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new workflow
3-D guided EVAR / TEVAR  



Fusion Imaging: 3-D EVAR guidance 

Preoperative CTA Fluoroscopy Fusion Imaging
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Preoperative CTA Fluoroscopy Fusion Imaging
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Fusion Imaging: 3-D EVAR guidance 
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Fusion Imaging: 3D – 2D Registration



Fusion Imaging: 3D – 2D Registration



transfer preoperative planning à OR



transfer preoperative planning à OR



transfer preoperative planning à OR



centerline measurement tool



Growing Body of Evidence to support benefits



Study Fusion [ml] w/o Fusion [ml] P value

Dias 
(n=123 vs. n=103)

215 (166-280) 63 (103-145) <,001

Dijkstra 
(n=40 vs. n=40)

136 (96-199) 94 (72-131) ,001

McNally
(n=41 vs. n=31)

69 ± 16 26 ± 8 <,001

Sailer 
(n=31 vs. n=31)

199 (170-229) 159 (132-186) ,04

Stangenberg 
(n=16 vs. n=16)

77,3 ± 23,0 37,4 ± 21,3 <,001

Tacher 
(n=9 vs. n=14)

235 ± 145 65 ± 28 <,001

Van den Haak 
(n=18 vs. n=19)

69,65 ± 39,04 60,19 ± 21,28 ,50

reduction of contrast media



Study Fusion w/o Fusion P value

Dias et al
(n=123 vs. n=103)

19934 µGym²
(11340-30615)

32856 µGym² 
(19562-55677)

<,001

McNally et al
(n=41 vs. n=31)

2700 ± 1400 mGy 5400 ± 2225 mGy < ,001

Stangenberg et al
(n=16 vs. n=16)

1067 ± 470 mGy 1768 ± 696 mGy ,004

Tacher et al
(n=9 vs. n=14)

655 ± 457 Gycm² 1188 ± 1067 Gycm² ,18

Van den Haak et al
(n=18 vs. n=19)

95,8 Gycm² 224,4 Gycm² <,001

reduced radiation dose EVAR



Studie Fusion w/o Fusion P value

Sailer et al
(n=31 vs. n=31)

5,2 h 
(4,5-5,9)

6,3 h 
(5,4-7,2)

,02

McNally et al
(n=41 vs. n=31)

230 ± 50 330 ± 100 min ,02

Stangenberg et al
(n=16 vs. n=16)

80 ± 21 110 ± 29 min ,005

Dias et al
(n=123 vs. n=103)

235 min 
(158-364)

230 min 
(138-331)

>,05

Dijkstra et al
(n=40 vs. n=40)

330 min 
(273-522)

387 min 
(290-477)

,651

Tacher et al 
(n=9 vs. n=14)

189 ± 69 min 233 ± 123 min ,59

Van den Haak et al 
(n=18 vs. n=19)

99,12 ± 38,88 91,26 ± 29,97 ,50

reduction of procedural time



fusion imaging = add-on

Fusion

DSA

CM



Summary

Ø Fusion imaging fast & high ease of use

Ø 2D- 3D registration seems best workflow

Ø Continuous 3D visualization of all relevant intraoperative 
landmarks and thus optimal support for endograft
guidance. 

Ø Reduction of contrast, radiation & procedural time



contrast enhanced cone beam CT
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ceCBCT Aquisition
5s Protocol; 90 LAO - 110 RAO  



ceCBCT Aquisition
5s Protocol; 90 LAO - 110 RAO  



ceCBCT: volume of aquisition
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CTA ceCBCT
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Intraoperative CT in EVAR is 
also helpful in ruptured cases 
P Geisbüsch, CH Schulz, M Schmitt and D Böckler

Introduction
Over recent years, large improvements regarding intraoperative imaging for endovas-
cular aortic procedures have been made. These include the increasing distribution of 
dedicated vascular hybrid operating rooms, which offer the capability of intraoperative 
3D imaging using flat-panel detectors that allow acquisition of an intraoperative cone 
beam computed tomography (CT). This technology can be used for various applica-
tions: (1) fusion imaging for endograft navigation by performing 3D-3D registration of 
the non-contrast cone beam CT with a preoperative CT angiography; (2) intraopera-
tive 3D imaging using a contrast-enhanced cone beam CT that allows visualisation of 
operative landmarks and evaluation of the operative results. 

The following chapter aims to give an overview of technical aspects, potential advan-
tages and current limitations of intraoperative 3D imaging using a contrast-enhanced 
cone beam CT for intraoperative quality assessment and management of patients with 
ruptured infrarenal aortic aneurysms.

Technical aspects
Intraoperative cone beam CT is an imaging technique that uses data acquired with 
a flat-panel detector C-arm angiography system to generate intraoperative CT-like 
images. To obtain the projection data, the C-arm performs a sweep around the patient, 
acquiring several hundred images. The sweep usually covers a range of 200 degrees 
(180 degrees plus detector fan angle) to acquire a projection from each side for 3D 
reconstruction. The hybrid operating room of the clinic of vascular and endovascular 

Figure 1: Multi-axis, 
robotic based angio-
graphic system (Artis 
zeego, Siemens).

Intraoperative contrast-enhanced cone beam
computed tomography to assess technical
success during endovascular aneurysm repair
Christof Johannes Schulz, Matthias Schmitt, Dittmar Böckler, MD, PhD, and Philipp Geisbüsch, MD,
Heidelberg, Germany

Background: The aim of the study was to analyze the use of contrast-enhanced cone beam computed tomography
(ceCBCT) during endovascular aneurysm repair (EVAR) and to compare this imaging modality with standard completion
digital subtraction angiography (cDSA) and postoperative computed tomography angiography (CTA) regarding the
detection of endograft-associated complications.
Methods: Between September 2012 and April 2015, ceCBCT was used in 98 EVAR patients in addition to cDSA and CTA.
Endoleaks, intraluminal thrombus and limb stenoses, contrast agent use, and radiation exposure were recorded for all
modalities.
Results: cDSA detected 16 (16.3%) endoleaks; ceCBCT, 35 (35.7%) endoleaks; and CTA, 22 (22.4%) endoleaks. All
endoleaks identified by cDSA or CTA were also seen on ceCBCT. ceCBCT detected intraluminal thrombus in three
patients (none in cDSA or CTA) and previously undetected limb stenoses in three patients. It prompted intraoperative
interventions in 7 of 98 patients (7.1%). Replacing cDSA and CTA by ceCBCT would have caused a 39% reduction of in-
hospital contrast agent volume in this cohort.
Conclusions: ceCBCT can reliably detect all endograft-associated complications during EVAR. It offers the chance for
immediate revision of remediable problems in a relevant proportion of patients and could thus reduce early reintervention
rates. ceCBCT can safely replace early follow-up CTA and thereby reduce in-hospital use of contrast media. (J Vasc Surg
2016;64:577-84.)

Endovascular aneurysm repair (EVAR) has become the
primary treatment option in anatomically suitable patients
with infrarenal aortic aneurysms. Randomized controlled
trials (comparison of endovascular aneurysm repair with
open repair in patients with abdominal aortic aneurysm
[EVAR trial 1], Dutch Randomized Endovascular Aneu-
rysm Management [DREAM] trial, Anevrysme de l’aorte
abdominale: Chirurgie versus Endoprothese [ACE]) have
shown a reduced perioperative mortality rate compared
with open repair but also a significant rate of endograft-
related complications (34%),1 prompting early reinterven-
tion (<30 days) in up to 10% of the patients.2 Indications
for early reinterventions include type I and type III endo-
leaks, limb stenosis or thrombosis, and accidental renal
artery coverage not detected or corrected during the initial
EVAR procedure and diagnosed on postoperative imaging,

usually computed tomography angiography (CTA). Early
reinterventions cause a prolonged or even an additional
hospital stay, increase costs of the procedure, and most
important are associated with a significant mortality rate
(8%) and reduced overall survival.3,4 Improving intraoper-
ative quality assessment during endovascular aortic proce-
dures could therefore help reduce early reintervention
rates and improve cost-effectiveness as well as early and
midterm survival of the patients.

With the recent spread of dedicated vascular hybrid
operating rooms, intraoperative three-dimensional imaging
using fixed C-arm systems with flat-panel detectors is
becoming more and more available. These systems provide
the possibility of performing intraoperative contrast-
enhanced cone beam computed tomography (ceCBCT)
to assess the technical success of EVAR. Multiplanar recon-
structions of the ceCBCT images in any required orienta-
tion thereby allow a precise evaluation of the endograft’s
position with respect to the renal and hypogastric arteries
and might improve detection and determination of endo-
leaks, limb stenoses, and intraluminal thrombi, offering
additional information compared with conventional unipla-
nar completion digital subtraction angiography (cDSA).
In contrast to postoperative CTA, this information is
readily available during the procedure, facilitating the deci-
sion for an immediate intraoperative correction of the
detected complication. Whereas initial studies have shown
promising results, a direct comparison of cDSA, ceCBCT,
and CTA used in the same patient in a large prospective
cohort has not been realized, but it has been suggested
by other groups using ceCBCT.5 The aim of this study
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personal experience >300 EVAR / TEVAR / 
feVAR cases with ceCBCT



impact of ceCBCT

Author (Year) Patients
Intra-operative 

cDSA

Intervention
DynaCT

(%)

Postoperative
Control Method

Reinterven-tions
after CTA / CEUS

Geisbüsch et al 
(2016)

n=98 X 7.1% CTA 2/98
(2.0%)

Törnqvist et al. 
(2015) 
Malmö

n=51 X 6.7% CTA 3/51
(5.9%)

Biasi et al. (2009)
St. George’s 

London
n=65 X 7.7% CTA 0/65

Hertault et al. 
(2015)
Lille

n=54 - 31.5% CEUS 2/54
(3.7%)

Dijkstra et al. 
(2011)

Cleveland

n=19 - 31.5% CTA n.a.



Author (Year) Patients
Intra-operative 

cDSA

Intervention
DynaCT

(%)

Postoperative
Control Method

Reinterven-tions
after CTA / CEUS

Geisbüsch et al 
(2016)

n=98 X 7.1% CTA 2/98
(2.0%)

Törnqvist et al. 
(2015) 
Malmö

n=51 X 6.7% CTA 3/51
(5.9%)

Biasi et al. (2009)
St. George’s 

London
n=65 X 7.7% CTA 0/65

Hertault et al. 
(2015)
Lille

n=54 - 31.5% CEUS 2/54
(3.7%)

Dijkstra et al. 
(2011)

Cleveland

n=19 - 31.5% CTA n.a.

impact of ceCBCT



Single Phase 
CTA, abdominal 

FOV

Three Phase CTA, 
Thoracoabdominal 

FOV
ceCBCT

BMI ≈ 22 kg/m² 2.0 9.6 3.5      

BMI ≈ 30 kg/m² 2.1 10.1 5.1

All values are given in mSv according to IRCP 103

- 64 %

Phantom Model: effective Dose 
ceCBCT vs CTA

Geisbüsch et al J Endovasc Ther. 2016



reduction of  „in hospital use of contrast“



reduced in hospital radiation dose

significant reduction of

- hospital radiation
exposure

- contrast media



new workflow

Standard Follow-Up Standard Follow-Up

Intervention 
with completion

DSA
Intervention
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Summary

Ø reliable detection of endograft related complications

Ø immediate correction of intraoperative complications in a 
relevant proportion of patients (7%)

Ø potential to further reduce reintervention rates

Ø reduces in hospital use of contrast and radiation exposure



fusion imaging & ceCBCT
= 

state of the art 3D-imaging 
for endovascular aortic surgery because they 

have the potential to improve outcome 

Conclusion


