Chapter 27: 
Lung transplantation

Q1. Following double-lung transplantation, the mean flow velocity in the left upper pulmonary vein is 2.5 m/s. This is most indicative of which of the following conditions?
A)	Pulmonary hypertension
B)	Intracardiac thrombus
C)	Pulmonary venous anastomotic stricture
D)	Severe tricuspid regurgitation

Answer C
Left pulmonary venous anastomotic stricture can be demonstrated by significantly elevated flow velocities in the pulmonary veins. The value of 2m/s is a significantly elevated flow velocity and should initiate further investigation and other transesophageal echocardiography views to look for anastomotic stricture or thrombus. The pulmonary venous flows are of little help in the assessment of pulmonary hypertension or severe tricuspid regurgitation. The presence of an arterial or pulmonary vein stenosis should be excluded by observing abnormal turbulence and measuring the corresponding pressure gradient.

Q2. All the following transesophageal echocardiography (TEE) findings are consistent with the need for urgent conversion to cardiopulmonary bypass (CPB) because of hypotension during lung transplantation EXCEPT for:
A)	Systolic anterior motion of the mitral valve
B)	Acute global left ventricular hypokinesis
C)	Dilated right ventricle
D)	New onset severe tricuspid regurgitation

Answer A
The development of systolic anterior motion can usually be treated with pharmacologic support (phenylephrine) or judicious fluid administration. Whereas severe left heart failure (indicated by global hypokinesis) or severe right heart failure (often seen with tricuspid regurgitation and dilation of the right ventricle) may need urgent transition to bypass. Intraoperatively, the hemodynamic effects of pulmonary artery clamping, as evaluated by TEE, are useful in establishing the need for CPB: echocardiographic signs of low cardiac output (CO) or severe RV dysfunction such as right atrial (RA) and RV dilatation with paradoxical septal motion and reduced systolic excursion of the tricuspid annulus help to determine the need for circulatory support.



Q3. The roles of TEE during a lung transplantation include:
A)	Aiding in the decision to use extra-corporeal life support for the procedure
B)	Measuring the pulmonary artery pressure in absence of a pulmonary artery catheter
C)	Assessing the quality of the pulmonary vein anastomosis
D)	All of the above

Answer: D 
Biventricular function should be evaluated before the transplantation, especially if considerable time has elapsed since the patient’s last transthoracic echocardiography. Dysfunction in either or both ventricles is often an indication for the use of extra-corporeal life support in centers where it is use on a “as needed” basis. Since severe pulmonary hypertension may alter perioperative management, TEE can be used in the presence of tricuspid regurgitation to estimate pulmonary artery (PA) pressures in absence of a pulmonary artery catheter. Pulse wave Doppler of the pulmonary vein after the transplantation can help identify stenotic anastomosis. Velocities of 2m/s or more should be investigated. 

Q4. During lung transplantation, acute right atrial dilatation and paradoxical interventricular septal motion after pulmonary artery clamping is often an indication of:
A)	Hypervolemia
B)	Malposition of the surgical clamp
C)	Patient-graft mismatch
D)	Need for extra-corporeal life support

Answer D 
Acute right atrial and RV dilatation with paradoxical septal motion are indicators of poorly tolerated pulmonary artery clamping, causing severe RV dysfunction and low cardiac output, and usually lead to extra-corporeal life support initiation.



Q5. Risk factors for post lung transplantation dynamic RVoutflow tract (RVOT) obstruction (aka suicide RV) include:
A)	Hypervolemia
B)	Significant right ventricular hypertrophy
C)	Right ventricular dysfunction
D)	Mildly elevated pre transplantation PA pressures

Answer B 
In patients with severe pulmonary hypertension and significant RV hypertrophy, TEE is useful to identify and monitor an otherwise very difficult to diagnose cause of hemodynamic instability during and after lung transplantation: dynamic RVOT obstruction, also known as suicide RV. RVOT obstruction can occur in hypertrophic and hyperdynamic RV after the sudden PAP reduction caused by the transplantation. It can be identified by the presence of turbulent high velocity flow in the RVOT on color Doppler and increased pressure gradient between the RV and the main pulmonary artery. On rare occasions, extrinsic compression of the RVOT by surgical instruments such as the sternal retractor or surgical manipulation can occur in patients with a small chest cavity or unusual anatomy. This should always be ruled out quickly in the presence of any significant RVOT obstruction.

Q6. In the ICU after a lung transplant, TEE can be used to quickly diagnose all these complications EXCEPT:
A)	Cardiogenic pulmonary edema
B)	Vascular anastomotic stenosis
C)	Thoracic tamponade 
D)	Acute bleeding from an intercostal artery

Answer D
In the ICU, TEE can be very useful to help diagnose post transplantation complications, including cardiac or thoracic tamponade, RV and or LV dysfunction, LVOT and RVOT obstruction, pulmonary vein stenosis and post extra-corporeal life support complications. Intercostal artery are difficult to see using TEE.However, TEE could eventually diagnose a hemothorax as a result of this complication.



Q7 Which statement is TRUE regarding video Chap28_Q7?
A)	This condition should lead to surgical intervention during lung transplantation
B)	It can be useful for patients with elevated left atrial pressure 
C)	This condition can lead to right ventricular pressure overload. 
D)	Inhaled vasodilators are not recommended in this condition 

Answer: B. 
[bookmark: _Hlk155012828]It is important to identify patients with a patent foramen ovale (PFO), as they are at risk of significant right-to-left shunt during one-lung perfusion and postoperatively, especially with pre-existing PAH or abnormal RV function (see Figure 27.4). The decision to close a PFO at the time of a lung transplant is controversial and may potentially be harmful in the immediate postoperative period. The PFO can act as a relief valve for the right heart during acute right heart failure or for the lung grafts in the presence of elevated left atrial (LA) pressure. In selected patients, give consideration to percutaneous PFO closure after postoperative stabilization of PAP, LV and RV function. Right to left shunt are treated by reducing right ventricular afterload and increasing left atrial pressure using vasopressors.

Q8 Which statement is TRUE regarding pulmonary artery (PA) anastomotic obstruction?
A)	This condition can occur in more than 5% of lung transplant.
B)	Thrombus is a common complication of this condition.
C)	Peak velocity above 1 m/s is associated with PA obstruction.
D)	The most common cause is the narrowing of the PA lumen.

Answer D: 
In a recent meta-analysis including 1696 transplants, the incidence of post-transplant PA anastomosis obstruction was 3.66%. Among affected patients, 76% required reintervention, and there was a 23% mortality rate during hospitalization. The most common etiology was a narrowing of the PA lumen (63.93%), followed by PA distortion or kinking from donor-recipient size mismatch (24.59%). Thrombus occlusion accounted for 4.92%, and external compression by surrounding tissues was rare (3.23%). A PA diameter of 0.78 ± 0.40 cm and a peak PA anastomotic velocity of 2.60 ± 0.58 m/s were associated with PA obstruction.



Q9 Risk factors for pre-emptive extracorporal life support (ECLS) include all the following EXCEPT:
A)	Pulmonary fibrosis
B)	Pulmonary emphysema
C)	High pulmonary artery pressure
D)	Lobar lung transplantation 

Answer B: 
The indication for pre-emptive intraoperative ECLS is influenced by patient comorbidities and varies among lung transplant centers. In a recent study, high preoperative mean PAP and a high lung allocation score were the strongest risk factors for unplanned intraoperative ECMO requirements. In a high-volume center in China, independent preoperative risk factors associated with the likelihood of requiring intraoperative ECMO include advanced age, high PAP before surgery, prolonged mechanical ventilation duration before surgery, high APACHE II score, re-transplantation, and a primary diagnosis of pulmonary fibrosis. For lobar lung transplant, perioperative ECLS is usually necessary in all cases. This precaution helps prevent excessive stress on the newly implanted lobe, particularly when the entire systemic cardiac output (CO) would otherwise flow through it during one-lung perfusion.

Q10. Which statement is INCORRECT regarding right ventricular (RV) function before lung transplantation?
A)	A tricuspid annular plane systolic excursion < 10 mm predicts RV failure after lung transplantation 
B)	Severe pulmonary artery (PA) hypertension requires ECLS before PA clamping
C)	A PFO can act as a relief valve for the right heart during acute right heart failure or for the lung grafts in the presence of elevated left atrial pressure.
D)	A transient decrease in RV systolic function of up to 25% can occur with one-lung ventilation

Answer A: 
It is important to evaluate RV function and dimensions prior to lung transplantation (see Chapters 4,5 & 10). No specific pre-transplant RV parameter or threshold clearly predicts perioperative RV failure or all-cause mortality after lung transplantation. A transient decrease in RV systolic function of up to 25% can occur with one-lung ventilation. The superimposed rise of RV afterload associated with unilateral PA clamping may precipitate RV failure in a patient with an already abnormal RV function or high PAP. Therefore, severe PAH or significant RV dysfunction requires ECLS before PA clamping to avoid hemodynamic collapse. A PFO can act as a relief valve for the right heart during acute right heart failure or for the lung grafts in the presence of elevated left atrial (LA) pressure.

