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Abstract
Imaging of the kidneys can provide valuable information in the work up and management of acute
kidney injury. Several different imaging modalities are used to gather information on anatomy of the
kidney, to rule out obstruction, differentiate acute kidney injury (AKI) and chronic kidney disease
and to obtain information on renal blood flow and GFR. Ultrasound is the most widely used imaging
modality used in the initial work up of AKI. The utility of contrast enhanced computerized
tomography and magnetic resonance imaging is limited because of toxicities associated with contrast
agents used. In this review the basics of ultrasonography are reviewed with an emphasis on findings
in AKI. The new developments in different imaging modality and their potential uses in AKI are
reviewed as well.

INTRODUCTION
Acute kidney injury (AKI) is characterized by a rapid decline in kidney function within a few
hours to a few days. AKI is relatively common among hospitalized patients, especially those
in the intensive care units and is associated with higher morbidity and mortality [1,2]. Causes
of AKI vary, and may range from reduced kidney perfusion and prerenal azotemia to direct
renal toxicity and urinary tract obstruction. While the end result is similar, i.e., retention of
waste products and fluid overload, the anatomy and histology of the kidney and the outcomes
differ significantly depending on the cause. Different imaging techniques can potentially
provide valuable information with respect to the anatomy of the kidney, the possibility of
obstruction, inflammation and edema and the quantity and pattern of renal perfusion. However,
depending on the condition of the patient and the severity of kidney injury, not all imaging
modalities are suitable for all individuals. In the majority of cases, renal ultrasonography is the
imaging study of choice; mainly because of its ease of use, noninvasive nature, safety profile
and the fact that practitioners can readily access this technique.

ULTRASOUND
Two-dimensional grey scale ultrasound is the imaging technique most commonly used in initial
evaluation of patients with acute or chronic kidney disease. It is widely available, easy to use
and free of complications. Portability of ultrasound is also an important advantage, especially
for critically ill patients in the ICU setting. Recent advances in ultrasound technology and
improved image quality have greatly improved our ability to visualize the kidneys with
ultrasound. Although the rate of abnormal ultrasound findings in the setting of AKI is not high
(about 10%), these findings can have a significant impact on patient management [3].

© 2009 Bentham Science Publishers Ltd.
*Address correspondence to this author at the University of Virginia Health System, Division of Nephrology, P.O. Box 800133,
Charlottesville, VA 22908, USA; Tel: 434-924-5125; Fax: 434-924-5848; KK6C@virginia.edu.

NIH Public Access
Author Manuscript
Curr Drug Targets. Author manuscript; available in PMC 2010 June 24.

Published in final edited form as:
Curr Drug Targets. 2009 December ; 10(12): 1184–1189.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The basic information provided by the B (for brightness) mode ultrasonography of the kidney
include renal size and cortical echogenecity (Fig. 1). Kidney size is a useful parameter in
differentiating acute from chronic kidney disease, where small size kidneys are expected. The
longitudinal length of the kidney is the most helpful measure, while other diameters and the
volume of the kidney provide information of lesser value [4]. Enlarged kidneys in the setting
of AKI suggest infiltrative diseases such as lymphoma, monoclonal gammapathies and could
also be seen in cases of acute proliferative glomerulonephritis (GN), acute tubular necrosis
(ATN) and acute interstitial nephritis (AIN) [5]. Kidneys are also expected to be enlarged in
renal vein thrombosis. In individuals with a transplanted kidney, an enlarged kidney on
ultrasound has sensitivity and specificity greater than 80% for diagnosis of acute rejection
[6].

The echogenecity of tissue, or the brightness of the ultrasound image in B mode, depends on
the echoes of the ultrasound from the structures within the tissue. A marked mismatch in
impedance between adjacent tissues is a major determinant of the strength of these echoes. In
the case of the kidneys, a significant mismatch is seen between normal kidney tissue and the
sinus fat surrounding the caliceal system. As a result, more sound reflection results in a bright
image in the central areas of the renal ultrasound image. Another determinant of the brightness
of the ultrasound image is the number of scatterers per unit of tissue volume or tissue density.
For example, edema of the tissue would result in poor echoes and tissue infiltration increases
echogenecity. Examples of hyperechoic kidneys in setting of AKI are monoclonal
gammapathy, nephrotoxic ATN [4] and acute proliferative and crescentic GN [7].

Cortical thickness not only differentiates between AKI and CKD, the latter being associated
with thin cortices, increased cortical thickness may suggest edema or infiltration within the
renal cortex. ATN, acute GN and acute interstitial nephritis (AIN) are examples of situations
in which enlarged kidneys with thick and echogenic cortices could be seen on renal
ultrasonography [4]. However, lack of precision in measuring cortical thickness and the lack
of standards for definition of a thick cortex, have limited the use of this parameter except in
cases where a baseline ultrasound examination exists.

B-mode ultrasonography is a very useful imaging modality to rule out the possibility of urinary
tract obstruction as the cause of AKI, if clinically indicated (Fig. 2). While caliceal dilatation
suggests urinary tract obstruction, conditions such as pregnancy [8] and diabetes insipidus
[9] can also result in caliceal dilation. The sensitivity of ultrasound in diagnosing urinary tract
obstruction in a renal allograft is very high (>90%) [10]. The specificity of ultrasound in these
cases reaches acceptably high values only in severe cases of hydronephrosis [4].

Doppler ultrasound provides information on renal blood flow. Resistive indices, i.e., peak
systolic velocity minus peak dialstolic velocity divided by peak systolic velocity, are calculated
by analysis of Doppler waveform in the main renal artery or smaller branches within the kidney.
Recent advances in ultrasound technology allow for the study of arteries up to the level of
interlobular arteries. However, preparation of patients, body habitus and experience of the
operator are major impediments in obtaining reliable results with this technique. In one study
of 41 individuals with kidney diseases, comparing Doppler US findings with biopsy results,
kidneys with active tubulointerstitial disease had higher RI compared to the kidneys with
glomerular disease (0.75 versus 0.58, P<0.01) [3]. Mean RI for patients with ATN and
vasculitis/vasculopathy were 0.78 and 0.82, respectively, in another study [3]. Although it has
been suggested that RI greater than 0.75 is more likely associated with intrarenal rather than
prerenal causes of AKI, the issues associated with the measurement of RI and the fact that it
increases with age, make this method less reliable [11].
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Other ultrasonographic findings that may be useful in differential diagnosis of AKI are a finding
of a hypodense band surrounding the kidney in acute cortical necrosis.

COMPUTERIZED TOMOGRAPHY
Significant advances in CT technology have occurred since its introduction almost 40 years
ago. Scans are acquired in a single spiral fashion with very thin slices. The new volumetric
scanners with several rows of detectors have revolutionized CT imaging. In particular, this
technology has provided the opportunity for reconstructing high resolution 3D images. This is
particularly significant in the field of CT angiography, which is quickly replacing catheter
angiography [12].

Non-contrast helical CT is currently considered the gold-standard for the diagnosis of
Nephrolithiasis (Fig. 3). All types of stones, except for indinavir stones, are detected by non-
contrast CT. This imaging technique provides information on the location of the stone, the
degree of stenosis and the general anatomy of the kidneys without the use of contrast agents.
This provides for an ideal imaging modality for those suspected of having AKI induced by
obstruction as a result of a stone. Other findings, such as the presence of hydronephrosis or
hydroureter with or without perinephric or periureteric stranding of the fat on the same side as
the stone, increase the specificity of CT. Stranding of a periureteric fat may persist even after
a stone is passed and symptoms are resolved.

Other potential causes of acute kidney injury, such as a leaking abdominal aortic aneurysm or
an intra-abdominal inflammatory or infectious process (localized stranding of intra-abdominal
fat), could be detected using non-enhanced CT. However, intravenous contrast agents are
required to enhance the CT image in all other situations. Contrast-enhanced CT is useful in the
diagnosis of renal tumors, renal artery stenosis and parenchymal renal disease. After injection
of the contrast agent using a triphasic helical CT, also known as functional CT, glomerular
filtration rate and renal blood flow can be measured as well [13]. However, due to the high risk
nephrotoxicity associated with the use of contrast agents, CT scans are only used for
unenhanced studies in cases suspicious of kidney stones not detected by ultrasonography.

MAGNETIC RESONANCE (MR) IMAGING
More recent advances in MR imaging technology have provided potentials for future utility of
this imagin g technique in the setting of AKI. All of the currently FDA-approved contrast agents
for MR imaging are gadolinium based and thus unsuitable for use in patients with low GFR
because of the risk of nephrogenic systemic sclerosis (NSF). However, newly developed
contrast agents have been shown to be useful and safe in the setting of reduced kidney function
in animal and human studies. MR angiography (MRA) using ultra-small particles of iron oxide
(USPIO) could be used for the study of RBF and renal blood volume [14]. These agents are
macromolecular structures based on iron molecules that are not filtered through glomeruli and
serve as true blood pool agents. They provide enhancement characteristics similar to
gadolinium-based contrast agents.

USPIO, Ferumoxtran-10 and ferumoxytol, were developed for iron replacement in patients
with advanced CKD and phase III studies using ferumoxytol are completed. In those studies,
USPIO resulted in a good safety profile [15]. While ferumoxtran requires slow infusion to
avoid adverse reaction, ferumoxytol is free of systemic adverse events and can be administered
as a bolus for MRA studies [15]. USPIO are negatively charged and are picked up by activated
monocytes and macrophages. Therefore, increased localized tissue uptake in a late film (24
hours after injection), may indicate the presence of inflammation [14,16]. This has been
demonstrated in acute cellular rejection in renal transplantation, acute glomerulonephritis and
in animal models of ischemia reperfusion [14,15].
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Using deoxyhemoglobin as an endogenous contrast agent, blood oxygen level dependent
(BOLD) MR imaging is a novel and noninvasive imaging method to assess tissue oxygen
delivery. Reduced partial pressure of oxygen in tissues, and as a result of increased
deoxyhemoglobin concentration, results in a decreased intensity on T2-weighted MR images.
Small human studies have shown that this technique is useful in assessing changes in renal
medullary oxygenation in response to ingestion of different drugs and water loading [17-19].
This technique is also useful to detect altered medullary oxygenation in disease states such as
acute ureteral obstruction[20] and vascular occlusive disease [19].

NUCLEAR MEDICINE IMAGING
99m Technetium (Tc) is the preferred isotope for nuclear medicine imaging of the kidney, due
to its good imaging capability with low radiation doses and its relatively short half-life of 6
hours. Dimethylenetriaminepentaacetic acid (DTPA) and mercaptoacetyltriglycine (MAG3)
bound 99mTc are commonly used to measure GFR and RBF, respectively. Study of RBF
using 99mTc-MAG3 scan may be helpful in the setting of AKI, but is not widely used. While
the renal uptake in the first 1 – 2 minutes is normal in prerenal azotemia, it is expected to be
reduced in vascular and parenchymal diseases and in ATN [21]. After 20 minutes, the uptake
is increased in cases with prerenal azotemia, vascular disease and ATN and is expected to be
reduced in obstructive uropathy and parenchymal renal disease. Excretion of the radioisotope
is reduced in AKI irrespective of the cause [21].

Positron emission tomography (PET) provides significantly better spatial resolution than
conventional scintigraphy and in addition has the capacity to provide data on the function and
molecular composition of an organ. Combination of PET and CT scanning provides an
opportunity to add functional and quantitative data with anatomical and spatial information to
be able to localize lesions. Tracers used for PET scans are either limited to the tissue such as
Rb-82, N-13 and Cu-62 PTSM (category II) or can freely diffuse between the blood pool and
the tissue, like O-15 (category I) [22]. Potential clinical uses for PET scans in the future based
on the results of few studies of kidney imaging include, determination of RBF and GFR,
diagnosis of renal artery stenosis, determination of the function of tubular peptide, cation and
anion transporters, tissue activity of enzymes such as angiotensin converting enzyme and
regulation of receptors such as angiotensin type 1 receptors within the kidney [22]. In particular,
the changes in expression of molecules such as reactive oxygen species that control cell
response and repair after injury in the setting of AKI could potentially be determined by PET
scanning [23].

Traditionally, PET scanning has required an arterial line and not been widely available. Most
of the PET imaging studies of the kidneys are performed for research purposes at this time.

CONTRAST-ENHANCED ULTRASOUND
Contrast enhanced ultrasonography (CEU) has been used extensively in cardiology to assess
myocardial perfusion during echocardiography [24-29]. In this technique, stabilized gas
bubbles are injected intravenously to enhance the ultrasound image. Contrast agents used for
ultrasonography are microbubbles made of a protein, saccharide or lipid shell and a high
molecular weight gas such as perfluorocarbons [30]. Reflection of ultrasound waves off of
these gas filled microbubbles results in a bright image of the vasculature within the organ (Fig.
4).

Ultrasound contrast agents are superior to contrast agents used in magnetic resonance or
computed tomography for imaging of the vasculture because they behave the same as red blood
cells and do not diffuse out of the vascular space [25]. The small diameter of microbubbles (1
and 6 μm), makes it possible for them to pass through all capillary beds including the pulmonary
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capillaries [31]. As a result, ultrasonographic imaging of the vasculature is possible after
intravenous infusion of these contrast agents.

Ultrasound contrast agents have been proven to be safe and free of hemodynamic effects. CEU
is an ideal imaging modality for the study of microcirculation as well as the study of blood
flow patterns and blood velocity in larger vessels and tissue blood flow [25,32].

CEU involves continuous Power Modulation ultrasound imaging of the tissue (kidney) with
low mechanical index (MI 0.1) during constant intravenous infusion of the ultrasound contrast
agent. After about 2 minutes, when the microbubbles reach the steady state, all the
microbubbles within the kidney are disrupted using high energy ultrasound (MI 1.0).
Elimination of the contrast agent from the tissue results in a sharp decrease in the video intensity
immediately after the high energy pulse. Microbubbles will then start to reappear in the tissue
at a constant rate until they reach a plateau which is considered the tissue volume or reserve.
Continuous ultrasound imaging using Power Modulation with low mechanical index of 0.1 (to
avoid further disruption of microbubbles) after application of the high energy pulse provides
information on the rate of reappearance of microbubbles in the kidney tissue. This information
is used to estimate RBC velocity (Fig. 5) [33].

Currently CEU is only approved by the FDA for myocardial blood flow studies. However, a
few human studies have demonstrated its utility as a quick, practical and safe method of
monitoring changes in renal blood flow. The pattern and quantity of blood flow and tissue
blood volume in different regions within the organ, i.e., cortex separately from medulla, can
be determined within a few minutes with this relatively noninvasive technique, which is
particularly desirable in clinical situations in which patient transfer out of the intensive care
unit is an issue. By providing information on renal hemodynamis, as well as regional changes
in renal blood flow, CEU has the potential to serve as a helpful tool in the diagnostic work up
of patients with AKI.

SUMMARY
Renal ultrasonography remains the safest, most useful and most widely used imaging technique
in the initial assessment of patients with AKI. Information relating to kidney size and
echogenicity are valuable in directing physicians towards appropriate decision making
pathways in the management of AKI. One of the main utilities of ultrasound in this setting is
eliminating the possibility of significant obstruction.

Contrast enhanced ultrasonography has the potential of serving as a safe and practical tool in
the study of renal hemodynamics in the future. Development of new contrast agents for MR
imaging, although not yet in clinical use, can potentially make this modality desirable in this
setting. PET scans provide valuable information on tissue composition and function, but require
further research and development and more widespread availability before they become a
significant contributor to the routine diagnostic work up of patients.
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Fig. 1.
B-mode ultrasound images of (A) normal kidney, (B) enlarged and echogenic kidney with loss
of differentiation between cortical, medullary and sinus fat compartments in a case with acute
kidney injury, (C) small, slightly echogenic kidney with thin cortex in a patient with chronic
kidney disease and (D) normal size but echogenic kidney with a single simple cyst in a patient
with chronic kidney disease secondary to diabetic nephropathy.
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Fig. 2.
B-mode ultrasound image of the kidney demonstrating hydronephrosis. Dilated calices (thin
arrows) and renal hilum and the origin of ureter (thick arrow) are seen in this image.
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Fig. 3.
Unehanced computerized tomography (CT) images of (A) distal right ureteral stone (arrow)
with periureteric stranding and (B) large kidney stone (arrow). B = bladder.
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Fig. 4.
B-mode (A), and contrast-enhanced (B) ultrasound images of the kidney. Note the marked
improvement in image quality especially in clear distinction between the cortex and medulla
in the contrast enhanced image. This technique can provide useful information on the quantity
and pattern of blood flow, volume and velocity to different regions within the kidney tissue.
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Fig. 5.
Sequential contrast-enhanced images of kidney with frames selected from (A) steady state
during infusion of contrast agent, (B) high energy pulse and destruction of tissue microbubbles
within the kidney, (C) replenishment of the kidney tissue with contrast agent observed first in
the main, interlobar and arcuate arteries in a fraction of a second and later in the renal cortex
(after about 1 second) (D).
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