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Introduction

Aortic diseases account for a significant part of urgent and 
emergent abdominal pathology. Ultrasound (US) plays a 
key role in the initial workup and follow-up of a wide range 
of vascular and specifically aortic abnormalities including 

dissection, aneurysm, vasculitis and post-endovascular 
treatment surveillance. B-mode technique but especially 
flow visualization techniques like color-, power- or non-
Doppler techniques and Doppler spectral analysis are the 
cornerstone of vascular ultrasonographic evaluation. As a 
result, US has been traditionally used as a first-line imaging 
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modality for prompt evaluation of aortic conditions thanks 
to its inherent advantages such as its cost-effectiveness, 
safety profile, repeatability and availability in different 
settings including at the bedside and as point-of-care US in 
the emergency department. However, US has its inherent 
limitations, including operator-dependency, limited field-of 
view and shadowing from overlying gas-containing bowel 
loops hindering evaluation of the aorta. When it comes 
to flow visualization with US, it is not free of limitations 
either. Low sensitivity to slow flow, blooming artifact and 
the deep location of aorta are factors limiting the modality’s 
effectiveness (1,2). But it needs to be emphasized that US 
with Doppler or Duplex is the only clinically available 
modality which enables blood flow visualization in real-
time. The introduction of multi-detector technology 
in computed tomography angiography (CTA) and the 
magnetic resonance angiography (MRA) are valuable 
modalities for assessment of aortic diseases 

The introduction of US contrast agents has augmented 
US applications in a wide spectrum of organs and clinical 
conditions, with society guidelines and recommendations 
being published. The liver has been the primary organ 
investigated with this modality, although non-hepatic 
applications are increasingly investigated and recent 
advances include renal, testicular, lymph nodes, thyroid, 
prostate and other extra-hepatic applications (1-4). Focal 
liver lesion characterization with contrast-enhanced 
ultrasound (CEUS) is already widely performed, showing 
high concordance rates with other cross-sectional imaging 
modalities (5). Moreover, detection of liver metastases 
from colorectal cancer is greatly enhanced by the 
intravenous administration of ultrasonographic contrast 
agents, increasing the modality’s accuracy (6). Although 
CEUS is mainly performed in adult patients, it has also 
been evaluated in the paediatric population with official 
recommendations being published (7). Regarding the 
evaluation of vascular systems including the aorta, US 
contrast agents enabled physicians to acquire virtually 
angiographic images. This technique is characterized by 
increased sensitivity to flow visualization, even in the case 
of slowly-flowing blood and superior accuracy for lumen 
delineation. This enhanced accuracy for flow visualization 
stems from the inherent property of US contrast agents to 
strictly remain within the vascular lumen (1,2,8,9). CEUS 
can thus overcome some of the conventional US technique’s 
limitations and can be performed as a complementary 
ultrasonographic technique in order to enhance the role of 
US for the evaluation of vascular pathology. CEUS has been 

tested in many vascular systems, either arterial or venous, 
although with varying success. So far, recent research 
has shown promising results for the use of CEUS in the 
carotid arteries, where the use of microbubbles increases 
the accuracy of grading of stenosis and detection of 
superficial plaque abnormalities like ulcerations. Moreover, 
CEUS has been found to be an excellent modality for 
the evaluation of intraplaque neovascularization; a major 
factor of carotid plaque vulnerability (9-12). CEUS has 
also been found valuable for the evaluation of superficial 
arteries like the femoral (2) but the added value compared 
to the unenhanced technique was rather limited in deep 
vascular structures like the mesenteric arteries or the renal 
arteries (13,14). When it comes to the evaluation of the 
aorta, CEUS has shown promising results, having become 
already well-established in indications like the detection 
of endoleaks (Figure 1). US contrast agents consist of 
microbubbles and have been used in liver, cardiac, breast 
and vascular applications. In the United States though, the 
Food and Drug Administration has recently licensed an 
ultrasonographic contrast agent for use in characterization 
of focal liver lesions (1,8). This is expected to widen the 
availability and use of CEUS.

The purpose of this paper is to introduce and discuss 
aortic applications of CEUS. These applications will 
be illustrated with representative cases, demonstrating 
the added value of US contrast-agents, compared to the 
conventional unenhanced US technique. All patients gave 
informed consent for the CEUS imaging study. 

Technical and safety aspects of CEUS

Once a conventional US examination is complete, having 
incorporated B-mode, color-Doppler images and spectral 
analysis, the region of interest is identified, in order to be 
carefully observed after the administration of US contrast 
agents. US contrast agents consist of microbubbles made 
of a phospholipid shell containing a gas. Various contrast 
agents are currently on the market. SonoVue® (Bracco Spa, 
Milan, Italy) is the most recently manufactured and widely 
used contrast agent, approved for cardiac, macrovascular, 
liver and breast applications in Europe (1,3). In the United 
States, the counterpart to this agent is Lumason® (Bracco 
Spa). The mean diameter of contrast US microbubbles is 
about 2.5 μm while more than 90% of the microbubbles 
measure less than 8 μm in diameter (8,15). As a result, these 
microbubbles are smaller than red blood cells in diameter 
but are large enough so that they cannot pass through the 
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capillary endothelium (8,16). Consequently, and unlike CT 
and MRI contrast agents, microbubbles remain within the 
vascular lumen, representing strict intravascular tracers; 
an inherent property particularly valuable for vascular 
applications (8,16). The only case in which microbubbles 
are visualized outside the vascular lumen is in active 
extravasation or hemorrhage. The dose of microbubbles 
depends on application and available equipment. In 
general, 2.4 mL of SonoVue® US contrast agent is typically 
administered for liver exam indications but vascular CEUS 
examinations can be successfully performed with 1.0 to 
2.4 mL of the microbubbles (1,10,17). Microbubbles 
are administered as a bolus followed by saline, although 
continuous injection with a slow rate using a perfusor 
device has been described as well. If administered in bolus, 
microbubbles arrive in arteries approximately after 10 to  
30 s. Lumen enhancement gradually increases and lasts 
for up to approximately 2 to 5 min, depending on the 
mechanical index (MI) used and the duration of scanning. 

When the enhancement of vascular lumen vanishes, 
a second dose of microbubbles can be administered if 
clinically deemed necessary (1,10,17,18).

After the unenhanced US examination, for the 
CEUS portion a peripheral intravenous line needs to be 
established. Based on the contrast agent characteristics, 
several types of catheters or needles can be used, ranging 
in size from 18 to 21 gauge, resulting in no significant 
difference in the quality and duration of enhancement (19).  
After the intravenous access has been established, the 
ultrasonographic device needs to be set into its contrast-
specific mode. In the early stages of CEUS, microbubbles 
have been used as a means of increasing blood flow signals 
while using the conventional color or power Doppler 
techniques; a mode termed “Doppler rescue” (20,21). 
While this technique did increase US sensitivity to blood 
flow, it is significantly inferior to modern technologies 
using harmonic frequencies. It is known that when the US 
beam hits the microbubbles, the latter start to oscillate in 
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Figure 1 An 80-year-old male patient underwent EVAR 1 year ago. On standard ultrasound shrinking of the aneurysm sack from 6 to 4.8 cm  
(maximal diameter) could be documented. CEUS revealed an endoleak type 2 with collateral flow through the inferior mesenteric artery. (A) 
CEUS imaging on cross-sectional view 31 seconds after contrast agent bolus injection (SonoVue 1 mL) with enhancement of both stent grafts. 
(B) CEUS imaging on cross-sectional view 40 s after contrast agent bolus injection with additional enhancement of the ventral part of the 
aneurysm sac (endoleak). (C) CEUS imaging on longitudinal few with endoleak filling from the inferior mesenteric artery (endoleak type 2).  
No further treatment was performed based on the shrinking of the aneurysmal sac. One year later further shrinking could be documented 
to a diameter of 4.4 cm. (D) On CEUS imaging no endoleak could be demonstrated due to spontaneously occlusion of the endoleak. EVAR, 
endovascular aneurysm repair; CEUS, contrast-enhanced ultrasound.
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a non-linear patter, meaning that they expand more than 
they contract. This oscillation results in the reflection of 
not only the fundamental frequency of emitted US waves 
but also higher or lower subharmonic frequencies. Contrary 
to what happens with microbubbles, static tissue mainly 
shows a linear response to the US beam, reflecting the 
same frequency. It thus becomes obvious that harmonic 
ultrasonographic imaging offers improved visualization of 
flowing microbubbles. Pulse-inversion harmonic imaging 
is one of the latest advances in CEUS technology, offering 
the best contrast between microbubbles and static tissues. 
This is achieved with the simultaneous use of two US 
pulses being 180° out of phase. The waves reflected linearly 
by static tissues tend to cancel one another while the 
harmonic waves produced by the oscillating microbubbles 
are visualized by the ultrasonographic device. In simple 
other words, pulse-inversion harmonic imaging achieves 
visualization of microbubbles with excellent contrast, spatial 
and temporal resolution while at the same time suppressing 
static tissues. If combined with a low-MI grey-scale image 
in a dual-display mode, the physician can simultaneously 
appreciate the examined area structure and vascularization. 
An exception to the rule of linear response of static tissues 
lies in their non-linear response when exposed to high 
MI US waves. When static tissues produce harmonic 
frequencies, these are less successfully suppressed and the 
image quality can be degraded. This combined with the 
fact that microbubbles rupture quickly when exposed to 
high-MI explains why it is crucial to use low-MI US pulses 
when performing CEUS examinations. In general, a MI is 
considered low when it is less than 0.3, although most US 
devices achieve values lower than 0.1, providing excellent 
image quality (1,8,22,23). 

As with every contrast agent the safety profile is 
of utmost importance. It has been concluded that 
microbubbles are characterized by an excellent safety profile 
based on the reported incidence of life-threatening allergic 
reactions occurring in less than 0.002% of cases. The 
frequency of allergic reactions caused by US contrast agents 
is lower than that of CT contrast agents and comparable to 
that reported for MRI agents (1,24,25). The administration 
of microbubbles needs no prior laboratory testing and 
has limited contraindications including history of allergic 
reaction to the active substance or any of its excipients, 
known right-to-left shunt, severe pulmonary hypertension, 
uncontrolled systemic hypertension and unclear pregnancy 
status. However, the lack of substantial evidence has led 
some to debate to the contraindication of known right-to-

left shunt. Microbubbles are not excreted via the urinary 
tract but are metabolized in the liver and the gas is exhaled. 
Therefore, these can be safely administered in patients with 
impaired renal function, contrary to CT and MRI contrast 
agents (1,8,26). 

Aortic aneurysm and post treatment surveillance 

An aneurysm of the abdominal aorta (AAA) can be 
diagnosed if a segmental, full-thickness enlargement 
of more than 3 cm in vessel diameter is identified. 
Alternatively, the abdominal aorta can be characterized as 
aneurysmal if its diameter is 50% (or 2 standard deviations) 
greater than its normal diameter (2,27,28). Aortic 
aneurysmal disease’s natural history is gradual expansion of 
the aneurysm sac, with a rate varying from 0.1 to 0.3 cm per 
year and up to a point that the aneurysm may rupture which 
is life threatening. It is well-established that the aneurysm’s 
diameter and annual expansion rate of maximum transverse 
diameter are the best predictors of aortic aneurysm rupture, 
with the consecutive risk increasing with increasing sac size 
(27-29). AAA rupture represents a lethal surgical emergency 
characterized by an overall mortality of up to 90% (2,30-32).  
Based on this high mortality rate, increased caution is 
needed for the diagnosis of a ruptured AAA not to be 
missed. The diagnosis of AAA complications including 
rupture in patients with acute abdominal pain is primarily 
performed using cross-sectional imaging techniques like 
CTA. US represents the first line modality for screening and 
follow-up of unruptured AAA, showing excellent sensitivity 
and specificity and strong intra- and inter-observer 
agreement. US can accurately measure an aneurysm’s 
diameter, provided that the probe is properly angled so that 
the measurements are made on a level perpendicular to the 
longitudinal axis of the aorta. US can be used as a screening 
tool for men with a smoking history aged 65 to 74 years 
in order to exclude the presence of an aneurysm and thus 
reduce aneurysm-related mortality, even in a community 
setting (28,33-35). US is limited for the evaluation of 
supra- and infra-renal borders of an AAA and the detection 
of additional aneurysms affecting the iliac arteries (28). 
As far as the AAA rupture is concerned, the diagnostic 
accuracy of US is rather poor with only limited findings 
being described (36). While the use of microbubbles adds 
little to the investigation of an unruptured AAA and is not 
recommended, it was found to significantly increase the 
modality’s diagnostic accuracy post rupture and/or leaking. 
CEUS findings of AAA rupture include active extravasation 
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and depending pooling of microbubbles within the 
abdominal cavity; all findings correlating with CTA. Other 
CEUS findings of AAA rupture include a focal area of the 
aneurysmal wall showing no enhancement due to necrosis 
(28,37,38). Decreasing of the enhancement within the 
aneurysmal wall may be a finding of impending rupture 
justifying the use of CEUS when performing surveillance 
of larger aneurysms. At this point, it should be highlighted 
that CTA remains the imaging modality of choice for the 
diagnosis of a ruptured AAA (28,39,40). However, point of 
care US with CEUS could be considered as a modality in 
the emergency room for unstable patients who cannot be 
transported safely to the CT scanner. 

The extravasated blood from a ruptured AAA can leak 
into the lumen of the inferior vena cava, leading to the 
formation of an aortocaval fistula; a condition requiring 
specific treatment. This type of vascular communication is 
best investigated and visualized with CTA. Nevertheless, 
the use of microbubbles increases the ultrasonographic 
technique’s accuracy for the diagnosis of this entity. It 
was reported that CEUS accurately delineates aortocaval 
communications with high spatial and temporal resolution 
in a real-time dynamic investigation (40,41).

Based on its unacceptable mortality rates in case of 
rupture, an AAA with a diameter of more than 55 mm,  
an annual  aneurysm growth rate of  >10 mm or a 
symptomatic AAA should be appropriately treated either 
with an endovascular repair [endovascular aneurysm 
repair (EVAR)] or with an open repair (28). EVAR 
treatment has certain advantages over open repair but 
lifelong surveillance is needed to assess for endoleaks. 
Other post EVAR complications include graft migration 
and fractures. It is important that these complications 
are early recognized and subsequently managed. Long-
term imaging follow-up of post-EVAR aneurysms is 
routinely performed with CTA and CEUS has been 
used increasingly for this application. Currently lifelong 
surveillance is recommended although the risk for rupture 
has been found most significant within the first two to 
three years post intervention (28,42-46). When selecting 
the post EVAR surveillance modality, several factors 
should be considered. US can be readily performed and is 
widely available but is less sensitive than CTA for detecting 
and visualizing flow outside the stent. On the other 
hand, CTA shows excellent accuracy but has limitations 
including use of ionizing radiation, costs and iodinated 
contrast agent; a potential contraindication for patients 
with chronic renal failure. CTA can acquire a maximum 

of three phases acting as “snapshots” of a dynamic 
phenomenon like endoleaks. This static acquisition of 
images in CTA though may prevent detection of slow-
flowing endoleak or its accurate characterization and 
classification. CEUS could be potentially introduced to 
the workup algorithms with a purpose to increase US 
accuracy for detection and characterization of endoleaks  
(Figures 2 and 3). Potentially CEUS may replace certain 
CTA exams during the post EVAR surveillance protocol. 
CEUS advantages for the detection of endoleaks include 
increased sensitivity for slow flow, superior spatial and 
temporal resolution, potential of prolonged and continuous 
scanning and a dynamic and real-time pattern of flow 
visualization. Additionally, replenishment techniques 
previously described for CEUS offers the possibility to re-
observe the flow characteristics of microbubbles within 
the aneurysm sac. As a result, both fast- and slow-flowing 
endoleaks can be readily detected and accurately classified 
(2,47). Accurate classification of endoleaks is essential as 
different types require different management; with types 1  
and 3 needing intervention while in patients with type 2  
endoleak, occlusion is only needed if the aneurysm’s 
diameter increases, justifying the need for serial follow-up 
aneurysm diameter measurements.

The concept of endoleaks was introduced in 1996 by 
White et al. in order to describe the presence of persistent 
blood flow inside the aneurysm sac but outside the stent 
wall. Five types of endoleaks have been described based on 
the blood flow’s origin and direction and are presented in 
Table 1 (28,42,45,46,48,49). Endoleaks can be adequately 
visualized with US with limitations appreciated due to 
patient’s body habitus and overlying bowel gas. A wide 
variety of diagnostic accuracy have been reported with 
a sensitivity ranging from 33% to 90% and a specificity 
ranging from 63% to 81% (50-53). The role of CEUS 
in endoleaks detection has been extensively investigated, 
showing promising results. In an early study using an older 
contrast-agent, it was concluded that CEUS can accurately 
classify type 1 and 2 endoleaks while identifying more cases 
compared to delayed phase CTA (54). The same type of 
contrast agent was found to be almost 100% sensitive and 
65% specific for diagnosing endoleaks (55). The use of 
newer contrast agents has shown excellent results with 80% 
up to 100% sensitivity and 82% to 100% specificity for 
diagnosing endoleaks. A recent study comparing CEUS and 
CTA has concluded that CEUS is 97.6% sensitive and 100% 
specific while CTA is 90.5% sensitive and 100% specific for 
diagnosing an endoleak. Moreover, CEUS outperformed 
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CTA in terms of endoleak classification (56). Consequently, 
CEUS is regarded superior to color Doppler technique 
and equivalent to the gold standard of CTA for endoleak 
assessment. It is advocated by some that CEUS may even 

better characterize endoleaks compared to CTA due to its 
dynamic and real-time pattern of scanning (52,53,57-59). A 
recently published meta-analysis has concluded that CEUS 
is characterized by a pooled sensitivity and specificity 

A B

Figure 2 An 83-year-old male patient underwent EVAR 2 years ago. (A) Color coded Duplex follow-up ultrasound revealed no endoleak; 
(B) additional CEUS imaging revealed low flow endoleak type 2 with collateral flow through a lumbar artery. EVAR, endovascular aneurysm 
repair; CEUS, contrast-enhanced ultrasound.

Figure 3 An 85-year-old male patient underwent EVAR 6 years ago. (A) Color coded Duplex follow-up ultrasound revealed no endoleak; 
(B) additional CEUS imaging revealed low flow endoleak type 2 with collateral flow through a lumbar artery. EVAR, endovascular aneurysm 
repair; CEUS, contrast-enhanced ultrasound.

A B

Table 1 Classification of endoleaks

Type Description

1 1A: blood flow originating from an incomplete proximal attachment of the stent graft to the aortic wall

1B: blood flow originating from an incomplete distal attachment of the stent graft to the aortic wall

2 Retrograde blood flow from an anastomotic aortic branch into the aneurysmal sac. 2A if one branch and 2B if multiple arteries 
are affected. Branches typically affected include the inferior mesenteric and lumbar arteries

3 Blood flow through a structural discontinuity of the stent graft

4 Blood flow through porosity of the stent graft

5 Enlargement of the aneurysmal sac with no evidence of detectable endoleak (also known as endotension)
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of 91.4% and 78.2% respectively. Specificity estimation 
though is considered limited by significant heterogeneity 
among included studies (60). In keeping with these results, 
a different systematic review concluded that CEUS and 
MRA are better than CTA in the detection of endoleaks 
but equivalent to CTA for classification of endoleaks 
type 1 and 3 (61). The use of time-intensity curves has 
demonstrated a 99% sensitivity and 93% specificity for the 
detection of endoleaks, based on comparison with CTA 
and therefore these time-intensity may be of particular 
value when assessing patients for endoleaks. It was also 
concluded that the enhancement of an aneurysmal sac 
containing an endoleak is significantly higher than that 
of a sac without endoleak (62). Patients with fenestrated 
endografts have been recently included in a study evaluating 
four-dimensional CEUS for the detection of endoleaks. 
This study showed that four-dimensional CEUS may be 
equivalent to CTA in terms of accuracy for the evaluation 
of aneurysm diameter, volume and endoleak detection (63).  
In the light of these promising results, CEUS could be 
incorporated in the diagnostic algorithm post EVAR 
surveillance for endoleak detection as with the purpose 

to increase the diagnostic accuracy of US. Patients with 
negative results could be safely discharged until the next 
follow-up date while further investigation with CTA can 
be performed in patients with clearly positive or suspicious 
results on CEUS (44,47,52,64). Furthermore, CEUS can 
be used as control imaging modality to document successful 
treatment after interventional embolization of an endoleak 
(Figures 3–5).

Aortic dissection

Aortic dissections account for the majority of aortic 
emergencies. An incidence of 2,000 new cases annually in 
the United States has been reported. The prognosis of this 
condition is based on prompt treatment after early diagnosis 
which largely relies on imaging (65). Clinical presentation of 
aortic dissection includes asymmetry in the blood pressure 
in the upper extremities, acute chest pain or signs of organ 
dysfunction caused by ischemia (66,67). The separation of 
the aortic wall layers results in the formation of an intimal 
flap dividing the aortic lumen into two compartments: the 
true lumen referring to the lumen containing circulating 

Figure 4 A 70-year-old male patient underwent EVAR 6 months ago. Standard and CEUS revealed an endoleak type I with collateral 
flow through a lumbar artery. (A) Duplex ultrasound with typical to-and-fro signal in the region of a lumbal artery; (B) CEUS imaging 
revealed a huge enhancement within the aneurysm sac; (C) catheter based embolization of the endoleak by using micro-catheter through 
the internal iliac artery and lumbal artery with Onyx and Histoacryl; (D) CEUS imaging after the intervention revealed no endoleak. EVAR, 
endovascular aneurysm repair; CEUS, contrast-enhanced ultrasound.

A B

C D
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blood and the false lumen representing a blood-containing 
compartment situated within the aortic wall (65,68). CTA is 
the imaging modality of choice for the evaluation of aortic 
dissection, especially with the introduction of multi-detector 
technology allowing for faster image acquisition (65).  
US however, being the first-line imaging modality available 
in the emergency department still may hold a place in 
the initial investigation of suspected aortic pathology. 
In certain circumstances US may be able to pick up an 
aortic dissection and trigger a CTA exam. The addition 
of contrast may increase these incidentally detected aortic 
dissections thereby enabling early diagnosis and immediate 
treatment. There are some ultrasonographic findings which 
should point towards the diagnosis of dissection. Such 
findings include an intraluminal echogenic line on B-mode 
technique, corresponding to the intimal flap and bi-
directional color flow signals on color-Doppler technique. 
In some cases though, these findings may be subtle, if for 
example the intimal flap is low-reflective and thus poorly 

visualized. In these cases, CEUS represents a valuable 
complementary technique with superior sensitivity for the 
diagnosis of aortic dissection. Intravenously administered 
microbubbles completely opacify both the true and the 
false lumen and readily visualize suspected intimal flaps, 
establishing the diagnosis of dissection. In addition to the 
visualization of intimal flaps, CEUS may demonstrate the 
presence of entry-or re-entry points of the false lumen, 
while it can also differentiate the true from the false lumen 
on the grounds that the enhancement of the false lumen is 
supposed to be later than the enhancement of the true lumen  
(18,41,69-71). Once a dissection is suspected based on CEUS, 
this should be followed by a CTA for further characterization 
of the dissection including Stanford classification. 

Other applications/aortitis

The term aortitis is used to describe the inflammatory 
condition of either infectious or noninfectious origin 

A B
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Figure 5 An 84-year-old female patient underwent EVAR 5 years ago. Follow-up imaging studies revealed an increase of the aneurysma 
sac during the last year. CEUS imaging demonstrated an endoleak type 2 with collateral flow through a lumbar artery. (A) CEUS imaging 
on cross-sectional few 30 s after bolus injection (1 mL SonoVue) with enhancement of the aneurysm sac starting from a lumbar artery; (B) 
enhancement of the endoleak within the aneurysm sac; (C) transabdominal direct punctuation of the endoleak and embolization with Onyx; 
(D) CEUS imaging during the procedure demonstrated complete occlusion of the endoleak. EVAR, endovascular aneurysm repair; CEUS, 
contrast-enhanced ultrasound.
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affecting the aortic wall, similarly to any other type of 
vasculitis. The clinical presentation and laboratory testing 
findings of patients with aortitis are rather unspecific, leaving 
a significant role to imaging for the accurate diagnosis 
of this entity. The primary imaging modalities currently 
used for initial evaluation and follow-up of aortitis include 
CTA, MRA and nuclear medicine techniques, particularly 
18F-fluorodeoxyglucose positron emission tomography/
computed tomography (FDG-PET/CT). Imaging in 
aortitis is not only valuable for initial investigation but also 
for monitoring the inflammation’s response to treatment 
(72,73). A series of rheumatoid diseases can be complicated 
by aortitis, including Takayasu arteritis, giant cell arteritis, 
rheumatoid arthritis, systematic lupus erythematosus (72).

Imaging findings of acute aortitis in CTA include 
circumferential aortic wall thickening, thrombosis, occlusion 
or lumen irregularities such as stenosis, pseudo-aneurysms 
or vascular ectasia and ulcerations (72). The “double 
ring” appearance refers to a thickened aortic wall showing 
poor enhancement in the internal part of the wall due to 
intimal edema but higher enhancement in the outer part 
of the vessel wall, namely the media and adventitia (72-76).  
A thickened hypoechoic circumferential vascular wall 
thickening has been described with color Doppler technique 
in inflamed temporal arteries with giant cell arteritis. 
Conventional US may also visualize the lumen irregularities 
including pseudo-aneurysm and stenosis (73,77). 

Based on the inflammatory nature of aortitis, it is 
expected that molecular imaging techniques targeting 
inflammatory parameters like activated macrophages, 
neovascularization and increased metabolic activity of 
the inflamed vascular wall will be valuable means of 
imaging and grading disease activity. CEUS is a well-
established modality for the evaluation of intraplaque 
neovascularization in carotid atherosclerotic disease 
(9,10). Similar to carotid plaques, CEUS can identify 
neovascularization within a thickened aortic wall, 
affected by any form of inflammatory process (73). 
CEUS visualizes luminal irregularities including stenotic 
segments of the vessel and ulcerations with increased 
sensitivity compared to the conventional technique. More 
importantly, CEUS provides an insight into the inflamed 
vascular wall, visualizing neovascularization in the form of 
moving microbubbles within the wall (1,9,12,78). CEUS 
has been used for evaluation of disease activity in large 
vessel vasculitis (Figure 6). For instance, carotid CEUS 
has been reported as a method of both diagnosis and 
monitoring of disease response to treatment for patients 

with Takayasu arteritis. Initial investigation with CEUS 
showed circumferential vascular wall thickening affecting 
the common carotid artery containing multiple enhancing 
vasa vasorum. Follow-up examination with CEUS after 
successful treatment demonstrated progressive decrease in 
arterial wall enhancement with decreased amount of vasa 
vasorum being opacified; findings suggestive of decreased 
inflammatory activity (79,80). Schinkel et al. have recently 
reproduced these findings, showing that CEUS is superior 
to color Doppler in terms of image quality and detection of 
vascularization in the arterial wall, when performed in patients 
with Takayasu arteritis or giant cell arteritis (81). CEUS 
has also been found useful in the evaluation of chronic peri-
aortitis. In this condition, CEUS visualized enhancement of 
the circumferentially thickened aortic wall while the level of 
enhancement was shown to be lower post treatment (82). 

So far, these results have been reported using a common 
ultrasonographic agent, available for mere luminal 
opacification and visualization of the microcirculation. An 
interesting new field of active research in CEUS is that of 
targeted microbubbles. The latter are specifically designed 
so that they are binding to specific molecular targets on 
the surface of endothelium. Based on this affinity to certain 
endothelial molecules, once the luminal microbubbles 
are washed-out, enhancement can be still visualized in 
areas of the vascular wall where the molecular targets are 
identified. Examples of molecular targets visualized with 
targeted CEUS include leukocyte adhesion molecules such 
as ICAM-1, VCAM-1 and P-selectin. It is expected that in 
the future, CEUS using this technology will provide us with 
insights of the pathophysiologic events taking place within 
an inflamed arterial wall in a real-time approach (73). 

Limitations of CEUS related to aortic imaging

US including CEUS has inherent well-known limitations 
which need to be considered when selecting the imaging 
modality to evaluate aortic diseases. Thorough evaluation of 
the aortic pathology can be hindered due to body habitus, the 
presence of overlying gas-containing bowel loops hiding the 
aorta and the fact that US in general and particular CEUS 
as a new technique are operator dependent. Moreover, the 
evaluation of luminal abnormalities can be limited in case of 
calcified atherosclerotic changes with acoustic shadowing. 
It should also be kept in mind that US as well as CEUS are 
primarily a two-dimensional technique evaluating three-
dimensional structures like the carotid system or the aorta. 
As a consequence, abnormalities like superficial ulcerations 
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may elude diagnosis if situated outside the imaging plane 
and important parameters like an aneurysm’s diameter may 
be falsely estimated due to poor imaging plane angulation in 
a conventional unenhanced US examination. Administration 
of US contrast agents and three-dimensional US can be used 
to address this issue (1,9,83).

Conclusions

The introduction of microbubbles as ultrasonographic 
contrast agents has augmented CEUS applications in aortic 
disease, offering benefits over conventional US results. 
CEUS revealed promising initial results in new applications 
like aortitis. Although superior to US, CEUS is by no means 
supposed to completely replace CTA, which is still regarded 
as the gold standard for evaluation of the aorta. However, it is 
a valuable complementary ultrasonographic technique which 
can be incorporated in workup algorithms in an effort to 
reduce unnecessary scanning with CTA. This is particularly 

essential for pediatric patients, patients with renal failure and 
patients in need of lifelong imaging surveillance.
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