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Aim: To analyze the results of a follow-up program after endovascular repair of abdominal 

aortic aneurysm (EVAR) mainly based on duplex ultrasound (DUS) examinations.

Materials and methods: The postoperative surveillance program changed over the time. 

In recent years (2007-2012) we are used to performing a DUS and an angio-CT scan within 

one month after EVAR, a DUS at 6 and 12 months and every 6 months thereafter (Group 2, 

498 interventions). Data were compared with our historical series (2000-2006; Group 1, 345 

interventions.) Perioperative results were recorded. The long-term results were analysed by 

Kaplan-Meier curves.

Results: The rates of perioperative mortality were 1.1% and 1.2% respectively (P=0.9). The 

cumulative rates of perioperative complications were 16% and 6.5%, respectively (P=0.001). 

The rate of reinterventions at 60 months was significantly higher in group 2 than in group 1 

(29.1% and 20.1% respectively, P=0.03, log rank 4.6). Also the 5-year rate of endoleak was 

significantly greater in group 2 than group 1 (43.3% and 34.5% respectively, P0.001, log rank 

13.4); however, the rate of endoleaks requiring a redo procedure was lower in group 2 (35/163, 

21.5%) than in group 1 (51/108, 47%; P0.001).

Conclusion: Data from our study confirm that a DUS-based follow-up program in patients 

undergoing EVAR is equally sensitive in identifying endoleaks to the CT scan-based program 

used in past years.
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Introduction
Endovascular abdominal aortic aneurysm repair (EVAR) is a less invasive method of 

treating abdominal aortic aneurysms (AAA), the effectiveness and safety of which 

in the short and medium term has been widely demonstrated.1,2 However, the risk of 

graft-related complications occurring at any time during follow-up and the consequent 

need for reinterventions is substantial.3–5 For this reason, a lifelong surveillance pro-

gram for identifying the occurrence of complications over time and monitoring the 

effectiveness of sac exclusion is mandatory.

The main clinical trials dealing with EVAR have classically used the computed 

tomography (CT) angiogram, or angio-CT, scan as the primary imaging method during 

follow-up. However, this technique has several limitations and contraindications, which 

along with the significant costs, makes the need for alternative follow-up programs 

unavoidable. For this reason, in recent years different methods of follow-up have been 

studied and proposed; among them, duplex ultrasound (DUS) has been increasingly 

used because it is effective, less invasive, and may possibly reduce cost.
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The aim of this study was to analyze the results of a fol-

low-up program after EVAR mainly based on DUS examina-

tions and to compare them with results obtained by classical 

surveillance with extensive use of angio-CT scans.

Materials and methods
In the period ranging from January 2000 to December 2012, 

843 elective EVAR procedures were performed at our institu-

tion. Data concerning these interventions were prospectively 

collected in a dedicated institutional database, containing 

main anatomical, clinical, diagnostic, and technical variables. 

This database also contains perioperative (30 days) results 

and all relevant clinical and diagnostic data collected during 

follow-up.

The postoperative surveillance program changed over the 

years; in the first period (2000–2006) we performed a plain 

X-ray of the abdomen at discharge, a DUS at 1, 6, and 12 

months and every 6 months thereafter, and an angio-CT scan 

at 1 month, 12 months, and yearly thereafter (Group 1, 345 

interventions). In recent years (2007–2012) we performed 

a DUS and an angio-CT scan within 1 month after EVAR, 

a DUS at 6 and 12 months, and every 6 months thereafter, 

reserving CT scan only in selected patients (Group 2, 498 

interventions).

The criteria for performing angio-CT scan after DUS are 

the suspicion of a type I endoleak, the presence of a type II 

endoleak associated with sac enlargement, the  presence 

of sac enlargement without any detectable endoleak, the 

presence of stenosis or occlusion of the endograft, and the 

evidence of progression of aneurysmal disease above or 

below the endograft. Moreover, we perform a CT-scan in 

the presence of any inconclusive DUS due to technical or 

anatomical problems. All DUS examinations were performed 

by vascular surgeons experienced in diagnostic ultrasound, 

with a standardized method following the guidelines of the 

Italian Society for Vascular Investigations.6 The angio-CT 

was performed with equipment allowing high-resolution, 

three-dimensional reconstructions in sagittal and coronal 

orthogonal planes.

Perioperative results were collected in terms of mortal-

ity, need for conversion to open repair, access-related and 

systemic complications (defined as any condition requiring a 

local surgical treatment or prolonging the hospital stay) and 

were compared in the two groups with χ2 test.

The long-term results were analyzed by Kaplan–Meier 

curves in terms of mortality, reintervention (defined as any 

open or endovascular reintervention involving the endograft), 

rupture, conversion to open repair, and detection of any 

endoleak and were compared by the log-rank test. Statistical 

analysis was performed by means of SPSS version 20.0 for 

Windows (IBM Corporation, Armonk, NY, USA).

Results
Demographic data, comorbidities, and risk factors for aneu-

rysmal disease in the two groups are reported in Table 1. 

Also, the anatomical characteristics of aortic lesions were 

significantly different in the two groups: patients in group 

2 had larger aneurysms, with shorter and more angulated 

proximal necks than patients in group 1 (Table 2). The endo-

prostheses used during the two different periods are listed in 

Table 3. A complete percutaneous access was used in three 

patients in group 1 and in 115 patients in group 2; 22 patients 

in group 2 had a unilateral percutaneous access while contral-

ateral femoral artery was approached with a surgical incision. 

All the remaining patients had a bilateral surgical access.

Two technical failures occurred, one in both groups, lead-

ing to immediate conversion to open repair. At the end of the 

procedure, four type I proximal endoleaks (one in group 1 and 

three in group 2) were detected, and they were immediately 

treated with proximal extensions while in 192 cases (23 in 

group 1 and 169 in group 2), a type II endoleak was present 

and was left untreated. There were ten perioperative deaths, 

Table 1 Demographic data, comorbidities, and risk factors for aneurysmal disease in the two groups

Group 1 
(345 interventions) 
n (%)

Group 2 
(498 interventions) 
n (%)

P-value

Female sex 17 (5%) 69 (14%) 0.001
age .79 years 73 (21%) 146 (29%) 0.004
arterial hypertension 223 (65%) 385 (77%) 0.001
hyperlipidemia 133 (38%) 235 (47%) 0.01
Diabetes 39 (11%) 58 (11%) 0.9
coronary artery disease 163 (47%) 219 (44%) 0.3
chronic obstructive pulmonary disease 297 (86%) 397 (80%) 0.07
Peripheral arterial obstructive disease 79 (23%) 89 (18%) 0.07
chronic renal failure 25 (7%) 53 (10.5%) 0.1
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four in group 1 and six in group 2; the rates of perioperative 

mortality were 1.1% and 1.2%, respectively (P=0.9). Local 

complications occurred in 27 cases in group 1 (8%) and in 14 

cases in group 2 (3%, P=0.001), and systemic complications 

occurred in 27 cases in group 1 (8%) and in 17 cases in group 

2 (3.5%, P=0.005); the cumulative rates of perioperative com-

plications were 16% and 6.5%, respectively (P=0.001).

Follow-up
The mean duration of follow-up was 39 months (range 1–156 

months); in group 1 this value was 64 months (standard devia-

tion [SD] 38.1) while in group 2 it was 21 months (SD 18.1). 

There were 181 deaths during the follow-up period, eleven 

ruptures, 19 conversions to open surgery, 124 reinterventions, 

and 271 endoleaks, with 86 requiring a reintervention. The 

overall rates of survival, freedom from reinterventions, from 

rupture, from conversion, and of absence of endoleaks at 

10 years were 39.5% (standard error of the mean [SE] 0.05), 

59.5% (SE 0.05), 96.5% (SE 0.01), 93.1% (SE 0.02), and 

54.5% (SE 0.03), respectively. The events recorded during 

follow-up in both groups are reported in Table 4. Due to 

the different durations of follow-up in the two groups, the 

comparison was performed at 5 years.

The estimated survival at 60 months was 69% (SE 0.03) in 

group 1 and 73.9% (SE 0.04) in group 2 (P=0.6, log-rank 0.6; 

Figure 1). At the same time interval, there were no significant 

differences in terms of risk of rupture (2.1% and 1.2%, 

respectively, P=0.9, log rank 0.1) and conversion to open 

surgery (5.1% and 4%, respectively, P=0.1, log rank 1.1). The 

rate of reinterventions at 60 months was significantly higher 

in group 2 than in group 1 (29.1% and 20.1%, respectively, 

P=0.03, log rank 4.6; Figure 2).

The 5-year rate of endoleak was significantly greater 

in group 2 than group 1 (43.3% and 34.5%, respectively, 

P0.001, log rank 13.4, Figure 3); however, the rate of 

endoleaks requiring a redo procedure was lower in group 2 

(35/163, 21.5%) than in group 1 (51/108, 47%; P0.001).

Discussion
In many vascular centers worldwide, DUS represents, at the 

moment, the first-level diagnostic method in the follow-up 

of aortic endoprostheses, as it provides extremely accurate 

and reliable information about the graft patency, the behavior 

of the aneurysmal sac and its changes in diameter, and the 

presence of endoleaks, their origin, and their evolution over 

time. These advantages in terms of diagnostic accuracy are 

associated with a significant reduction of the risks due to the 

use of ionizing radiation and contrast media with classical 

Table 2 anatomical characteristics of the abdominal aortic 
aneurysms

Anatomical  
features 
(mean values)

Group 1 
(345 interventions)

Group 2 
(498 interventions)

P-value

aneurysm 
diameter

51.9 mm 54.1 mm 0.005

length of neck 25.4 mm 23.5 mm 0.04
neck diameter 24 mm 23.2 mm ns
neck angulation 15.2° 31.3° 0.001
iliac angulation 38.7° 44.1° ns
iliac diameter 17.4 16.3 ns

Abbreviation: ns, not statistically significant.

Table 3 endografts used in the two groups

Endoprosthesis Group 1 
(345 interventions) 
n (%)

Group 2 
(498 interventions) 
n (%)

anaconda 22 (6.5%) 139 (28%)
endurant – 106 (21%)
excluder 107 (31%) 77 (15%)
Talent 142 (41%) 43 (8.5%)
Zenith 53 (15%) 119 (24%)
Others 21 (6.5%) 14 (3.5%)

Table 4 clinical events during follow-up in the two groups

Events Group 1  
(345 interventions)

Group 2  
(498 interventions) 

rupture 6 5
conversion 14 5
reintervention 69 55
endoleak 108 163
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Figure 1 Kaplan–Meier curve for survival at 60 months in the two groups.
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radiological techniques. However, the effectiveness of DUS 

in identifying endoleaks and in assessing the migration of 

the graft is still controversial.7 In fact, most recent studies 

confirmed the high reliability of diagnostic ultrasound in 

terms of specificity and negative predictive power compared 

to angio-CT, considered the gold standard examination in 

patients treated with EVAR, but reported conflicting results 

in terms of sensitivity, with percentages ranging from 43%8,9 

to 100%.10

The most recent meta-analysis11 confirmed this trend, 

reporting better values of sensitivity and specificity for 

angio-CT than DUS. In particular, DUS provides excellent 

results in the identification of type I and III endoleaks while 

its efficacy in the detection of type II endoleaks seems to 

still be poor.

This variability in the sensitivity and positive predic-

tive power between the different studies in the literature 

is probably related to the intrinsic operator-, patient-, and 

 device-dependent nature of DUS. On the other hand, the 

differences of surveillance protocols and expertise of the 

operators in the published studies make the results of meta-

analysis difficult to apply to daily clinical practice.

In contrast, several recent monocentric series reported 

favorable results; Manning et al12 reported in their series 

a sensitivity value above 70% for Doppler ultrasound 

 compared to spiral-CT examination (direct examination, 

arterial and venous phases) and underline how, in the few 

cases where the Doppler ultrasound lacks the ability to 

demonstrate the presence of an endoleak, this was always of 

type II, not associated with increase in the aneurysmal sac. 

Chaer et al13 reported excellent results in terms of prevention 

of aneurysmal rupture and conversion to open surgery in 

their series of 180 patients treated over the past 5 years and 

followed only by standard DUS, reserving CT scan only for 

patients with abnormal or suspected findings at DUS. This 

strategy appears safe (with rates of absence of endoleaks 

and reintervention more than 96%) and reliable and reduces 

the cost of follow-up, which imparts more than 65% of the 

total cost of EVAR. In addition, the study is particularly 

interesting because in some way it changes the traditional 

parameters for evaluating the effectiveness of a postoperative 

surveillance program: the ability to identify not all endoleaks, 

but especially those clinically significantly associated with 

enlargement of the aneurysmal sac, which represents the main 

cause of rupture, conversion to open surgery, and reinterven-

tion after EVAR. Schmieder et al14 in a recent review of their 

large series (over 500 procedures), focused exclusively on the 

detection of endoleaks for which reoperation was necessary 

and reported a sensitivity (89%) similar to DUS, significantly 

better than that achieved by CT scan (58%). Based on these 

studies, Doppler ultrasound is used in many centers as the 

first method of follow-up post-EVAR, reserving CT for 

particularly complex cases or when DUS is not sufficiently 

clear. Another possible advantage of DUS is the ability to 

identify the persistence of pressure within the aneurysmal 
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Figure 3 Kaplan–Meier curves for the absence of endoleak at 60 months in the 
two groups.
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Figure 2 Kaplan–Meier curves for the absence of reinterventions at 60 months in 
the two groups.
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sac in the absence of endoleaks (endotension); in fact, by 

using the M-mode, the presence of abnormal pulsatility of 

the aneurysmatic sac may be tested.

Ultrasound techniques, as well as providing satisfactory 

results in the identification and diagnosis of endoleak, are 

particularly useful in the follow-up of untreated endoleaks, 

mainly type II endoleaks not associated with growth of the 

aneurysmal sac. Recent studies14,15 have shown how the 

hemodynamic characterization at the level of the aneurysmal 

sac and of the vessels involved in the afferent and efferent 

blood flow allow to separate the high-speed endoleaks, which 

rarely tend to seal, from those with lower speed and without 

outflow vessels, which are supposed to seal spontaneously 

during follow-up.

The recent introduction and diffusion of ultrasound 

contrast media seems potentially able to improve the perfor-

mance of DUS, particularly the ultrasound contrast agents 

can amplify the intensity of the Doppler signal and improve 

the identification and visualization of vessels of small size 

and low speed flows, which often are involved in endoleaks, 

particularly those of type II.

Initials studies,16,17 even though performed on a limited 

number of patients, had already shown a significant increase 

in sensitivity and positive predictive power through the 

use of contrast ultrasound (CEUS) with respect to DUS, 

with values that could reach and exceed 80% and 90%, 

respectively. In particular, the use of ultrasound contrast 

agents was particularly indicated in the presence of growth 

of the aneurysmal sac in the absence of endoleaks detected 

by the usual methods. It was suggested that the pulsatility 

of the aneurysm sac and its progressive growth are due 

to the presence of endoleaks at very low flow velocities, 

not detectable with standard imaging techniques. These 

data were also confirmed by more recent studies,18 which 

report values of sensitivity and negative predictive value 

for CEUS similar, if not superior, to those of CT in iden-

tifying endoleak. In addition, the use of contrast medium, 

not only would increase the capacity of DUS to define the 

presence of an endoleak, but also to identify its origin and 

then define the type,19 thanks to the longer duration of the 

persistence of contrast within the blood and the possibility 

of a dynamic angiography evaluation of the morphology and 

hemodynamics of the leak. In particular, CEUS would seem 

to allow viewing with extreme accuracy and sensitivity even 

late endoleaks,20 with very low flow velocities and homo-

geneous distribution of contrast within the thrombus of the 

aneurysm. Furthermore, after the injection of ultrasound 

signal amplifiers, not only is the origin of the endoleak 

highlighted, but the flow velocity and its direction within 

the sac may be studied.

This type of diagnostic procedure is particularly appropri-

ate in the control of type II endoleaks that, in most cases, do 

not require further treatment because they undergo spontane-

ous resolution; however, they must still be checked repeatedly 

and over time in the short term, until their disappearance. 

Another potential advantage of the technique is represented 

by an even better enhancement of the aortic wall, thanks to 

the passage of ultrasound contrast in the vasa vasorum; this 

would allow better visualization of the wall to perform more 

precise measurements of the diameter of the aneurysmal sac 

compared to only ecographic21 examination and similar to 

those obtained with the CT scan, thereby making more reli-

able the monitoring of the diameters during follow-up. Based 

on these findings, the most recent guidelines6 indicate how the 

use of CEUS represents a reliable method in the surveillance 

program to be used in combination with CT in the immediate 

postoperative period and “alone” during the follow-up in all 

those cases in which no ultrasound reveal complications or 

investigation is complete and optimal.

The evolution of EVAR and the significant reduction in 

perioperative complications and hospital stay in comparison 

with open surgery makes EVAR the treatment of choice in 

elderly patients at high surgical risk, and it is frequently used 

in patients at low risk with favorable anatomy.

However, EVAR is not associated with a reduction of 

the costs, and several studies have shown that the costs of 

EVAR significantly exceed those of traditional treatment.22–25 

Moreover, the need for a lifelong program of surveillance and 

the high reintervention rate during the follow-up contribute 

to a further increase in the total expense. Recent studies24,25  

have shown that the postplacement costs of EVAR, both due 

to reinterventions and to surveillance programs, account for 

50% of the total cost of the procedure. Due to the different 

costs of the diagnostic techniques used during follow-up, 

it is clear that a surveillance program including the use of 

DUS associated with plain X-ray for assessing the integrity 

of the graft can provide a potential savings of more than 

60% per patient. However, although there are several stud-

ies analyzing such a follow-up protocol, there are few data  

that consider its economic impact. Beeman et al25 recently 

compared in a prospective study the costs of a “standard” 

surveillance program (DUS and CT scan at 1 and 6 months 

and then yearly) with those of a program with large use of 

DUS (DUS and CT scan at 1 month and then only DUS) and 

showed that the cost of follow-up is halved with the use of 

ultrasound; similar results have been reported in a retrospective 
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study.26 However, this substantial savings can be obtained  

only by reducing mid- and long-term complications; in 

fact, in the case of complication, CT scan is still required. 

In this sense it is mandatory to improve the devices and the 

techniques in order to minimize the risk of endoleaks and 

the need for additional interventions. Further progress can 

be achieved with the use of “prophylactic” intraoperative 

injection of hemostatic glue into the sac or with the use of 

new generation grafts.

In conclusion, in most studies the controls at 1 month and 

1 year are carried out by angio-CT while the intermediate 

check-up is performed with ultrasound methodology. After 

the first year of follow-up, the authors agree on running 

DUS only, reserving the use of radiological methods only in 

the presence of complications related to the graft.  However, 

many authors still suggest the continued use of CT scan after 

the first year following surgery because of both little confi-

dence in DUS and to avoid forensic matters. This strategy is 

expensive and exposes patients to considerable risk, mainly 

related to the huge amounts of radiation. For this reason, a less 

aggressive surveillance program has been proposed, perform-

ing CT scan only at the first month after surgery and continu-

ing follow-up with the use of ultrasound (DUS and/or CEUS) 

and plain X-ray of the abdomen to evaluate the position and 

the structural integrity of the graft, reserving further radio-

logical studies only in the presence of complications. This 

strategy, although requiring experienced and skilled opera-

tors, seems to be cost-effective. Data from our study confirm 

that a DUS-based follow-up program in patients undergoing 

EVAR is equally sensitive in identifying endoleaks to the CT 

scan-based program used in past years. On the other hand, the 

progressive widening of the indications for EVAR to more  

complex patients with more complex anatomies has led to 

an increased rate of complications during follow-up. For 

these cases as well, DUS surveillance was able to identify 

complications in patients requiring new treatment.
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