L))

Check for
updat

Mechanical circulatory supports after pulmonary thrombo-
endarterectomy: why, when and how
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Pulmonary endarterectomy (PEA) has radically changed
the long-term prognosis of patients with chronic
thromboembolic pulmonary hypertension (CTEPH),
but the postoperative course is often demanding due
to significant hemodynamic and pulmonary circulation
variations (1).

A frequent complication of PEA is the ‘reperfusion
edema’ phase, in which the lungs become unable to ensure
an effective gas exchange due to temporary capillary-
alveolar membrane dysfunction. It can occur in up to 20%
of cases, severely worsening respiratory function (2).

The pulmonary vascular tree is a delicate circulatory
system, demonstrating unique physiological features
associated with gas-exchange function (3). The pulmonary
vascular response to oxygen, blood flow and pressure
variations is different from that of systemic circulation
behavior. PEA removes the fibrotic clots which narrow
the pulmonary branches and, according to the Poiseuille’s
law, as the pulmonary vascular surface (PVS) increases,
the pulmonary arterial pressure and the right ventricle
(RV) afterload decreases (4). This mechanism should
hypothetically always work, however, in reality, the situation
is different since the pulmonary arteries (PA) are not static
pipes. They belong to a complex dynamic system which
regulates itself based on the resulting received flow rates.

A similar hemodynamic model may be seen in neonates
suffering from Tetralogy of Fallot (TOF), with hypoplastic
pulmonary branches. In these cases, the first stage of surgery
is usually the modified Blalock-Taussig shunt; a palliative
technique that increases blood flow to the lungs, improving
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oxygenation and growth of pulmonary branches (5).
Instead of larger vessels (for example, the aorta), the
subclavian artery is used to shunt the systemic blood into
the lungs, due to its close anatomical position to the right
PA and the low blood pressure interface (6). In CTEPH,
the pulmonary circulation is chronically under-perfused and
should be ‘prepared’ when a normal or almost-normal blood
flow is restored. The PEA procedure re-perfuses lung vessel
sectors in which alveolo-capillary units have temporarily
lost their original function. This results in a very dangerous
circle, as the reperfusion edema-related lowering of blood
oxygenation causes a reactive vasoconstriction that increases
the pulmonary vascular resistances (PVR) and RV afterload.
Right ventricle failure (RVF) is one of the most alarming
complications that often occurs after PEA (7-10), especially
in patients with advanced cardiopulmonary disease requiring
mechanical circulatory support (MCS).

Pulmonary artery-left atrium oxygenators, or lung-
assist devices, are available for mechanical support of PEA
patients (7). These pumpless devices utilize the patient’s
right ventricle but decrease the afterload by bypassing the
pulmonary circulation. An advantage of this approach is
that it’s an upper configuration that allows ambulation
of the patient. One disadvantage is that the cannulation
itself is a more involved surgical procedure, with a median
sternotomy and/or thoracotomy and therefore, is less
practical in severe heart failure patients.

RV assist devices (RVADs) have been attempted
in patients with RV failure due to pulmonary artery
hypertension (PAH), with disappointing results (7).
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Complications, such as increased pulmonary pressures
with increased flow, hemorrhage, and pulmonary edema,
have been reported. Although, some of the complications
may be mitigated by using lower flows with the device;
extracorporeal membrane oxygenation (ECMO) remains
the preferred mechanical device in CTEPH patients (8-10).

ECMO survival, after PEA, does not usually exceed 60%.
Veno-arterial ECMO (VA-ECMO), as it’s able to provide
a rapid unloading of the RV, is the most used configuration
when RVF occurs (8,9). However, if RV function is normal,
even a veno-venous configuration (2) could be used.

The debate about the indications/timing of ECMO
after PEA still remains open, even if the literature reports
that it’s most widely used as a bridge to heart or lung
transplantation (7-10). VA-ECMO may be implanted
preoperatively to stabilize patients with decompensated
RVF who are waiting for PEA, but it’s most currently used
in postoperative RVF in the case of difficult weaning from
cardiopulmonary bypass (CPB) due to severe pulmonary
hemorrhage and/or lung reperfusion edema syndrome (up
to 19%) (8-10). Since weaning from MCS is not always
possible, this strategy should be avoided in patients where
recovery or transplantation is not achievable.

Femoro-femoral VV ECMO cannulation is usually
the most chosen approach, however, an upper extremity
configuration should be preferred to allow mobility
during the convalescent period, especially in bridging to
transplantation, where preserving mobility is crucial (9).
In this scenario, VA-ECMO, at flows ranging from
2.5-4 L/min, seems the perfect choice because it not
only decompresses the RV and reduces the PVRs, but it
also provides good blood oxygenation that mitigates the
vasoactive effects of hypoxia and the steal phenomenon
related to intrapulmonary shunts (8,10). In addition, the
external oxygenator allows reduction of the mechanical
ventilation during the ‘recovery period’ in order to protect
the impaired alveolo-capillary units from barotrauma or
high oxygen exposure.

However, timing of ECMO implantation remains the
main determinant of outcomes in patients with RVF after
PEA. Thus, VA-ECMO should be routinely and electively
used at the time of weaning from CPB, since it decreases
RV afterload, ensures a pulsatile blood flow into the lung
vessels, and avoids overflow episodes during the early
postoperative period. Preventive VA-ECMO should be a
reasonable ‘bridge to recovery’ strategy which mitigates
the negative effects of both critical pulmonary reperfusion
syndrome and severe RVE, after PEA procedures.
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