
Introduction

Endovascular aneurysm repair (EVAR) has rapidly 

become the treatment of choice in the repair of 

abdominal aortic aneurysms (AAA). Whilst EVAR 

using commercially available devices has been 

associated with a low rate of aneurysm-related 

death, late aneurysm rupture is a potential risk of 

all devices. Therefore, continued surveillance after 

EVAR to detect aneurysm growth due to endoleak, 

device migration, or structural failure is recom-

mended [1]. There has been much discussion 

regarding the optimal imaging strategy for EVAR 

surveillance. Initial studies recommended computed 

tomography arteriography (CTA) at one, six, and 12 

months after initial repair and yearly thereafter [2]. 

However, the frequent use of CTA has raised  

concerns about the cumulative effects of radiation 

from repeat exposure and the lifetime risk of cancer, 

in addition to the added cost of these studies. 

This led some to question whether colour duplex 

ultrasound (CDUS) could replace CTA. Although 

ultrasound avoids radiation exposure and the  

nephrotoxicity of iodinated contrast agents,  

concerns were raised regarding the sensitivity of 

ultrasound in identifying endoleaks [3, 4]. However, 

more recent studies have suggested that the lower 

sensitivity of CDUS is offset by a high degree of 

correlation between CDUS and CTA in the detection 

of clinically significant endoleaks [5]. If neither an 

endoleak nor residual aneurysm sac enlargement 

is documented on the first annual CTA, most  

centres will use a combination of CTA, CDUS, and 

plain abdominal radiography at six-month or yearly 

intervals to follow up the EVAR [6]. Thus, the  

Society for Vascular Surgery recommends annual 

surveillance with either CTA or CDUS if the original 

post-operative CT scan does not demonstrate any 

of the above concerns [7].

Nevertheless, convention has dictated that if  

an endoleak is detected, particularly a type II  

endoleak, it should be followed up by CTA due  

to the reduced sensitivity of CDUS. Consequently, 

many centres have reported the use of contrast-

enhanced ultrasonography (CEUS) as an alternative 

to CTA due to the improved spatial resolution of 

CEUS over conventional CDUS. The accuracy of 

CEUS in detecting endoleaks has been shown to 

be markedly better than CDUS and similar to CTA 

and MRA [8]. However, CEUS has limitations and 

the potential for adverse effects and contraindica-

tions. It also takes ultrasound from the realms of  

a non- or minimally invasive procedure to a more 

invasive, costly and time-consuming investigation.

Recently, Toshiba Medical Corporation has  

developed a novel microvascular flow imaging 

technique called SMI (Superb Microvascular  

Imaging) which has been implemented on its new 
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Fig. 1b: Conventional CDUS image fails to show the endoleak seen with mSMI.Fig. 1a: Small endoleak demonstrated with mSMI.
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Aplio 500 & 400 ultrasound scanners. SMI is a 

Doppler imaging technique that is able to visualize 

smaller vessels with lower velocities than conven-

tional CDUS. In addition, SMI retains high frame 

rates and has little motion artefact, making the 

imaging of the microvasculature a possibility without 

the use of contrast. SMI displays flow either in a 

colour (cSMI) or a monochrome map (mSMI) with 

the latter having a similar appearance to CEUS [9].

SMI has already been used to image neoplasms, 

in inflammatory diseases and in the diagnosis of 

ischaemia [9, 10]. At the University Hospital of 

Wales in Cardiff, we looked to see if SMI could  

be used for surveillance of EVARs and if the 

sensitivity of endoleak detection was equal to or 

better than conventional CDUS. In addition, we 

compared the rate of endoleak detection in any 

patient undergoing CTA for EVAR surveillance.

Methods

A retrospective analysis was performed on the 

data of all patients enrolled on our EVAR surveil-

lance programme from the 1st of July 2014 to the 

30th June 2015 for audit purposes. This period 

was chosen to include all the studies performed 

after the installation of SMI on our Aplio 500.  

All patients were scanned by one of three Medical 

Physicists trained in vascular ultrasound. A standard 

scanning procedure was adopted in all cases.  

The abdominal aorta above the stent graft, the 

stent graft itself, the residual aneurysm sac and 

the iliac vessels were scanned in longitudinal  

and transverse planes using B-mode imaging.  

The maximum diameter of the residual aneurysm 

sac was measured in the transverse plane, with 

both the anterior-posterior and the transverse 

diameters recorded. The residual aneurysm sac 

and patency of the limbs of the stent graft were 

assessed with both CDUS and SMI in both the 

transverse and longitudinal planes. Particular 

attention was paid to anechoic areas within the 

residual aneurysm sacs, looking for any potential 

endoleaks. A standard protocol for reporting the 

results of the ultrasound surveillance scans was 

adopted. The maximum diameter of the residual 

aneurysm sac and whether the intra-aneurysm 

content was homogeneous or heterogeneous was 

documented from the B-mode image. Any flow 

within the sac and outside the limbs of the graft 

was reported as an endoleak and an attempt was 

made to document the type of endoleak (Type I,  

II & III) from the CDUS and SMI images.

As not all patients underwent a CTA, a search  

of the radiology database was undertaken to  

find those patients in the ultrasound surveillance 

group who also underwent a CTA.

Results

In the 12-month period from the 1st of July 2014 

to the 30th June 2015, 139 patients underwent 

EVAR surveillance. Three patients were excluded 

from the analysis and the surveillance programme 

due to inadequate ultrasound examinations 

(unable to adequately image the EVAR). Of the 

136 patients enrolled, 27 patients underwent CTA 

within one month of the ultrasound examination.  

A total of 18/136 patients were found to have an 

endoleak on ultrasound (CDUS & SMI), giving a 

pick-up rate of 13 % in our cohort of patients. 

18/27 patients and 17/27 patients showed no  

Fig. 2b: This image shows the same endoleak with mSMI. The mSMI image 

demonstrates the endoleak is more extensive than that seen with cSMI and is  

more clearly depicted.

Fig. 2a: Image shows an obvious endoleak with cSMI. 
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endoleak on ultrasound and CTA respectively.  

Ultrasound failed to demonstrate one endoleak  

demonstrated with CTA (10 % failure rate of ultra-

sound compared with CTA). In further analysis of 

the 18/136 patients demonstrating endoleaks on  

ultrasound, only 10 patients displayed the endoleak 

on CDUS alone (7 % of patients). CDUS failed to 

demonstrate 8 endoleaks demonstrated with SMI. 

Both cSMI and mSMI displayed endoleaks not 

seen on conventional CDUS (Fig. 1), but mSMI 

displayed the enoleaks with greater clarity than 

cSMI (Fig. 2). Of the 18 patients displaying an  

endoleak on SMI, 12 went on to have a CT scan. 

Out of these 12 patients, 8 patients demonstrated 

an endoleak on CT. Therefore, in this group of 12 

patients, SMI showed a positive endoleak in 4 

more patients than were seen on CTA (33 % failure 

rate of CTA compared with SMI). In addition,  

2 of the 4 patients with endoleak demonstrated 

on SMI and not on CT had an expanding sac size.

Discussion

It is generally accepted that CDUS and abdominal 

x-ray is a safe and effective method of performing 

EVAR surveillance [6]. However, due to the lack  

of sensitivity of CDUS in detecting endoleaks 

compared with CTA, some authors have advocated 

the use of CEUS in EVAR surveillance [8, 11].

CEUS has been shown to have similar sensitivities 

to CTA, however, interestingly CEUS has been 

shown to demonstrate endoleaks not visible on 

CTA [12]. In a recent study of Perini et al [13], 

CEUS detected 21 type II endoleaks that were  

not shown by CTA and CTA showed 17 type II 

endoleaks that were not shown by CEUS. The two 

modalities detected the same type I and type III 

endoleaks and no type IV endoleaks were detected 

in that study. Our study using SMI has found  

a similar result to CEUS. We detected more  

endoleaks with SMI than with CDUS (18 cf. 10). 

We also found a discrepancy between the numbers 

of endoleaks demonstrated on SMI compared with 

CTA. CTA found one endoleak not demonstrated 

on SMI, however SMI found 4 more endoleaks 

than CTA, 2 with increasing sac size on ultrasound 

and CTA. Although our numbers are small and 

there is no comparison of SMI with CEUS, our 

results suggest SMI may well be comparable  

to CEUS in the detection of EVAR endoleaks and 

outperform CTA in some circumstances.

Conclusion

In conclusion, SMI is an effective tool for the 

detection of endoleaks in an EVAR surveillance 

programme. In this limited study, SMI outperforms 

CDUS in the detection of endoleaks. It appears  

at least as sensitive as CTA in the detection of 

endoleaks and has several advantages over the 

use of CEUS as discussed. Consequently, I believe 

SMI is a safe tool for use in EVAR surveillance and 

further studies are warranted to test the sensitivity 

of SMI compared with CEUS. 
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