
The Heart-SIMS-1Simulation training for invasive cardiovascular procedures: The Heart-SIMS-1 study


[bookmark: _Hlk162276220]Informed consent for participants

This study, The Heart-SIMS-1, aims to assess the educational effectiveness of a 3D simulation platform in diagnostic coronary angiography.
We kindly request your participation in this clinical study by completing a theoretical and practical evaluation, following an initial teaching session on invasive coronary angiography, ensuring that no one will know who responded or how they responded. The initial teaching session consists of a 1-hour theoretical lesson on invasive coronary angiography. Subsequently, students are randomized into two teaching methodologies, forming two groups (1:1). Group 1 views the 3D simulation procedure in a 20-minute video. Group 2 undergoes training on a 3D printed simulator (SimulHeart®), mimicking the standard invasive coronary angiography procedure for 20 minutes.
The assessment comprises a multiple-choice theoretical examination (scoring 0-100) and a practical examination conducted in the hemodynamics laboratory of CHUC, using SimulHeart®. The student's performance will be evaluated (scoring 0-100) at the time and after analysis of a video recorded by sub-specialists in Interventional Cardiology, according to a pre-established checklist. The practical part of the evaluation, conducted in the hemodynamics laboratory of CHUC, will involve exposing the students to a very low dose of ionizing radiation, for which all necessary personal protective equipment will be provided. For this reason, pregnant students should not participate in the clinical study.
The data obtained are completely confidential and will be used solely for the purpose of analyzing the variables of this study. Participation in this study and the established evaluation sessions implies consent for your responses and practical performance in the hemodynamics laboratory to undergo statistical analysis. This study has been approved by the Ethics Committee of the Coimbra Hospital and University Center (CHUC), ensuring the protection of the rights, safety, and well-being of all included participants, and providing public evidence of this protection.
I have read and agree to participate, having been informed about my concerns.

Signature of the consenting individual

Signature of the investigator
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Theoretical multiple-choice exam (in English)

Identification
Name: ______________________________________________________________


1. Regarding cardiac catheterisation, it is false that:
a.    It is indicated in the aetiological study of left ventricular dysfunction
b.    It is used to identify coronary lesions, but not to assess their severity.
c.    Allows assessment of the severity of aortic regurgitation
d.    Should be performed emergently in patients with acute coronary syndrome (ACS) with ST elevation.

2. About radiation, it is true that:
a.    The radiological projection is determined by the position of the tube/emitter relative to the patient.
b.    The detector/intensifier should be as far away from the patient as possible in order to reduce radiation. 
c.    Image magnification is one of the techniques used to reduce radiation
d.    The use of more extreme projections increases radiation

3. Considering the biological effects of radiation, it is false that:
a.  The deterministic effect is independent of the radiation dose
b. The development of cataracts is an example of the deterministic effect
c. Wearing a lead waistcoat, goggles and thyroid protection reduces radiation exposure 
d. Cancer is an example of a stochastic effect of radiation

4. About the contrast used in cardiac catheterisation, it is false that:
a.  The risk of contrast-induced nephropathy is independent of glomerular filtration rate
b. It can cause allergic reactions
c. The risk of contrast nephropathy increases with the volume of contrast used
d. Varies inversely with the patient's glomerular filtration rate

5. Considering the risks associated with catheterisation, choose the false statement:
a.  The use of radial access as the default access allowed rapid ambulation but did not reduce the rate of haemorrhage.
b. Despite being an invasive examination, the rate of serious complications is <1%.
c. Contrast nephropathy and contrast allergy are described complications.
d. Continuous invasive blood pressure monitoring is mandatory during catheterisation.




6. Regarding coronary anatomy, it is false that:
a. Dominance is determined by the artery that originates the posterior descending artery
b. The right coronary artery is responsible for irrigating 25-35% of the LV
c.  Dominance is left in around 80% of cases
d. The right coronary artery provides important branches for irrigating the conduction system

7. Considering coronary anatomy, it is false that:
a.  The left anterior descending artery gives rise to the septal and obtuse marginal arteries
b. The left anterior descending artery is responsible for irrigating ~50% of the LV
c. The circumflex is responsible for irrigating the lateral and posterior LV wall
d. The diagonal arteries are branches of the anterior descending artery

8. Regarding cannulation:
a. The right coronary cannulation position is right anterior oblique (RAO).
b.  The left and right coronary cannulation positions are left anterior oblique (LAO).
c. The lateral view is one of the standard views for diagnostic catheterisation
d. All false

9. About radiological projections, choose the correct one:
a. The left anterior oblique + caudal (spider) view allows assessment of the common trunk 
b. The caudal views allow a better assessment of the circumflex and obtuse marginal views
c. Cranial views allow better assessment of the middle and distal segments of the left anterior descending artery
d.  All true

10. Regarding radiological projections, it is false that:
a. Adding cranial to a left view allows better visualisation of the right coronary bifurcation in the posterior-lateral descending artery (crux).
b.  The left anterior oblique view with caudal (spider) allows better separation of the left anterior descending artery from the septal and diagonal arteries
c. The left cranial view is associated with greater radiation 
d. The left anterior oblique with cranial view allows better separation of the left anterior descending with the septals and diagonals


11. About radial access, it is false that:
a. It can be performed via transfixion puncture (abocath) or direct puncture with a needle
b. Less risk of haemorrhage compared to femoral access
c. Greater risk of spasm compared to femoral access
d.  The catheter can be advanced directly without the need for a J-guide

12. Considering radial access, choose the correct one:
a. The puncture should be performed with the wrist in extension
b. Radial puncture is performed using the Seldinger technique
c. The artery should be punctured with the needle at 30º-45º.
d.  All of the above




13. Regarfing cannulation, choose the true one:
a.  In left anterior oblique (LAO), the right coronary arises on the left side of the screen and the left coronary on the right.
b. In left anterior oblique (LAO), the right coronary artery and the left coronary artery appear on the right side of the screen.
c. In left anterior oblique (LAO), the right coronary arises on the right side of the screen and the left coronary arises on the left side.
d. All false

14. The usual sequence for studying the left coronary artery is: 
a.  LAO + caudal (spider) -> caudal -> RAO + cranial -> cranial 30º
b. LAO -> RAO -> cranial 30º
c. Lateral -> LAO + caudal (spider) -> caudal -> RAO + cranial -> cranial 30º
d. None of the above

15. What is the correct sequence for cannulation of the right coronary artery?
a.  Advance the JR 4.0 catheter through the 0.035‘’ guidewire to the root of the aorta -> Remove the guidewire and purge the catheter -> Remove the catheter with clockwise rotation.
b. Advance JR 4.0 catheter to aortic root without guide wire -> Purge catheter -> Remove catheter with clockwise rotation.
c. Advance JR 4.0 catheter to aortic root without guide wire -> Purge catheter -> Remove catheter with anti-clockwise rotation.
d. Advance JR 4.0 catheter via 0.035‘’ guidewire to aortic root-> Remove guidewire and purge catheter -> Remove catheter with anti-clockwise rotation of catheter 


16. What is the correct sequence for cannulation of the left coronary artery?
a. Advance the JL 3.5 catheter through the guidewire to the root of the aorta -> Complete removal of the guidewire -> Counterclockwise rotation of the catheter -> Purge the catheter.
b. JL 3.5 catheter advanced through the guidewire to the aortic root -> partial removal of the guidewire -> clockwise rotation of the catheter -> total removal of the wire and purging of the catheter.
c.  JL 3.5 catheter advanced through the guidewire to the aortic root -> partial removal of the guidewire -> anti-clockwise rotation of the catheter -> removal of the guidewire and purging of the catheter
d. Advancement of JL 3.5 catheter through the guidewire to the aortic root -> Total removal of the guidewire -> anti-clockwise rotation of the catheter -> purging of the catheter.

17. About catheters, it is true that:
a. The use of the femoral route usually implies the use of a left Judkins catheter with a smaller bend
b. Angulation of the brachiocephalic trunk is not a limiting factor in the use of right radial access
c. The dimensions of the ascending aorta do not affect the choice of catheter
d.  All false

18. Regarding the navigation of catheters to the aortic root, tick the wrong box:
a.  They should be advanced and withdrawn directly without guidewire support, as the guidewire can dissect the aorta.
b. Navigation should always be ‘over the wire’ with the guide wire in front of the catheter.
c. The guide usually used for navigation is a J-guide.
d. In tortuous routes, more hydrophilic guide wires facilitate navigation.

19. In the coronary cannulation manoeuvre, choose the most correct option:
a. When cannulating the right coronary artery, the catheter should be advanced along the external curvature of the aorta and successive contrast injections should be made.
b. When cannulating the left coronary artery, the catheter should be advanced along the inner curvature of the aorta and successive contrast injections should be made.
c. Both true
d.  Both false

20. After cannulation, indicate the most correct sequence:
a.  Purge the catheter -> assess the blood pressure curve -> inject contrast.
b. Contrast injection-> assessment of blood pressure curve - > catheter purging.
c. Blood pressure curve assessment -> contrast injection -> catheter purge.
d. None of the above.


21. When changing catheters, the correct sequence is:
a.  Remove the catheter from the ostium-> advance the guide wire in a J-shape to the aortic root - > remove the catheter keeping the guide wire fixed.
b. Advance the J guidewire to the tip of the catheter -> decannulation -> withdraw the catheter, keeping the guidewire fixed
c. Remove the catheter from the ostium -> advance the J guidewire to the aortic root - > remove the catheter and guidewire -> advance the new catheter and guidewire.
d. None of the above

22. Regarding safety, tick the wrong box
a. When the blood pressure curve flattens, we should suspect the presence of air in the system. 
b. When there is ventricularization of pressures during cannulation, we should suspect the presence of ostial lesions
c.  Catheter purging is always mandatory after cannulation of the left coronary artery, but not the right one
d. Excessive rotation of catheters can cause them to kink

23. Considering safety, tick the wrong box
a. Selective injection into the conus artery can cause ventricular fibrillation
b.  In the absence of a blood pressure curve, injection should be performed to identify the problem
c. Contrast injection after hyperselective cannulation can cause dissection of the artery
d. When the blood pressure curve flattens, we should suspect the presence of catheter kinking

24. In the presence of a ventricularized pressure curve:
a. We should suspect the presence of an ostial lesion
b. The administration of nitrates may be indicated
c.  Both true
d. Both false

25. Regarding radial access, choose the false one
a. Haemostasis is often carried out using external compression systems 
b.  Due to the risk of radial occlusion, haemostasis is mostly performed using manual compression.
c. The use of heparin reduces the incidence of radial artery occlusion 
d. The use of nitrates reduces the incidence of radial artery spasm 
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Study identification number:					Date:



	Safety endpoints
	Score
	

	Procedural duration (<20 minutes)

	
	

	Absence of red flag maneuvers
-purge of catheter
-pressure evaluation
-catheter over-the-wire
-disengagement of the catheter

	




	

	Total
	100%
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Performance evaluation checklist

	1. Diagnostic catheter appropriate purge
	0
	1
	2

	2. Introduction of the 6F catheter on
guidewire in the radial sheath
	0
	1
	2

	3. Advancement of the LCA diagnostic
catheter into the aortic root
	0
	1
	2

	4. Withdrawal of the guidewire
	0
	1
	2

	5. Fluoroscopy-guided catheter
engagement of the left coronary ostium
	0
	1
	2

	6. Contrast injection in the LCA
	0
	1
	2

	7. Over-the-wire withdrawal of left
coronary artery diagnostic catheter
	0
	1
	2

	8. Advancement of the RCA diagnostic
catheter into the aortic root
	0
	1
	2

	9. Withdrawal of the guidewire
	0
	1
	2

	10. Fluoroscopy-guided catheter
	0
	1
	2


engagement of the right coronary ostium
11. Contrast injection in the RCA	0 1 2 
12. Over-the-wire diagnostic catheter withdrawal

0 1 2 

13. Final hemodynamic check	0 1 2 


LCA, left coronary artery, RCA, right coronary artery.

Scoring guide:
0=absent; 1=incomplete; 2=completed 
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