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 Review Article 

Updates on Ultrasonography Imaging in 
Abdominal Aortic Aneurysm

Shinichi Iwakoshi, MD, Toshiko Hirai, MD, and Kimihiko Kichikawa, MD

Abdominal aortic aneurysms (AAAs) are life-threatening and 
are associated with >80% mortality when they rupture. 
Therefore, detecting these aneurysms before they rupture 
is critical. Ultrasonography is a non-invasive tool that is 
used for screening AAAs by measuring abdominal aorta 
diameter. A recent meta-analysis demonstrated the positive 
effects of ultrasonography. To date, aneurysm diameter is 
the most reliable predictor for aneurysm rupture and is used 
as a criterion for surgical intervention. However, some AAAs 
rupture at small diameters. Therefore, a better predictor 
for AAA rupture that is independent of aneurysm diameter 
is needed. Recently, an aortic wall strain examined using 
ultrasonography has been reported to have a potential in 
predicting AAA rupture. Since the introduction of endovas-
cular aneurysm repair (EVAR), a paradigm shift has occurred 
in the management of AAAs. EVAR is broadly spread with 
the advantage of early favorable results but with concerning 
endoleak complications. At present, computed tomography 
angiography (CTA) is considered to be a gold standard for 
surveillance following EVAR, but it encounters some prob-
lems, such as contrast usage or radiation exposure. Ultraso-
nography offers an examination free from these problems 
and can this be an alternative to CTA. In this review article, 
current trends and new technologies regarding AAA assess-
ment using ultrasonography are introduced.
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Introduction
Abdominal aortic aneurysms (AAAs) are an important 
cause of morbidity. At present, ultrasonography has two 
applications: for disease detection and surveillance fol-
lowing endovascular treatment due to its inherent char-
acteristic advantages, including being non-invasive, non-
iodinated contrast usage, and radiation-free exposure. We 
have divided the manuscript into two parts, detection and 
prediction and post-treatment surveillance, to introduce 
and highlight the current and future role of ultrasonogra-
phy in each application.

Disease Detection
AAA screening using ultrasonography
Randomized control trials (RCTs) designed to investigate 
the efficacy of ultrasonography for AAAs in males started 
in the 1990s. To date, late outcomes of these trials over 10 
years have been published.

One review article reported a meta-analysis of the 
long-term results of >13 years of follow-up from four 
randomized controlled trials of AAA screening in males 
>64 years old.1) The article concluded that inviting males 
for screening significantly reduced AAA-related mortal-
ity (odds ratio [OR]: 0.66; 95% confidence interval [CI]: 
0.47–0.93; P=0.02) but did not reduce non-AAA-related 
mortality (OR: 1.00; 95%CI: 0.98–1.02; P=0.96). More-
over, invitation to screening also significantly reduced all-
cause mortality according to time-to-event data (hazard 
ratio: 0.98; 95%CI: 0.96–0.99; P=0.003) and caused 
no reduction according to dichotomous data (OR: 0.99; 
95%CI: 0.96–1.01; P=0.23). The United States Preven-
tive Services Task Force recommends using ultrasonogra-
phy for AAA in males aged 65–74 who have ever smoked.

One-time surveillance showed long favorable results 
and saved people from AAA-related deaths. However, 
a concern on the long-term follow-up has been raised. 
Compared with the early results of the UK Multicentre 
Aneurysm Screening Study, mortality benefit was slightly 
less in the long follow-up.2) This “late catch-up” phenom-
enon could be attributed to the ruptured AAA in males 
originally screened as normal, with a baseline aortic 
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diameter in the range of 2.5–2.9 cm. Half the ruptured 
AAA cases in the invited group were reported to occur in 
males diagnosed as “normal.” Thompson et al.2) suggested 
a significant solution to reduce late ruptures in the future 
by lowering the threshold of screening to 2.5 cm from the 
original threshold of 3.0 cm. Then, they proposed to recall 
all men with a baseline aortic diameter in the range of 
2.5–2.9 cm only after, for example, 5 years in the first in-
stance because the chance of developing an AAA >5.5 cm 
or having an AAA rupture before that time is very small. 
Although this suggestion seems reasonable, it should be 
discussed in terms of cost effectiveness.

Method of AAA measurement
The Japan Society of Ultrasonics in Medicine recommends 
an AAA measurement method. For a fusiform aneurysm, 
aneurysm diameter is defined as the measure of the maxi-
mum short diameter on the short-axis view, whereas for a 
saccular aneurysm, the major axis is recommended. Both 
measurements are based on external aortic diameter.

However, the measurement method used has varied 
in different trials. One study adopted the internal aortic 
diameter,3) whereas another adopted the external aortic 
diameter.4) Consequently, readers should pay attention to 
differences in the measurement method in comparing the 
outcomes between studies.

Other predictors for aneurysm rupture indepen-
dent of aneurysm diameter
At present, the only established predictor for aneurysm 
rupture is aortic aneurysm diameter. An AAA diameter 
>50 mm has a rupture risk of 1.0%–11% per year, which 
justifies surgical treatments, including endovascular an-
eurysm repair (EVAR) for patients with this condition. 
However, AAA growth is nonlinear and rupture can 
occur in aneurysms with small diameter. Consequently, 
some attempts have been made to investigate other fac-
tors associated with AAA rupture, which include being 
female, smoking, hypertension, AAA expansion rate, and 
AAA wall shear stress. These factors appear to have less 
convincing supporting evidence compared with AAA 
diameter but might be important for considering the man-
agement of patients.

Aneurysm rupture occurs as a result of mechanical 
failure of the vascular wall at the point where aortic wall 
stress becomes higher than the tensile strength of the 
vascular tissue.5) Whether aortic wall stress is associated 
with AAA rupture risk is worth investigating. At present, 
ultrasonography has been utilized to analyze aortic wall 
stress via the observation of aortic wall motions. Bihari 
et al.5) analyzed strain parameters using three-dimensional 
ultrasonography in five patients with AAA. They identified 
strong local differences in the aortic wall strain, suggesting 

that the strain parameters of AAA were heterogeneous. 
Derwich et al.6) investigated the spatial distribution of 
circumferential wall strain using four-dimensional ul-
trasonography and compared it between patients >60 
years of age with normal aortic diameters to those with 
infrarenal aortic aneurysm. Their results demonstrated 
that spatial distribution of circumferential wall strain was 
significantly higher in the AAA group. These two studies 
consistently prove the heterogeneity of aortic wall strain 
in AAA. As the discrepancy of wall strain becomes larger, 
the peak strain may increase, which is a result of local 
weakening of the AAA wall, where the AAA wall deforms 
more significantly than that at other sites. Therefore, peak 
strain or high heterogeneity of the wall strain may have 
a potential to predict the rupture risk of AAA. Although 
the reports introduced above consist of small series and 
single-center experiences, these insights may have the po-
tential to change clinical practices.

Surveillance Following EVAR
Long-term outcomes following EVAR
Since the application of EVAR to treat AAA, several pa-
pers have reported its effectiveness and safety. Given the 
favorable perioperative and postoperative results of some 
RCTs that compared EVAR to open surgical repairs, the 
adoption of EVAR has been widespread. Recently, long-
term follow-up (up to 15 years) of original RCTs have 
been published, which show that EVAR has an early sur-
vival benefit but an inferior late survival as compared with 
open repair.7) In particular, type II endoleak is associated 
with these late unfavorable outcomes. A meta-analysis of 
45 studies with a total of 36,588 participants reported 
that the pooled prevalence of type II endoleaks after 
EVAR was 22% (95%CI: 19%–25%).8) Lifelong surveil-
lance of EVAR is mandatory, which provokes a discussion 
on a suitable modality.

Computed tomography angiography (CTA) is consid-
ered a gold standard technique to survey patients follow-
ing EVAR. However, CTA has some disadvantages due 
to radiation exposure and radiocontrast nephropathy. 
Ultrasonography, including contrast-enhanced ultraso-
nography (CEUS), can be an alternative technique. In 
the next part, we introduce studies comparing CTA and 
ultrasonography.

Surveillance after EVAR using ultrasonography
Recently, a review paper regarding ultrasonography for 
surveillance after EVAR has been published by Braz-
zelli et al.,9) in which a systematic review of RCTs and 
cohort studies of patients with AAAs who were receiving 
surveillance using CTA, color-duplex ultrasonography 
(CDU), and CEUS with or without plain radiography was 
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conducted. They found two non-randomized compara-
tive studies, 25 cohort studies of interventions, and nine 
systematic reviews of diagnostic accuracy. Chisci et al.10) 
reported one of the non-randomized comparative studies 
and compared CTA and CDU surveillance at 1 month 
after EVAR and at every 6 months thereafter (Protocol 
I; 376 participants) with CTA and CDU at 1 month after 
EVAR and CDU and radiography at every 6 months there-
after (Protocol II; 341 participants). Their analysis found 
no evidence of a difference between the two protocols 
with regard to early and late reinterventions and mortal-
ity. A higher proportion of graft kinking was identified 
by Protocol II as compared with Protocol I (3.0% vs. 
1.3%; P=0.050) possibly due to the ease of radiography 
to overview the entire stent graft. Given these large data, 

surveillance using ultrasonography seems to be favorable 
in conjunction with radiography.

Further possibility of ultrasonography
As described above, the meta-analysis proved the non-
inferiority of ultrasonography when compared with 
CTA. In fact, CEUS examination outweighs CTA in some 
respects. Some papers reported “false positive” endoleaks, 
which are endoleaks that are not detected on CTA but 
are detected on ultrasonography, including the “slow en-
doleak,” which can only be detected in the super-delayed 
phase on CTA.11) Given the nature of this endoleak, CTA 
with inadequate delay time after contrast injection cannot 
identify this endoleak where CEUS has demonstrated suc-
cessful identification. In addition, differences in contrast 

Fig. 1 Ultrasound image (B mode) of the slow endoleak case.
This image demonstrates a large abdominal aortic aneu-
rysm and stent graft.

Fig. 2 Contrast-enhanced ultrasound image of the slow endoleak 
case at 30 s after injection of the contrast material.
No contrast material is visualized in the aneurysm except 
in the stent graft.

Fig. 3 Contrast-enhanced ultrasound image of the slow endoleak 
case at 2 min after injection of the contrast material.
A small amount of the contrast material is detected (white 
arrow) in the aneurysm sac.

Fig. 4 Contrast-enhanced ultrasound image of the slow endoleak 
case at 7 min after injection of the contrast material.
A larger amount of the contrast material is seen in the 
aneurysm sac as compared with 2 min, which suggests a 
slow endoleak.
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resolution between CTA and CEUS may also contribute 
to the detectability of a slow endoleak. Although the 
contrast density of iodinated contrast material used for 
CTA dilutes over time, the resolution of the micro bubbles 
used for CEUS remains high even when the agent becomes 
diluted. We encountered a patient with a similar endoleak 
and an interesting clinical course.

The patient was a 70-year-old woman who underwent 
EVAR 3 years before and experienced AAA expansion 
during follow-up. Her renal function was too poor to 
perform CTA; therefore, CEUS using micro bubbles was 
conducted, which demonstrated a major endoleak lo-
cated dorsal to the stent graft. This endoleak was observed 
from 2 min after injection to 10 min after injection as the 
contrast material became denser, which could have been 
missed in an early phase of CTA (Figs. 1–4). The patient 
had a previous history of cerebral infarction and was tak-
ing an antiplatelet drug. After discussion with her neuro-
surgeon, antiplatelet drug administration was terminated 
due to which sac expansion stopped.

Conclusion
At present, with several technical developments and estab-
lished studies, ultrasonography is emerging as a key non-
invasive technology for AAAs before and after treatments. 
Vascular specialists should update their knowledge and 
incorporate new technologies into their clinical practice.
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