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Color Doppler Ultrasound with 
Superb Microvascular Imaging 
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Background: The aim of the study was to evaluate the diagnostic effectiveness of color 

Doppler ultrasound (CDUS) with superb microvascular imaging (SMI) compared to contrast- 
enhanced ultrasound (CEUS), computed tomography (CT) multislice angiography (64 slices), 

and angiography required for therapeutic reasons, for follow-up after endovascular aneurysm 
repair (EVAR). 
Methods: From March 2014 to May 2015, 57 patients treated with EVAR were evaluated with 

CT, CEUS, CDUS, SMI, and angiography in cases requiring treatment. Evaluation included sac 
diameter, stent-graft integrity, identification, and classification of endoleaks. Sensitivity, speci- 

ficity, accuracy, and negative and positive predictive values were evaluated for each modality 

of endoleak identification. 

Results: Eight endoleaks (16.3%), all type II, were documented. Sensitivity of CT, CEUS, 
CDUS and SMI was 88%, 100%, 63%, and 75%, respectively. Specificity of CT, CEUS, 
CDUS, and SMI was 100%, 100%, 96%, and 98%, respectively With SMI, CDUS sensitivity 

significantly increased, whereas specificity did not register great differences. 

Conclusions: SMI was more accurate than CDUS but less accurate than CEUS and 

CT to identify endoleaks after EVAR. SMI could be concretely used in the follow-up 
phase to increase CDUS accuracy especially in patients who cannot be studied with 

CEUS or CT. 
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INTRODUCTION 

Abdominal aortic aneurysm repair (endovascular 

aneurysm repair [EVAR]),! is complicated in about 

30% of cases by persistent arterial communication 

between the aneurysm sac and systemic circula- 

tion, that is, endoleak.°? In 10—45% of cases, 
endoleaks can be associated to a dilation of the 

aneurysm sac,° requiring a reintervention in 

8.7% of cases over an average period of 

12 + 13 months.” As most post-EVAR complica- 
tions, including endoleaks, are asymptomatic but 

potentially dangerous, patients must be kept under 

lifelong surveillance. 

The ideal imaging modality should be inexpen- 

sive, repeatable, safe, and accurate.’ Currently, the 

correct follow-up modality and timing are still 

controversial.’ Computed tomography angiography 

(CTA) was initially the first choice and still today is 

the reference diagnostic method because of its 

wide availability, diagnostic value acquisition speed, 

resolution, and uniformity of protocols. However, it 

is expensive, and it uses ionizing radiation and 

potentially allergenic and nephrotoxic contrast 

agents. 
Valid alternatives to CTA are contrast-enhanced 

ultrasound (CEUS) and magnetic resonance angiog- 

raphy (MRA).°’ The latter is quite expensive and 

often unavailable. 

Currently, in several centers specialized in 

vascular imaging, including ours, CEUS is consid- 

ered inexpensive and effective for long-term sur- 

veillance of EVAR because of its ability to correctly 

identify and classify endoleaks without exposing 

the patient to ionizing radiations. 

An innovation in the ultrasound (US) field 

came up in January 2014 with the introduction 

ot SMI (superb microvascular imaging [SMI]; 

Toshiba). Such algorithm allows purification of 
the Doppler signal, by eliminating the noise and 

background artifacts, without reducing vascular 

signals. Conventional Doppler techniques have 

been developed with the main aim to visualize 

blood flow at a high resolution. SMI is able to 

identify even slower blood flow compared to 

traditional color Doppler, obtaining images similar 

to CEUS, but without using intravenous (iv) 

contrast agents. 
The aim of this work was to evaluate the diag- 

nostic effectiveness of color Doppler ultrasound 

(CDUS) with SMI compared to US with contrast 

agent and CT multislice angiography (64 slices). 

The results are also compared with angiography 

required for therapeutic reasons. 
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MATERIALS AND METHODS 

In the period between March 2014 and May 2015, 

57 patients, who had previously undergone EVAR, 

were recruited for this study. Indication for treat- 

ment was considered aneurysm diameter >5.5 cm 

for men and 5.0 cm for women, or evidence of rapid 

growth (>1 cm in 1 year). Thirty-four Medtronic, 

FEndurant II; 9 Zenith, Cook; 9 GORE EXCLUDER; 

and 5 Bolton, Treovance devices were used. The 

population included 50 men and 7 women (mean 

age, 75 + 8 years). Patients were studied within 

30 days after EVAR and followed up at 3, 6, and 

12 months through CDUS, SMI, and CEUS. CTA 

was performed within 30 days and 12 months if 

symptomless. Angiography and treatment were per- 

formed in patients with endoleak and increase of the 

aneurysm sac. In these cases, angiography was the 

gold standard, and in the remaining cases, the imag- 

ing follow-up. 

Diagnostic accuracy of the different procedures 

was evaluated in terms of sensitivity, specificity, 

and positive and negative predictive values. The 

main parameters taken into consideration included 

sac diameter, stent-graft integrity, identification, 

and classification of endoleaks. 

CTA Technique 

Within 1 week postoperatively, all patients under- 

went CTA examination carried out with Somatom 

64 (Siemens, Erlangen, Germany). A triphasic CT 

protocol was used with a precontrast phase, an arte- 

rial phase (started with bolus tracking), and a late 

phase at 120 sec, using 130 mL of nonionic contrast 

agent: Iomeron (Bracco, Milan, Italy) at 4 mL/s. The 

other scanning parameters were the following: 1.2- 

mm acquisition; reconstruction with a soft-margin 

kernel algorithm (B30) at 1.5 and 3 mm with a 

reconstruction increase of 1.5 mm; precontrast 

scans at a low-power tube (120 mAs); the other 

phases at 120 kV and 200 mAs. Images were 

analyzed on a dedicated workstation (Aquarius; Ter- 

aRecon, San Matteo, CA) using conventional post- 

processing techniques. CTAs were evaluated by 2 

radiologists with more than 10 years of experience 

in the field. The size of the aneurysm sac, the integ- 

rity of the prosthesis, and the presence or absence 

and type of endoleak were evaluated. 

Color Doppler Ultrasound 

Patients were advised to follow a low residual diet 

the day before the examination and to fast in the 

morning of the day of the investigation. The color
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Doppler examination was conducted with a high- 

end machine (Toshiba Aplio 500), equipped with a 

convex probe (1-6 Mhz), using real-time scanning. 

The first part of the examination consisted of a 

complete study of the abdominal aorta in B-mode, 

from the diaphragm to the iliac arteries. The aneu- 

rysm sac was measured both in its longitudinal 

and transversal size in the segment with the largest 

dimension. 

Latera colorand power Doppler evaluation of the 

vessel, and most importantly ot the aneurysm sac, 

was used, to identify suspect endoleak areas. Hemo- 

dynamics were documented through the measure- 

ment of speed with Doppler spectrum. 

CEUS Technique 

After the B-mode study and color-power Doppler, 

CEUS was performed on the same machine under 

low mechanical index between 0.06 and 0.10. A 

quick bolus injection with 1.2 mL of second- 

generation contrast agent (SonoVue; Bracco, Milan, 

Italy), in the antecubital vein, through a peripheral 

venous catheter 18—20 G, followed by 5 cc of saline 

was given. To avoid the rupture of the microbubbles 

during injections, the catheter and the vein were 

kept in longitudinal position, straight, and without 

any corners. 
The whole abdominal aorta (up to the iliac ar- 

teries) was examined for 5 min after the injection 

of SonoVue, and the presence of contrast enhance- 

ment within the aneurysm sac was evaluated, by 

monitoring the time of appearance (if synchronous 

or delayed with respect to prosthesis enhancement) 

and persistence in inflow and outflow vessels. 

The examinations were digitally recorded in the 

form of cine loops, and all cases were analyzed by 

2 operators to characterize lesions in ‘’consensus 

reading.” 

Color Doppler SMI Technique 

Before and after CEUS, color Doppler with SMI was 

performed. Both color and grayscale images were 

used for the vascular system, and the presence of a 

low-flow signal was evaluated at the same time 

outside the stent graft and inside the aneurysm 

sac. The examinations were analyzed by 2 operators 

in ‘“consensus reading*' and digitally recorded in the 

form of cine loops. Real-time SMI algorithm enables 

the machine to increase the frame rate that allows to 

display signals coming from low flow normally 

disturbed by background noise and filtered by color 

and power Doppler. It is therefore able to thor- 

oughly separate the real vascular signal from tissue 
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motion artifacts keeping the whole Doppler spec- 

trum including low-flow signals in real time.* 

Both the blood flow and tissue motion produce 

Doppler signals, and the latter, if intense, overlaps 

the low-velocity blood components. Conventional 

Doppler systems use filters that, in order to elimi- 

nate motion artifacts, lose also low-velocity blood 

flow components. SMI uses a new algorithm on 

one hand to identify and remove the signals 

deriving from the motion of nearby structures (mo- 

tion artitacts) and on the other hand to reveal the 

real components of low-velocity blood flow. This 

is possible because the software does not concen- 

trate mainly on the Doppler effect or on the inten- 

sity of a specific signal but on the local distribution 

through the region of interest, and although mo- 

tion indicated as background noise is present in 

the whole region, blood flow regards only a specific 

area. 
This procedure should guarantee a significant 

reduction of pulsatility artifacts that invalidate the 

study with the color and power Doppler technique, 

increasing accuracy and reducing interobserver 

variability. 

SMI presents in 2 modes: color SMI mode and 

Monochromatic SMI mode. The color SMI mode 

shows the anatomy of the district explored in B- 

mode with information about low flow on a color 

map, whereas monochromatic SMI mode cuts the 

background in the region of interest giving more 

focus on the flow structure which improves the 

sensitivity of the system and obtaining an image 

quite similar to CEUS but without using iv contrast 

agents (Fig. 1). 

Digital Subtraction Angiography 

Technique 

Patients who were positive to endoleaks or showed 

contrasting results underwent digital subtraction 

angiography (DSA). The procedure was carried 

out through a digital angiographer (Artis Zee; 

Siemens, Berlin, Germany). Aortography was car- 

ried out through transfemoral access with a 4F 

pigtail catheter (Cordis Endovascular, Miami Lakes, 

FL) positioned above the renal arteries by injecting 

20 mL of iodinated contrast at a speed of 20 mL/ 

sec, to evaluate the flow inside endoprostheses, 

the patency of the splanchnic arteries and of the 

iliofemoral runoff, and the presence of endoleaks. 

The following selective catheterizations were also 

carried out according to the diagnostic results and 

indications of US with CEUS and SMI and CTA: 

ot the superior mesenteric artery, by means ot a 

SIM 1 4F catheter (Cordis Endovascular) to
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Fig. 1. SMI images. (A) Absence of endoleak. (B) Presence of Type II endoleak (arrow). 

evaluate collateral flow of the arc ot Riolan and the 

complete exclusion of the inferior mesenteric ar- 

tery and of the internal iliac arteries bilaterally to 

evaluate revascularization through the iliolumbar 

arteries. In case of an endoleak with a progressive 

growth ot the aneurysm sac, treatment with defin- 

itive embolic agents or prosthesis segments (aortic 

cuffs) was performed for type I endoleak and 

percutaneous embolization or intra-arterial embo- 

lization for type II. 

Statistical Analysis 

The maximum transversal diameter of the aneu- 

rysm sac was measured with all diagnostic proced- 

ures, and data were expressed as an average of 

values. The variables taken into account were 

sensitivity, specificity, and positive and negative 

predictive values. The paired f-test (Student t-distri- 

bution) was used to evaluate the correlation be- 

tween the average size of the aneurysm sacs
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Fig. 2. (A) CDUS shows a normal stent-graft bifurcation. (B) Type II endoleak detected by CEUS (arrow). 

observed with CT compared to US. This test was 

applied both to the 48 patients recruited and to the 

patients who were positive to endoleaks. 

RESULTS 

Of the 57 patients recruited, 8 endoleaks were 

detected (16.3%), all in male patients. Among the 

endoleaks documented, 6 were late endoleaks and 

2 were early endoleaks. All 8 endoleaks were type 

II endoleaks (7 through lumbar arteries and 1 

through the inferior mesenteric artery). In 2 cases, 

both with an increase of the sac >4 mm, reinterven- 

tion was necessary. The remaining cases were only 

followed up. 

The 2 endoleaks treated were confirmed by 

angiography. CT evidenced all endoleaks except 

1 (7 true positives and 1 false negative) because 

of its small size. CEUS evidenced all endoleak
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Table I. Endoleaks detected 
  

  

True 

Technique False positives False negatives True positives negatives 

CT 0 1 o 49 

CEUS 0 0 8 49 

CDUS 2 3 5 47 

SMI 1 2 6 48 
  

  
Fig. 3. (A) Type II endoleak detected by SMI. (B) CTA, venous phase: the endoleak (arrow) is supplied by a lumbar 

artery.
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Table II. Accuracy in recognizing endoleak 
  

  

Negative 

predictive 
Technique Sensitivity % Specificity % value % 

CT 88 100 98 

CEUS 100 100 100 

CDUS 63 96 94 

SMI 75 98 96 
  

cases (8 true positives and 0 false negative). The 

remaining part of the subjects studied gave nega- 

tive results for both procedures (0 false positives). 

SMI evidenced 7 endoleaks instead, 6 of which 

were true positives, 1 false positive, and 2 false 

negatives. Finally, CDUS documented 3 false 

negatives and 7 endoleaks, 5 of which true posi- 

tives and 2 false positives (Fig. 2).These results 

are summarized in Table I. CT was able to 

characterize appropriately 6 type II endoleaks, 

localizing the artery that perfused the aneurysm 

(Fig. 3) but misdiagnosed 1 case of type II endo- 

leak as type I. 

CEUS characterized appropriately all type II 

endoleaks, documenting in 7 cases lumbar ar- 

teries as origin of endoleak and in 1 case the 

inferior mesenteric artery. CDUS, despite its 

limited sensitivity and specificity, classified all 

endoleaks appropriately. Even SMI characteriza- 

tion was coherent with the other procedures. 

Sensitivity and specificity of CT, CEUS, CDUS, 

and SMI were respectively of 88%, 100%, 63%, 

and 75%, and 100%, 100%, 96%, and 
98%.The negative predictive value was 98%, 

100%, 94%, and 96%, respectively. 

The analysis of the data in this study evidenced 

that CEUS sensitivity is similar to CT, which is 

much more sensitive than CDUS and SMI and has 

an excellent specificity, equivalent to the other pro- 

cedures. As far as endoleak characterization is con- 

cerned, CEUS performed better than CT, managing 

to correctly classify a case as type II endoleak in 

which CT did classify it as type I. Confirmation of 

type II endoleak was therefore achieved by means 

ot angiography. SMI showed high specificity, not 

statistically different from CEUS and CT. However, 

it was less sensitive than CEUS and CT. SMI was 

also reliable for endoleak classification. The accu- 

racy of the different procedures has been summa- 

rized in Table II. 

DSA was performed in 2 of 8 patients because in 2 

type II cases (during the follow-up), the increase of 

the aneurysm sac was >4 mm, therefore requiring 

embolization. 
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DISCUSSION 

Early identification and correct classification ot 

endoleaks are the fundamental aims of the follow- 

up of patients treated with EVAR. CDUS is a safe, 

inexpensive, and repeatable examination; however, 

in our experience” and in literature, !® !? it is not 
sensitive enough, unless it is performed by an expert 

in perfect ‘“anatomic’’ conditions.’ At the moment, 

CTA is the most used imaging procedure, '*'° thanks 
to its wide availability, panoramic view, acquisition 

speed, resolution, and uniformity of protocols. CTA 

is usually performed using precontrast scans, 

although some authors suggest not to carry out 

the precontrast phase'° and postcontrast scans, in 

the arterial and delayed phase, the latter particularly 

useful to identify low-flow endoleaks. CT is accurate 

for identitying endoleaks, with a sensitivity ot 70% 

(53-82%) and a specificity of 98% (94-100%).!” 
However, the unsuccessful directional identification 

of the flow makes the origin of the endoleak more 

difficult to detect.'* °° CTA allows only multiphase 
imaging and not dynamic acquisitions ot the flow 

inside the aneurysm sac; therefore, CEUS can iden- 

tify some types of slow endoleaks, as reported by the 

European Federation of Societies for Ultrasound in 

Medicine and Biology (EFSUMB) 2011 guidelines?’ 
and some authors in literature.??°* The emergent 

role of CEUS and its growing indications compared 

to CT are also shown by several studies,?*°° which 
prove its applications in the body, for liver, kidney, 

testis, lymph nodes, thyroid, prostate, and small 

bowel. Moreover, the costs and the use of ionizing 

radiation and potentially allergenic and nephrotoxic 

contrast agents raise doubts about the repeated use 

of CT on patients at risk of endoleak. Nonetheless, 

CT, with all its limits regarding classification and 

identification of endoleaks, cannot be replaced 

because it gives a more precise evaluation of the 

aneurysm sac and provides information about 

anchorage, integrity, and morphology of the graft, 

which cannot be obtained with US. 

CEUS, performed with harmonic B-mode imag- 

ing and second-generation contrast agents, has 

been evaluated for the follow-up of EVAR in some 

studies”°°* and has given promising results both 
for the identification of endoleaks and their correct 

classification. The introduction of second- 

generation contrast agents and specific software 

has eliminated problems connected to artifacts and 

operator dependence, as well as the influence ot 

obesity and intestinal gas.*:°?°?° 

US contrast agents can be used also in patients 

with renal failure, and no laboratory tests are 

needed before administration. Elimination takes
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place through the respiratory system, and it does not 

depend on gender or quantity injected.’' ‘The 

incidence of severe hypersensitivity or anaphylactic 

reactions is very low and can be compared to the one 

of contrast agents used in magnetic resonance 
(MR). However, it is necessary to pay attention 
to patients suffering from severe congenital heart 

failure and significant lung, kidney, or liver dis- 

ease,'! and it is contraindicated in patients with un- 

stable angina or with a recent episode of acute 

coronary syndrome. 
To summarize, CEUS is a safe and repeatable pro- 

cedure, even because it does not use ionizing radia- 

tion, it is inexpensive and pleasant for the patient. It 

allows a dynamic analysis of the flow with real-time 

acquisition of images over up to 10 min, therefore 

allowing the identification of late or low-flow endo- 

leaks, usually not evidenced by spiral CT.?° The 
EFSUMB 2011 guidelines recommend its use for sur- 

veillance after EVAR. However, CDUS with SMI and/ 

or CEUS present the limits ot B-mode US, as farasthe 

patient’s habitus, the presence of intestinal gas, asci- 

tes, extended calcifications, subcutaneous emphy- 

sema caused by surgery, and metal artifacts are 

concerned. Other limitations to its use are connected 

to some components of the endoprosthesis (such as 

the GORE EXCLUDER-Endoprosthesis) which limit 

explorability, producing artifacts the first 6 months 

after surgery.°* °° Moreover, this procedure is highly 

operator dependent, itis not available in all institutes, 

it has a minimum extra cost because of the use of the 

contrast agent, and sometimes it can only be 

performed during hospitalization. These disadvan- 

tages do not allow CEUS to reach the ‘gold standard’ 

level. On the other hand, new software, such as SMI, 

has opened new diagnostic possibilities, which are 

less invasive and easier to use. 

The results of our study have shown that SMI is 

an effective and more accurate procedure than color 

Doppler to identify endoleaks, less sensitive 

compared to CEUS and CT but with high specificity, 

and not statistically different from CEUS and CT. As 

regards endoleak classification, SMI seems to be a 

reliable procedure. It could allow a better and 

more effective identification and characterization 

of endoleaks compared to traditional US with col- 

or-power Doppler, guaranteeing, in theory, results 

similar to CEUS and CT. At the same time, it solves 

the main limitations of such procedures such as 

invasiveness, costs, nephrotoxicity, and the use of 

ionizing radiation. SMI is also able to eliminate mo- 

tion and respiratory artifacts, to identify low flow, 

but, unlike CEUS, it does not guarantee real-time 

evaluation of flow dynamics. Diameters of the aneu- 

rysm sac can be measured in a precise way by US, 
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which is also able to eftectively visualize the prox- 

imal and distal anchorage sites of the endoprosthe- 

sis.'’’ In addition, type II endoleaks, which need 
constant monitoring, can be kept under observation 

with US, reducing the use of CT and therefore ex- 

penses and radiation exposure. 

Some authors have reported a coefficient of vari- 

ation of 10% between CEUS and CTA for measuring 

the residual diameter of the sac.’ Such a high level 

of interindividual or intraindividual variability sug- 

gests that the 2 procedures are not interchangeable 

and have to be used with 2 separate protocols. A 

group of researchers, on the basis of a multicenter 

study lasted 5 years, ’° developed a surveillance pro- 

tocol starting from 30 days with CT and X-rays with 

4 projections. Later surveillance changes according 

to the presence or absence of endoleaks: if an endo- 

leak is present, whether it is necessary or not, inten- 

sive surveillance is put in place every 6-12 months 

with CT. If no endoleaks are registered, a less inten- 

sive surveillance protocol is put in place, with a sec- 

ond CTA after 12 months and then a yearly CDUS. 

In the following checks, if an endoleak is docu- 

mented or the aneurysm sizes have grown, the pa- 

tient is transferred to the intense surveillance 

protocol and/or retreatment. Other authors support 

a less-expensive protocol, with a surveillance sys- 

tem based on CDUS and X-rays.!!° * Others still 
use a protocol mainly based on CEUS and CDUS 

that includes a CTA after 3 and 12 months of 

EVAR, then periodical CDUS and CEUS to solve sus- 

pected problems.*? Our research team instead, on 

the basis of our experience,’ follows a protocol 

which emphasizes CEUS. After EVAR and the first 

discharge of the patients, on the second or third 

day, CEUS and CTA or MRA are performed, and sur- 

veillance with CEUS is continued after 3 and 

6 months, and then 12 months after surgery, 

another CTA is performed. If type I or II endoleaks 

are documented, then it is necessary to intervene 

again and follow more intensely the patients with 

CT or MR, in addition to CEUS and then continue 

like after the first treatment. If a type Il endoleak is 

documented instead, the patient is followed only 

with CEUS, every 2 or 3 months to register possible 

growths of the aneurysm sac. If no growth is 

showed, the patient is followed with CEUS until 

the endoleak disappears. 

CONCLUSION 

Our study shows that SMI is more accurate than 

CDUS but less accurate than CEUS and CT to iden- 

tify endoleaks after EVAR. CEUS proved to be
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effective in clarifyving the diagnosis when doubts 

persisted after CT about endoleak classification, giv- 
ing more information about their origin and exten- 

sion. It could be suggested for those patients who 

have a growing aneurysm sac, but CT did not reveal 

a reperfusion of the aneurysm sac. 

SMI could be concretely used in the follow-up 
phase to increase CDUS accuracy especially in pa- 

tients who cannot be studied with CEUS or CT, 

reducing the time of the execution of the examina- 

tion and the costs for the national health system. In 

fact SMI is installed in US software in the equipment 
we used; it is instantaneous and very comfortable 

for the patients, avoiding the administration of 

contrast medium, and therefore without risks. If 

further prospective studies will be carried out, the 

use of SMI could be concretely proposed for the 
follow-up after EVAR. 

REFERENCES 

1. Picel AC, Kansal N. Essentials of endovascular abdominal 

aortic aneurysm repair imaging: postprocedure surveillance 

and complications. AJR Am J Roentgenol 2014;203: 

W358-72. 

2. D'Audiffret A, Desgranges P, Kobeiter DH, et al. Follow-up 
evaluation of endoluminally treated abdominal aortic aneu- 

rysms with duplex ultrasonography: validation with 

computed tomography. J Vasc Surg 2001;33:42—50. 

3. Kranokpiraksa P, Kaufman JA. Follow-up of endovascular 

aneurysm repair: plain radiography, ultrasound, CT/CT 
angiography, MR imaging/MR angiography, or what? J 

Vasc Interv Radiol 2008;19:527—36. 

4. Bendick PJ, Bove PG, Long GW, et al. Efficacy of ultrasound 

scan contrast agents in the noninvasive follow-up of aortic 

stent grafts. J VascSurg 2003;37:381e5. 

5. Hobo R, Buth J, EUROSTAR collaborators. Secondary inter- 

ventions following endovascular abdominal aortic aneurysm 

repair using current endografts. A EUROSTAR report. J Vasc 

Surg 2006;43:896—902, 

6. Cantisani V, Bertolotto M, Weskott HP, et al. Growing indi- 

cations for CEUS: the kidney, testis, Iymph nodes, thyroid, 

prostate, and small bowel, Eur J Radiol 2015;84:1675—-84, 

7. Wieners G, Meyer F, Halloul Z, et al. Detection of type II 

endoleak after endovascular aortic repair: comparison be- 

tween magnetic resonance angiography and blood-pool 

contrast agent and dual-phase computed tomography angi- 

ography. Cardiovasc Intervent Radiol 2010;33:1135-42, 

8. HataJ.Seeingthe unseen: new techniques in vascularimaging 
superb microvascular imaging. Toshiba Med Rev 2014;1-8. 

Available from: htip://www.toshibamedicalsystems.com/ 

library/us/pdf/SMI_MedicalReviewinUltrasound.pdf. Acc- 

essed October 01, 2016. 

9. Claudon M, Cosgrove D, Albrecht T, et al. Guidelines and 

good clinical practice recommendations for contrast 

enhanced ultrasound {CEUS)—update 2008. Ultraschall 

Med 2008;29:28-44. 

10. Cantisani V, Ricci P, Grazhdani H, et al. Prospective compar- 

ative analysis of colour-Doppler ultrasound, contrast- 

enhanced ultrasound, computed tomography and magnetic 

resonance in detecting endoleak after endovascular abdom- 

11. 

12. 

Id; 

14. 

Ta 

16. 

17. 

18. 

19: 

20. 

21. 

22. 

Zi 

24. 

23 

26. 

27. 

Annals of Vascular Surgery 

inal aortic aneurysm repair. Eur J Vasc Endovasc Surg 

2011;41:186-92. 
Bakken AM, Illig KA, Long-term follow-up after endovascu- 

lar aneurysm repair: is ultrasound alone enough? Perspect 

Vasc Surg Endovasc Ther 2010;22:145—51. 

Raman KG, Missig-Carroll N, Richardson T, et al. Color-flow 

duplex ultrasound scan versus computed tomographic scan 

in the surveillance of endovascular aneurysm repair. J 

Vasc Surg 2003;38:645-51, 

Sato DT, Goff CD, Gregory RT, et al. Endoleak after aortic 

stent graft repair: diagnosis by color duplex ultrasound 

scan versus computed tomography scan. J Vasc Surg 
1998;28:657—63. 

Fillinger MF. Postoperative imaging after endovascular AAA 

repair. Semin Vasc Surg 1999;12:327-38. 

Mirza TA, Karthikesalingam A, Jackson D, et al. Duplex ul- 

trasound and contrast-enhanced ultrasound versus 

computed tomography for the detection of endoleak after 

EVAR: systematic review and bivariate meta-analysis. Eur 

J Vasc Endovasc Surg 2010;39:418—28. 

Gurtler VM, Sommer WH, Meimarakis G, et al. A _compari- 

son between contrast-enhanced ultrasound imaging and 

multislice computed tomography in detecting and classi- 

fving endoleaks in the follow-up after endovascular aneu- 

rysm repair. J Vasc Surg 2013;58:340—5. 

Karthikesalingam A, Al-Jundi W, Jackson D, et al. System- 

atic review and meta-analysis of duplex ultrasonography, 

contrast-enhanced ultrasonography or computed tomogra- 
phy for surveillance after endovascular ancurysm repair. 

Br J Surg 2012;99:1514-23. 

Harris PL, Vallabhaneni SR, Desgranges P, et al. Incidence 

and risk factors of late rupture, conversion and death after 

endovascular repair of infrarenal aortic aneurysms the 

EUROSTAR experience, J VascSurg 2002;29:563-70. 

Stavropoulos SW, Charagundla SR. Imaging techniques for 

detection and management of endoleaks after endovascular 

aortic aneurysm repair. Radiology 2007;243:641—55. 

Stavropoulos SW, Clark TW, Carpenter JP, et al. Use of CT 

angiography to classity endoleaks after endovascular repair 

of abdominal aortic aneurysms. J Vasc Interv Radiol 

2005;16:663—-7. 

Piscaglia F, Nolsoe C, Dietrich CF, et al. The EFSUMB Guide- 
lines and Recommendations on the Clinical Practice of 

Contrast Enhanced Ultrasound (CEUS): update 2011 on 

non-hepatic application. Ultraschall Med 2012;33:33—59, 

Giannoni MF, Citone M, Rossini M, et al, Role of contrast- 

enhanced ultrasound in the follow-up of endo-vascular 

aortic aneurysm repair: an effective and safe surveillance 

method. Curr Pharm Des 2012;18:2214-22. 

Thurnher S, Cejna M. Imaging of aortic stent-grafts and 

endoleaks. Radiol Clin North Am 2002;40:799—833. 

Ricci P, Cantisani V, Drudi F, et al, Is contrast-enhanced US 

alternative to spiral CT in the assessment of treatment 

outcome of radiofrequency ablation in hepatocellular carci- 

noma? Ultraschall Med 2009;30:252-8. 

Drudi FM, Giovagnorio F, Carbone A, et al. Transrectal 

colour Doppler contrast sonography in the diagnosis of local 

recurrence after radical prostatectomy—comparison with 

MRI. Ultraschall Med 2006;27:146-51. 

Napoli V, Bargellini I, Sardella SG, et al. Abdominal aortic 

aneurysm: contrast-enhanced US for missed endoleaks after 

endoluminal repair. Radiology 2004;233:217—25. 

Dill-Macky M, Wilson R, Sternbach Y, et al. Detecting endo- 

leaks in aortic endografts using contrast-enhanced sonogra- 

phy. AJR Am J Roentgenol 2007;188:W262-8.



Volume 40, April 2017 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

Iezzi R, Basilico R, Giancristofaro D, et al. Contrast- 

enhanced ultrasound versus color duplex ultrasound imag- 

ing in the follow-up ot patients atter endovascular abdom- 

inal aortic aneurysm repair. J Vasc Surg 2009;49:552—60, 

Giannoni MF, Fanelli F, Citone M, et al. Contrast ultrasound 

imaging: the best method to detect type II endoleak during 

endovascular aneurysm repair follow-up. Interact Cardio- 

vasc Thorac Surg 2007;6:359—62. 

Tezzi R, Cotroneo AR, Basilico R, et al. Endoleaks after endo- 

vascular repair of abdominal aortic aneurysm: value of 

CEUS. Abdom Imaging 2010;35:106-14. 

Bokor D. Diagnostic efficacy of SonoVue. Am J Cardiol 

2000;86:19—-24, 

Piscaglia F, Bolondi L, SIUMB. The safety of SonoVues in 

abdominal applications: retrospective analysis of 23188 in- 

vestigations. Ultrasound in Med Biol 2006;32:1369—75, 

Ripollés T, Puig J. Update on the use of contrast agents in ul- 

trasonography: a review of the clinical guidelines of the Eu- 

ropean Federation of Societies for Ultrasound in Medicine 

and Biology (EFSUMB). Radiologia 2012;51:362—75. 

Cosgrove DO, Kiely P, Williamson R, et al. Ultrasonographic 

contrast media in the urinary tract. BJU Int 2000;86:11-7. 

Millen A, Canavati R, Harrison G, et al. Defining a role for 

contrast-enhanced ultrasound in endovascular aneurysm 

repair surveillance. J Vasc Surg 2013;58:18—23. 

Perini P, Sediri IL, Midulla M, et al. Single centre prospective 

comparison between contrast-enhanced ultrasound and 

computed tomography angiography after EVAR. Eur J 
Vasc Endovasc Surg 2011;42:797—802. 

37. 

38. 

39. 

40. 

4l. 

42. 

43. 

Color Doppler ultrasound with SMI 145 

Back MR. Surveillance after endovascular abdominal aortic 

aneurysm repair. Perspect Vasc Surg Endovasc Ther 

2007;19:395-400, 
Ten Bosch JA, Rouwet EV, Peters CTH, et al. Contrast- 

enhanced ultrasound versus computed tomographic angiog- 

raphy for surveillance of endovascular abdominal aortic 

aneurysm repair. J Vasc Interv Radiol 2010;21:638—43. 

Sternbergh WC, Greenberg RK, Chuter TA, et al. Redefining 

postoperative surveillance after endovascular aneurysm 

repair: recommendations based on 5-year follow-up in the 

US Zenith multicenter trial. J Vasc Surg 2008;48:278—85. 

Beeman BR, Doctor LM, Doerr K, et al. Duplex ultrasound 

imaging alone is sufficient for midterm endovascular aneu- 

rysm repair surveillance: a cost analysis study and prospec- 

tive comparison with computed tomography scan. J Vasc 

Surg 2009;50:1019-24, 
Gray C, Goodman P, Herron CC, et al. Use of colour duplex 

ultrasound as a first line surveillance tool following EVAR is 

associated with a reduction in cost without compromising 

accuracy. Eur J Vasc Endovasc Surg 2012;44:145—50. 

Chaudhuri A. Commentary on ‘Use of colour duplex ultra- 

sound as a first line surveillance tool following EVAR is asso- 
ciated with a reduction in cost without compromising 

accuracy’. Eur J Vasc Endovasc Surg 2012;44:151-2. 

Sidhu PS, Allan PL, Cattin F, et al. Diagnostic efficacy of 

SonoVue, a second generation contrast agent, in the assess- 

ment of extracranial carotid or peripheral arteries using 

colour and spectral Doppler ultrasound: a multicentre study. 
Br J Radiol 2006;79:44—51.


