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Orthogonal Rings, Fiducial Markers, and Overlay Accuracy When Image
Fusion is Used for EVAR Guidance
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WHAT THIS PAPER ADDS
This study points out possible pitfalls in 3D image fusion for EVAR guidance. Methods for visualization and
correction of anatomical landmarks are suggested, and causes for suboptimal accuracy are investigated.
Objective: Evaluation of orthogonal rings, ﬁducial markers, and overlay accuracy when image fusion is used for
endovascular aortic repair (EVAR).
Methods: This was a prospective single centre study. In 19 patients undergoing standard EVAR, 3D image fusion
was used for intra-operative guidance. Renal arteries and targeted stent graft positions were marked with rings
orthogonal to the respective centre lines from pre-operative computed tomography (CT). Radiopaque reference
objects attached to the back of the patient were used as ﬁducial markers to detect patient movement intraoperatively. Automatic 3D-3D registration of the pre-operative CT with an intra-operative cone beam computed
tomography (CBCT) as well as 3D-3D registration after manual alignment of nearby vertebrae were evaluated.
Registration was deﬁned as being sufﬁcient for EVAR guidance if the deviation of the origin of the lower renal
artery was less than 3 mm. For ﬁnal overlay registration, the renal arteries were manually aligned using aortic
calciﬁcation and vessel outlines. The accuracy of the overlay before stent graft deployment was evaluated using
digital subtraction angiography (DSA) as direct comparison.
Results: Fiducial markers helped in detecting misalignment caused by patient movement during the procedure.
Use of automatic intensity based registration alone was insufﬁcient for EVAR guidance. Manual registration
based on vertebrae L1-L2 was sufﬁcient in 7/19 patients (37%). Using the ﬁnal adjusted registration as overlay,
the median alignment error of the lower renal artery marking at pre-deployment DSA was 2 mm (0e5) sideways
and 2 mm (0e9) longitudinally, mostly in a caudal direction.
Conclusion: 3D image fusion can facilitate intra-operative guidance during EVAR. Orthogonal rings and ﬁducial
markers are useful for visualization and overlay correction. However, the accuracy of the overlaid 3D image is not
always ideal and further technical development is needed.
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INTRODUCTION
Three dimensional (3D) image fusion is an advanced imaging
tool that helps the operator, providing useful anatomical
information for guidance during endovascular procedures.
Several authors have reported their clinical experience with
fused imaging during endovascular aortic repair (EVAR),
suggesting that the method is feasible1 and that it can reduce
both radiation2e5 and contrast dose.6,7 Visualization of
anatomical positions derived from pre-operative imaging can
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be achieved by projecting volume rendered (VR) images or
speciﬁc marks on the live ﬂuoroscopy screen. For image
registration the commercially available systems require
either an acquisition of CBCT (3D-3D fusion) or two ﬂuoroscopic orthogonal images (2D-3D fusion) intra-operatively.
However, 3D roadmaps derived from image fusion are
not always precise.8 There are several potential sources of
errors: pre-operative computed tomography (CT) and intraoperative cone-beam CT (CBCT) are performed at different
time points, on different tables, and with the patient in
different body positions. An automatic algorithm can be
used for 3D-3D registration of the two datasets, or this can
be performed manually. Automatic registration is usually
based on image intensity, and it can be used either as the
deﬁnitive registration or as a ﬁrst rough estimate before
manual adjustments are started. Manual registration is
most easily done by aligning highly attenuating bony
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structures, but outlines of vessels and calciﬁcations also can
be used.
During EVAR, the introduction of medical devices can
deform the arteries.9,10 Breathing movements may cause
misalignment. The patient may be pushed, pulled, or tilted
during the procedure, especially if it is prolonged in time.
Lastly, inaccuracy in the mechanical C-arm/table system
may contribute to registration errors.
This study describes the use of 3D-3D image fusion for
intra-operative guidance during EVAR. The aims were to
evaluate orthogonal rings for visualization of anatomical
locations during EVAR and to evaluate the use of easily
spotted radiopaque points of reference for detection of
intra-operative patient motion. Sources of registration and
overlay errors also were determined.
MATERIALS AND METHODS
The study was approved by the regional ethical review
board in Gothenburg.
Patient population
Nineteen patients who underwent standard EVAR between
March 2014 and June 2015 (15 men and 4 women with a
mean age of 76.2 years [SD  6.5]) were included in this
prospective single centre study. Median body mass index
(BMI) was 25.6 kg/m2 (range 21.7e35.9), median weight
was 83 kg (range 52e105), and median sagittal abdominal
diameter (SAD) measured on the axial CT plane at the L4-L5
level was 27 cm (range 19.8e35.3).
Additional patient, aneurysm, and procedure characteristics are presented in Table 1.
Technical aspects
All patients underwent a pre procedural multi-detector CT
angiography with 1e3 mm slices within 8 months from the
EVAR procedure (median 2.5 months, range 5 dayse8
months). Thin CT slices (preferably <1 mm) are optimal for
pre-operative planning as well as for image fusion. All EVAR
procedures were performed in the same hybrid operating
room, which was equipped with a multi-axis robotic C-arm
system together with a tiltable angiography table and a
dedicated post-processing workstation (Artis zeego and
syngo XWP; Siemens Healthcare GmbH, Forchheim,
Germany).
The workﬂow was divided into the following steps.
Case planning: orthogonal rings. Thin slices of the preoperative contrast enhanced CT (up to 3 mm) were
loaded into the post-processing workstation. Anatomical
structures of interest were marked on multi-planar reconstructed (MPR) images using a 3D visualization and processing application (syngo InSpace; Siemens Healthcare
GmbH). Speciﬁcally, rings were manually drawn around the
origins of the renal arteries and one larger ring was drawn
around the aorta, orthogonal to its centre line, at the
optimal cranial extension of the aortic stent graft just below
the lower renal artery (Fig. 1A).
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Patient preparation. All procedures were performed under
general anaesthesia. The patient, the C-arm, and the entire
table were covered with sterile drapes to provide sterility,
even under the table. The patient was positioned with the
abdomen in the ISO-centre of the system for CBCT
acquisition.
Fiducial markers. To detect patient movements that could
affect the accuracy of the overlay during the procedure,
ﬁducial markers were attached to the patient. Fiducial
markers are objects placed in the ﬁeld of view (FOV) and
used as reference points. In the current study, one or two
ECG monitoring electrodes were attached on the back of
the patient close to the anatomical area of treatment, between Th12 and L4. These electrodes consist of a radiolucent adherence tape and a round metal stud (diameter
1 cm). The stud is radiopaque and therefore clearly visible,
both in live ﬂuoroscopic imaging and in CBCT. The ﬁducials
were depicted in CBCT and rings were manually drawn
around them in the post-processing workstation, to mark
their positionesimilar to the orthogonal rings used for the
marked anatomical locations (Fig. 1B).
The ECG electrodes are inexpensive, disposable, and
readily available in the hospital. They can be attached easily
to the skin and did not cause any skin irritation in the
present study patients. There were no signiﬁcant artefacts
related to the ﬁducial markers that affected the accuracy of
the 3D-3D image fusion.
Intra-operative CBCT. Cone beam CT without contrast was
performed after the patient had been positioned and draped on the operating table, just before vascular access.
During acquisition, the C-arm rotates around the patient on
a 200 trajectory. The CBCT protocol used (5s DCT Body
Care) acquires 248 projection images at a conﬁgured detector dose of 0.36 mGy. The images are automatically
transferred to the workstation, where they are reconstructed to CT-like images (Fig. 2). The cylindrical volume
captured by a CBCT unit has a diameter of 25 cm and a
height of 19 cm. To capture both the aorta and the ﬁducial
markers in the volume, the table was centred so that the
iliac spines were visible at the caudal end of a frontal view,
with the lumbar vertebrae and the ﬁducial markers being
visible in the lower aspect of a lateral view.
3D-3D fusion. Fusion of the datasets was performed with
dedicated 3D-3D registration software (syngo InSpace 3D3D Fusion; Siemens Healthcare GmbH) in a semi-automatic
procedure. First, an automatic registration was activated,
using an intensity value based on a normalized mutual information algorithm. Second, manual registration was done
based on the alignment of vertebrae L1 and L2. This registration was done for investigational purposes to determine
whether there was a change in aortic position in relation to
nearby vertebrae between the CT and the CBCT. Finally, a
manual registration was done using aortic calciﬁcations and
vessel outline, to align the renal artery ostia in two 3D
datasets (Fig. 3). This ﬁnal 3D-3D registration was used to
create the 2D-3D overlay during the procedures.
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Table 1. Patient and procedure characteristics.
BMI, kg/m2

Aneurysm
Neck
length, size, mm
mm
1
89/M
24.7
30
30
67
2
69/M
25.5
39
25
57
3
79/M
25.6
65
26
73
4
75/M
24.7
37
40
58
5
70/M
29.9
30
40
55
6
76/F
27
60
14
73
7
76/M
31.7
10
50
56
8
71/M
27.7
43
30
50
9
81/F
22.6
64
14
56
10
83/F
22
75
25
80
11
81/M
23.5
58
30
80
12
69/M
35.9
20
35
58
13
70/M
27.5
49
30
58
14
77/M
31.6
34
45
55
15
69/M
23.3
40
30
58
16
65/M
24.4
20
65
60
17
83/M
26.9
25
19
54
18
80/M
31.5
40
13
55
19
84/F
21.7
60
15
60
RA, renal artery; IIA, internal iliac artery; CO2, carbon dioxide DSA.
a
As measured from puncture of vessel to withdrawal of instruments.
Patient

Age/gender

Neck angle,
degrees

Fluoroscopy
time, minutes
31
22
51
34
26
33
33
71
34
41
41
20
27
36
20
25
22
58
92

Operation
time,a
minutes
161
90
213
129
145
190
161
271
125
142
127
85
130
179
95
160
120
213
333

Radiation
dose,
mGym2
28,219
18,849
43,480
20,570
32,734
18,066
35,935
50,893
14,506
11,529
22,683
46,713
12,227
56,177
16,906
18,893
34,336
58,805
12,293

Iodine
dose, g

Additional
procedure

16.8
11
25
24
14.4
23.1
19.2
22.8
27.6
31.5
33
25.2
16
4
14.4
13.7
32.4
7.9
33.1

None
None
RA stenting
None
Kissing stents
IIA plug
None
Iliac branch bilateral
None
Cuff
RA plug
None
None
CO2
None
None
None
RA stenting, CO2
Chimney RA

Number of pre-deployment
adjustments total
(skinmarkers/DSA)
1 (0/1)
0 (0/0)
1 (0/1)
0 (0/0)
2 (1/1)
1 (0/1)
1 (0/1)
1 (0/1)
1 (0/1)
2 (1/1)
2 (1/1)
1 (0/1)
1 (0/1)
2 (1/1)
1 (0/1)
2 (1/1)
2 (1/1)
2 (1/1)
1 (0/1)
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Figure 1. (A) 3D planning. Volume rendered 3D image reconstructed from pre-operative CTA. Manually added orthogonal rings
(in yellow) mark the ostia of the renal arteries and the planned
proximal sealing zone. (B) Fiducial markers attached to the back of
the patient and 3D overlay of corresponding rings marking their
position on CBCT. Alignment indicated that no major intraoperative movement had occurred.
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image in the projection where the ostium of the renal artery
was visible in both examinations using the syngo X-Workplace (syngo InSpace, Siemens Healthcare GmbH). Registration was deﬁned as being sufﬁcient for EVAR guidance if
the deviation was less than 3 mm.
Manual 3D-3D registration based on vertebrae L1-L2. Deviation in registration of the lower renal artery after manual
registration based on vertebrae L1-L2 was measured on an
MPR fused image in the orientation where the lower renal
ostium was visible in both examinations using the syngo XWorkplace. Registration was deﬁned as being sufﬁcient
when the deviation was less than 3 mm.
2D-3D overlay at pre-deployment DSA. The accuracy of the
overlay was measured immediately before main stent graft
deployment using the pre-deployment DSA as direct comparison. Any misalignment of the ﬁducial marker or the
lower renal artery of at least 1 mm was recorded. The
measurements were performed on overlay reference images in a projection perpendicular to the aorta and the
lower renal artery using commercially available software
(Image J v.1.48). Catheter diameters were used for image
calibration.
RESULTS
All steps were performed successfully in all patients.
Automatic 3D-3D registration

2D-3D overlay. There are different visualization options for
a 2D-3D overlay. The entire pre-operative dataset, or certain
enhanced segments of it, can be superimposed in a VR
mode with adjustable translucency. Overlay of VR images
can provide valuable information about soft tissues and
anatomical information such as location, course, and
extension of arteries. However, even though the translucency of a VR overlay can be adjusted, it affects the
ﬂuoroscopic image and visualization of devices that are
introduced. Thus, after trying different overlay algorithms, it
was decided to project only the drawn landmarks on the
live ﬂuoroscopic screen.
During the procedures, the overlay was synchronized
with the position of the C-arm and the table using the dynamic guiding function of the software (syngo iPilot dynamic). Movement of the patient on the table was detected
when the ﬁducial marker and the corresponding ring in the
overlay drifted apart on ﬂuoroscopy. When this was
observed, the overlay position was corrected accordingly.
After insertion of the stent graft delivery system, a predeployment DSA was performed in a projection orthogonal to the origin of the lower renal artery and to the
pararenal aorta. Alignment error of the lower renal artery
was evaluated and adjusted when required, before
deployment (Fig. 4).
Measurements
Automatic 3D-3D registration. Deviation was measured in
registration of the lower renal artery after automatic
registration of the pre-operative CT and the intra-operative
CBCT. The measurements were performed on an MPR fused

In 8/19 patients (42%), deviation in registration at the lower
renal artery after automatic registration was greater than
20 mm, and the deviation was 5e15 mm in the other 11
patients (58%). None of the patients had sufﬁcient registration for EVAR guidance (<3 mm deviation at the lower
renal artery ostium) based on automatic registration only.
Manual 3D-3D registration based on vertebrae L1-L2
Sufﬁcient registration for EVAR guidance was observed in 7/
19 patients (37%) when fusion was based on vertebrae L1L2. Median lower renal artery deviation was 3 mm (0e11),
with the CBCT mostly depicting a more cranial position of
the artery than the CT.
Patient movement
Movements of the patient on the table were detected from
the occasional separation of ﬁducial markers and their rings
on ﬂuoroscopy. The overlay position was adjusted accordingly when required.
Fiducial marker misalignment was found in 7/19 patients
(37%). Adjustment was performed once for each of these
seven cases, typically at the beginning of the procedure
before DSA and stent graft deployment. The median lateral
error in these seven patients was 2 mm (1e5), with the
rings mostly to the right of the ﬁducial markers. The median
cranial-caudal error was 2 mm (0e2), with the rings mostly
caudal to the ﬁducial markers (Fig. 5). This indicates that a
change in position occurs in some patients, probably during
access and instrument insertion.
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Figure 2. Unenhanced intra-operative cone beam CT. Note the limited resolution in this low dose acquisition.

The current study did not detect any predicting factors
for patient movement; however, separation of ﬁducial
markers and corresponding rings tended to be more common in complex cases. Patient characteristics and performed adjustments are shown in Table 1.
2D-3D overlay accuracy at pre-deployment DSA after
manual 3D-3D registration based on aortic wall outline
and calciﬁcations close to renal ostia
Detectable lower renal artery misalignment (1 mm) was
found in 17/19 patients (89%) and misalignment >3 mm
was found in 8/19 patients (42%). The median lateral error
was 2 mm (0e5) and the median cranial-caudal error was
2 mm (0e9), mostly in the caudal direction (Fig. 6). This
indicates that the pararenal aorta can be displaced sideways
and in a cranial direction by introduction of the main stent
graft into the planned attachment zone. The most extensive
misalignment was observed in patient 6, who had an
aneurysm with short (14 mm) and angulated (60 ) neck
(Table 1).
DISCUSSION
Interventional procedures can be facilitated by 3D image
fusion by projecting anatomical information from a pre-

operative CT on real time ﬂuoroscopic images. Overlay of
markings from CT and CBCT was feasible, and it aided intraoperative navigation without obscuring intravascular devices. The orthogonal rings facilitated the ﬁnding of optimal
C-arm positions. More speciﬁcally, the rings helped in
choosing the projection for DSA and stent graft deployment
where the predicted aortic landing site and the origin of the
lower renal artery were both visualized perpendicularly.
However, the method still has limitations and is not yet
routine in all centres.
Image fusion means transforming two sets of imaging
data into the same 3D coordinate system. Ideally, a fully
automatic registration would provide sub-millimetre accuracy within a short time frame. However, there are several
confounding factors, some of which have been addressed in
this study. The automatic registration was found to be
useful for creation of a rough alignment of the CT and the
CBCT datasets in most patients, but not accurate enough to
be directly used for EVAR guidance. Bony structures are
easily visualized on X-ray based imaging, and are therefore
tempting candidates for manual registration. But in this
study, a manual registration based on the nearest bony
structures, vertebrae L1-L2, gave sufﬁcient alignment of the
renal arteries in only 37% of the patients. This indicates that
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Figure 3. 3D-3D fusion. Fusion of the pre-operative CT with the intra-operative CBCT, based on alignment of the outline of the aortic wall
close to the renal arteries and also alignment of nearby calciﬁcations of the aortic wall.

the position of the abdominal aorta shifts slightly between
examinations, possibly because of different mattresses and
different arm positions. Therefore, until software becomes
available that is capable of precise automatic segmentation
and deformable registration, 3D-3D registration of CT and
CBCT for EVAR guidance will remain a rather work intensive

task. Meticulous adjustments for actual positions of critical
structures must be done, and when the ﬁnal registration is
projected on the ﬂuoroscopy screen, its position must be
checked intermittently and adjusted to compensate for
movements of or within the patient. Updating of the
overlay position is usually done by aligning it with contrast

Figure 4. Overlay reference image of pre-deployment DSA for adjustment of the overlay of 3D-3D registered CT/CBCT data. (A) Slight
misalignment between DSA and the orthogonal rings (yellow) and also between the ﬁducial marker and the corresponding ring. (B)
Adjustment for the ﬁducial marker even corrected misalignment of the DSA.
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Figure 5. Diagram showing the measured misalignment of the
ﬁducial markers on live ﬂuoroscopy relative to the rings marking
their position on CBCT (centre of diagram) after overlay of the 3D3D registered CT/CBCT data on ﬂuoroscopy. Misalignment (indicating intra-operative movement) was observed in seven patients.

enhanced DSA acquisitions. The use of marked radiopaque
objects in the ﬁeld of view, as suggested in this study, is an
alternative approach that also allows detection of overlay
mismatch during plain ﬂuoroscopy.
Visualization of both anatomy and surgical tools is crucial
for image guided therapy. Although VR images are
appealing and informative when used as fusion overlay,
they do obscure the ﬂuoroscopic image. In particular, devices may be difﬁcult to discern, and to compensate operators may be tempted to increase the dose of radiation.

Figure 6. Diagram showing the measured misalignment of the
lower renal artery in pre-deployment DSA and the corresponding
3D ring (centre of diagram) after overlay of the 3D-3D registered
CT/CBCT data on ﬂuoroscopy.
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Orthogonal rings at key vessel ostia and a targeted stent
graft landing site have two advantages. They highlight
points of interest with minimal interference of the ﬂuoroscopic view, and they make it very easy to ﬁnd optimal Carm projections perpendicular to the vascular structure of
interest.
Despite meticulous 3D-3D registration of the renal ostia,
more than 3 mm misalignment of the lower renal artery
ring was found in 42% of patients at pre-deployment DSA.
This demonstrates the necessity of doing a pre-deployment
DSA to achieve a precise stent graft position, even when
image fusion is used. Detectable misalignment (1 mm) of
ﬁducial markers was found in 37% of patients (7/19), while
detectable misalignment of the lower renal artery ostium
was found in 89% of patients (17/19). Both the patient and
the aorta were more often displaced in a cranial direction.
This indicates that the patient is occasionally displaced on
the table, and that the aorta is often displaced within the
abdomen during introduction and positioning of standard
infrarenal stent grafts.
In 2011, Dijkstra et al. reported the ﬁrst cohort of patients to be treated with fenestrated and branched EVAR,
with intra-operative 3D image guidance helping to reduce
the dose of contrast.7 Extra catheters were placed in the
renal vessels to conﬁrm overlay accuracy during the procedures. In 2014, Maurel et al. assessed displacement of the
aorta and its visceral branch ostia after insertion of a rigid
stent graft system.10 They estimated the registration error
for the origins of the visceral vessels between pre-operative
CT and intra-operative contrast enhanced CT when aligning
vertebrae L1 and L2. In contrast to the present study, they
performed the intra-operative CBCT when the stent graft
delivery system was positioned in the aorta. They concluded
that stiff devices displace the aorta. In the present study,
the intra-operative CBCT was performed before the insertion of the delivery system. Registration error for the lower
renal artery ostium was detected in 63% of the patients
when aligning vertebrae L1 and L2, indicating that the cause
of the registration error is not only the stiff devices that are
introduced but probably also different positions of the patient on the pre-operative CT and hybrid room table. In
2015, Kauffman et al. evaluated the accuracy of the 2D-3D
fusion roadmap for EVAR.11 They speculated that part of
the registration error could be caused by patient motion
during draping. In the present series, the CBCT was performed after draping, which minimized the registration error. However, using the ﬁducial markers, it was found that
slight patient movement could occur during EVAR even if
the patient was under general anaesthesiaeespecially
during prolonged procedures.
The limitations of the current study included the small
sample size and the absence of a control group for evaluation of visualization options. The ﬁducial markers could in
some cases detect intra-operative patient movement, but
they were attached to the skin of the patients and not, as
would be ideal, closer to the origin of the renal artery. The
study describes the accuracy of 2D-3D overlay after 3D-3D
image fusion of pre-operative CTA with an intra-operative
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CBCT using a Siemens system only. Some commercially
available systems have a 2D-3D fusion approach to overlay
data from pre-operative CT on live ﬂuoroscopic image. 2D3D fusion is based on fusion of a CTA with two perpendicular projections, commonly aligning bony structures such
as vertebrae. This approach can further reduce the amount
of intra-procedural radiation. However, the accuracy of the
overlay may be lower in comparison with a 3D-3D approach
where alignment of aortic outline and calciﬁcations can be
performed in three planes.
Neither 2D-3D nor 3D-3D fusion can, at present,
completely replace the need for intra-operative angiograms.
Future technology developments may further facilitate
intra-operative guidance by automatically correcting the
2D-3D overlay, compensating for anatomical distortion and
patient movement.
In conclusion, 3D image fusion is an advanced imaging
tool that can facilitate guidance for interventional procedures and potentially lead to reduced doses of contrast and
radiation. However, registration errors can occur because of
different patient positions, movements during the procedure, and vessel deformations. There is a need for further
technical development to allow precise and deformable
registration and also automatic real time adjustment of
ﬂuoroscopic overlay.

611

2

3

4

5

6

7

ACKNOWLEDGEMENT

8

We thank Martin von Roden of Siemens Healthcare GmbH
for assistance regarding imaging equipment.

9

CONFLICT OF INTEREST
None.

10

FUNDING
The study was supported by the Västra Götaland region
(grant ALFGBG-218331).
REFERENCES
1 Fukuda T, Matsuda H, Doi S, Sugiyama M, Morita Y, Yamada M,
et al. Evaluation of automated 2D-3D image overlay system

11

utilizing subtraction of bone marrow image for EVAR: feasibility
study. Eur J Vasc Endovasc Surg 2013;46(1):75e81.
Hertault A, Maurel B, Sobocinski J, Martin Gonzalez T, Le
Roux M, Azzaoui R, et al. Impact of hybrid rooms with image
fusion on radiation exposure during endovascular aortic repair.
Eur J Vasc Endovasc Surg 2014;48(4):382e90.
Hertault A, Maurel B, Midulla M, Bordier C, Desponds L, Saeed
Kilani M, et al. Editor’s choice e minimizing radiation exposure
during endovascular procedures: basic knowledge, literature
review, and reporting standards. Eur J Vasc Endovasc Surg
2015;50(1):21e36.
Rolls A, Rosen S, Desai M, Stoyanov D, Constantinou J, Davis M,
et al. The role of 3D fusion computed tomography in the
enhancement of the safety proﬁle of FEVAR. Eur J Vasc
Endovasc Surg 2015;50(3):404.
Tacher V, Lin M, Desgranges P, Deux JF, Grünhagen T,
Becquemin JP, et al. Image guidance for endovascular repair of
complex aortic aneurysms: comparison of two-dimensional and
three dimensional angiography and image fusion. J Vasc Interv
Radiol 2013;24(11):1698e706.
Sailer AM, de Haan MW, Peppelenbosch AG, Jacobs MJ,
Wildberger JE, Schurink GWH. CTA with ﬂuoroscopy image
fusion guidance in endovascular complex aortic aneurysm
repair. Eur J Vasc Endovasc Surg 2014;47(4):349e56.
Dijkstra ML, Eagleton MJ, Greenberg RK, Mastracci T,
Hernandez A. Intra-operative C-arm cone-beam computed tomography in fenestrated/branched aortic endografting. J Vasc
Surg 2011;53(3):583e90.
Schulz CJ, Schmitt M, Böckler D, Geisbüsch P. Feasibility and
accuracy of fusion imaging during thoracic endovascular aortic
repair. J Vasc Surg 2016;63(2):314e22.
Kaladji A, Dumenil A, Castro M, Cardon A, Becquemin J-P, BouSaïd B, et al. Prediction of deformations during endovascular
aortic aneurysm repair using ﬁnite element simulation. Comput
Med Imaging Graph 2013;37(2):142e9.
Maurel B, Hertault A, Gonzalez TM, Sobocinski J, Le Roux M,
Delaplace J, et al. Evaluation of visceral artery displacement by
endograft delivery system insertion. J Endovasc Ther
2014;21(2):339e47.
Kauffmann C, Douane F, Therasse E, Lessard S, Elkouri S,
Gilbert P, et al. Source of errors and accuracy of a twodimensional/three dimensional fusion road map for endovascular aneurysm repair of abdominal aortic aneurysm. J Vasc
Interv Radiol 2015;26(4):544e51.

