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Endovascular aneurysm repair (EVAR) is an effective
alternative treatment to open repair of abdominal
aortic aneurysm [1] and the number of EVAR
procedures carried out worldwide is continuously
growing. Incomplete exclusion of the aneurysm
sac from the circulation, defined as endoleak, is
the most frequent complication after EVAR occur-
ring in 10 % to 45 % of cases [2], and it can be
associated with aneurysm enlargement and possibly
rupture [3]. Thus, life-long surveillance of aortic
stent grafts to detect endoleaks and other forms of
device failure is required in patients who underwent

EVAR. Despite its notable advantages, ultrasonog-
raphy has not yet achieved reference standard
status in the EVAR follow-up because of low diag-
nostic specificity and sensitivity. Recent studies on
ultrasound examinations performed without contrast
agents reported sensitivity rates ranging from 43 %
to 97 %. These wide differences suggest that this
method does not guarantee the necessary reliability
[4,5]. Therefore, to date computed tomography
angiography (CTA) is the preferred imaging modality
to follow up patients after EVAR. However, CTA
surveillance carries the risks associated with radi-

Fig. 1a: Color Doppler US: color flow signal within the
aneurysmal sac, on the right side.

ation and contrast media exposure. Magnetic res-
onance angiography (MRA) and contrast-enhanced
ultrasonography (CEUS) have been shown in some
studies to offer better accuracy than CTA [6, 7—13].
However, there is no consensus with regard to
optimal work-up with diagnostic imaging modalities
in surveillance after EVAR. In our study published
in EJVES [14] we compared color Doppler ultra-
sonography (CDUS), CEUS, CTA and MRA in order
to identify the most effective imaging work-up for
the above mentioned patients.

Fig. 1b: MRA with focal contrast-enhancement on the
right and posterior site.

Fig. 1c: CTA with similar findings to MRA.

Fig. 1d: CEUS reveals type Il endoleak due to lumbar
artery revascularization.
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CDUS and CEUS examinations were performed with
Aplio XG using a 3—5 MHz probe. The aneurysm
sac size was measured in both anterior-posterior
and transverse dimensions at its widest points and
the mean values of these measurements were used
for the purposes of this study. Arterial flow hemo-
dynamics was documented throughout the stent
graft with spectral Doppler velocity measurements.
Color Doppler was adjusted for optimum sensitivity
to slow flows, and the entire stent graft and aneu-
rysm sac were scanned to detect any endoleak that
might have been present. Any suspected endoleak
was further documented for flow characteristics
with spectral Doppler velocities. Subsequently,
patients underwent CEUS with a 3-5-MHz probe
and with a low mechanical index (varying from
0.06 to 0.10; about 35—45 KPa), with Pulse Sub-
traction Contrast Harmonic Imaging. These imag-
ing techniques enable selected tuning of the signal
from the contrast agent microbubble resonance,
notably filtering tissue echoes. A second-generation
contrast agent (SonoVue, Bracco, Milan, Italy) was
injected intravenously in all cases.

In conclusion, CDUS is inadequate for the surveil-
lance of patients after EVAR. Endoleak detection
in patients with MR imaging-compatible stents

is relatively more sensitive as shown in previous
papers [11,13] and confirmed by the findings of
our study. In this study we observed a sensitivity
and specificity of MRA in the detection of endoleak
0f 96 % and 100 %, respectively.

The results of the present prospective study indicate
that CEUS is significantly more sensitive and specific
than CDUS as far as the identification of leaks
(p<0.001) is concerned, although not statistically
significant more accurate than CTA and equal to
MRA. In addition, CEUS allowed better classification
of endoleaks in ten, two and one case compared
with CDUS, CTA and MRA, respectively. It is note-
worthy that in four cases CTA missed endoleaks
or endotensions, since the aneurysm sac was
increased. In two cases this was probably due

to metallic artefacts, in the remaining two cases
because the amount of endoleak was too small.

Regarding classification in two cases CTA and MRA
had misdiagnosed an endoleak as type IIl while
CEUS clearly showed inflow vessels such as lumbar
hypertrophic arteries indicating a type Il endoleak.
Moreover CEUS, unlike CTA, provides hemodynamic
information on blood flow and direction, in addition
to the morphological evaluation, and allows real-time
comparison of baseline and contrast images on
one screen.

In conclusion, CDUS is inadequate for the surveil-
lance of patients after EVAR. The results of the
present study and the review of the literature
showed that CEUS is an effective tool for surveil-
lance after EVAR because it is fast, cheaper but
as accurate as CTA or MRA, it can be repeated
frequently even at bedside, also in the immediate
postoperative period. The limitations of CEUS are
mainly its operator dependency and patients’ con-
dition. Based on these findings, we do believe that
CEUS is a valuable adjunctive imaging modality to
CTA and MRA in detecting endoleaks after EVAR.

Fig. 2: Color Doppler US (a) shows no flow within the aneurysmal sac; hypertrophic lumbar artery (arrow). Focal

contrast-enhancement behind the iliac branches during arterial phase consistent with Il-type endoleak was detected

at CTA (b), MRA (c) and CEUS (d).

Evaluation of the clinical impact of CEUS in the treatment of abdominal aneurysms 3

References

1. Greenhalgh RM, Brown LC, Kwong GP, Powell
JT, Thompson SG. EVAR trial participants. Com-
parison of endovascular aneurysm repair with
open repair in patients with abdominal aortic
aneurysm (EVAR trial 1), 30-day operative mor-
tality results: randomised controlled trial. Lancet
2004;364:843-848.

2. Bendick PJ, Bove PG, Long GW, Zelenock GB,
Brown OW, Shanley CJ. Efficacy of ultrasound scan
contrast agents in the noninvasive follow-up of
aortic stent grafts. J Vasc Surg 2003;7:381—385.

3. van Marrewijk C, Buth J, Harris PL, NorgrenL,
Nevelsteen A, Wyatt MG. Significance of endoleaks
after endovascular repair of abdominal aortic
aneurysms: the EUROSTAR experience. J Vasc
Surg 2002;35:461-473.

4. Raman KG, Missig-Carrol N, Richardson T, Muluk
SC, Makaroun MS. Color-flow duplex ultrasound
versus computed tomographic scan in the surveil-
lance of endovascular aneurysm repair. J Vasc
Surg 2003;38:645—651.

5. Sato DT, Goff CD, Gregory RT, Robinson KD,
Carter KA, Herts BR, Vilsack HB, Gayle RG, Parent
FN 3rd, DeMasi RJ, Meier GH. Endoleak after aortic
stent graft repair: diagnosis by color duplex ultra-
sound scan versus computed tomography scan.

J Vasc Surg 1998;28:657 —663.

6. Carrafiello G, Lagana D, Recaldini C, Mangini
M. Comparison of contrast-enhanced ultrasound
and computed tomography in classifying endoleaks
after endovascular treatment of abdominal aorta
aneurysms: preliminary experience. Cardiovasc
Intervent Radiol 2006;29:969—-974.

7. Dill-Macky M, Wilson R, Sternbach Y, Kachura
J, Lindsay T. Detecting endoleaks in aortic endog-
rafts using contrast-enhanced sonography. AJR
Am J Roentgenol 2007;188:W262—-W268.

8. Napoli V, Bargellini I, Sardella S, Petruzzi P,
Cioni R. Abdominal aortic aneurysm: contrast-
enhanced US for missed endoleaks after endolu-
minal repair. Radiology 2004; 233:217-225.

9. lezzi R, Basilico R, Giancristofaro D, Pascali D,
Cotroneo AR, Storto ML. Contrast-enhanced
ultrasound versus color duplex ultrasound imaging
in the follow-up of patients after endovascular
abdominal aortic aneurysm repair. J Vasc Surg
2009;49:552-560.

10. Pitton MB, Schweitzer H, Herber S, Schmiedt
W, Neufang A, Kalden P, Thelen M, Diiber C.
MRI versus helical CT for endoleaks detection
after endovascular aneurysm repair. AJR Am J
Roentgenol 2005;185:1275-1281.

11. van der Laan MJ, Bartels LW, Viergever
MA, Blankensteijn JD. Computed tomography
versus magnetic resonance imaging of endoleaks
after EVAR. Eur J Vasc Endovasc Surg
2006;32:361—365.

12. Haulon S, Lions C, McFadden EP, Koussa M,
Gaxotte V, Halna P, Beregi JP. Prospective evaluation
of magnetic resonance imaging after endovascular
treatment of infrarenal aortic aneurysm. Eur J Vasc
Endovasc Surg 2001;22:62—69.

13. Alerci M, Oberson M, Fogliata A, Gallino A,
Vock P, Wyttenbach R. Prospective, intraindividual
comparison of MRI versus MDCT for endoleak
detection after endovascular repair of abdominal
aortic aneurysms. Eur Radiol
2009;19:1223-1231.

14. Cantisani V, Ricci P, Grazhdani H, Napoli A,
Fanelli F, Catalano C, Galati G, D’Andrea V,
Biancari F, Passariello R. Prospective Comparative
Analysis of Colour-Doppler Ultrasound, Contrast-
enhanced Ultrasound, Computed Tomography and
Magnetic Resonance in Detecting Endoleak after
Endovascular Abdominal Aortic Aneurysm Repair.
Eur J Vasc Endovasc Surg. 2010 Nov 20.

[Epub ahead of print]



