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Abstract: An increasing number of patients with abdominal aortic aneurysms (AAAs) are undergoing

endovascular aortic repair (EVAR) instead of open surgery. These patients require lifelong surveillance, and

the follow-up imaging modality of choice has been traditionally computed tomography angiography (CTA).

Repetitive CTA imaging is associated with cumulative radiation exposure and requires the administration

of multiple doses of nephrotoxic contrast agents. Contrast-enhanced ultrasound (CEUS) has emerged as an

alternative strategy in the follow-up of patients with EVAR and demonstrates high sensitivity and specificity

for detection of endoleaks. In fact, a series of studies have shown that CEUS is at least performing equal

to computed tomography for the detection and classification of endoleaks. This article summarizes current

evidence of CEUS after EVAR and demonstrates its usefulness via various patient cases.
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Introduction

An increasing number of patients with abdominal aortic
aneurysms (AAAs) are undergoing endovascular aortic
repair (EVAR) as opposed to open surgery. EVAR can
be associated with both early and late post-operative
complications—as such, lifelong imaging surveillance is
required. In particular, the development of endoleaks can
pose a significant threat to patient morbidity and mortality.
Endoleaks are defined as persistent flow of blood
around the stent graft leading to aneurysm sac filling. Five
different types of endoleaks are distinguished. Type I is
related to a leak at the attachment site of the graft resulting

in pressure increase within the aneurysm sac. This results
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in high risk for rupture and demands urgent treatment.
Type II endoleaks are relatively frequent, accounting for
40% of all cases and are caused by branch arteries of the
aorta or iliac artery filling the aneurysm sac (1). For type 11
endoleaks, observation is the management of choice with
regular follow-up as half of these endoleaks will thrombose
spontaneously without need for further intervention (2).
During observation, if the size of the aneurysm sac in type II
endoleak increases, treatment should be pursued (2). Type IIT
endoleaks result from endograft failure leading to pressure
increase in the aneurysm sac, similar to type I endoleaks.
Type III endoleaks also necessitate active treatment. Type
IV endoleaks are restricted to the intraoperative or early
postoperative phase (defined as within 30 days) and do not
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play a role in the long-term follow-up. Type V endoleaks
are idiopathic in nature and are described by high pressure
within the aneurysm sac without any appreciable cause.
Management of type V endoleaks remains complex and not
standardized at this time.

In summary, treatment is required in type I and III
endoleaks as these are at high risk for rupture; type II
endoleaks are considered to be lower risk and can be
observed until the aneurysm sac diameter begins to increase.
For leaks requiring intervention, treatment usually involves
an endovascular approach. Importantly, the configuration of
the aorta of these patients needs to be assessed not only post
EVAR but also prior to performing the procedure as some
patients are not candidates for EVAR (3,4). The dominant
imaging modality in this setting is currently computed
tomography angiography (CTA) of the abdomen with IV
contrast material. Given potential CT contrast agent side
effects and cumulative radiation exposure, an improvement
in imaging protocol and strategies is of utmost importance
to avoid long-term sequelae.

Contrast-enhanced ultrasound (CEUS)

CEUS is an evolving imaging modality that is gaining
popularity in different settings of vascular medicine (3,5).
Particularly, CEUS allows for superior visualization of the
aorta and its main branches. More importantly, due to the
previously mentioned complications of CT, CEUS is a
highly attractive tool for the evaluation of patients who have
previously undergone EVAR. The endograft can be depicted
with CEUS over approximately 5-10 minutes from different
angles to assess the perfused lumen and also evaluate low
flow states with a high temporal resolution. Thrombotic
material can be appreciated as a focal filling defect, located
at the wall of the AAA or adjacent to the endograft.

The contrast agents used in CEUS are stabilized
microspheres consisting of sulfur hexafluoride or
perfluorcarbon encapsulated by a phospholipid shell. These
microbubbles show non-linear behavior when examined
on an ultrasound machine with low mechanical index
(6,7). They serve as true intravascular tracers without
extravascular distribution and therefore exhibit blood pool
characteristics. These blood pool characteristics can be
further enhanced when performing intravenous continuous
administration instead of bolus injection (8). Thus, CEUS
not only demonstrates detailed morphology post EVAR,
but also contributes information with regard to perfusion
of the excluded aneurysm sac which aids in detection of
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post-procedural complications. The microspheres contrast
agents are then excreted via the respiratory tract and do not
affect renal function, which is of high clinical relevance in
the post-EVAR population. At this time, however, sulfur
hexafluoride or perfluorocarbon based contrast agents are
not FDA approved for this indication. Finally, CEUS does
not subject patients to radiation.

While considering these benefits, however, it is important
to note that CEUS shares limitations of all ultrasound
study modalities. Importantly, CEUS is operator dependent
and image quality can be impaired by patient habitus and
significant amounts of overlying bowel gas. In addition,
CEUS is largely unavailable in the United States with the
exception of select academic centers involved in ongoing
research. CEUS has been performed internationally for
evaluation and surveillance of EVAR patients and data is
being collected in the context of a global population (9,10).

Surveillance imaging after EVAR

Surveillance imaging is required post-EVAR due to long-
term complications, in particular endoleaks which can lead
to stent graft migration and increased secondary aneurysm
rupture risk. Endoleaks affect up to 50% of the post-
EVAR population, and can happen at any time, making
lifelong imaging surveillance necessary (11-14). Therefore,
in this section we will discuss the timing and frequencies
of different surveillance imaging methods including the
corresponding toxicities and costs.

The current imaging standard is repetitive CTA evaluation
at 30 days, 6 months and yearly thereafter (14). CTA with
an arterial phase and delayed phase is highly sensitive and
specific for the detection of complications post EVAR,
but this modality cannot appreciate blood flow directions
limiting specificity for classification (15). In 2011, the
society of vascular surgery (SVS) released clinical practice
guidelines regarding surveillance imaging for patients
undergoing EVAR (16). Importantly, many of these
guidelines were based on consensus of opinions which
varied widely. In the absence of any abnormalities on
30-day post-operative imaging, recommended surveillance
time was anywhere from every one to five years. Presumably,
opinions skewed toward longer surveillance intervals were
at least partly based on concerns for cumulative radiation
and iodinated nephrotoxic contrast exposure associated with
conventional CTA imaging.

Further, long-term effects of CTA need to be considered.
Patients receive pre- and post-operative CTAs. Repetitive
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scans are associated with a significant amount of cumulative
radiation exposure and also with the administration of
multiple doses of nephrotoxic contrast agents (17). It is well
known that in atherosclerotic patients the preservation of
the kidney function has a major impact on overall prognosis,
and therefore limiting patient exposure to nephrotoxins is
crucial (3).

Color Doppler ultrasound has been suggested as an
alternative to CTA for EVAR surveillance as it is able to
depict in-stent flow (18). The sensitivity of this modality
ranges from around 40% to 97% (19-21). Meta-analyses
demonstrated a sensitivity of 69% and 77%, respectively
using color Doppler ultrasound for the detection of
endoleaks (22,23). These data suggest that color Doppler
ultrasound alone has insufficient diagnostic capabilities for
endoleak detection.

A recently published study, introduced as a standard
institutional protocol for EVAR follow-up, demonstrated
that duplex ultrasound and radiographs of the abdomen
(plain films) can be helpful for graft migration and limb
kinking. If an abnormality is detected, or if the duplex
ultrasound is non-diagnostic, then CTA can be performed.
The authors appreciated discordant or unresolved findings
in 33 out of 539 patients post EVAR (approximately
6%) after imaging with duplex ultrasound and CTA, and
suggested CEUS for final evaluation. This study showed
that CEUS could resolve the clinical questions in all
cases. In fact, 10 of these 33 (30%) required a secondary
intervention based on the information derived from the
CEUS study. The value of CEUS was in this study, related
to clarification of endoleak detection and target vessel
patency (24).

Costs associated with imaging studies play an increasing
role in the modern healthcare system. Gray and colleagues
assessed the costs and performance of color duplex
ultrasound vs. CTA regarding the detection of endoleaks
and residual aneurysm sac size. Color duplex ultrasound
post EVAR led to a significant reduction in costs without
compromise in diagnostic accuracy (25). Namely, they
found that Color duplex ultrasound which is much cheaper
than CTA revealed a sensitivity of 100% and a specificity
of 85%, a positive predictive value of 28% and a negative
predictive value of 100% for endoleak detection vs. CTA. A
high correlation was appreciated between both techniques
for residual aneurysm sac size measurements.

Furthermore, MR angiography (MRA) has also
been suggested as an alternative imaging modality for
postoperative surveillance after EVAR. This imaging
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modality also allows assessing similar to CTA luminal
patency, stent positioning, endoleaks, and residual
aneurysma size (26). A systemic review revealed that MRA
may be more sensitive compared to CTA for the detection
of post-EVAR endoleaks, especially for the detection of type
II endoleaks (27). Particularly blood-pool MRI contrast
agents have prolonged intravascular retention and may be
helpful to detect endoleaks with very slow flow and of small
volume (28). Therefore, MRA are mostly recommended
in cases of endotension where no endoleak has been
documented on CTA despite aneurysm sac growth after
EVAR. In these cases MRA may detect type II endoleaks.
Similar to ultrasound, MRA has the advantage in long-
term EVAR surveillance of the lack of ionizing radiation
compared to CTA. However, in the clinical setting, MRA
is limited by imaging artifacts from ferromagnetic stents,
limited availability, higher costs, and longer scan time.

Endoleak detection with CEUS

Besides the mentioned standard ultrasound including
B-mode and color Doppler ultrasound the additional use of
ultrasound contrast agent has gained great importance in
the detection of endoleaks in the last years.

Several studies and meta-analyses have focused on the
role of CEUS in endoleak detection. Early studies and
case series have revealed promising potential of CEUS
for the detection of endoleaks. In one study, CEUS not
only confirmed the presence of 20 endoleaks previously
discovered by CTA, but also detected two more endoleaks,
missed by CTA. The presence of these two endoleaks
was confirmed by conventional angiography as gold
standard (29). Another study demonstrated the value of
CEUS for visualization of low flow endoleaks in patients
with increasing aneurysm sac diameter. The authors took
advantage of delayed echo enhancement (more than 150
seconds post ultrasound contrast agent administration)
to depict the endoleaks, and their presence was again
confirmed with digital subtraction angiography as gold
standard (30). These findings were concordant with
our experience that CEUS is able to detect even subtle
endoleaks, including slow flow and small ones if delayed
imaging is included in the protocol with microbubbles
as contrast agents which have blood pool characteristics.
This is a very important advantage of CEUS compared to
standard ultrasound and even CTA.

In different studies CEUS compared to CTA has very
high sensitivity and specificity for the detection of endoleaks.
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In a large study of over 100 patients undergoing surveillance
imaging with CEUS and other imaging modalities versus
conventional angiography as a reference standard for the
detection of endoleaks, diagnostic accuracy of CEUS was
superior to color Doppler ultrasound and equal to CTA
and MRA (31). A smaller prospective study enrolled 35
patients with longitudinal follow-up comparing CTA and
CEUS at 1 month and 6 months post-EVAR and yearly
thereafter. However, CTA was used as a reference standard
in this study as opposed to standard angiography. In regards
to endoleak detection by CEUS, sensitivity was 97%,
specificity was 100%, positive predictive value was 100%,
negative predictive value was 98% and accuracy was 99%.
Correct classification by CEUS was reached in 26 out of 33
(79%) endoleaks; no clinically relevant endoleak was missed.
The authors concluded that post-EVAR CEUS can be used
as follow-up imaging modality in patients with stable or
decreasing aneurysm sac size without evidence for endoleak
at CTA. This conclusion was based on the high sensitivity,
specificity and accuracy demonstrated by the study results.
However, the authors also emphasized the role of CTA
after CEUS to confirm endoleak classification before a
patient undergoes invasive conventional angiography (10).
Another prospective study evaluated endoleak detection and
classification, demonstrating for CEUS a sensitivity of 92%
and a specificity of 100%. CEUS also assessed the endograft
with regard to patency and diameter properly, demonstrating
a sensitivity of 72% and specificity of 100%. Clinical
decisions based on CEUS as opposed to CTA were not
different. Therefore the author recommended integrating
CEUS in post EVAR surveillance (32).

CEUS in comparison to CTA was also assessed for
follow-up of procedures involving fenestrated EVAR.
Good agreement with regard to aneurysm sac diameter and
complete agreement for target vessel evaluation between
both modalities were appreciated. Endoleaks were detected
in 7 out of 62 (11%) cases and in 6 out of 62 (10%) cases
with CTA and CEUS, respectively. For post fenestrated
EVAR surveillance it has been shown that CEUS is as
accurate as CTA for the assessment of aneurysm sac
diameter and target vessels, as well as detection of endoleaks
based on these study results (33). A large retrospective study
consisting of 171 patients compared multi-slice CTA versus
CEUS post EVAR for the detection and classification of
endoleaks revealed a sensitivity of 97% and a specificity of
93%. Thus, CEUS performed comparable to multi-slice
CTA in this post EVAR study (34).

Three-dimensional CEUS is currently being introduced
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to the clinical arena. The technique includes the collection
of ultrasound reflections taking advantage of positional
information from magnetic field emitters and resulting
eventually in a three-dimensional image. Three-dimensional
CEUS was compared to CTA for post EVAR imaging,
demonstrating a sensitivity of 100%, a specificity of 92%, a
positive predictive value of 94% and a negative predictive
value of 100% for endoleak detection. A high correlation
for AAA sac diameter between CTA and three-dimensional
CEUS was found (9). If three dimensional CEUS has any
advantage compared with two dimensional CEUS imaging
in the setting of EVAR surveillance has to be demonstrated
in future studies.

The comparison of normal CEUS imaging with standard
ultrasound and CT has already been summarized in a
different meta-analysis. A pooled sensitivity of 98% and a
pooled specificity of 88% was found for CEUS endoleak
detection concluding that CEUS is superior to standard
B-mode ultrasound for this indication (22). Another meta-
analysis incorporated 11 studies calculating a pooled
sensitivity of 96% and a pooled specificity of 85% for
CEUS vs. CT for endoleak evaluation. A pooled sensitivity
of 74% and a pooled specificity of 94% were found when
comparing color Doppler ultrasound vs. CT. When focusing
on the clinically important type I and III endoleaks, the
pooled sensitivity was 99% and the pooled specificity was
100% for CEUS. For color Doppler ultrasound the pooled
sensitivity was 83% and the pooled specificity was 100%
when focusing on the clinically important type I and III
endoleaks. CEUS was more sensitive but less specific than
color Doppler ultrasound (35). Further color Doppler
ultrasound delivers less morphologic information when
compared to CEUS. CEUS appears more helpful for type
IT endoleak assessment in comparison to color Doppler
ultrasound (35,36).

An overview of a selection of cohort studies and meta-
analysis evaluating the sensitivity and specificity of CEUS
to detect endoleaks are given in the Table 1.

In summary CEUS revealed at least equal performance
compared to CTA for endoleak detection and classification.
Some studies show some benefits of CEUS over CTA, in
particular for subtle and slow flow endoleaks.

Case studies
Technique and institutional CEUS protocol
CEUS as follow-up was performed in all cases with
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Table 1 Sensitivities and specificities for detecting endoleaks after EVAR in different studies

Sensitivity ~ Specificity
Study Study size Type of contrast administration Comparator to detect  to detect
endoleak  endoleak
lezzi N=84 Consecutive bolus injection of 1.2 mL  CTA 97.3% 81.8%
etal. (37) and 2.4 mL SonoVue® followed each
by 5 mL saline solution
Cantisani N=108 Bolus injection of 2.4 mL SonoVue® CTAand MRA  96% 100%
etal. (31) followed by 5 mL saline solution (or angiography
when available)
Motta N=88 Two consecutive bolus injections of CTA 92% 100%
etal. (32) 2.4 mL SonoVue® followed by 10 mL
saline solution
Gilabert N=35 Bolus injection of 2.4 mL SonoVue® CTA 97% 100%
etal. (10) followed by 5 mL saline solution
Gdrtler N=132 Bolus injection of 1.0 mL (or 2.4 mL) CTA 97% 93%
et al. (34) SonoVue® followed by 10 mL saline
solution
Abbas N=23 Bolus injection of 2-5 mL SonoVue® CTA 100% 92%
etal. (9) using 3D CEUS technology
Mirza 7 studies in CEUS using LevoVist®, Optison® or CTA 98% 88%
etal. (22) 285 patients (bivariate SonoVue® (95% Cl, (95% Cl,
meta-analysis) 90-99%) 78-94%)
Karthikesalingam 11 studies with total NA CTA 96% 85%
et al. (38) 961 paired scans (95% ClI, (95% Cl,
(bivariate meta-analysis) 85-99%) 76-92%)

EVAR, endovascular aortic repair; CTA, computed tomography angiography; MRA, MR angiography; CEUS, Contrast-enhanced

ultrasound.

repetitive bolus of maximum 2.4 mL of SonoVue (Bracco
Altana Pharma, Milan, Italy) via intravenous injection.
Depending on the sensitivity of the equipment and the
constitution of the patient, the dose can be decreased to
1.0 mL or increased up to 4.8 mL. Intraluminal arterial
enhancement usually becomes detectable between 10 to 30
seconds after bolus injection and peaks at approximately 30
to 90 seconds, depending on the individual intra-abdominal
presentability, and gradually decreases to background
within the next 5 minutes. Bolus injection can be repeated
every 3-5 minutes. Alternatively, in order to achieve a
stable enhancement over several minutes, a continuous
infusion (VueJect®, Bracco Milan) of 1-2 mL per minute
may be applied after initial bolus injection. The ultrasound
equipment for aortic applications with ultrasound contrast
agent usually contains a low frequency curved array (e.g.,
1 to 5 MHz) in conjunction with a low-mechanical-index
contrast-specific ultrasound mode (e.g., pulse inversion
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harmonic imaging, power modulation) which is mandatory
for CEUS. These non-linear pulsing schemes are designed
specifically for suppressing the echoes from the tissue while

detecting only bubble echoes (3).

Case #1: detection of type II endoleak by CTA and
continuation of follow-up with CEUS

A 72-year-old gentleman with a past medical history of
ischemic stroke, coronary artery disease status post drug
eluting stent was diagnosed with an infrarenal aneurysm
by abdominal B-mode ultrasound. CTA at the time of
diagnosis showed an infrarenal aortic aneurysm measuring
6.1 cm at maximum diameter. EVAR was performed with
an Endurant stent-graft (Medtronic Cardiovascular, Santa
Rosa, California, USA) placed suprarenally proximal and
fixed bi-iliacally distal. Three months post procedure,
CTA follow-up detected a type II endoleak just below and
dorsal to the right prosthetic limb, presumably of a lumbar
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Figure 1 Standard and contrast-enhanced ultrasound in a patient with type II endoleak from a lumbar artery after endovascular aortic repair

(EVAR). (A) Cross-sectional view of the infrarenal aorta. Detection of an endoleak (arrow) using color and pulse-wave ultrasonics; spectral

curve with a typical to-and-fro signal. (B,C,D) Cross-sectional view of the infrarenal aorta. Contrast mode (left) and conventional B-mode

(right) simultaneously; (B) 48 sec after bolus injection of contrast agent extravascular enhancement is shown (arrow) within the aneurysm

sack; (C) 55 sec after bolus injection increasing extravascular enhancement is seen directed towards the dorsal wall of the aneurysm sack

(arrow); (D) 80 sec after bolus injection, showing extended extravascular enhancement within the aneurysm sac.

artery or the inferior mesenteric artery with a maximum
extension of the aneurysm sack of 6.2 cm. The patient was
asymptomatic and decision for observational approach was
made. Three CTAs were performed post diagnosis with
type II endoleak at 8, 19, 33 months. Each CTA failed to
show any increase in aneurysm sac size and the patient
remained asymptomatic. Per patient request, follow-up was
switched to CEUS only which was performed at 33 months
post-diagnosis with type II endoleak detected. At this
assessment, CEUS not only showed the type II endoleak but
also revealed a lumbar artery and not the inferior mesenteric
artery as origin of the endoleak (Figure I). The maximum
extension of the aneurysm sac was stable on 5.8 cm.
This case shows the value of CEUS not only as accurate
imaging modality for follow-up after EVAR but also for
identifying the source of the type II endoleak whereas the
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CT could not appreciate the source clearly (lumbar artery
or inferior mesenteric artery).

Case #2: detection of type II endoleak by CTA,
confirmed at conventional angiography and follow-up
with CEUS

A 76-year-old gentleman with a past medical history of
seropositive late-onset rheumatoid arthritis on methotrexate
and steroids was admitted for cardiac decompensation in the
setting of severe aortic stenosis. To rule out aortic dissection
CT imaging was performed. The CT revealed incidentally
a dilatation of the ascending aorta, with a maximum
diameter of 4.5 cm, and of the abdominal aorta with a
maximum diameter of 8.5 cm. One day later, open surgery
was performed with biological aortic valve replacement
and replacement of the ascending aorta. Two weeks post-
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Figure 2 Standard and contrast-enhanced ultrasound in a patient
with type II endoleak after endovascular aortic repair (EVAR).
Cross-sectional view of the infrarenal aorta. (A) Detection
of a slow flow endoleak (arrow) using color and pulse-wave
ultrasound; spectral curve with to-and-fro signal; (B) contrast
mode 30 sec after bolus injection, showing no extravascular
enhancement; (C) contrast mode (left) and conventional B-mode
(right) simultaneously, 210 sec after bolus injection, showing
endoleak (arrow), dorsal and lateral of the left prosthetic limb;

pseudoenhancement (star) outside the aneurysm sack (circle).
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operatively, EVAR was perforemd using a Gore Excluder
device (WL Gore & Associates Inc, Sunnyvale, California,
USA) with suprarenal and bi-iliac fixation with elongation
of both prosthetic limbs due to complicated arterial vessel
configuration leading to implantation of additional four
stent grafts. CTA at 1 day and at 4 months post-procedure
were unremarkable without evidence of an endoleak. Eleven
months after the initial procedure, the patient was still
asymptomatic but follow-up CTA revealed an increase in
aneurysm sac diameter and suspected type II endoleak of a
lumbar artery. Confirmation of the suspected endoleak was
obtained by an elective conventional angiography conducted
13 months after endograft implantation. Due to complex
vessel structure, the aneurysm sac was not accessible for
embolization. As such, a Gore Excluder limb device (WL
Gore & Associates Inc, Sunnyvale, California, USA) placed
by retrograde access through the left common femoral
artery was performed to elongate the left prosthetic limb.
CEUS (protocol described in case #1) 1 day post-procedure
revealed an unchanged type II endoleak just below the
prosthetic body, which was still fed by a lumbar artery. The
maximum diameter of the aneurysm sac remained stable at
a diameter of 8.7 cm. The study is shown in Figure 2. The
patient is scheduled for an observational approach with a
short term follow-up in 3 months, with standard ultrasound
and CEUS. This case shows that CEUS is useful also for
complex anatomy after EVAR and is comparable with the
gold standard (angiography) for the detection of endoleaks.

Case #3: CEUS for follow-up imaging studies after
EVAR in a patient with severe co-morbidities including
chronic kidney failure

An 83-year-old gentleman with a past medical history of
a severe coronary artery disease and multiple myocardial
infarctions complicated by development of severely impaired
systolic left ventricular function, atrial fibrillation, chronic
kidney disease status post unilateral nephrectomy 30 years
ago was found to have an asymptomatic infrarenal AAA
detected during routine diagnostic procedures. Imaging
evaluation including CTA revealed a maximum diameter
of the aneurysm sac of 6.5 cm. EVAR was performed
using a Gore Excluder device (WL Gore & Associates
Inc, Sunnyvale, California, USA) with infrarenal and bi-
iliac fixation. Initial post-interventional CTA showed a
functionally adequate endoprothesis without endoleak.
Three months after implantation, the patient remained
asymptomatic and CTA showed a slight decrease in the size
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Figure 3 Contrast-enhanced ultrasound in a patient without endoleak after endovascular aortic repair (EVAR). Cross-sectional view of

the infrarenal aorta; contrast mode (left) and conventional B-mode (right) simultaneously, 30 sec (A), 45 sec (B) and 72 sec (C) after bolus

injection, no endoleak; (D) sagittal view of the infrarenal aorta; contrast mode 260 sec after bolus injection, no endoleak.

of the aneurysm sac. Due to progressive chronic kidney
disease follow-up was switched to annual conventional
ultrasound including CEUS, which demonstrated a well-
functioning stent graft without evidence of an endoleak
(Figure 3). The patient continues to tolerate yearly CEUS
studies well and is currently asymptomatic.

Conclusions: do we need a stronger role of
CEUS in EVAR surveillance?

CTA is not an ideal lifelong surveillance diagnostic tool due
to the cumulative radiation exposure and the nephrotoxicity
and allergic side effects associated with iodine contrast
(39-41). CEUS as an evolving modality in this setting is
highly attractive and ready to be used based on data from
several studies and meta-analyses. CEUS enables real-
time evaluation of blood flow with reasonable high spatial
resolution for abdominal aortic imaging. According to
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our experience, as well as reviewed literature, CEUS after
EVAR seems to be a good alternative imaging modality
to CTA and should be a first-line diagnostic tool for
follow-up. However, CEUS cannot completely replace
CTA for endoleak assessment. If abnormalities such as
endoleak development or an increase in aneurysm sac size
are appreciated with CEUS, CTA should be performed
followed by angiography for therapeutic purposes. Further,
it needs to be considered that CEUS alone in the post-
EVAR surveillance may be insufficient and a combination
diagnostic algorithm can be implemented.

Therefore, a revised post-EVAR surveillance imaging
protocol based on the aforementioned studies should be
considered. Based on the very high sensitivity and specificity
of CEUS to detect endoleaks comparable to CTA, one
plausible strategy would be to perform CEUS imaging post-
EVAR as first line surveillance imaging modality combined
with periodical routine CTA studies. Once an abnormality

www.thecdt.org Cardiovasc Diagn Ther 2015;5(6):454-463



462

on CEUS is detected, CTA should be performed for further
work-up and planning of the therapy (42).
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