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Abstract

The use of extracorporeal circulation (ECC) for intraoperative cardiopulmonary support during lung transplantation has been

increasing in the recent years. Our group previously described a novel hybrid extracorporeal membrane oxygenation (ECMO)

circuit for use in lung transplantation. Our novel technique for intraoperative management of this circuit during lung trans-

plantation is described.

Perioperative management of lung transplantation has recently evolved with an increasing use of intraop-
erative extracorporeal circulation (ECC) reported in the literature.1 Intraoperative ECC for management
of lung transplantation can be achieved with an extracorporeal membrane oxygenation (ECMO) circuit,
cardiopulmonary bypass (CPB) circuit, or a hybrid ECMO-CPB circuit.2 We previously described a novel
design for an intraoperative hybrid ECMO circuit that is both cost-effective and facilitates conversion to
CPB if necessary (Figure 1).2 Our novel technique for intraoperative management of the hybrid ECMO-CPB
circuit, including considerations for monitoring and an organ-based management approach including cardiac,
respiratory, and neurological systems is described.

Technique

Monitoring Considerations

Prior to surgery, the surgical and anesthesia teams formulate a plan regarding the surgical approach, cannu-
lation sites, need for and type of ECC to be used. In the operating room, prior to induction of anesthesia, a
variety of monitors are placed on the patient including pulse oximetry, electrocardiogram leads, non-invasive
blood pressure monitoring, and a combination bilateral cerebral oximetry/anesthetic depth monitor (Masimo
O3TM Regional Oximetry with SedlineTM Brain Function Monitor, Masimo, Neuchatel, Switzerland). The
timing of placement of the radial arterial line is at the discretion of the anesthesiologist, and may be placed
prior to induction of anesthesia in the setting of severe ventricular dysfunction or when hemodynamic com-
promise is anticipated upon the application of positive pressure ventilation after endotracheal intubation.3

After induction of anesthesia and endotracheal intubation with a dual lumen endotracheal tube, we place a
femoral arterial line, central venous catheter, pulmonary arterial catheter, end-tidal carbon dioxide (ETCO2)
monitor and transesophageal echocardiogram (TEE) probe. A TEE probe is placed in every lung transplant
in order to guide ECMO cannula placement, monitor biventricular function, and assess the patency of pul-
monary vasculature both prior to and following surgical anastomoses.4After initiation of veno-arterial ECMO
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(VA-ECMO), we obtain a whole blood lactate, arterial blood gas (ABG), and activated clotting time (ACT)
every 30 minutes. Additionally, we check a fibrinogen and prothrombin time/international normalized ratio
(PT/INR) every 2 hours. In addition to these structured blood draws, we use an in-line device (Terumo CDI
550, Terumo Cardiovascular, Ann Arbor, MI, USA) to monitor real-time trends of pH, partial pressures of
oxygen and carbon dioxide (PO2 and PCO2), potassium, oxygen delivery (DO2), and hemoglobin within the
hybrid ECMO-CPB circuit.

Cardiac Considerations

As described in our previous article2, we aim to divert the majority of calculated flow target cardiac output
away from the pulmonary system into the VA-ECMO output, consistent with previously published reports.5

The ECC circuit reduces native cardiopulmonary blood flow to facilitate surgical exposure and dissection, and
attenuates ischemic-reperfusion injury.5 Maintaining a balance between the ECMO flows and native cardiac
output is a necessity to achieve appropriate systemic perfusion, avoidance of intra-cardiac clot formation, and
provide controlled reperfusion of implanted donor grafts. Communication between the surgical and anesthesia
teams is paramount. TEE, ETCO2, and the presence of pulsatility within the arterial and pulmonary arterial
waveforms are used to determine the ideal circuit and native blood flow.

Surgical manipulations of the heart may cause abrupt changes in cardiac preload and contractility. Ongoing
assessment of preload within the system is vital to avoid ECMO suction events (“chattering in the lines”).2

Due to the significant diversion of cardiac output to the hybrid ECMO circuit, the TEE is unable to accurately
assess cardiac preload while on ECMO, yet remains useful as a direct monitor of cardiac contractility. We
utilize ETCO2 as a semi-quantitative/qualitative monitor of system preload based on the principle of ETCO2

correlating with cardiac output.6, 7 During implantation of the donor lung, mechanical ventilation is applied
to the contralateral side via a double-lumen endotracheal tube. A value of >20 mm Hg as a goal value for our
ETCO2 during hybrid ECMO was chosen based on trauma literature which notes that value as a threshold of
adequate cardiac output during successful cardiopulmonary resuscitation.6 Pulsatility in both the pulmonary
arterial and systemic arterial waveforms confirms biventricular output and provides a constant assessment of
systemic afterload. The loss of pulsatility waveforms is associated with derangements of balance between the
native and mechanical cardiac outputs, including decreased biventricular contractility, inadequate preload
or inappropriately high ECMO target flows.

Pulmonary Considerations

Management of the pulmonary system during hybrid ECMO includes application of information obtained
from cardiac monitors as well as evidence-based maneuvers to decrease the risk of developing primary graft
dysfunction (PGD) during the perioperative period. Adequate ETCO2 and pulmonary arterial pulsatility
are indicators of right ventricle cardiac output ensuring controlled perfusion of the newly implanted graft
during hybrid ECMO. Post lung implantation, the pulmonary venous cuff is evaluated with pulse wave
Doppler (PWD) via TEE in order to qualitatively detect the presence of cardiac output within the lung and
to identify potential pulmonary vein obstruction. Mechanical ventilation of the lungs on ECMO is based on
evidence from the literature, with the goal of minimizing injury to the implanted grafts being achieved using
a lung protective approach with fraction of inspired oxygen (FiO2) < 40%.1,8 We also administer inhaled
anesthetic via both the hybrid ECMO circuit and the anesthesia machine, as the use of inhaled anesthetics
has been shown to decrease formation of pulmonary edema and improve partial pressure of oxygen/FiO2

ratios in animal lung transplantation models.1

Neurological Considerations

The use of a combination bilateral cerebral oximetry/anesthetic depth monitor during hybrid ECMO allows
for monitoring of anesthetic depth and ensuring adequate cerebral oxygenation. Anesthetic depth must
be monitored and titrated, due to the use of inhaled anesthetic in both the mechanical (hybrid ECMO)
and native (lungs via the anesthesia machine) cardiac outputs to assure both adequate depth of anesthesia
and to provide theoretical protection against the development of PGD. Hybrid ECMO cannulation can be
either central or peripheral, and the use of cerebral oximetry monitoring provides information regarding
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both cerebral perfusion and oxygenation in hopes to avoid differential hypoxemia (north-south syndrome)
associated with peripheral VA-ECMO.1

Comments

We previously described a hybrid ECMO-CPB circuit that provides lung transplantation teams the abil-
ity to provide ECC via either VA-ECMO or CPB.2 While the goals for intraoperative management of
ECMO include maintenance of systemic perfusion and controlled reperfusion of the newly implanted lungs,
achieving the balance between native and mechanical cardiac outputs can be challenging. Despite these
challenges, successful implementation of VA-ECMO is important as it can provide theoretical attenuation of
the ischemic-reperfusion injury and improved perioperative outcomes.5 As summarized in Table 1, the use of
an organ system-based approach based on best evidence and anesthetic monitors that are multi-faceted yet
complementary in design has enabled use of the hybrid ECMO circuit for intraoperative ECC since Septem-
ber 2017. Future concepts of investigation for intraoperative management of the hybrid circuit include the
utility of goal-directed perfusion using DO2and TEE-guided quantification of native cardiac output through
the implanted grafts. Appropriately designed studies, both within our institution and in coordination with
other centers, are needed to assess the efficacy of our approach for lung transplantation.
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