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Ahanchi et al. J Vasc Surg 2011;54(5):1266-72.

Table IV. Statistically significant 

predictors of 30-day mortality after 

EVAR.

Fig 3. The distribution of mortality rates for EVAR (n1645).

Holt et al. Circ Cardiovasc Qual Outcomes 2009;2(6):624-32.

Advanced Endovascular Aortic Workshop 2016; CHRU Lille
“ Do EVAR to decrease mortality

Standardise
EVAR = TEAM sport

Errors should be original “ 



GENERIC SIMULATION



Total procedure time (secs) Total fluoroscopy time (secs)

P<0.01 P<0.01

P<0.03

Overall mean performance score

DE Kendrick et al. J Surg Educ 2015; 72: 1158-64 



AH Kim et al. J Vasc Surg 2016 In Press

Acceptable (score 1 or 2)
- Partial renal artery coverage <= 2 mm OR
- <= 2-4 mm distal to the renal artery orifice
Unacceptable (score 3 or 4) 

34%

15%

P=0.01



Desender L et al. Eur J Vasc Endovasc Surg 2013; 45(6): 639-47
Live Cases EuroPCR 2004, ICCA 2009-2010, TCT 2012-2013, LINC 2014

- Procedure Rehearsal Studio (PRS)
Simbionix, Cleveland, Ohio, USA

- VIST Case-it
Mentice, Gothenburg, Sweden

PATIENT-SPECIFIC SIMULATION - REHEARSAL



• Selection
• Case

• Device

• Planning -Technical  
 C-arm angulation

• Sequence

• Pitfalls

• Human factor skills 

Pilot study

n=10
n=9: infrarenal AAA > 55mm
n=1: iliac aneurysm (50mm)

n =10
Procedure rehearsal

n=9
Real case

Desender L et al. Eur J Vasc Endovasc Surg 2013; 45(6): 639-47



RCT NCT 01632631

– Primary objectives
• Technical parameters

• Number of errors (ICECAP)

– Secondary objectives
• Technical and non-technical 

performances

• Deviation of treatment plan

• Technical and initial clinical 
success 

Desender L et al. Ann Surg 2016 In Press



Whilst patient is
prepared in 

Hybrid Angiosuite
or OR



	

	

FIGURE	1.	CONSORT	2010	diagram	showing	flow	of	patients	through	the	trial.	

Assessed for eligibility 

 Creation of 3D model (n=100) 

Excluded  (n=0) 

 

Analysed (n=50) 

¨	Excluded from analysis (n=0)	

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to intervention group (n=50) 

(preoperative patient-specific rehearsal) 

¨	Received allocated intervention (n=50)	

Lost to follow-up (n=0) 

Discontinued intervention (n=0) 

Allocated to control group (n=50) 

 

¨	Received allocated intervention (n=50)	

Analysed (n=50) 

¨	Excluded from analysis (n=0)	

Allocation	

Analysis	

Follow-Up	

Randomized (n=100) 

Enrollment	

September 2012 – June 2014
Six Centres in Europe 

RANDOMISATION 1:1 
BY BLOCK PERMUTATIONS
WITH BLOCK SIZE OF FOUR



Baseline characteristics - Patient

Chaikof E. et al. J Vasc Surg 2002; 35(5): 1061-6 

Variable
PRS 

n= 50
Control 
n= 50

Age (years) 72 (11)* 68 (20)*

Male sex 43 (86%) 47 (94%)

ASA classification

II 22 (44%) 22 (44%)

III 28 (56%) 26 (52%)

IV 0 2 (4%)

Max aortic diameter (mm) 59 (14)* 57 (9)*

ASG score 27 (7)* 27 (7)*

* Mean (SD)
ASG = Anatomic Severity Grading 

ASG 



• N= 27

• N= 5

• N= 5 

• N= 7

• N= 28

• N= 28

Variable
PRS

n=50
Control

n=50

Within IFU 35 (70%) 28 (56%)

Hybrid angiosuite 30 (60%) 28 (56%)

Academic Centre 29 (58%) 32 (64%)

Experienced team 32 (64%) 36 (72%)

Device type 

Gore Excluder 32 (64%) 29 (60%)

Medtronic Endurant 18 (36%) 21 (40%)

Baseline characteristics – Technical/Team 



PRIMARY: TECHNICAL PARAMETERS

Technical parameters
PRS

Median 
CONTROL
Median

Difference PRS vs. 
Control 95% Confidence 

Interval 

P value

Total endovascular 
procedure time (min)

52,1 54,6 -4.6% 
-19.6 to 13.2%

0.589

Fluoroscopy time (sec) 916 864 6.0%
-18.1% to 37.3%

0.656

Contrast volume (ml) 81 93 -12.8%
-25.3 to 1.7%

0.081

Number of angiograms to 
deploy main body prox.

2.2 2.8 -23.1%
-35.8 to -7.8%

0.005

Number of angiograms to 
deploy entire device

4.3 5.4 -20.5%
-32.0 to -7.1%

0.004

Total number of 
angiograms

6.5 7.5 -12.6%
-24.1 to 0,7%

0.062

DAP (Gycm2) 103,951 112,943 -8.0%
-36.8 to 34.1%

0.663



Proximal landing zone 
Elimination of the parallax

CRAN 18°

RAO 30°



COMPLEXITY of Aneurysm repair 
Anatomic Severity Grading Score

Outcome variable (Log) P

Total endovascular 

procedure time (min)
0.0013

Fluoroscopy time (min) 0.0019

Contrast volume (ml) 0.0010

Number of angiograms to 

deploy main body prox. 0.0273

Number of angiograms to 

deploy entire device 0.0015

Total number of angiograms 0.0039

DAP (Gycm2) 0.0393

Chaikof E. et al. J Vasc Surg 2002; 35(5): 1061-6 

Total ASG score

20

Total ASG score 

41

N= 100



TEAM Experience

Outcome variable (Log) P

Total endovascular procedure 
time (min)

0.0015

Fluoroscopy time (min) 0.0132

Contrast volume (ml) 0.8750

Number of angiograms to 
deploy main body prox.

0.4764

Number of angiograms to 
deploy entire device

0.8320

Total number of angiograms 0.9039

DAP (Gycm2) 0.0120

Team= Lead implanter + Assistant implanter + Scrub nurse
Experienced Team member > 50 EVAR
Experienced Team = ≥ 2 experienced team members

N= 100



Technical operative metrics

Variable
PRS

n=50

Control 

n=50

Difference

PRS vs.

Control

p-value*

p-value 

multivariate 

analysis♯

Endovascular procedure time (min) 52.1 54.6 -4.6% 0.59 0.48

Fluoroscopy time (sec) 916 864 6.0% 0.66 0.66

Contrast medium use (ml) 81 93 -12.8% 0.08 0.10

Number of angiograms till 

deployment of main body
2.2 2.8 -23.1% 0.005 0.007

Number of angiograms till 

deployment of all stentgrafts
4.3 5.4 -20.5% 0.004 0.005

Total number of angiograms 6.5 7.5 -12.6% 0.06 0.07

Radiation dose (DAP) (Gycm2) 103,951 112,943 -8.0% 0.66 0.57

* Two-sample t-test

♯ Multiple linear regression with correction for aneurysm difficulty and team experience



PRIMARY: ERRORS

Reason J Qual Health Care 1995; 4(2): 80-9



Mason S.L. et al EJVES 2013; 45(3): 248-54



• Errors noted by real-time observer
• Categorized by 2 independent 

blinded investigators using ICECAP
• 2/100: NO errors 



Categories of Error

Variable 
Number of errors 

(%) n= 390

Errors 

PRS

Errors 

Control 

Difference PRS 

vs. control

95% confidence 

interval
p-value*

Technical issues

Minor 

Major 

122 (31%)

108/368 (29%)

14/22 (64%)

0.78

0.70

0.08

1.64

1.46

0.18

-52.4%

-52.1%

-55,6%

-67.5 to -30.4% 

-68.0% to -28.3%

-86,4% to 44,3%

< 0.001

< 0.001

0.18

PIP 92 (23%) 0.86 0.98 -12.2% -41.7 to 32.2% 0.53

Equipment 83 (21%) 0.84 0.84 0.0% -34.8 to 53.4% 1.0

Communication 76 (19%) 0.60 0.92 -34.8% -58.8 to 3.3% 0.07

* Univariate Poisson Regression



Individual Skills
• Knowledge 
• Technical 
• Human Factor 

Patient Risk 
Factors Teamwork

(Leadership, Communication, Team Monitoring)

High-tech environment 
Hybrid angiosuite/ OR

Outcome

Organisation - System



• Patient 

• Centre/Country

• SOP
– Hemodynamics

– Imaging

– Logistics

• Tool kit

• TRAINED TEAM

– A&E

– Anesthetic care 

– Ad Hoc

– “Business as usual”?

– Intra-aortic balloon

– ACS 

– Debriefing

– Level III Intensive Care

OR

Courtesy of M. Lachat, University Hospital Zurich

SOP IN CRISIS SCENARIO: RAAA

Van Herzeele I et al.  
J Cardiovasc Surg (Torino) 2014; 55(2): 193-206



Debriefing

checklist

Communication 

clear?


Roles and 

responsibilities 

understood?



Situation awareness 

maintained?


Workload 

distribution?


Did we ask or offer 

assistance?


Were errors made or 

avoided?


What went well, 

what can improve?


DEBRIEFING - CASE MULTIPLICATION -
ERROR REDUCTION

Rudarakanchana N et al. 
Cardiovasc Intervent Radiol 2014; 37(4): 920-7



Conclusion

Simulation improves TEAM Performance in EVAR

• Patient specific rehearsal reduces 
• Number of angiograms to deploy device

• Number of perioperative errors

• Procedural delay

Independent of team experience or difficulty of aneurysm repair

• SOP implementation

Simulation CAN and SHOULD be part of (R)EVAR programs 
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