Chapter 21

Mechanical Circulatory Devices

Q1. All the following elements should be excluded on transesophageal echocardiography (TEE) before insertion of a mechanical circulatory device EXCEPT:
A)	Aortic dissection
B)	Tamponade
C)	Aortic insufficiency 
D)	Acute myocardial infarction

Answer D
Echocardiography plays a key role in the early management of patients presenting with coronary syndrome. Although acute myocardial infarction is the cause in most cases, one must exclude other causes such as aortic dissection, endocarditis, tamponade, valvular heart disease, myocarditis, pulmonary embolism and non-ischemic cardiomyopathy, that may change the treatment pathway. 

Q2. In which part of the cardiac cycle does an intra-aortic balloon pump (IABP) inflates? 
A)	Start of isovolumic relaxation
B)	Start of the systole
C)	End of isovolumic relaxation
D)	End of diastole

Answer A
The IABP inflates at the start of isovolumic relaxation to augment diastolic coronary perfusion pressure and deflates at the onset of systole to reduce left ventricular afterload, which increases cardiac output and improves the myocardial oxygen supply/demand balance. 

Q3. What is the ideal position of the inlet port of the Impella 2.5 device in the left ventricle?
A)	4-5 cm from the aortic valve
B)	3-4 cm from the aortic valve
C)	2-3 cm from the aortic valve
D)	5-6 cm from the aortic valve

Answer B
The distance from the middle of the inlet portion to the aortic valve annulus varies with the device at 3-4 cm for the 2.5 and CP models and 5cm for the 5.5 model. 


Q4. Which valvular pathology is a contraindication to the use the an Impella® system?
A)	Moderate mitral regurgitation
B)	Mild aortic regurgitation
C)	Severe aortic valve stenosis
D)	Moderate aortic valve stenosis

Answer C
[bookmark: _Hlk153540402][bookmark: _Hlk153540584]Contraindications to the use of the Impella® system include significant aortic pathology such as dissection, severe aortic valve stenosis, more than moderate aortic regurgitation, mechanical aortic valve replacement and left ventricular thrombus. Conditions where decompressing the left-heart causes a significant left-to-right intracardiac shunt, such as atrial septal defect and ventricular septal defect may also be problematic.

Q5. In a Tandem Heart, where should the tip of the drainage canula be ideally positioned? 
A)	At the entrance of the superior vena cava
B)	In the left atrium pointing towards the pulmonary veins
C)	The correct positioning is always achieved using only echocardiographic guidance.
D)	Through the femoral artery to get into the left atrium

Answer B
Ideally, the tip of the cannula should lie in the left atrium pointing towards the pulmonary veins, without contacting the wall of the left atrium as this may impede drainage. The side holes in the drainage cannula should all lie within the left atrium, which can be determined by color flow imaging interrogation of the cannula. Cannula malposition, where some of the drainage holes lie within the right atrium, can lead to deoxygenated blood being pumped systemically. This is readily detected by transesophageal echocardiography using color flow imaging. 

Q6. Which of the following statements on peripheral veno-arterial ECMO is CORRECT:
A)	It unloads the left ventricle.
B)	It significantly reduces afterload.
C)	It can potentially cause left ventricle distension.
D)	It will cause the oxygenated blood flow in the aorta to be anterograde.

Answer C
In peripheral veno-arterial ECMO, circulatory support occurs by draining blood from the central venous system and delivering it back into a major artery, most commonly the femoral see Figure 21.17A. This configuration does not unload the left ventricle. Quite the opposite, it imposes a significant afterload, potentially causing left ventricle distension, worsening left-sided valvular insufficiencies, as well as increasing left atrial pressure. This often mandates decompression of the left heart chambers. Additionally, the retrograde flow of oxygenated blood in the aorta may lead to differential oxygenation and carbon dioxide clearance. 



Q7. Which is a potential complication of peripheral veno-arterial ECMO?:
A)	Recirculation
B)	Harlequin syndrome
C)	Acute aortic regurgitation
D)	Pulmonary embolism

Answer B
Deoxygenated blood ejected from the LV in the setting of impaired native lung gas exchange can lead to a Harlequin syndrome where the face and upper extremity are blue and the legs are red. (see Figure 21.17B)

Q8. In order to avoid recirculation in veno-venous ECMO, the ideal distance between the reinjection and drainage canula should be:
A)	3-5 cm
B)	≥ 5 cm
C)	≥ 10 cm 
D)	Recirculation does not occur in veno-venous ECMO 

Answer B
TEE is particularly helpful for dual-lumen cannula to appropriately position the reinfusion. In the femoro-femoral VV-ECMO, the distance between the reinjection canula and the drainage canula should be ≥ 5 cm in order to avoid recirculation. The adequate lumen position can be verified using chest radiograph see Figure 21.19

Q9. The following should be evaluated and corrected before and after left ventricular assist device (LVAD) insertion EXCEPT:
A)	Aortic regurgitation
B)	Atrial septal defect
C)	Intra-cavitary thrombus
D)	Mild secondary mitral regurgitation

Answer D
Intraoperatively, TEE assessment should inform about valve function (regurgitation, stenosis), patent foramen ovale (PFO) or interatrial communication, right ventricular function, and presence of left ventricular or right ventricular thrombus. Secondary mitral regurgitation might indeed improve following left ventricular assist device (LVAD). The 2023 guidelines for mechanical support mention that concomitant mitral valve interventions may be considered during LVAD implantation for severe mitral valve regurgitation. Mitral valve repair or mitral valve replacement using a bioprosthetic valve can be performed on the beating decompressed heart. (Level of evidence C).



Q10. All of the following are true for total artificial heart (TAH) EXCEPT:
A)	Atrial thrombi and shunts, stenotic pulmonary veins and dilatation of pulmonary artery and of the aorta should be excluded before TAH insertion
B)	TAH is made of two implanted artificial ventricles, mechanical heart valves and a four-layer membrane separating air from blood
C)	TAH can deliver a cardiac output >9 L/min
D)	Ejection pressures are preset to be about above 60 mmHg

Answer D
The two implanted artificial ventricles are made of polyurethane solution and contain two mechanical heart valves (Synhall) directly connected to the ventricular cuff and a flexible membrane of four layers separating air from blood. The pre-implantation baseline TEE study should exclude pathology that could affect device function or patient outcome, such as atrial thrombi or shunts, stenotic or abnormal pulmonary veins or cava, and dilatation or dissection of the PA and aorta. Post-implantation, the native atria provide adequate windows for upper and ME TEE views. However, the prosthetic TAH precludes visualization of structures below the ventricular anastomotic ring, and air artifact from the pneumatic ventricles impede transgastric imaging. The TAH-t provides immediate and effective circulatory support due to the possibility of assuring a high cardiac output (>9 L/min) and reducing venous congestion due to the low resistance of the inflows. The cardiac output in most adult patients runs at 7 L/min at a preload of 5-10 mmHg. Ejection pressures are preset to be about above 30 mmHg anticipated PA pressure and 60 mmHg above the anticipated systolic pressure. 
