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Abstract

Purpose of Review Extracorporeal life support (ECLS) is a widely used potential treatment option in patients with severe
respiratory or cardiac failure with increasing significance. Routine perioperative application of ECLS is applied in cardiac and
rare in thoracic surgery. This review will address the extracorporeal membrane oxygenation (ECMO) technology and basic
concepts, the indications in thoracic surgery, and the intraoperative management of ECMO during surgery. The most common
challenges and complications, the postoperative concept, and additional forms of support will be discussed.

Recent Findings Technological advances in ECMO components may allow complex thoracic surgical procedures in patients in
whom one-lung ventilation cannot be carried out safely without risk of hypoxia or right ventricular failure.

Summary The indications of ECLS in thoracic surgery besides lung transplantation are mainly airway resection and reconstruc-
tive surgery in patients with obstructive tracheobronchial airway diseases. Rare indications are lung surgery in patients with poor
pulmonary reserve and difficulty or impossibility of one-lung ventilation. The intraoperative management of ECMO during
thoracic surgery needs professional expertise.
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Introduction

The lung is the central organ and vital part for the respiratory gas
exchange of oxygen and carbon dioxide. The alveolar surface is
the membranous interface between pulmonary blood circulation
and the ambient atmosphere.

Extracorporeal membrane oxygenation (ECMO) or extracor-
poreal life support (ECLS) is a widely used potential treatment
option in patients with severe respiratory or cardiac failure with
increasing significance [1¢]. Routine perioperative application of
ECLS is applied in cardiac surgery. However, ECMO treatment
in general thoracic surgery is rare and is mainly applied during
lung transplantation [2, 3, 4¢]. ECMO may be considered an
alternative to the use of jet- or cross-table ventilation in tracheo-
bronchial surgery or with additional hemodynamic support
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(ECLS) during extensive oncologic resections in selected cases
involving cardiovascular structures.

Technological advances in ECMO components resulting in
reduced side effects such as bleeding may allow a safe surgical
performance of complex thoracic surgical procedures or allow
life-saving procedures in respiratory-compromised patients in
whom one-lung ventilation cannot be carried out safely, without
risk of hypoxia or right ventricular failure.

This review will address the ECMO technology and basic
concepts, the indications in thoracic surgery, and the intraopera-
tive management of ECMO during surgery. The most common
challenges and complications, the postoperative concept, and
additional forms of support will be discussed.

What Is ECLS? ECLS Technology, Components,
and Basic Concepts

During the last 50 years, various extracorporeal systems were
developed, characterized by specific modes of gas exchange,
blood flow, and cannulation. The nomenclature of extracorporeal
life support systems includes extracorporeal life support (ECLS),
extracorporeal membrane oxygenation (ECMO), interventional
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lung assist (iLA), extracorporeal carbon dioxide removal
(ECCO,R), or ventricular assist device (VAD) [5e].

ECMO, as a type of ECLS, is used to support or completely
replace the physiologic function of pulmonary gas exchange by
an artificial membrane (“lung”) to deliver O, and remove CO,.
The key determinants of oxygen delivery during ECMO are the
amount of blood flow through the circuit and the oxygenation
capacity of the membrane. Physiologic oxygenation depends on
the patient’s native circulation (i.e., cardiac output) and the native
lung oxygenation. Modern veno-venous ECMO circuits are able
to completely process the cardiac output with a pump flow of 5—
7 I/min, if an entire lung support is required.

A detailed description of ECLS technology and configuration
has been previously described elsewhere [6, 5¢¢]. In summary,
ECLS systems usually combine a centrifugal pump generating a
constant flow and a hollow fiber bundle membrane for oxygen-
ation and carbon dioxide removal of venous blood drained
through a large bore cannula located in a central vein. The return
of the arterialized blood may either lead into the right atrium
(veno-venous-ECMO (vwvECMO)) or into a femoral or subclavi-
an artery (veno-arterial ECMO) by percutaneous cannulation
(see Fig. 1). Veno-venous techniques allow oxygenation and
decarboxylation irrelative of pulmonary ventilation but require
sufficient cardiac function and pulmonary perfusion. Veno-
arterial ECMO can provide stable hemodynamic conditions, if
right ventricular (RV) function becomes insufficient, for exam-
ple, after clamping of pulmonary vessels. Depending on the can-
nula size and pump system even a full cardiopulmonary bypass
can be established using vaECMO without cardioplegia [7, 8].

Fig. 1 The return of the
arterialized blood may either lead
into the right atrium (veno-
venous-ECMO (vwvECMO)) or
into a femoral or subclavian artery
(veno-arterial ECMO) by
percutaneous cannulation

vaECMO

Percutaneous insertion of cannulas by the Seldinger tech-
nique can be performed pre-operatively in local anesthesia
with sonographic guidance. This helps maintain respiratory
and hemodynamic stability during induction of anesthesia.
Intraoperatively, the returning cannula may also be inserted
in the left atrium through a pulmonary vein or via the ascend-
ing aorta [9]. Both techniques allow the bypass of the lungs
and make the effects of extracorporeal blood flow independent
of pulmonary perfusion [10, 11]. When vaECMO is
established via the femoral vessels, the direction of the artifi-
cially generated blood flow within the aorta reverses from
caudal to cranial. Cerebral oxygenation may therefore be de-
pendent on either the retrograde blood flow from the descend-
ing aorta or the residual ejected stroke volume of the heart. In
the latter case, oxygenation of the head still depends on the
pulmonary function [12]. To avoid and rapidly detect hypoxia
of head and upper body (“Harlequin’s phenomena”), we
strongly recommend application of near-infrared spectroscopy
(NIRS) for monitoring of cerebral oxygenation [13].

Surgery and ECLS

As ECLS and/or ECMO are increasingly used in patients with
cardiac and/or pulmonary failure, the need for noncardiac sur-
gical procedures in these patients will continue to increase and
is mainly dominated by surgical procedures of complications
and emergency operation. In a retrospective register study,
nearly 50% of > 500 patients required surgery while on the
ECMO period. General surgical procedures (39%) with
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abdominal exploration/bowel resection (18%) being the most
common. Vascular (30%) and thoracic procedures (23%) were
also common, [14] although surgical procedures in patients
supported with ECMO in this study did not increase mortality
but resulted in increased morbidity and longer hospital stay. In
addition, general surgery problems are common among pa-
tients on ECMO.

Indications of ECLS in Thoracic Surgery

Predominantly, ECMO in thoracic surgery is used in lung
transplantation in patients with end-stage lung disease.
Hemodynamic or ventilatory disturbances during lung trans-
plantation can develop during induction of anesthesia or sur-
gical dissection and difficult one-lung ventilation with the
increased risk of hypoxemia, hypercapnia, and right heart ven-
tricular failure during pulmonary artery (PA) clamping.
Elective application of ECMO may offer hemodynamic sta-
bility and adequate gas exchange. Moreover, ECMO supports
controlled reperfusion after PA de-clamping with reduced PA
perfusion pressure on the allograft vasculature avoiding po-
tential overperfusion. Failure of the left ventricle after a sud-
den drop in the pulmonary vascular resistance after implanta-
tion of the new lung in patients with previous pulmonary
arterial hypertension can be prevented by continuing ECLS
in the postoperative period to allow adaptation [15].

Intraoperative vaECMO is preferred over vvECMO to
maintain adequate cardiac output in patients with right heart
ventricular dysfunction [16, 17]. The use of ECMO during
lung transplantation may be compromised by impaired vol-
ume status since—in contrast to cardiopulmonary bypass sur-
gery—there is no venous reservoir in the ECMO circuit.
Blood loss from the surgical field must be processed through
a cell saver prior to reinfusion. Nevertheless, ECMO initiation
and maintenance is relatively simple and offers significant
advantages to complete cardiopulmonary bypass.

Further indications for ECMO may be supporting airway
resection and reconstructive surgery in patients with obstruc-
tive tracheobronchial airway diseases [18¢]. If cross-field ven-
tilation and/or tubeless ventilation through a jet catheter as
first choice are insufficient, ECMO support facilitates open-
airway procedures in cardiorespiratory-impaired patients [19,
20]. Carina sleeve resections were also reported with the use
of vwvECMO [21-23].

Surgery in patients with poor pulmonary reserve who need
lung resection and difficult or impossible one-lung ventilation
(i.e., previous pneumonectomy patients scheduled for wedge
resections) is rarely performed and remains a challenging task
for thoracic surgeons and anesthesiologists. ECMO may allow
a safe performance of this rare operation [2, 24]. Rinieri et al.
demonstrated in a retrospective study the successful applica-
tion of ECMO as respiratory support during the thoracic sur-
gical procedures in 36 patients. Surgical indications were
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mainly neoplastic, infections, trauma, and iatrogenic compli-
cations. Twenty patients had surgery with vwvECMO and 16
with vaECMO with 10 peripheral and 6 central cannulations.
There was no intraoperative mortality; hospital mortality on
day 30 was 17% (6 deaths). Presumably a multidisciplinary
approach and decision-making process, the perioperative use
of vv- or vaECMO in the above mentioned patients allowed to
an extent the indication of thoracic surgical interventions with
a calculated increased perioperative risk.

Anterior mediastinal mass syndrome can be life-
threatening due to a sudden vascular, cardiac collapse or air-
way obstruction. General anesthesia augments such deleteri-
ous mass effects on the cardiopulmonary circulation.
Therefore, perioperative management is to be designed to
avoid factors resulting in collapse or include a strategy to
bypass the potentially obstructed structures by the pathology.
Femoral vaECMO with maintained spontaneous ventilation
has been described and successfully prevented cardiovascular
collapse in this indication [25].

There are no distinct criteria which patients will require
perioperative extracorporeal support. Preoperative planning
of ECLS requires a thorough evaluation of cardiopulmonary
function and reserve. Furthermore, it should include imaging
modalities such as ventilation/perfusion scintigraphy, echocar-
diography, and spiroergometry. In case of a promising surgical
approach, therapy should not be withheld on the feasibility of
ECLS.

Intraoperative Management of ECLS

The equipment and requirement used for ECLS support en-
compass nearly the same basic components used for cardio-
pulmonary bypass during cardiac surgery. Important differ-
ences in characteristics of ECLS are the smaller priming vol-
ume, the lack of a reservoir, lower heparin dose (50-100 U/
kg), and a target activating clotting time of 150-180 s. In
selected cases, heparin dose can even be minimized. When
planning the preoperative ECLS strategy, the design should
include the following factors:

*  One or two cannulas

* Central or peripheral cannulation

* Patient’s position during surgery

* Kind and extent of surgical procedure

» Patient’s comorbidity

* Hemodynamic monitoring

*  Medication (i.c., vasoactive drugs, inhaled NO)

* Postoperative ECLS weaning (i.e., on ICU or directly in
OR)

* Anesthesia (i.e., non-intubated, airway management, epi-
dural anesthesia)

*  Expertise of medical staff
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+ Additional personal and structural framework requirement
(i.e., cardiovascular perfusionist)

Further consideration and consequences in anesthesia man-
agement during ECMO may contribute due to altered drug ef-
fects induced by the change in pharmacokinetic distribution vol-
ume, adsorption, vasodilatation, and increased capillary
permeability.

Several questions regarding mode and characteristics or
settings of mechanical ventilation during ECMO are still
unanswered:

*  Which PEEP level and/or FiO, should be set?

*  Which tidal volume is protective?

*  Which gaseous and pump flow are optimal (< 60 ml/kg/
min)?

*  Which coagulation parameters and targets should be mea-
sured routinely before/during thoracic surgery and ECMO
(ACT 150-180 s?; activity of factor anti-Xa?
Thrombelastography?)

Challenges and Complications of ECLS

The major complications of ECLS are bleeding as cerebral
hemorrhage or stroke or surgical site hemorrhage [26-28].
Further ECLS-associated side effects are patient related: inju-
ry during cannulation, organ ischemia (i.e., stroke and limb),
renal failure, lung injury, infections, transfusion related com-
plications, pain, delirium, and fear. ECLS-associated technical
complications may be pump or membrane failure, air embo-
lism, circuit clotting, hemolysis, and others.

The ECLS-induced coagulation disorders in a very short
course [30]. Duration of extracorporeal support should be re-
stricted and anticoagulation should be carefully indicated and
monitored [29-31].

Recommendations and troubleshooting during intraopera-
tive ECLS depend on the clinical situation:

Hypoxia:

Increase pump flow up to >2/3 of cardiac output
—  Set 100% O, on the oxygenator
—  Check pO, on the oxygenator (> 150 mmHg)

Hypercapnia:

See settings hypoxia plus doubled gaseous flow to pump
flow

Re-Circulation (vvECMO):

—  Check venous pO, (<50 mmHg)

Echocardiography
Cannula repositioning

Technical complications:

—  Drop out of the complete or components of extracorpore-
al circuit

—  Tube rupture or kinking

—  Disconnection

—  Thrombosis

— Air emboli

— Insufficient position or dimension of cannula

Postoperative Concept

Primarily, planned ECLS or ECMO support should not extend
into the postoperative ICU therapy. Nevertheless, weaning
from the extracorporeal support is less standardized and some
recommendations are published online (www.elso.org). The
weaning process from vaECMO and vwvECMO may be
different. The main postulation must be an optimal
assessment of cardiac and pulmonary recovery before the
decision to decannulate. For vvECMO, the procedure is
more straightforward. Full lung function recovery
corresponds with ventilator settings which allow protective
ventilation. The pump flow could be stepwise reduced to 1.
5 /min while gaseous flow parallel is shut off. If oxygenation
and ventilation remain stable, the system should be removed.
Removal of vaECMO depends on involvement of
cardiovascular structures in the surgical procedure and
hemodynamic situation. Echocardiographic assessment
facilitates the decision. The current status of anticoagulation
of the patient should be tested before the ECMO system is
removed in the OR and decannulation with manual
compression is carried out [32].

Perspectives

The ECLS technology as a successful tool to manage oxygen-
ation, hypercapnia, and hemodynamic support may lead to
thoracic surgery to increased use in elective pulmonary pro-
cedures. Nevertheless, decision making is individual, depends
on institutional expertise, and should be made conservative.

Conclusions

» The indications of ECLS in thoracic surgery besides lung
transplantation are mainly airway resection and recon-
structive surgery in patients with obstructive tracheobron-
chial airway diseases.
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* Rare indications are lung surgery in patients with poor
pulmonary reserve and difficulty or impossibility one-
lung ventilation.

» The intraoperative management of ECMO during thoracic
surgery needs professional expertise.

* The configurations and the application of ECLS are com-
plex and may be associated with various complications
(i.e., cannulation, technology, anticoagulation).

e The use of ECLS for thoracic surgery is a treatment for
specialized centers.
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