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Abstract. Objectives: Type Ia endoleak (EL) after endovascular abdominal aortic repair (EVAR) may be mis-
diagnosed at completion angiography. Intraoperative contrast-enhanced ultrasound (CEUS) may play a role 
in early detection and immediate treatment of type Ia EL. Methods: From January 2017 to April 2018, pa-
tients treated with EVAR underwent intraoperative CEUS. After endograft deployment and ballooning, 
digital subtraction angiography (DSA) and intraoperative CEUS were performed in a blinded fashion. All 
cases of type Ia EL at DSA or CEUS were considered. Results: Type Ia EL detected at intraoperative CEUS 
and undetected at DSA was defined in 2 patients. The former was solved with intraoperative re-ballooning; in 
the latter case, a Palmaz stent deployment was required. The resolution of type Ia EL was detected at intraop-
erative CEUS control and post-operative computed tomography angiography (CTA). In another patient, the 
DSA detected a type Ia EL, but intraoperative CEUS reveal a type II EL from lumbar arteries. Post-operative 
CTA confirm the type II EL. Conclusions: The reported cases prove the clinical utility of the intraoperative 
CEUS, permitting the early identification of 2 type Ia EL. In addition, the intraoperative CEUS is useful 
in case of dubious type Ia EL at DSA, avoiding unnecessary intraoperative adjunctive procedure or post-
operative CTA. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction 

The type Ia endoleak (EL) consists in mainte-
nance of aneurysmal sac perfusion from the proximal 
edge of the endograft and, according to guidelines of 
European Society for Vascular Surgery (1), is associ-
ated with high risk of aneurysm rupture; thus, prompt 
intervention is warranted.

The intraoperative digital subtraction angiogra-
phy (DSA) detects less than 50% of EL after EVAR 
(2), including type Ia EL which may be underdiag-
nosed (2,3).

The contrast-enhanced ultrasound (CEUS) is 
nowadays largely performed for surveillance after 
EVAR, achieving comparable outcomes with com-
puted tomography angiography (CTA) while avoid-
ing radiation exposure and iodinated contrast medium 
injection (4). The intraoperative use of CEUS during 
EVAR procedure is scarcely reported in literature and 
its clinical utility for intraoperative EL detection is not 
clear (3).

From January 2017 a prospective study was con-
ducted in our Vascular Surgery Unit including all con-
secutive patients treated with EVAR, with the aim to as-
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sess the utility of CEUS in EL detection during EVAR 
procedure (5). All patients were informed on the proce-
dures and signed written informed consent. The study 
was conducted in accordance with declaration of Hel-
sinki and was approved by Institutional Review Board 
of “Area Vasta Emilia Nord” (733/2018/OSS/AOUPR). 
Specifically, the objective of the current study is to report 
three cases of intraoperative CEUS during EVAR to 
show its utility for the type Ia EL management.

Case one

An 81-year-old male was affected by hyperten-
sion, coronary artery disease, mild chronic renal failure, 
dyslipidemia [American Society of Anesthesiologist  
(ASA) score: 3]. He was an active smoker and walks 
with walking aids. An abdominal aortic aneurysm 
(AAA) with maximum diameter 82mm was detected at 
duplex ultrasound and confirmed at CTA. The patient 
was asymptomatic and no aneurysmal rupture was evi-
dent at CTA. The aorto-iliac anatomy was assessed fit 
for EVAR, with a proximal angulated neck (alpha: 35°, 

beta 55°), 20mm in length and 22mm in diameter. The 
endovascular exclusion was planned with a bifurcated 
Cook Zenith Alpha Abdominal endograft (Cook Inc, 
Bloomington, IN, USA). The procedure of endograft 
deployment (code: right side, ZIMB-26-108, ZISL-
24-59; left side, ZISL 13-59) was performed without 
intraoperative complications and the routine post-di-
lation (Reliant balloon – Medtronic Inc., Santa Rosa, 
CA, USA) of the proximal and distal sealing zones was 
performed. No EL was evident at the completion angi-
ography (Figure 1A). The intraoperative CEUS found 
an early, pulsed, sac perfusion from the proximal en-
dograft edge (Figure 1B, 1C), indicating the presence 
of a type Ia EL. The intraoperative ballooning of the 
proximal sealing zone was repeated, but the following 
CEUS revealed the EL persistence. A Palmaz stent was 
advanced from the right groin and was deployed at the 
proximal sealing zone (Figure 1D, 1E). The type Ia EL 
disappeared at the following intraoperative CEUS con-
trol. A post-operative CTA confirmed the absence of 
type Ia EL (Figure 1F, 1G). 

Probably, the angulated proximal neck and the 
low oversizing of the main body caused the type Ia EL. 

Figure 1. Diagnosis and intraoperative treatment of a type Ia endoleak (EL) undetected at completion digital subtraction angiogra-
phy (DSA) (case #1). A) completion angiography showed no EL. B, C) intraoperative contrast-enhanced ultrasound (CEUS) identi-
fied a sac reperfusion with proximal EL (white arrows). D, E) intraoperative treatment of type Ia EL with Palmaz stent deployment. 
F, G) post-operative computed tomography angiography proved the EL absence. 
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The Palmaz stenting, with its high radial force, was op-
timal to straighten the proximal neck and to improve 
the endograft sealing, solving the type Ia EL. 

Case two

An 82-year-old male with hypertension, coronary 
artery disease, severe chronic obstructive pulmonary 
disease, dyslipidemia, mild chronic renal failure and 
cognitive impairment (ASA 4), was admitted for di-
agnosis of infrarenal AAA. The CTA revealed that the 
maximum diameter was 100mm without sign of rup-
ture. The infrarenal neck was a reverse-tapered neck 
(length: 15mm; diameter: from 23mm at the level of 
lowest renal artery, to 28mm), without thrombus ap-
position or wall calcification. Iliac axes were patent 
without evident contraindication for endovascular 
treatment. 

The open surgical treatment was excluded for the 
multiple comorbidities. An EVAR with standard bi-
furcated endograft was planned and performed (Cook 
Zenith Alpha Abdominal; code: right side, ZIMB-
30-98, ZISL-13-93; left side ZISL-13-77) without 
intra-procedural complications. The molding of the 
proximal and distal sealing zones was routinely per-
formed with Reliant balloon (Medtronic Inc., Santa 
Rosa, CA, USA). At the completion angiography, no 
EL was detected. The intraoperative CEUS found a 
proximal sac revascularization in the early phase, and 
an adjunctive re-ballooning of the proximal neck was 

performed. The absence of type Ia EL was confirmed 
by completion DSA, intraoperative CEUS and post-
operative CTA (Figure 2A, 2B). The patient died for 
severe acute respiratory insufficiency on the third post-
operative day.

Case three

A 76-year-old male was affected by hypertension, dia-
betes mellitus, coronary artery disease, dyslipidemia 
and obesity (ASA 2). He had a 51mm-infrarenal AAA 
with no symptoms. The diameter and the length of the 
proximal neck were 28-29mm and 20mm, respectively, 
with mild thrombus apposition. For the AAA treat-
ment, the endovascular exclusion was planned accord-
ing to the aorto-iliac anatomy and the patient prefer-
ence. A standard EVAR was planned and performed 
(Medtronic Inc., Santa Rosa, CA, USA; Endurant 
II: right side, ETBF3616C166EE; left side, ETLW-
1616C124EE) without intraoperative complications. 
At the completion DSA, a sac reperfusion was detect-
ed at the left proximal portion of the aneurysmal sac 
(Figure 3A), suggestive for a type Ia EL. The afore-
mentioned EL was checked at intraoperative CEUS, 
which revealed the EL to be a type II from a lumbar 
artery (Figure 3B, 3C). Therefore, no intraoperative 
adjunctive procedures were performed, and the post-
operative CTA confirmed the presence of a left and 
posterior sac reperfusion from lumbar arteries (Figure 
3D, 3E). 

Figure 2.  Post-operative CTA confirmed none type Ia EL after intraoperative re-ballooning (case #2). A, B) volume rendering (left 
and right oblique view, respectively). C) multi-planar reconstruction.
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Discussion

The reported cases (Table 1) prove the clinical 
utility of the intraoperative CEUS, permitting the 
early identification of 2 type Ia EL. In addition, the 
intraoperative CEUS is useful in case of dubious type 
Ia EL at DSA, avoiding unnecessary intraoperative 
adjunctive procedure or post-operative CTA.

The CEUS is a widespread examination per-
formed during EVAR follow-up (6,7), and some au-

thors reports that CEUS is comparable to CTA in 
terms of EL detection (8-10). However, the use of 
CEUS during the EVAR procedure is described only 
in few case series (3,5). 

From our experience, the intraoperative CEUS is 
a useful procedure for the early EL diagnosis and clas-
sification. The CEUS permitted more accurate assess-
ment of EL characteristics as time of occurrence, size, 
localization and direction. Since the possibility to pro-
long the sac evaluation also after several seconds from 

Figure 3. Type Ia EL at DSA was reclassified as type II EL after intraoperative CEUS (case #3). A) completion angiography showed 
proximal sac reperfusion and EL was classified as type Ia. B, C) intraoperative CEUS identified a late sac reperfusion on the left 
proximal side (white arrow); the EL was classified as type II EL. D, E) post-operative CTA proved the presence of type II EL from 
lumbar arteries. 

Table 1. The utility of intraoperative CEUS in Ia endoleak management: 3 cases.

N of patient Endoleak at DSA Endoleak at CEUS Adjunctive procedure Technical success

# 1 No Ia Re-ballooning Yes

# 2 No Ia Re-ballooning, Palmaz stenting Yes

# 3 Ia II - -

CEUS: contrast-enhanced ultrasound; DSA: digital subtraction angiography.
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the contrast injection, the appearance of type II EL can 
be detected also in late phase. Moreover, an accurate 
evaluation of the aneurysmal sac is possible with sliding 
and tilting of the ultrasound probe, with more accurate 
definition of the EL localization and haemodynamics.

The early EL diagnosis with CEUS leads to a real 
advantage in intraoperative decision-making. First of 
all, CEUS detected 2 type Ia EL that remained un-
detected at 2DSA. The 2DSA failed to detect these 
2 cases of proximal sac reperfusion, probably for the 
small entity and the particular position of EL. As al-
ready reported in literature, DSA might fail the detec-
tion of type Ia EL after EVAR (2,3). Without intraop-
erative CEUS evaluation, these 2 EL would have been 
undetected until the duplex examination, routinely 
performed during the hospitalization. A CTA and 
subsequent reintervention would have been necessary 
to confirm and correct this complication, prolonging 
hospital stay and exposing the patient to additional 
risks of nephrotoxicity, irradiation and anesthesia. 
Therefore, the CEUS examination after EVAR is not 
only essential during post-operative and follow-up pe-
riod, but also useful during the procedure to the early 
EL detection and treatment.

The performed intraoperative procedures had no 
complications and obtained the technical success.  The 
disappearance of EL after the adjunctive procedure 
was proved at intraoperative CEUS control and at 
post-operative CTA.

In addition, the intraoperative CEUS examina-
tion modified the diagnosis of a doubtful, low-flow 
type Ia EL detected by 2DSA to type II EL. This di-
agnostic change spared a worthless intraoperative ad-
junctive procedure (re-ballooning or proximal cuff de-
ployment) or an additional post-operative CTA, limit-
ing the patient’s risk of nephrotoxicity and radiation-
exposure. The CEUS is essential to confirm or deny 
the EL detected at 2DSA, especially in case of doubts.

The intraoperative CEUS examination had some 
limitations. The contraindications for the use of con-
trast ultrasound were the patency of foramen ovalewith 
right-to-left shunt, severe pulmonary hypertension, un-
controlled systemic hypertension, hypersensitivity to ul-
trasound contrast or any of the excipients. The visualiza-
tion of the aneurysmal sac is not always possible in case 
of severe obesity. In case of endoprosthesis with ePTFE 

graft, the artefacts due to echo-reflection decreases the 
diagnostic power in EL detection (6). The CEUS is an 
operator-dependent examination and intraoperative ex-
amination requires a sufficient learning curve. 

Conclusions

Considering the reported cases, the intraoperative 
CEUS during EVAR is useful for decision-making 
during EVAR, permitting the intraoperative treatment 
of type Ia EL undetected at completion angiography. 
In addition, the intraoperative CEUS may avoid un-
necessary procedures in case of misdiagnosis at 2DSA. 
Further studies are necessary to quantify the reliability 
of intraoperative CEUS in type Ia EL detection.
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