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A new method for precise determination of 
endograft position and apposition in the 
aortic neck after endovascular aortic 
aneurysm repair. 
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Abstract 
Objective: Follow-up imaging after endovascular aortic aneurysm repair (EVAR) 
focuses on detection of gross abnormalities: endoleaks and significant (>10 mm) 
migration. Precise determination of endograft position and wall apposition may 
predict late complications. We present a new measurement method to determine 
precise position and apposition of endografts in the aortic neck.  
Methods: Four patients were selected from our EVAR database. These patients 
had late (>1 year) type IA endoleak or >1 cm endograft migration. Twenty 
patients with uneventful follow-up were measured as controls. The new software 
adds six parameters to define endograft position and neck apposition: fabric 
distance to renal arteries, tilt, endograft expansion (% of the maximum original 
diameter), neck surface, apposition surface, and shortest apposition length. These 
parameters were determined on preoperative and all available postoperative CT-
scans, to detect subtle changes during follow-up.  
Results: All patients with endoleak or migration had increases in fabric distance, 
tilt, or endograft expansion or decrease of apposition surface. Changes occurred 
at least one CT scan before the endoleak or migration was noted in the CT reports. 
The patient without complications showed no changes in position or apposition 
during follow-up. 
Conclusion: The new measurement method detected subtle changes in endograft 
position and apposition during CT follow-up, not recognized initially. It can 
potentially determine endograft movements and decrease of apposition surface 
before they lead to complications like type IA endoleaks or uncorrectable 
migration. A larger follow-up study comparing complicated and non-complicated 
EVAR patients is needed to corroborate these results. 
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Introduction 
Endovascular aortic aneurysm repair (EVAR) is the preferred treatment for 
exclusion of an abdominal aortic aneurysm (AAA)1. The major limitation of EVAR 
is sustained fixation and seal of the endograft within the aortic neck. Loss of 
apposition may result in migration and type IA endoleak. Challenging neck 
morphology has been associated with a higher risk for these complications.2-7 
However, the initial postoperative endograft position, and the apposition surface 
between the endograft and the infrarenal neck may also be important parameters 
to predict late failure. A well-positioned endograft in a challenging neck may be 
associated with lower risk for migration and type IA endoleak than a misdeployed 
endograft in a non-hostile neck.  
During follow-up, subtle changes in the position of the endograft in the aortic neck 
or a decrease in apposition surface indicate movement of the endograft in the 
neck, and may predict migration and type IA endoleak. Current postoperative 
diagnostic protocols based on computed tomography (CT) scans lack 
sophistication to determine the three-dimensional (3D) endograft position and 
apposition surface. Therefore subtle changes in endograft position remain 
undetected. We have developed software that allows such precise measurements. 
In this manuscript the measurement protocol will be described and four illustrative 
EVAR cases are presented to highlight if subtle changes in aortic neck morphology, 
endograft position and apposition surface may forecast late sealing failures.  
 

Methods 
Four EVAR patients were retrospectively selected from our center’s database. One 
patient was treated with an Endurant endograft (Medtronic, Santa Rosa, Calif., 
USA), two with a Talent endograft (Medtronic, Santa Rosa, Calif., USA) and one 
with an Excluder endograft (W. L. Gore & Associates, Inc., Flagstaff, Arizona, 
USA). These patients had late (>1 year) type IA endoleak or significant endograft 
migration (>1 cm).  All patients underwent at least a pre-EVAR CT-scan and two 
post-EVAR CT-scans before the migration or type IA endoleak was determined. 
Twenty patients without late type IA endoleak or migration were selected from 
our center's database. Nineteen patients were treated with an Endurant endograft 
(Medtronic, Santa Rosa, Calif., USA) and one with a Zenith endograft (COOK 
MEDICAL INC, Bloomington, In, USA). All patients had a pre-EVAR CT-scan and 
two post-EVAR CT-scans. All CT-scans were part of regular EVAR follow-up and 
were assessed by radiologists according to a standardized protocol. 
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CT scan protocol  
CT Angiography images were acquired on a 256 slices CT scanner (Brilliance ICT, 
Philips, Best, The Netherlands). Scan parameters were: Tube voltage 120kV, tube 
current time product 180 mAs preoperative and 200 mAs postoperative, distance 
between slices 0.75 mm, pitch 0.9 mm, collimation 128 × 0.625 mm preoperative, 
and 16 × 0.75 mm postoperative. Preoperative slice thickness was 1.5, 3.2, 3.2, 
and 2.0, mm for Patients #1 – #4 respectively. Postoperative slice thickness was 
1.5 mm for all postoperative CT scans. Pre-EVAR, 100 ml Xenetix300 contrast was 
administered intravenously in the arterial phase with 4 ml per second. Post-EVAR, 
80 ml was administered in the arterial phase with 3 ml per second.  
 
Measurement protocol  
The aortic neck morphology was defined on the preoperative CT scan and every 
available post-operative CT scan of each patient. With use of the new software, 
the position and apposition of the endograft within the aortic neck were 
determined for each patient at the post-operative CT scans. 
 
Neck morphology 
The aortic neck characteristics included diameter, length and surface. The 
measurements were performed by an experienced observer on a 3Mensio vascular 
workstation V7.2 (Pie Medical, Maastricht, The Netherlands). A central luminal line 
(CLL) was semi-automatically drawn through the lumen of the aorta. The neck 
diameter was measured at the level of the distal boundary of the orifice of the 
lowest renal artery. The aortic neck length was measured as the distance over the 
CLL between the lower margin of the lowest renal artery and the distal end of the 
neck. On preoperative CT scans, the distal end of the neck was defined as a 10% 
increase in aortic diameter compared to the diameter at the level of the lowest 
renal artery. On postoperative CT scans, the distal end of the aortic neck was 
determined as the level where full circumferential apposition of the endograft with 
the aortic wall was lost. This is called the distal apposition boundary (DAB). 
Dedicated software, developed in MATLAB 2015a (The MathWorks, Natick, 
Massachusetts, USA), calculated the surface over a 3D mesh of the aortic lumen 
using the coordinates of the renal arteries and the coordinates of the distal end of 
the aortic neck. The mesh and coordinates were exported from 3Mensio.  
The aortic neck surface (ANS) was calculated with this homemade software and 
defined as the neck surface that can be used for endograft apposition without 
overstenting one of the renal arteries. The proximal boundary of the ANS was 
defined by the orifices of both renal arteries. Pre-EVAR and post-EVAR the distal  
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Figures 2.1A-C: Determination of aortic neck surface (ANS, green surface) and 
endograft apposition surface (EAS, yellow). A: Pre-EVAR ANS (green surface) is the 
surface between lower margins of the renal arteries (blue dots) and the distal end of the 
neck (red line). B: Post-EVAR ANS (green surface) is the surface between the lower 
margins of the renal arteries (blue dots) and the distal apposition boundary (DAB) (red 
line). C: Post-EVAR EAS in the aortic neck (yellow surface) between the proximal end of 
the endograft fabric (yellow line) and DAB (red line). 

 
 
end of the ANS was similar to the distal end of the neck and the DAB, respectively. 
The aortic neck surface was calculated over the aortic segment that was located 
between these boundaries (Figures 2.1A and 2.1B).  
 
Endograft position 
The endograft position was defined by the terms fabric distances, tilt and 
endograft expansion. These characteristics were calculated with the software on 
the basis of the proximal end of the endograft fabric (PEF). The PEF was defined 
by identification of the 3D coordinates of the endograft fabric markers measured 
in 3Mensio. With use of the software the PEF can be projected on the mesh of the 
aortic lumen (Figure 2.1C). 
The fabric distances are the Euclidian straight-line distances from the PEF to the 
coordinates of the lower margins of both renal arteries (Figure 2.2A). The shortest 
fabric distance (SFD) and longest fabric distance (LFD) are independent of which 
renal artery is the highest on CLL measurements. Increase in either SFD or LFD 
during follow-up will be indicative for endograft migration.  
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Figures 2.2A-B: Visualization of the endograft position. A: Mesh of the aortic neck with the 
orifices of the renal arteries (proximal blue and black dots) the SFD (black line) and LFD (blue 
line) and the circumference of the proximal end of the endograft fabric (PEF, yellow line). B: 
Tilt, measured as the angle (α) between the centerline of the aortic lumen (green arrow) and 
the normal vector of the endograft (red arrow). 

 
 
Tilt of the endograft in the aorta was defined as the angle between the centerline 
of the aortic neck and the centerline of the PEF (Figure 2.2B). Endograft expansion 
is calculated as the average diameter of the PEF of the endograft (3D intersection 
with the aortic neck) and measured as absolute value as well as percentage of the 
original maximum possible endograft diameter. Endograft expansion may be the 
result of neck dilatation, endograft tilt and migration. The relationship between 
endograft expansion and oversizing is shown in Table 2.1.  
The software allows determination of all parameters at the first post-EVAR CT scan 
as baseline and aims to detect any changes during follow-up.  
 
 
Table 2.1: Relationship between endograft oversizing and endograft expansion. This 
relationship is independent of the endograft diameter. 
     
Oversizing of endograft [%] 10 15 20 25 

Endograft expansion [% of original endograft 
diameter] 

91 87 83 80 
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Figure 2.3: The shortest apposition length (black line) is the shortest length between 
the proximal end of the endograft fabric (PEF, yellow line) and the DAB (red line). 

 
 
Endograft apposition  
The endograft apposition surface (EAS) is defined as the surface of the aortic neck 
where the endograft seals the aortic wall. This parameter can be calculated as 
absolute value as well as percentage of the maximum aortic neck surface (ANS) 
that could be sealed. The EAS was calculated as the surface over the mesh of the 
aortic lumen between the PEF and the DAB (Figure 2.1C). A decrease of EAS may 
be an early indicator of endograft migration or neck dilatation. 
Because of the 3D intersection of the endograft with the aortic wall the lowest 
point of the endograft fabric will not always be directly below both renal arteries. 
Therefore, we defined the shortest apposition length (SAL) which is the shortest 
distance between the endograft fabric and the DAB (Figure 2.3).  
 
 
Table 2.2: Baseline parameters at first postoperative CT scan, calculated by the new 
software. 
Aortic neck surface (ANS) 
Fabric distances (SFD, LFD) 
Tilt of the endograft 
Endograft expansion (% of the original endograft diameter) 
Endograft apposition surface (EAS, % of ANS) 
Shortest apposition length 
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Warning signs  
Initial suboptimal endograft placement, observed on the first postoperative CT 
scan, and change in position and apposition during follow-up may forecast the 
onset of post-EVAR complications. On the basis of the new measuring software 
six parameters can describe aortic neck morphology and the initial position and 
apposition of the endograft in the aortic neck (Table 2.2). These parameters at 
the first postoperative CT scan are used as baseline for follow-up. During follow-
up, subtle changes in ANS, endograft position, and EAS may occur before type IA 
endoleak of substantial migration are obvious. In Table 2.3, 7 warning signs that 
indicate change in endograft position during follow-up are described. We have 
analyzed these warning signs on the CT scans of four patients with late 
complications and 20 patients without early or late complications, in order to 
illustrate the added value over regular (and current standard) follow-up. 
 

Results 

Patient examples 
Four EVAR patients were selected, diagnosed with type IA endoleak or endograft 
migration after >1 year follow-up. Two patients suffered from type IA endoleak 
(Patients #1 and #2 diagnosed 493 and 1273 days after the primary procedure, 
respectively).  Two patients were diagnosed with significant (>1 cm) migration 
(Patients #3 and #4, diagnosed 1197 and 1659 days after the primary EVAR 
procedure, respectively).  
 
Patient #1 Figures 2.4A-C and Table 2.4 show the results of a patient where the 
endograft position at the first post-EVAR CT scan was insufficient, and four 
warning signs were observed (Figure 2.4B): 1. Fabric distance to the lowest renal  
 
Table 2.3: Warning signs that indicate change in endograft position during follow-up, 
potentially predicting migration and type IA endoleak. 
Increase of ANS (neck dilatation) 
Decrease of ANS (loss of apposition at distal apposition  zone) 
Increase of fabric distance (SFD, LFD) 
Increase of endograft tilt  
Increase of endograft expansion (% of the original endograft diameter)   
Decrease of EAS (% of ANS) 
Decrease of shortest apposition length 
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Figures 2.4A-C: Endograft position and apposition of Patient #1. A: pre-EVAR aortic 
neck surface (ANS, green surface). B: First postoperative ANS and endograft 
apposition surface (EAS, yellow surface). Contrary to the completion angiography (not 
shown), a low endograft position is observed 59 days post-EVAR. EAS and shortest 
apposition length are very low. C: Complete loss of endograft apposition is observed 
493 days post-EVAR. 

 

 
Table 2.4: Aortic neck characteristics and endograft position and apposition for Patient 
#1. 
 Pre EVAR 

21 days 
Post-EVAR 
59 days 

Post-EVAR 
493 days 

Neck diameter (mm) 23 25 23 
Original endograft diameter 
(mm) [type] 

26 [Talenta]   

Neck length (mm) 11   
SFD (mm)  10b 13 b 
LFD (mm)  15 17 
Tilt (°)  3 2 
Endograft expansion [mm, 
and % original endograft 
diameter]  

 26 [98%] b 26 [100%] b 

Shortest apposition length 
(mm) 

 3 b 0 b 

ANS [mm2, and % of the first 
post-EVAR CT scan] 

 1465  1298 [89%] 

EAS [mm2, and % of the 
ANS] 

 355 [24%] b 45 [3%] b 

a Medtronic, Santa Rosa, Calif., USA, b Warning signs in bold and italic font, SFD = Shortest Fabric 
Distance, LFD = Longest Fabric Distance, ANS = Aortic Neck Surface, EAS = Endograft Apposition 
Surface 

 
artery is 10 mm, 2. Shortest apposition length is only 3mm, 3. Endograft 
expansion is 98% of the original diameter (only 2% oversizing), and 4. The EAS 
is only 24% of the ANS. The completion angiography during the EVAR procedure 
showed that the endograft was positioned just 1-2 mm below the lowest renal 
artery, so the endograft must have migrated between the primary implant and 
the first post-EVAR CT scan. The radiologist scored the position of the endograft  
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Figures 2.5A-F: Endograft position and apposition of Patient #2. A: Pre-EVAR neck surface 
(green surface). B: Large endograft apposition surface (EAS, yellow surface) is visible 38 
days post-EVAR. C-E: Progressive dilatation of the aortic neck occurs during 251 – 911 
days follow-up, without migration of the endograft. F: On the 1273 days post-EVAR CT 
scan, EAS is significantly reduced and a type IA endoleak was observed. 
 
on this first follow-up CT scan as “uneventful” with adequate sealing and no 
evidence for endoleaks. On the second follow-up CT scan all warning signs 
remained present and a type IA endoleak was visible (Figure 2.4C). 
 
Patient #2. Figures 2.5A-F and Table 2.5 show a patient diagnosed with a type 
IA endoleak 1273 days post-EVAR. The preoperative neck is of sufficient length 
and not angulated (Figure 2.5A). On the 251 days post-EVAR CT scan, two 
important warning signs are present (Figure 2.5B): 1. Substantial increase of the 
ANS as a result of neck dilatation that is not observed at baseline level, 2. 
Expansion of the endograft diameter (change from 33% initial oversizing to 15% 
oversizing at 251 days follow-up). On the 911 days post-EVAR CT scan (Figure 
2.5E), the endograft oversizing was further reduced to 9%. The radiologist 
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reported no dilatation of the aortic neck, but only an increase of the aneurysm 
diameter without signs of an endoleak. A type IA endoleak was observed on the 
CT scan 1273 days post-EVAR (Figure 2.5F).   
 
 
Patient #3. Figures 2.6A-C and Table 2.6 show a patient with increasing tilt of 
the endograft during follow-up. No warning signs were present on the CT scan 32 
days post-EVAR, with the exception of substantial tilt (Figure 2.6B). On the second 
post-EVAR CT scan (Figure 2.6C), multiple warning signs were present: 1. An 
increase in tilt (from 20.0° to 28.5°), which results in 2. Increased endograft 
expansion of 99% of the initial diameter (only 1% oversizing left), and 3. Decrease 
in EAS. No endoleak was reported after 1659 days follow-up. Four months later, 
a type IA endoleak was diagnosed with duplex ultrasound.  
 
Table 2.5: Aortic neck characteristics and endograft position and apposition for Patient 
#2. 
 Pre-EVAR 

28 days 
Post-EVAR 
61 days 

Post-EVAR 
251 days 

Neck diameter (mm) 21 21 21 
Original endograft diameter (mm) 
[type] 

28 [Enduranta]   

Neck length (mm) 14   
SFD (mm)  6 6 
LFD (mm)  9 7 
Tilt (°)  17 18 
Endograft expansion [mm, and % 
original endograft diameter]  

 21 [75%] 24 [87%] b 

Shortest apposition length (mm)  22 29 
ANS [mm2, and % of the first post-
EVAR CT scan]  

2578 3444 
[134%] b 

EAS [mm2, and % of the ANS]  2051 [80%] 2855 [83%] 
 Post-EVAR 

541 days 
Post- EVAR 
911 days 

Post-EVAR 
1273 days 

Neck diameter (mm) 21 22 22 
Original endograft diameter (mm) 
[type] 

   

Neck length (mm)    
SFD (mm) 6 6 6 
LFD (mm) 9 7 13 b 
Tilt (°) 13 16 15 
Endograft expansion [mm, and % 
original endograft diameter]  

24 [87%] b 26 [92%] b 27 [95%] b 

Shortest apposition length (mm) 28 28 0 b 
ANS [mm2, and % of the first post-
EVAR CT scan] 

3638 
[141%] b 

3594 
[139%] b 

1026 [40%] 

b 
EAS [mm2, and % of the ANS] 3006 [83%] 2955 [82%] 231 [23%] b 
a Medtronic, Santa Rosa, Calif., USA, b Warning signs in bold and italic font, SFD = Shortest Fabric 
Distance, LFD = Longest Fabric Distance, ANS = Aortic Neck Surface, EAS = Endograft Apposition 
Surface 

2 



34 
 

Figures 2.6A-C: Endograft position and apposition of Patient #3. A: Pre-EVAR neck 
surface (green surface). B: Tilted position of the endograft 32 days post-EVAR. C: 
Increasing tilt, leading to migration at the outer curve of the aortic neck and increased 
endograft expansion, 1659 days post-EVAR. 

 
 
Patient #4. Figures 2.7A-E and Table 2.7 show a case of endograft migration, 
tilt, and aortic neck dilatation. On the 369 days follow-up CT scan (Figure 2.7C), 
three warning signs were observed: 1. Increased tilt of the endograft, 2. Migration 
of 3 mm at the level of the lowest renal artery, and 3. Increased expansion of the 
endograft. After 890 days (Figure 2.7D), all warning signs were present. The aortic 
 
 
Table 2.6: Aortic neck characteristics and endograft position and apposition for Patient 
#3. 
 Pre- EVAR 

57 days 
Post-EVAR 
32 days 

Post- EVAR 
1659 days 

Neck diameter (mm) 27 27 28 
Original endograft diameter (mm) 
[type] 

29 [Excludera]   

Neck length (mm) 33   
SFD (mm)  2 4 
LFD (mm)  19 24 b 
Tilt (°)  20 b 29 b 

Endograft expansion [mm, and % 
original endograft diameter]  

 25 [87%] 28 [99%] b 

Shortest apposition length (mm)  20 15 b 
ANS [mm2, and % of the first 
post-EVAR CT scan] 

 2425 2680 [110%] 

EAS [mm2, and % of the ANS]  1658 [68%] 1492 [56%] b 
a W. L. Gore & Associates, Inc., Flagstaff, Arizona, USA. b Warning signs in bold and italic font, SFD = 
Shortest Fabric Distance, LFD = Longest Fabric Distance, ANS = Aortic Neck Surface, EAS = Endograft 
Apposition Surface 
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Figures 2.7A-E: Endograft position and apposition of Patient #4. A: Pre-EVAR neck surface 
(green surface). B: A good endograft apposition surface (yellow surface) is achieved 86 
days post-EVAR. C: Tilt occurs one year post-EVAR, but the apposition surface remains 
almost unchanged. D: The aortic neck dilates, the endograft migrates and expands, leading 
to decrease of EAS. E: Due to progressive dilatation and endograft migration EAS is 
minimized. 
 
neck had dilated, leading to further expansion of the endograft and decreased 
sealing at the distal part of the neck. The endograft had migrated and EAS was 
obviously decreased. In the radiology report only endograft migration was 
determined at the 890 days post-EVAR CT-scan and no reintervention was  
performed. On the 1197 days CT scan (Figure 2.7E), complete loss of apposition 
and subsequent type IA endoleak was observed. 
 
Control cohort. Table 2.8 show baseline characteristics of endograft position and 
apposition of the control cohort of 20 patients. The ANS (mm2) and shortest 
apposition length slightly increased (from 2095 (559) mm2 to 2597 (914) mm2. 
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Table 2.7: Aortic neck characteristics and endograft position and apposition for Patient 
#4. 
 Pre- 

EVAR 
159 days 

Post-
EVAR 
86 days 

Post-
EVAR 
369 days 

Post-
EVAR 
890 days 

Post- 
EVAR 
1197 
days 

Neck diameter (mm) 20 20 21 26 b 24 b 
Original endograft 
diameter (mm) 
[type] 

30 
[Talenta] 

    

Neck length (mm) 9     
SFD (mm)  7 10 b 20 b 38 b 

LFD (mm)  6 3 10 b 31 b 
Tilt (°)  0 7 b 9 b 4 b 
Endograft expansion 
[mm, and % original 
endograft diameter]  

 22 [73%] 25 
[84%] b 

26 
[88%] b 

28 [95%] 

b 

Shortest apposition 
length (mm) 

 38 38 13 b 0 b 

ANS [mm2, and % of 
the first post-EVAR 
CT scan] 

 
4057  4030 

[99%] 
2537 
[63%] b 

2834 
[70%] b 

EAS [mm2, and % of 
the ANS] 

 3566 
[88%] 

3523 
[89%] 

1217 
[48%] b 

45 
[1.6%] b 

a Medtronic, Santa Rosa, Calif., USA, b Warning signs in bold and italic font, SFD = Shortest Fabric 
Distance, LFD = Longest Fabric Distance, ANS = Aortic Neck Surface, EAS = Endograft Apposition 
Surface 

 
and 15.8 (9.3) to 19.2 (10.0), one month and one year post-EVAR, respectively. 
Other parameters were constant during follow-up 
 
 

Discussion 
Every year, thousands of AAA patients are treated by endovascular means 
worldwide and thousands of CT scans are performed as part of regular EVAR 
follow-up. Despite ongoing improvements in endografts and endovascular 
techniques, the incidence of post-EVAR complications such as type IA endoleak 
and migration is still substantial (up to 3.1% and 5.1%, respectively)8-10. Early 
determination of aortic neck changes and changes of endograft position and 
apposition is crucial to forecast devastating complications, and to facilitate early 
reintervention before repressurization of the AAA will occur. 
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Table 2.8: Endograft position and apposition characteristics for 20 patients without late 
(>1 year) type IA endoleak or migration. Data represented as median (inter quartile 
range) at the one month post-EVAR CT scan and the last follow-up CT scan. 
 One month Second follow-

up 
Days post EVAR  31 (2) 418 (52) 
Neck diameter ( mm) 25 (2) 25 (2) 
SFD (mm) 3 (3) 3(1) 
LFD (mm) 11 (2) 12 (1) 
Tilt (°) 14 (4) 15 (4) 
Endograft expansion (mm) 25 (3) 27 (4) 
Endograft expansion (% original endograft diameter) 89 (7) 92 (3) 
Shortest apposition length (mm) 16 (9) 19 (10) 
ANS (mm2) 2095 (559) 2567 (914) 
ANS (% of first post-EVAR CT scan) - 107 (10) 
EAS (mm2) 1734 (580) 2019 (892) 
EAS (% of the ANS) 78 (12) 77 (15) 

 
The currently described new sizing method allows detection of small changes in 
aortic neck morphology and endograft position and apposition. The 4 cases in this 
manuscript show how these changes could be detected on follow up CT scans, 
months before type IA endoleaks or complete loss of apposition became apparent.  
Early detection may lead to less invasive and less expensive reinterventions. 
In EVAR literature challenging aortic neck parameters exclusively include pre-
operative characteristics. However, the initial position of the endograft in the 
aortic neck must be included as well as predictor for late failure. Patient #1 is a 
good example with four warning signs for late sealing failure on the first follow up 
CT scan, that were undetected using the standard CT evaluation: fabric distance 
to the renal artery of 1 cm, short apposition length, full endograft expansion 
(which means no oversizing), and a minimal aortic endograft apposition. Based 
on these warning signs at the first postoperative CT scan, reintervention might 
have been performed, for instance with an aortic cuff to prevent the type IA 
endoleak that was now diagnosed one year later. 
Proper initial endograft placement was seen in the other examples and type IA 
endoleak and seal failures occurred at least one year after the EVAR procedure. 
The majority of these failures cannot be predicted with ultrasound and plain X-
ray, which emphasizes the need for regular CT-scan follow-up, especially to 
determine changes in the aortic neck.   
One of the main reasons for late endograft failure is the fact that the endograft 
continues to expand during follow-up. When the endograft expansion is >95% of 
its original diameter, the oversizing will be <5% regarding to the diameter of the 
aortic neck and type IA endoleaks may occur. Endograft expansion will be the 
result of continuing radial force and subsequent aortic neck dilatation, but can 
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also be caused due to tilt of the device. With the new software, changes in tilt can 
be accurately determined, which is almost impossible with the current standard 
CT measurements.  
The control cohort shows no large differences in endograft position and apposition 
between one month and later follow- up CT-scans (Table 2.8). There is an increase 
of 3.2% in endograft expansion, however this increase will stay <95%. ANS and 
shortest apposition length increase probably due to aneurysm sac shrinkage, 
which is a positive effect for endograft apposition.  
A limitation of this study is the small sample size. A clinical study comparing two 
large groups of patients with and without late type IA endoleaks and migration is 
needed to validate the real merits of the new measurement software. Moreover, 
we were not able to define the margin of error and suitable cutoff points for each 
of the warning signs. Furthermore, reconstruction and calculation of the endograft 
position and apposition takes around 30 minutes per CT. Automatic software to 
avoid this extra time should be developed. The ultimate goal is to implement this 
new methodology in existing workstations, so it will become available for regular 
EVAR follow-up.  
 

Conclusion 
In this pilot study the new measurement method allowed detection of subtle 
changes in endograft position and apposition during EVAR follow-up, that were 
not recognized on conventional computed tomography. Its use may enable 
determination of endograft movements and decrease of apposition surface before 
it leads to complications like type IA endoleaks or uncorrectable migration. 
However, a larger follow-up study comparing complicated and non-complicated 
EVAR patients is needed to prove its definitive merits. 
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