness of 8-10 mm (as well as estimates of 
renal polar cortical areas) has been given for normal renal 
cortex. Overall renal size and cortical thickness clearly 
regress above the age of 70 years. Furthermore, reports in 
the literature indicate that for kidneys >7 cm in length, 
nephrectomy (nowadays laparoscopic) or renal ablation 
may be preferable to an attempted repair of the RAS. For 
obvious reasons, if one’s institution or hospital abides by 
these numbers, it will suffice to document overall renal 
size, but a full Doppler examination may be useless [37-
41]. 

Renal scintigraphy with technetium 99m DTPA and an 
angiotensin-converting enzyme inhibitor (ACEI) has high 
sensitivity and specificity in detecting RAS in patients 
with normal or near-normal renal function. Its utility is 
also reported preserved in patients with renal 
insufficiency [42,43]. However, it becomes less accurate 
in patients with renal failure because DTPA is a pure 
glomerular agent and there is a variable response to ACEI 
in patients with low baseline renal function (eg, GFR less 
than 15 ml/min) [44]. On the other hand, scintigraphy 
with technetium 99m MAG-3, because it is secreted by 
the tubules as well as filtered by glomeruli, is similar to 
iodine 131 Hippuran; it is more effective in patients with 
renal failure [14,15,44]. However, scintigraphy with 
ACEI does not indicate the presence of RAS, but only 
activation of the renin-angiotensin system; conversely, a 
negative test does not exclude RAS but only absence of 
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activation [45]. Global and differential renal function can 
be used to estimate prognosis for recovery. Whereas 
visualization of the kidney is nonspecific, 
nonvisualization of the kidneys indicates a poor 
prognosis. 

MRA is able to demonstrate, with high sensitivity and 
specificity, atherosclerotic narrowing of the orifice and 
proximal renal artery [45-47]. Aortic or proximal renal 
artery disease is the usual culprit when atherosclerosis 
causes renal failure, making MRA a helpful imaging 
modality [48]. Newer ultrafast MRA techniques using 
intravenous gadolinium agents during breath-held 
imaging provide excellent images of the entire renal 
artery and often the segmental branches [16,49,50]. 
Gadolinium agents have less nephrotoxicity than 
conventional iodinated contrast media and, therefore, are 
available when contrast-enhanced imaging is necessary 
[51,52]. Angiography with iodinated contrast material and 
digital subtraction (DSA) technique remains the gold 
standard, but its use must be carefully considered because 
of the risk of contrast nephrotoxicity. Some institutions 
use carbon dioxide as the “contrast” agent and thereby 
can avoid the toxicity associated with iodinated contrast 
media. 

Following recent advances in MDCT technology, CTA 
has emerged as an effective alternative to MRA and 
duplex sonography in the evaluation of RAS, if 
intravascular administration of contrast media is not 
contraindicated [53,54]. Both MRA and CTA, although 
not as sensitive as DSA, were shown to be better than 
duplex sonography and radionuclide captopril 
renography. Currently, CTA has improved spatial 
resolution and shorter examination times compared to 
MRA. It can also determine the extent of calcified 
atheromatous plaques not seen on MRA. Disadvantages 
of CTA include the radiation exposure and risk for renal 
damage in patients with compromised renal function [55-
58]. 

Urinary obstruction as a cause of CRF is best evaluated 
by US. If azotemia is secondary to obstructive uropathy, 
hydronephrosis will almost always be demonstrable. US 
has sensitivity approaching 100% in moderate to severe 
hydronephrosis. There may be a false positive rate of up 
to 26%, caused by such entities as vesicoureteral reflux, 
full bladder, renal sinus cysts, and normal vessels in the 
renal sinus; however, vascular structures causing 
confusion can be resolved with duplex Doppler 
sonography or color duplex Doppler sonography [59]. 
When kidneys fail secondary to chronic obstruction, 
resistive indices may return to normal [11]. 

Newer and future techniques of determining renal 
function in patients with renal failure include 
determination of clearance of small doses (10 ml) of low 
osmolar contrast media (LOCM) (iohexol), dynamic MR 
imaging with gadolinium DTPA, and MR imaging with 
ultrasmall particles of iron oxide (USPIO) [49,60-65]. 

CRF is often due to intrinsic renal disease such as 
diabetes and/or hypertension. Obstruction is the most 

important cause to be excluded initially, and this is done 
best by US. If RAS is a possible consideration, various 
modalities are available. Although angiography is the 
gold standard, it usually requires potentially nephrotoxic 
contrast medium. Radionuclide scintigraphy is helpful in 
measuring ERPF and defining renal artery compromise, 
though ACEI-modified renography becomes less effective 
in patients with renal failure. Duplex Doppler 
sonography, even using newer techniques, has not proved 
to be a reliable method to screen for RAS, but does seem 
to be effective in identifying high-grade stenoses; newer 
CTA and MRA techniques with gadolinium now rival 
arteriography for evaluating the renal artery; and because 
ischemic nephropathy is a significant contributor to renal 
failure, MRA is assuming a more prominent role in 
evaluation. 

The Nephrology literature contains several reports 
stressing the importance of preservation of residual renal 
function (RRF) in patients on peritoneal dialysis (PD) or 
hemodialysis (HD), who may require intravascular 
administration of contrast media for diagnostic purposes. 
Apparently, preservation of RRF even after the initiation 
of dialysis, has been shown to result in better survival, 
better electrolyte and fluid balance, nutritional status, and 
quality of life, and has shown a decrease in morbidity and 
the need for fewer dialysis sessions (fewer or shorter 
dialysis sessions result in cost savings). The 
recommendation is to continue to protect the RRF in 
patients on PD or HD, by balancing the risks versus 
benefits derived from the use of intravascular contrast 
media [66-68]. It should be emphasized that if a patient is 
on temporary (on demand) dialysis, the use of such 
contrast media is usually withheld. The standard of 
practice is to administer intravascular contrast media to 
patients on permanent dialysis, only when indicated. This 
is supported by evidence that no accelerated loss of RRF 
was observed in PD patients undergoing diagnostic 
studies after administration of intravascular contrast 
media [69,70]. 

Summary 
• US is the first imaging study for evaluating the 

patient with previously undiagnosed renal failure. It 
helps the clinician separate chronic ESRD from 
potentially reversible ARF or CRF by defining renal 
size, echogenicity, presence or absence of 
hydronephrosis, and cystic disease. Duplex Doppler 
sonography can define renal flow; however, the 
specific utility of duplex Doppler sonography in 
evaluating the patient with renal failure needs further 
investigation. 

• Radionuclide scintigraphy provides an assessment of 
global and differential renal function and potential 
reversibility of renal failure. 

• If the US is equivocal for obstruction or cystic 
disease, add CT. 

• CT is of value in the trauma patient with ARF, to rule 
out stone disease and survey the retroperitoneum for 
masses in oliguric or anuric renal failure, and for 



ACR Appropriateness Criteria® 7 Renal Failure 

periodic evaluation of the native kidneys in patients 
with end stage renal disease, who are at risk of 
developing renal cell carcinoma. Nonenhanced CT 
may also be useful in the detection of stone disease in 
renal transplant patients, if sonography is not 
diagnostic. Although DSA continues to be the gold 
standard in the detection of RAS, MDCT CTA in 
patients who can receive intravascular iodinated 
contrast media can be an alternative, noninvasive, 
effective diagnostic tool. 

• If the blood pressure is elevated or in the clinical 
setting of prominent peripheral atherosclerotic 
vascular disease, add MRA when duplex Doppler 
sonography or ACEI scintigraphy is positive or 
nondiagnostic in the patient with renal failure who is 
not a candidate for contrast angiography. MRI is also 
useful in the screening of native kidneys with cystic 
changes of end stage renal disease for the detection of 
suspected renal cell carcinomas. 

Anticipated Exceptions 
Nephrogenic systemic fibrosis (NSF) is a disorder with a 
scleroderma-like presentation and a spectrum of 
manifestations that can range from limited clinical 
sequelae to fatality. It appears to be related to both 
underlying severe renal dysfunction and the 
administration of gadolinium-based contrast agents. It has 
occurred primarily in patients on dialysis, rarely in 
patients with very limited glomerular filtration rate (GFR) 
(ie, <30 mL/min/1.73m2), and almost never in other 
patients. There is growing literature regarding NSF. 
Although some controversy and lack of clarity remain, 
there is a consensus that it is advisable to avoid all 
gadolinium-based contrast agents in dialysis-dependent 
patients unless the possible benefits clearly outweigh the 
risk, and to limit the type and amount in patients with 
estimated GFR rates <30 mL/min/1.73m2. For more 
information, please see the ACR Manual on Contrast 
Media [71]. 

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. 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 
Effective Dose 

Estimate Range 
None 0 

Minimal < 0.1 mSv 
Low 0.1-1 mSv 

Medium 1-10 mSv 
High 10-100 mSv 

Supporting Document(s) 
• ACR Appropriateness Criteria® Overview 
• Evidence table under review 
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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. 

Appendix 1. The Five Stages of Chronic Kidney Disease 

Your glomerular filtration rate (GFR) is the best indicator of how well your kidneys are working. In 2002, the National 
Kidney Foundation published treatment guidelines that identified five stages of chronic kidney disease (CKD) based on 
declining GFR measurements. The guidelines recommend different actions based on the stage of kidney disease. 
Increased risk of CKD. A GFR of 90 or above is considered normal. Even with a normal GFR, you may be at increased 
risk for developing CKD if you have diabetes, high blood pressure, or a family history of kidney disease. The risk 
increases with age: People over 65 are more than twice as likely to develop CKD as people between the ages of 45 and 65. 
African Americans also have a higher risk of developing CKD. 

Kidney damage with normal GFR (90 or above). Kidney damage may be detected before the GFR 
begins to decline. In this first stage of kidney disease, the goals of treatment are to slow the progression 
of CKD and reduce the risk of heart and blood vessel disease. 

Stage 1 

Kidney damage with mild decrease in GFR (60 to 89). When kidney function starts to decline, your 
health care provider will estimate the progression of your CKD and continue treatment to reduce the risk 
of other health problems. 

Stage 2 

Moderate decrease in GFR (30 to 59). When CKD has advanced to this stage, anemia and bone problems 
become more common. Work with your health care provider to prevent or treat these complications. Stage 3 

Severe reduction in GFR (15 to 29). Continue following the treatment for complications of CKD and 
learn as much as you can about the treatments for kidney failure. Each treatment requires preparation. If 
you choose hemodialysis, you will need to have a procedure to make a vein in your arm larger and 
stronger for repeated needle insertions. For peritoneal dialysis, you will need to have a catheter placed in 
your abdomen. Or you may want to ask family or friends to consider donating a kidney for 
transplantation. 

Stage 4 

Kidney failure (GFR less than 15). When the kidneys do not work well enough to maintain life, you will 
need dialysis or a kidney transplant. Stage 5 

In addition to tracking your GFR, blood tests can show when substances in your blood are out of balance. If phosphorus or 
potassium levels start to climb, a blood test will prompt your health care provider to address these issues before they 
permanently affect your health. 
From the National Kidney and Urologic Diseases Information Clearinghouse (NKUDIC) a Service of the National Institute of Diabetes and Digestive 
and Kidney Diseases (NIDDKD), National Institutes of Health available at: http://kidney.niddk.nih.gov/kudiseases/pubs/yourkidneys/index.htm. 
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