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Abstract
Contrast-enhanced ultrasound (CEUS) is an extension and an enhanced form of ultrasound that allows real-time evalua-
tion of the various structures in different vascular phases. The last decade has witnessed a widespread expansion of CEUS 
applications beyond the liver. It has shown fair potential in kidneys and its diagnostic  efficacy is comparable to CT and 
MRI. Ultrasound is the well-accepted screening modality for renal pathologies, however, it underperforms in the charac-
terization of the renal masses. CEUS can be beneficial in such cases as it can help in the characterization of such incidental 
masses in the same sitting. It has an excellent safety profile with no risk of radiation or contract-related nephropathy. It can 
aid in the correct categorization of renal cysts into one of the Bosniak classes and has proven its worth especially in complex 
cysts or indeterminate renal masses (especially Bosniak Category IIF and III). Few studies also describe its potential role 
in solid masses and in differentiating benign from malignant masses. Other areas of interest include infections, infarctions, 
trauma, follow-up of local ablative procedures, and VUR. Through this review, the readers shall get an insight into the vari-
ous applications of CEUS in kidneys, with imaging examples.
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Introduction

Contrast-enhanced ultrasound (CEUS) is an extension and 
an enhanced form of ultrasound that allows real-time evalu-
ation of the various structures in different vascular phases. 
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It has recently gained popularity and is widely practiced 
by radiologists worldwide [1]. It was initially designed to 
study the cardiovascular system. Later with the formulation 
of more stable second-generation ultrasound contrast agents 
(UCAs), its scope widened. It has proven potential in imag-
ing evaluation of various abdominal viscera, more so for 
the liver. Other applications are seen in the spleen, kidneys, 
pancreas, abdominal aorta, lower genitourinary tract, bowel, 
etc. [2]. European Federation of Societies for Ultrasound in 
Medicine and Biology (EFSUMB) has laid various guide-
lines for its use in the liver and other abdominal viscera 
including kidneys in the year 2012 and updated in 2017 [3].

The pioneer of contrast in ultrasound was Joyner who 
observed increased enhancement of intracardiac echoes 
with saline injection during echocardiography in the year 
1960. The first case report was published by Gramiak and 
Shah in 1968 who used an intracardiac injection of indo-
cyanine green/saline in contrast echocardiography [4]. The 
compressed gas in the core of the microbubble caused the 
backscattering of ultrasound waves, resulting in enhance-
ment. It allows real-time assessment of the macro and micro-
vasculature along with the contrast enhancement pattern of 
the lesion in question. The diagnostic accuracy of the con-
trast-enhanced ultrasound in kidneys is comparable to Com-
puted Tomography (CT) and Magnetic Resonance Imaging 
(MRI) with an excellent safety profile [5]. The rate of serious 
adverse reaction was reported to be around 0.0086% by a 
large retrospective study [6]. It is not metabolized by kidneys 
and hence can be used in patients with chronic kidney dis-
ease (CKD), unlike iodinated and gadolinium-based contrast 
agents which are to be used with caution in CKD indeed [7]. 
There is no risk of iodinated contrast-related nephrotoxic-
ity, gadolinium-related nephrogenic systemic fibrosis, or 
radiation-related injury. It can be performed at the bedside 
in non-ambulatory patients [8]

It can be performed in kidneys for accurate classification 
of a cyst into Bosniak category, characterize solid and inde-
terminate renal masses especially can differentiate hypovas-
cular renal tumors from cysts which are even undetermined 
at contrast-CT scanning), renal infarction, infections, renal 
transplant recipient, for follow-up after ablative treatment 
[3, 9] which shall be covered in this review.

CEUS principle

UCAs are composed of gas microbubbles that are sur-
rounded by a shell of protein, lipid, or polymer [10]. The 
shell thickness is 10–200 nm and may be hard, as in dena-
tured albumin, or soft and flexible as in lipids. The core 
gas may be air, perfluorocarbon, or sulfur hexafluoride. 
Over 30 different UCAs are available based on the differ-
ences in shell material and core gas [11]. Ideally, the core 

gas should be inert having low diffusibility and solubil-
ity with high vapor pressure to persist in microcirculation 
for a longer time. First-generation contrast agents have air 
microbubbles in the core. As the air gets easily dissolved 
in the blood, it is not being used these days. Second-gen-
eration contrast agents can have perfluorocarbon or sulfur 
hexafluoride which shows low solubility in blood and does 
not diffuse through the shell easily, so they are preferred. 
This particular composition allows these agents to last for 
a period of ~ 5–7 min inside the blood vessels. The micro-
bubble size ranges from 3 to 5 μm, about the same size as 
the red blood cell, which allows them to be strictly pure 
blood pool agents [12].

Two basic principles govern the functioning of CEUS, 
one is an increase in backscatter, and the second is back-
ground signal suppression. When exposed to ultrasound 
waves, these bubbles undergo contraction and expansion 
causing a doubling of their size at a frequency close to diag-
nostic ultrasound frequency. At this frequency, they reflect 
the transducer with higher energy than the passive reflec-
tors. They significantly enhance the backscatter owing to 
the major difference of acoustic impedance at the gas fluid/
tissue surface interface. The size of microbubbles is in the 
range of 3–5 μm so they resonate maximally at the general 
frequency used in ultrasound. Background suppression is 
done with the technique of pulse inversion, in which two 
signals which are mirror images of each other but are of 
opposite phases are sent through the same scan line. The 
echoes, produced are then received by the transducer. Tis-
sues with microbubbles behave as non-linear reflectors and 
produce a net signal, whereas the tissues with no contrast 
agent behave as linear reflectors with no net signal. When 
the ultrasound beam reaches the tissue with microbubbles, 
there is strong backscatter which results in a high signal 
against a dark background. These microbubbles undergo dis-
ruption after several minutes inside the blood vessel and the 
internal gas gets exhaled out by the lungs while the coating 
particles are metabolized in the liver [13]. Since they do not 
undergo renal metabolism, they can be used in patients with 
renal impairment as well. Contrast dynamics, flow rates, and 
perfusion can be evaluated with this technique [14].

These agents can detect microvasculature that is too small 
with blood flow very slow to be detected by color and power 
Doppler. The sensitivity of CEUS to show blood vessels is 
higher than the power and color doppler [15]. Furthermore, 
the temporal resolution is higher than the CT and MR as 
real-time evaluation is done. Another advantage is that with 
real-time CEUS, there is continuous scanning of the organ of 
interest during various contrast phases while lesions may be 
missed or be incorrectly characterized due to inappropriate 
timing of CT or MR acquisition phases [2].

Special ultrasound equipment is required for performing 
CEUS which uses the principle of phase inversion and with 



1371Abdominal Radiology (2022) 47:1369–1384 

1 3

a low mechanical index (MI) which prevents disruption of 
these microbubbles [16].

EFSUMB recommendations for reducing bioeffects of 
CEUS are to use low MI, higher frequencies, reducing total 
acoustic exposure time, reducing contrast dose, and adjust-
ing cardiac triggering to avoid end-systolic triggering to 
prevent ventricular arrhythmias [3].

Dose in kidney

Although not specified in the EFSUMB guidelines, the 
contrast dose to be used for the study of the renal paren-
chyma (Sulfur hexafluoride) generally ranges from 1.4 to 
2.4 ml, depending upon the habitus of the patient, depth of 
the lesion, and the type of ultrasound scanner [17]. In our 
institute, for renal application, 1vial containing 25 mg of 
lyophilized powder of Sonovue was reconstituted with 6 ml 
of saline. 2 ml of this mixture is injected followed by a saline 
flush of 5 ml which gives fairly good results.

Contra‑indications

Currently, the only contra-indication of the CEUS agent is 
hypersensitivity to the agent. In patients with severe pulmo-
nary hypertension and unstable cardiopulmonary disease, 
these agents should be used with caution. Rarely, serious 
cardiopulmonary reactions may occur following the admin-
istration of CEUS agents [18]. Limited data are available on 
its use in pregnancy, breastfeeding, and in the pediatric pop-
ulation, however, no secondary effects have been described 
in these groups of patients. Trained personnel with resuscita-
tion kits should be available in the US room to manage any 
such rare occurrence.

Few animal studies have been performed to evaluate the 
side effects specifically pertaining to CEUS in kidneys. 
These were performed on rats and pigs. Histological find-
ings of glomerular capillary hemorrhage, surface bruising, 
and microhematuria were observed in the kidneys. However, 
these studies were performed using high MI, high dose of 
contrast agent, different frequency, and longer times of expo-
sure [19].

Phases of enhancement in kidney

Immediately after the administration of CEUS, there is a 
rapid enhancement of the main renal artery followed by 
the renal branches. Thereafter there is the enhancement 
of the cortex of the kidney followed by medullary perfu-
sion. The cortical phase begins 10–15 s after injection and 
lasts 20–40 s, whereas the medullary enhancement lasts for 
45–120 s. First, the outer medulla enhances, and then the 
pyramids. Since the contrast is not excreted by the kidneys, 

no excretory phase is observed. As the concentration of con-
trast in the main circulation decreases, the enhancement in 
kidneys also diminishes [20, 21]. Both vascular architecture 
and dynamic visualization of any lesion in question can be 
assessed on different vascular phases.

Applications in kidneys

Cystic renal masses

Bosniak classification is the most widely accepted classifica-
tion for cystic renal masses originally published in 1986 [22] 
and updated in 2019 [23]. Originally described on contrast-
enhanced CT, the latest version proposed in 2019 has incor-
porated MRI features of renal lesions in classification [23]. 
It is to be noted that contrast-enhanced ultrasound (CEUS) 
has not been included in the Bosniak classification system. 
Recently CEUS adapted Bosniak cyst categorization has 
been proposed by Cantisani et al. [24]. Except for simple 
cysts with thin septa (< 3) and with calcifications, deter-
mination of the malignant potential of other cysts would 
require the administration of UCA. Based on wall thickness, 
number, enhancement of septa, and enhancing solid nodule, 
cystic renal masses are classified into various categories. A 
higher class corresponds to an increased likelihood of cystic 
renal mass being malignant. CEUS has a higher spatial and 
temporal resolution and has been reported in various studies 
to detect the presence or absence of contrast enhancement 
of the cyst wall, septa, and solid component which may up 
or downgrade the class (according to Bosniak classification) 
appropriately [25–27]. Thereby, owing to contrast enhance-
ment, it is more reliable in evaluating complex renal lesions 
than conventional ultrasound [28].

According to this proposed Bosniak Classification based 
on the multiparameter US, five categories of cysts are 
defined with increased risk of malignancy. Category 1 cyst 
is a simple cyst with sharp margins, a thin wall (< 2 mm), 
anechoic contents, posterior acoustic enhancement, and the 
absence of calcification or wall irregularity (Fig. 1). The 
point to note is that these cysts are well characterized on B 
mode US and do not require CEUS. These are benign and 
require no further management.

Category II cysts are minimally complex cysts which 
are like simple cysts but with 1–3 thin septa (< 2 mm) 
with no irregularities along with calcification in septa 
or wall which does not hinder cyst evaluation. CEUS is 
not necessary for these cysts which do not demonstrate 
any enhancement or may show individual microbubbles 
through the septa. The presence of internal debris, echo-
genic contents, or mixed echotexture of the cyst will also 
fall in Category 2 cysts, however, they warrant CEUS 
which demonstrates no enhancement except for individual 
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microbubbles through the septa. These lesions are benign 
and do not require further management.

Category II F lesions are presumably benign and 
include cysts with multiple septa, slightly thickened 
smooth septa or wall (2–3 mm), internal debris, echo-
genic content, mixed appearance, and calcification which 
slightly hampers the cyst evaluation. CEUS will also show 
minimally thickened septa or walls (Fig. 2). Completely 
intrarenal category II cysts will also fall in this category. 
Follow-up is necessary for such non-surgical lesions.

Category III cysts show smooth thickened walls or septa 
(> 4 mm) or irregular thickened (> 3 mm) septa or enhanc-
ing wall and absence of solid enhancing component on the 
contrast-enhanced US. Almost 50% of Bosniak III lesions 
are malignant and European urological guidelines recom-
mend surgery or active surveillance for these lesions.

Category IV lesions are likely malignant. These have 
the characteristic of category III cysts along with soft tis-
sue nodules which if obtuse-angled should measure more 
than 4 mm and if acute, could be of any size. CEUS will 

depict enhancement of the septa, wall, and solid nodules 
(Fig. 3).

Several studies have found CEUS more sensitive than CT 
in depicting the cystic wall and septa vascularity [25, 29, 
30].In a study comparing CEUS and contrast-enhanced CT 
for classifying cystic renal masses, high interobserver agree-
ment (k = 0.86, p < 0.001) was found with the US, and com-
plete concordance between the two modalities was found in 
the differentiation of surgical and non-surgical candidates 
[31].

In a recent study, the diagnostic performance of CEUS 
for assessment of Bosniak III cystic masses was found to 
correlate well with histopathological diagnosis [32]

A study by Lan et al. showed the sensitivity of CEUS 
to be higher in comparison with CECT, but with slightly 
lower specificity of CEUS [33]. In a study done by Chen 
et al. to compare the diagnostic performance of CEUS with 
MRI for complex cystic renal masses, they found a higher 
diagnostic sensitivity and accuracy but lower specificity 
than MRI (sensitivity, specificity, and overall accuracy of 

Fig. 1  Bosniak I category on CECT (a) depicts a hypodense cystic lesion with thin walls, without septa and sharp margins. There are no solid 
components or calcifications. No enhancement is depicted on CEUS (b). CEUS has no definitive role in the diagnosis of Bosniak I Category cyst

Fig. 2  Bosniak II F class, the cysts have multiple septa on CECT (a). On CEUS (b), On CEUS, thin numerous septa with minimal enhancement 
are identified
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CEUS in the assessment of masses were 97.2%, 71.4%, 
and 84.5% versus 80.6%, 77.1%, and 78.9% for MRI) [34].

In a recent study, the beneficial and promising role of 
CEUS for follow-up of Bosniak 2F lesions was demon-
strated [35].

Though the staging of malignant cystic lesions is best 
done by CT, however, CEUS is advantageous for the fol-
low-up of non-surgical complex cystic lesions [36]. This 
will avoid unnecessary radiation exposure to the patient.

So, CEUS has a potential role in the categorization of 
Bosniak IIF, III, IV cystic masses, and for follow-up of 
complex cystic masses (Fig. 4) which are managed with 
active surveillance.

Patients with chronic kidney disease, especially those 
on long-term dialysis, frequently have multiple and 
bilateral renal cysts [37]. These patients are also at an 
increased risk of developing renal malignancy [38–40]. 
As both CT and MRI contrast agents pose a risk to cause 
further renal impairment to these patients, CEUS (by vir-
tue of non-renal excretion of US contrast agents) can be a 
potential alternative modality for the evaluation of renal 

cystic masses. Therefore, CEUS assumes a crucial role in 
the assessment of the renal cysts in these patients (Fig. 5).

A study conducted by Chang et al. showed a high sen-
sitivity for diagnosing renal malignancy in patients with 
chronic kidney disease. CEUS sensitivity was compara-
ble to the reported sensitivity of CT (83–100%) and MR 
(81–100%) among patients with and without CKD [41]. 
They found sensitivity to be high as 90% (95% CI 56%, 
98%), and specificity was 55% in CKD patients.

In a retrospective study conducted by Yong et al. for 
evaluating the performance of contrast-enhanced ultra-
sound (CEUS) in the risk stratification of indeterminate 
renal lesions picked up incidentally, in CKD patients, they 
found a high sensitivity of 95.5% (95% CI 77.2–99.9%), 
specificity of 94.2% (95% CI 84.1–98.8%), positive predic-
tive value (PPV) 87.5% (95% CI 67.6–97.3), and negative 
predictive value (NPV) 98.0% (95% CI 89.4–100%), con-
cluding that CEUS has a high diagnostic performance in 
predicting benignity of renal lesions in CKD patients, with 
sensitivity and NPV approaching 100% [36].

However, it is not always easy to identify dubious 
lesions in kidneys with chronic renal failure. Indeed if 

Fig. 3  Bosniak III category, On 
iodine map and corresponding 
CECT image (a), A renal cyst 
shows homogeneous thickening 
of the walls and thin septations. 
The CEUS (b, c) examination 
reveals contrast-enhancing 
irregular wall and septa
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we consider the dominant multicystic disease, due to the 
increase in size, does not allow us to identify the dubious 
lesion due to the poor panoramic view.

Solid renal masses

Over the last few years, the detection rate of incidental renal 
masses has improved with the increasing trend of routine 

ultrasounds being done. Solid renal tumors can be detected 
using the grayscale US; however, their characterization is 
difficult [42]. It is crucial to determine whether a mass is 
benign or malignant on detection of a solid renal mass in 
the US. Benign masses include angiomyolipoma, adenoma, 
and oncocytoma. Malignant renal masses could be renal 
cell carcinoma (RCC), metastasis, lymphoma, and urothe-
lial tumors.

Fig. 4  Bosniak IV category, On CECT (a, b) renal cystic mass is seen with distinct enhancing soft tissue nodules independent of the wall or 
septa. The CEUS (c, d) examination reveals contrast-enhancing irregular wall and septa with distinct soft tissue nodules

Fig. 5  US image a shows a lesion that appears predominantly solid 
with few cystic/anechoic areas in the periphery and septae within (red 
arrows). b CEUS revealed that the lesion shows only peripheral and 

septal enhancement and is a Bosniak III class cyst rather than a Bos-
niak IV class cyst
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B mode the US, however, may at times fail to distinguish 
solid vs complex cystic lesions. Internal echoes with a cyst 
can be dense and do not always demonstrate layering on 
grayscale imaging and can therefore mimic a solid tumor on 
grayscale. CEUS may be of help in such scenarios as it can 
differentiate between the complicated cyst and solid tumor. 
There shall be no enhancement of the echoes within the cyst 
but any solid component shall show persistent enhancement 
[43] (Fig. 6).

Once the presence of solid renal mass is confirmed, the 
next step is to categorize it into a benign or malignant mass. 
This is essential as almost 30% of the incidental renal masses 
which undergo surgery, turn out to be benign lesions and 
25% are low-grade malignancies [44]. Accurate preopera-
tive diagnosis can avoid unnecessary surgeries especially 
in patients with multiple co-morbidities. Few studies have 
researched the application of CEUS in the characterization 
of solid masses and have obtained encouraging yet conflict-
ing results. According to a recent meta-analysis done by Pan 
et al. pooled sensitivity, specificity, positive likelihood ratio, 
negative likelihood ratio odd of CEUS in RCC were 0.97, 
0.86, 6.8, and 0.04 [45]. A meta-analysis was done on CEUS 
to differentiate malignant vs. benign renal masses obtained 
a sensitivity of 88% and a specificity of 80% [46]. Another 
recent study by Geyer et al. [47], done in histopathologically 
proven 96 cases of RCC and 18 cases of benign renal mass, 
however, found no specific feature on CEUS to accurately 
distinguish solid renal masses.

RCC on B mode in the US usually depicts heterogeneous 
mass with internal areas of necrosis, calcification, and hem-
orrhage. Rarely they may be small and homogenous. The 
enhancement pattern of clear cell variety of RCC has not 
been uniform among various studies. The difference could 
be attributed to the different morphology of RCC, differ-
ent contrast media used, or differences in the terminology 
of various phases. Most of the studies have described early 
hyperenhancement of clear cell RCC (ccRCC) with wash-out 
of the UCA in the delayed phase (Fig. 7). Peritumoral rim 

enhancement or formation of the pseudo capsule is fairly 
specific for RCC [48]. The papillary variant of RCC (pRCC) 
on the other hand is usually homogenous and hypoechoic 
on B mode ultrasound and remains hypovascular in all the 
phases of contrast enhancement on CEUS [48].

About 70% of renal carcinoma are Clear cell types that 
are easy to diagnose based on their hypervascularity and 
show intense contrast enhancement on contrast-enhanced 
CT [49]. However, hypovascular RCCs pose a real diagnos-
tic challenge. These include papillary, cystic, and chromo-
phobe renal cell carcinoma (chRCC), spindle cell carcinoma, 
clear cell sarcoma, and collecting duct carcinoma. In these 
patients with a hypovascular mass, the next step is usually to 
conduct an FNAC or biopsy which are invasive and carry a 
risk of tumor seeding or bleeding to reach a definitive diag-
nosis and carefully follow-up observation. A study by Tamai 
et al. showed no marked difference between contrast CT and 
CEUS in the ability to diagnose clear cell carcinoma; how-
ever, CEUS was found to supersede the diagnostic ability of 
CECT in the diagnosis of hypovascular renal tumors [50]. A 
prospective study conducted on 50 patients concluded that 
CEUS significantly improves diagnostic confidence to assess 
solid renal masses. Histopathology or MRI follow-up was 
used as a reference for definitive diagnosis.

Few recent studies have also evaluated the role of quan-
titative parameters for differentiation of various subtypes of 
RCC and a few benign tumors like Angiomyolipoma (AML). 
In one of the recent study by Hiu et al. various quantita-
tive parameters like the peak intensity (PI), slope (SL), area 
under the curve (AUC), area under the wash-in curve (AWI), 
area under the wash-out curve (AWO), time to peak intensity 
(TTP), and the mean transit time (MTT) were studied of the 
maximum enhancing component of the renal tumor and the 
adjacent cortex were studied [51]. A combination of these 
parameters could differentiate RCC from AML with sensi-
tivity and specificity of 100% and 81.2%, respectively. Like-
wise, sensitivity and specificity of 85.71% and 85.92% were 
obtained in differentiating ccRCC from pRCC and chRCC. 

Fig. 6  B mode US a image shows a solid cystic appearing exophytic mass arising from the lower cortex. CEUS image b shows a predominantly 
cystic mass with mild peripheral wall thickening with no soft tissue enhancement within. This was given Bosniak category 2F instead of 4
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In RCC, differentiation of bland vs. malignant thrombus 
can also be confidently done with CEUS. Malignant throm-
bus will show enhancement like the tumor, whereas bland 
thrombus will not have any enhancement (Fig. 8).

Early hyperenhancement is however also shown by 
benign tumors like AML and oncocytoma. AML is typi-
cally composed of fat, smooth muscle, and abnormal blood 
vessels. Depending on the concentration of fat, they can be 

Fig. 7  a–d Successive CEUS images showing early hyperenhancement compared to parenchyma and early washout in a case of suspected RCC 

Fig. 8  CECT abdomen axial image a shows left renal cell carcinoma 
with enhancing soft tissue extending into the renal vein causing its 
expansion (arrow), likely tumor thrombus. CEUS images b, c show 

enhancement in the soft tissue in the renal vein (arrow) further con-
firming the findings of tumor thrombus
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classified as fat predominant AML and minimal fat AML. 
It is the minimal fat AMLS that pose a diagnostic dilemma 
as they closely mimic RCC on imaging. Most AMLs will 
be hyperechogenic on the b mode US and will show homo-
geneous and sustained tumor enhancement on CEUS [52]. 
According to a study by Lu et al. minimal fat AML showed 
centripetal enhancement in the cortical phase, had homo-
geneous peak enhancement, and in the parenchymal phase, 
they showed isoenhancement [53]. These features were in 
contrast to the enhancement pattern of clear cell RCC and 
helped in differentiating the two entities. Pseudocapsule for-
mation was seen in 40% of the cases of an epithelioid variety 
of minimal fat RCC which is an aggressive mass requiring 
surgical management [48].

Oncocytoma is also a close mimicker of ccRCC. They 
are spherical tumors having a central scar on B mode US 
and may show central radiating vessels on Doppler interro-
gation [41]. Wu et al. and Mittal et al. found similar CEUS 
findings of oncocytomas which is a spoke wheel/centripetal 
pattern of hyperenhancement or a central scar with sustained 
enhancement in the delayed phase [50, 54].

Metastasis and lymphoma generally show multiple focal 
lesions in both the kidneys which are < 3 cm and lack a cap-
sule, though they can present as a solitary mass of variable 
size they show hypoenhancement in all the phases on CEUS 
[41].

To summarize, washout is suggestive of malignancy, and 
isoenhancement in the venous phase is suggestive of benig-
nancy. However, despite the revised literature using CEUS 
for the characterization of solid masses, EFSUMB guide-
lines do not recommend this characterization.

Indeterminate renal masses

Occasionally incidental renal masses may be observed while 
doing abdominal CT scans or MRI for other indications. In 
such cases, repeat CT exposure can be avoided, which will 
increase the radiation dose of the patient, by performing 
CEUS in such indeterminate masses.

Pseudotumors are the ones that simulate a tumor but are 
composed of non-neoplastic tissue. Renal pseudotumors 
may be developmental, infectious, granulomatous, and vas-
cular in nature [55]. Examples include prominent columns 
(septa) of Bertin, persistent fetal lobulation, dromedary 
hump, abscess, or arteriovenous malformation. Development 
pseudotumors can be differentiated from true renal tumors 
by comparing the enhancement of the lesion to normal back-
ground renal parenchyma. If the suspected lesion shows a 
different pattern of enhancement in at least one of the vas-
cular phases, it is likely a tumor, whereas a pseudolesion 
will enhance similar to background renal parenchyma in all 
the phases [14, 21, 56] (Fig. 9). However, in approximately 
5% of the cases, one may encounter an iso-enhancing renal 
tumor which enhances similar to renal parenchyma in all 
the phases [49]. In such cases, the pattern of the vascular 
architecture in the early arterial phase helps to make the 
differentiation. Pseudotumors shall have a vascular pattern 
like normal renal parenchyma, whereas any enhancing tumor 
shall cause displacement or distortion of the renal vascular 
architecture [3]. Very rarely additional investigations like 
CT or MRI may be required to differentiate pseudolesion 
from a neoplasm.

Fig. 9  B scale US and CEUS images a, b show apparent lesion at the middle pole with a cortical bulge (arrow), remained isoechoic with rest of 
the cortex in all phases of CEUS. Features are consistent with pseudotumor
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Renal infarction

CEUS has the excellent capability, equivalent to CECT and 
better than Doppler US, to demarcate areas of diminished 
or absent perfusion in the kidney signifying ischemia and 
infarction, respectively. Doppler in such cases would show 
absent flow. New modalities of color Doppler can sometimes 
differentiate between ischemia and infarction as they can 
detect very low flow. CEUS can distinctly show absent vs 
reduced enhancement in infarcted vs. ischemic area, thereby 
increasing the diagnostic confidence. Infarcted areas, clas-
sically appear as wedge-shaped non-enhancing areas in 
the peripheral part of the kidney (Fig. 10) [57]. Cortical 
necrosis can also be differentiated from renal infarction by 
determining the hilar vascularity which remains preserved 
in cortical necrosis. Furthermore, the visualization of the 
interlobar arteries allows differentiating the two identities 
as these are visible in the cortical damage with saving of 
the renal medulla. Cortical perfusion will be absent in both 
[58]. In addition, cortical necrosis usually involves the entire 
kidney and is usually bilateral while renal ischemia can be 
most commonly segmentary or less commonly diffuse.

Infective and inflammatory renal lesions

Renal infections are diagnosed primarily with help of clini-
cal history and laboratory examinations, in these cases, 
imaging is done to identify the likely etiology and early 
detection of complications. Acute pyelonephritis may go 
undetected in the US. Focal pyelonephritis will appear as 
hypoechoic areas on B mode imaging and as hypoenhancing 

areas on CEUS (Fig. 11). These areas are most conspicuous 
in the parenchymal late phase. Focal pyelonephritis should 
be differentiated from abscess formation. Clinically, in cases 
of non-resolving infection even after treatment, areas of 
abscess formation should be evaluated which shall appear 
as a wedge or round-shaped, having no vascularity on CEUS 
with or without surrounding rim enhancement (Fig. 12). 
Follow-up of such cases can also be done by CEUS [59]. 
According to one of the recent studies by Jung et al. [60], 
the sensitivity and specificity of CEUS in detecting acute 
pyelonephritis is 87.5% and 80.0% as compared to CT with 
moderate Intra and inter-observer agreement.

Renal transplant evaluation

CEUS has been used for the evaluation of graft kidneys in 
the early postoperative period for diagnosing parenchymal 
causes of graft dysfunction. In recent study patients under-
going renal transplantation were enrolled in a duration of 
3 years excluding patients with urologic or vascular com-
plications. All patients underwent CEUS (using sulfur hex-
afluoride) along with Doppler and Shear wave elastography 
and renal scintigraphic examination 3–10 days after trans-
plantation. Quantitative CEUS parameters (generated from 
a time-intensity curve) were analyzed along with other US 
parameters to detect graft dysfunction and differentiate acute 
tubular necrosis (ATN) from acute rejection (AR). The study 
concluded that CEUS can be used to diagnose parenchymal 
causes of early graft dysfunction with reasonable diagnostic 
accuracy [61].

Fig. 10  B mode US image a depicts a peripheral wedge-shaped hypoechoic area (arrow) in the upper pole of the kidney which on corresponding 
CEUS image b shows no enhancement suggestive of an infarct
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Conventionally, renal biopsy is performed for establish-
ing the diagnosis of ATN in renal transplant patients. CEUS 
can assess real-time perfusion of the transplanted kidney 
and various perfusion parameters can be quantified. This 
can potentially reduce the need for biopsy which is an inva-
sive procedure, however, more studies are required for its 
authentification.

Another important indication of CEUS in renal transplan-
tation is to detect/confirm vascular complications such as a 
renal artery or renal vein thrombosis, cortical necrosis. It 
has the potential to detect subcapsular ischemia and infarc-
tion and complications like pseudoaneurysms, abscess, or 
hematoma after surgery [47, 62, 63].

Post ablative treatment assessment

Various ablation techniques like Radiofrequency abla-
tion (RFA), microwave ablation, or cryoablation are being 
increasingly performed these days in the treatment of small 
renal tumors in patients who are not surgical candidates 
[64, 65]. The efficacy of the ablation is comparable to par-
tial/complete nephrectomy. The procedure is traditionally 
performed under CT guidance [66]. As the procedure is 
not done in real-time with CT, multiple repeat scans are 
required for adequate placement of the probes, which results 
in unnecessary radiation exposure. Iodinated contrast needs 
to be administered for distinct recognition of the tumor mar-
gins and vascular relations, which is nephrotoxic. In a few 
places, it is also done under the US or combined US and CT 
guidance. Post ablative assessment cannot be done in the 
same sitting due to the presence of post-ablation inflamma-
tory changes and also repeat contrast cannot be administered 

Fig. 11  In a case of UTI, CECT axial image a shows bulky hypoen-
hancing left kidney with an evolving abscess (arrow). Few enlarged 
retroperitoneal lymph nodes are seen. On B mode US image (b), the 

kidney appears hypoechoic with an anechoic area in the lower pole 
which on corresponding CEUS image c shows irregular peripheral 
enhancement, likely an evolving abscess in diffuse pyelonephritis

Fig. 12  In a patient with urinary tract infection, CEUS and US images show multiple hypoechoic lesions (arrow) in the lower pole of the left 
kidney having mild irregular peripheral enhancement, likely evolving abscesses
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due to its known complications [67]. Many studies are com-
ing up evaluating the role of CEUS guided RFA procedures 
for renal tumors. It allows precise localization of the target 
tissue. Also, it provides real-time guidance with no risk of 
radiation or side effects of iodinated contrast. Repeat injec-
tions of UCA can be administered to assess post ablative 
residual soft tissue immediately after the procedure after a 
gap of 5–10 min after the heat effect of the ablation sinks 
[68]. Any area of nodular or rim-like enhancement is consid-
ered as residual tissue [69, 70], whereas the presence of rim-
like enhancement in the very early period can be secondary 
to inflammatory changes. The residual tissue can then be 
ablated at the same sitting. CEUS has equivalent efficacy to 
CT/MRI in determining any residual disease after the abla-
tive procedure [70]. However, a recent study by Bertolotto 
et al. have demonstrated the persistence of enhancement 
even after 1 month of ablation on CEUS [71]. Another study 
by Bertolotto et al. on cryoablation of renal tumors shows 
that intratumoral enhancement on early CEUS examination 
may not signify residual viable tumor. Hence follow-up is 
advised in such cases. The main limitation of CEUS marks 
in the region which are not well assessed with ultrasound. 
The deep-seated areas like the upper pole of the left kidney 
may not be adequately seen or visualization is poor in very 
obese patients. In such scenarios, CEUS performs poorly.

Renal trauma

CEUS has a potential role in the assessment of solid visceral 
injury in the abdomen. B mode the US performs poorly in 
this area with a sensitivity of 45.7% [72], although it can 
detect free intraperitoneal fluid which is an indirect marker 
for solid organ injury with high sensitivity ranging from 63 
to 99% [73]. However, in about 33% of cases, there can be 
solid visceral injury without evidence of hemoperitoneum 
[74], hence these injuries will be missed on the plain US. 
CECT with delayed imaging is the gold standard for ini-
tial evaluation of suspected renal injury in blunt abdominal 
trauma cases [75]. The usefulness of CEUS in initial imag-
ing is limited due to its inherent properties and the need for 
a panoramic assessment of the abdominal organs. However, 
CEUS has a role in the follow-up of renal trauma, for moni-
toring high-grade injuries. It allows visual assessment of 
improvement of perfusion to injured areas, cortical volume 
loss estimation, and further follow-up for complications such 
as acute bleeding and characteristics such as parenchymal 
loss [76]. It is particularly useful in the follow-up of pedi-
atric patients where concerns like nephrotoxicity, radiation 
exposure, and motion artifacts are associated with CECT. 
CEUS can assist in the evaluation of solid visceral injury in 
the same setting. During the post-contrast venous phase, any 
acute injury shall appear as a non-enhancing defect with a 

sharp distinction from the normal vascular tissue [77]. Any 
laceration will appear as a linear, branching defect that is 
perpendicular to the overlying capsule associated with the 
capsular breach [78]. Lenticular non-enhancing subcapsular 
hematoma can also be seen. Active extravasation of con-
trast can also well be appreciated on CEUS as microbubble 
extravasation into renal or perirenal space. Complete vas-
cular injury due to pedicle avulsion is characterized by the 
complete absence of renal perfusion. According to a study 
by Regine et al. CEUS could correctly detect renal paren-
chymal injuries in all 28 patients [79]. As the UCAs are not 
excreted in the pelvicalyceal system (PCS), collecting duct 
injuries cannot be detected with CEUS and MDCT should be 
advised whenever there is clinical suspicion of PCS injury 
[67, 72].

Vesico ureteric reflux (VUR)

EFSUMB recommends endocavitatory use of CEUS in 
depicting VUR in boys and girls having high suspicion, for 
follow-up of VUR after conservative or surgical manage-
ment, and in patients, high-risk patients like kidney trans-
plant recipients with recurrent UTIs and siblings of patients 
with VUR. The contrast Sonovue is dilated with saline and 
injected into the bladder either through per urethral catheter 
or suprapubic puncture. Any reflux into the ureter or PCS 
can be picked up by repeated scanning of kidneys and ure-
ter/bladder during straining and voiding (Fig. 13). CEUS is 
far superior to the conventional micturating cystourethrog-
raphy done under fluoroscopy owing to its radiation-free 
nature (especially useful in the pediatric population) and 
higher sensitivity. Another advantage is evaluation of the 
entire urethra can also be performed in the same study [3, 
80]. A study by Drudi et al. have shown the potential role 
of CEUS in depicting VUR in transplant kidneys as well 
and has suggested performing voiding cystourethrography 
only if the result is negative on Contrast-enhanced voiding 
ultrasonography [81].

Future applications

Few recent studies have been published in evaluating 
the role of CEUS in calyceal puncture during percutane-
ous nephrolithotomy (PCNL) and for guiding puncture 
for nephrostomies [82]. The results are encouraging. 
They have found more accuracy with fewer incidences 
of repeat punctures with CEUS. The time for puncture is 
also significantly reduced with lesser blood loss and lower 
complication rate [83, 84]. Studies are being conducted 
to evaluate perfusion parameters to assess renal function 
in children with ureteropelvic junction obstruction. Also 



1381Abdominal Radiology (2022) 47:1369–1384 

1 3

complications like acute rejection in renal transplant recip-
ients and also assessing their severity can be done with 
CEUS [85]. Few pilot studies have been done to predict 
renal outcomes in acute renal injury [86].

Conclusion

CEUS is an excellent modality to assess the perfusion of 
organs and lesions. There are very few adverse effects and 
can be safely used in renal dysfunction. The major role 
of CEUS in the kidney is to perform risk stratification in 
cystic Renal Masses and confidently differentiate cystic vs. 
Solid Renal Masses. More utilities of CEUS are becoming 
popular as the use of UCAs becomes more mainstream.
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