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Background and Objective: Extracorporeal life support (ECLS) is widely used in patients with severe
respiratory or cardiocirculatory failure. The most commonly used extracorporeal membrane oxygenation
(ECMO) modes are veno-venous (V-V) and veno-arterial (V-A) ECMO, which can both be achieved by
various types of vascular cannulation. Within the scope of tracheobronchial surgery, intraoperative ECLS
may occasionally be necessary to provide sufficient oxygenation to a patient throughout a procedure,
especially when conventional ventilation strategies are limited. Additionally, V-A ECMO can provide
cardiopulmonary support in emergencies and in cases where hemodynamic instability can occur.

Methods: This narrative literature review was carried out to identify the use and the specifics of ECLS
in airway surgery over the last years. Data from 168 cases were summarized according to the indication for
surgery and the mode of ECLS (V-V, V-A).

Key Content and Findings: The most common tracheobronchial pathologies in which support was
needed were: primary malignant disease of the airways, malignant infiltration, tracheal stenosis, injury of the
airway, and congenital airway disease. With increasing experience in ECLS, the number of reported cases
performed with intraoperative ECLS increased steadily over the last decade.

Conclusions: A trend favoring the use of V-V ECMO over V-A ECMO was identified. These approaches

should now be considered indispensable tools for managing challenging surgical cases.
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Introduction
Background

Airway patency and adequate oxygenation throughout
elective or emergency procedures are significant
requirements in thoracic surgery. Especially in patients
suffering from a pathology affecting the central airways,
it can be very challenging to maintain these conditions
during both inductions of anesthesia and surgery. Different
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ventilation strategies, such as intermittent apnea, cross table,
or jet ventilation, are routinely used to supply O, sufficiently
and eliminate CO, via the lungs. In rare and more complex
cases, the applicability and usefulness of these methods may
be limited either by the pathology itself or by the surgical
extent of the resection. In these patients, intraoperative
extracorporeal life support (ECLS) can provide a safe way
to maintain gas exchange and hemodynamic stability during
surgery if needed. ECLS is a collective term referring to
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various modalities utilizing an extracorporeal blood circuit
and oxygenator to achieve gas exchange and/or cardiac

support (1).

Rationale

V-V ECMO and V-A ECMO represent the most commonly
used ECLS modes during surgery involving the airways,
whereas pumpless (pl) A-V and CPB are rarely used. Their
specifics and the considerations on the choice of support
have been extensively described previously within the scope
of airway surgery (2) and lung transplantation (3). This
review aims at giving a complete overview and update of
published cases where ECLS was used to support surgery
involving the central airways. It will focus on the diversity
of indications for surgery and the performed operations
without diving into technical details regarding ECLS,
covered in another review of this 77D special series.

Objective

"This narrative review focuses on the potential of identifying
patterns regarding the different ECLS modes and
configurations used in specific cases and recent changes
in clinical practice. We present this article in accordance
with the Narrative Review reporting checklist (available at
https://jtd.amegroups.com/article/view/10.21037/jtd-22-
1483/rc).

Methods

A PubMed search was conducted in September 2022 to
identify published literature on the use of ECLS during
airway surgery. The search query was: (ECLS[Title/
Abstract]) OR (ECMO[Title/Abstract]) OR (extracorporeal
membrane oxygenation [Title/Abstract])) AND
((airway[Title/Abstract]) OR (trachea[Title/Abstract]))
AND ((surgery[Title/Abstract]) OR (resection[Title/
Abstract]) OR (repair[Title/Abstract])). All results published
since 2015 were screened for patients who underwent airway
surgery with concomitant intraoperative ECLS support.
Patients who underwent anatomical lung resections without
bronchial sleeve anastomoses and those who underwent
wedge resections, lung transplantation, or bronchoscopic
interventions were not considered for this analysis. Since
2015, 29 published case reports/series were identified with a
median of 3 patients (range, 1-23) per publication. In total,
168 published patient cases have been identified since 1992
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(n=135 since 2015). Information on the indication, surgical
procedure, ECLS modality, and configuration was recorded
if available (Table 1). ECLS modes and configurations
were defined according to the ELSO nomenclature (1).
Flow diagrams were made with SankeyMATIC (www.
sankeymatic.com).

Choice of ECLS mode in airway surgery

In surgical cases where only support for insufficient
ventilation/oxygenation during the procedure is sought,
veno-venous ECMO (V-V) was the most common support
mode chosen as it is technically easier to set in place and
less at risk of complications than veno-arterial ECMO (V-
A). The most commonly reported cannula configurations
in V-V ECMO are the femoral vein (V) for drainage and
the internal jugular vein (V)) to return oxygenated blood.
72% of the V-V cases (n=41/57) reporting information
on cannulation had a V-Vj configuration. Alternatively,
bifemoral cannulation (V~V;) was used in 25% of V-V
cases (n=14/57). A bifemoral approach bears the advantage
of keeping the neck free in cases where broad surgical
access and mobilization of the neck is needed (malignant
infiltration in upper airways) or when the superior vena cava
or the jugular veins are obstructed by either thrombi or
tumor infiltration. With bifemoral cannulas, extracorporeal
recirculation of already oxygenated blood is more likely to
happen, inevitably limiting the amount of oxygen delivered
to the patient. As both cannulas will have their tip placed
in the inferior vena cava, they must be positioned with
sufficient space apart. Of all reports, femoral pumpless
arterio-venous CO, removal (ECCO2R: extracorporeal
carbon dioxide removal, (pl)A-V) was only used in one case
of a tracheoesophageal fistula repair (33). Double-lumen
cannulas are a good alternative to conventional double
cannulation approaches, but their use in intraoperative
support during airway surgery remains very limited so
far. Correct placement is crucial and has to be verified via
fluoroscopy or transesophageal echocardiography (34,35).
V-A ECMO should be considered in patients who are
already hemodynamically unstable before the intervention
or who might become so during surgery. V-A ECMO
allows for circulatory support by unloading the right and, to
a certain extent, the left ventricle. Although in patients with
high cardiac output and no alveolar ventilation, O, delivery
to the systemic circulation can sometimes be less than
with V-V ECMO, it may be necessary for patients where
mediastinal access is difficult, and the heart needs to be
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Table 1 Recently published experience on the use of ECLS during airway surgery since 2015 an own recent unpublished data

Author Journal Year Pt# Indication Intervention Modes Configurations
Kim et al. (4) Ann Thorac 2015 7 Tracheal injury, tumors,  Tracheal resection, repair V-A, V-V Vi-A, VeV,
Cardiovasc Surg stenosis
Lang Eur J Cardiothorac 2015 10 Malignant tumors Carinal resection; V-A 7 RA-AO, V-A;
etal. (5) Surg bronchiovascular sleeves
Rinieri Eur J Cardiothorac 2015 23 ND Tracheal resection, carinal V-A, V-V ND
et al. (6) Surg resection, LMB resection
Yuba Kyobu geka, 2016 1 ACC Tracheal resection ND ND
etal. (7) Jpn. j. thorac. surg.
Kim Asaio j 2017 9 Stenosis, ACC, malacia, Tracheal resection, 8 V-V, 1 V-A V-V,
etal. (8) tumor compression debulking V-V, Vi-A¢
Antonacci Int J Surg Case Rep 2018 1 latrogenic tracheal injury Tracheal suture V-V ViV,
etal. (9)
Wannaz et al. Int J Surg Case Rep 2018 1 Paraganglioma Membranous resection V-A Vi-As
(10)
Madurka et al. Orv Hetil 2019 3 Tracheal stenosis ND V-V ND
1)
Qiuetal (12) Thorac Cancer 2019 1 MEC Carinal resection V-V ViV,
Rajabetal. (13) Ann Thorac Surg 2019 1 Tracheal stenosis, CAD  Tracheal resection, CABG V-V, CPB ViV,
central CPB
Pu et al. (14) Ann Thorac 2020 4 Tracheal stenosis Tracheal resection; 3V-V,1V-A V-V, Vi-A¢
Cardiovasc Surg tracheoplasty
Yang et al. (15) J Cardiothorac Surg 2020 1 ACC Sleeve pneumonectomy V-V ViV,
Alkhasov J Laparoendosc Adv 2021 4 Congenital stenosis Slide tracheoplasty 3V-A, 1 CPB central
etal. (16) Surg Tech A
Al-Thani J Surg Case Rep 2021 3 Tracheal/bronchial injury Surgical repair V-V ND
etal. (17)
Chen et al. (18) J Thorac Dis 2021 7 SCC, MEC, Carinal resection, carinal V-V V-V, V-V,
Schwannoma, lymphoma  resection + lobectomy,
tracheal resection
lkeda et al. (19) Surg Today 2021 1 Thyroid carcinoma Thyroidectomy + tracheal V-A Vi-A
resection
Kim et al. (20) Ann Thorac 2021 19 ND ND V-V, V-A V-V, Vi-A¢
Cardiovasc Surg
Liu et al. (21) Ann Palliat Med 2021 8 SCC, MEC, ACC, stenosis Tracheal resection V-V ViV,
Zhang et al. (22) Perfusion 2021 4 Traumatic rupture, Surgical repair; resection V-A VA
stenosis, malignant
stenosis
Bauer Int J Oral Maxillofac 2022 3 TEF Repair V-V V-V
etal. (23) Surg
Choietal. (24) Int Med Case Rep J 2022 1 ACC Tracheal resection V-V V-V
Evermann Annals of Thoracic 2022 6 Tracheal injury Surgical repair 4 V-V, 2 V-A ND
et al. (25) Surgery

Table 1 (continued)
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Table 1 (continued)
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Author Journal Year Pi# Indication Intervention Modes Configurations
He et al. (26) Transl Lung Cancer 2022 1 Malignant lesion Carina+ LMB resection V-A V-AO
Res
Koh et al. (27) SAGE Open Med 2022 1 Tracheal rupture Posterior suture V-V V-V
Case Rep
Suzuki Annals of Thoracic 2022 8 Malignant tumors Sleeve pneumonectomy/ ND ND
etal. (28) Surgery sleeve lobectomy/trachea
resection/bronchoplasty
Todo et al. (29) Surg Case Rep 2022 1 Congenital stenosis Slide tracheoplasty V-A VA
Venkataramani Saudi J Anaesth 2022 1 Tracheal stenosis Tracheal resection V-A VA
et al. (30)
Voltolini Interact Cardiovasc 2022 1 Chondrosarcoma Carinal resection V-V ViV,
etal. (31) Thorac Surg
Martinod Am J Transplant 2022 4 NET, ACC Airway replacement V-V ND
etal. (32)
Slama/Collaud ~ Own unpublished 9 Malignant tumors, Carinal resection, V-V ViV, Vi-Vq
data tracheal injury surgical repair

ND, not disclosed; ACC, adenoid cystic carcinoma; MEC, mucoepidermoid carcinoma; CAD, coronary artery disease; SCC, squamous
cell carcinoma; TEF, trachea-esophageal fistula; CABG, coronary artery bypass graft; LMB, left middle bronchus; V-A, veno-arterial; V-V,
veno-venous; CPB, cardio-pulmonary bypass; V;, femoral vein; A, femoral artery; V, internal jugular vein; V, subclavian vein.

retracted during the procedure. In the available literature,
64% of cases (n=37/58) with intraoperative V-A ECMO had
peripheral cannulation, whereas central cannulation was
used in 36% (n=21/58).

Cardio-pulmonary bypass (CPB) has virtually
disappeared from current practice in adult airway surgery
(13,16). CPB has a significantly higher risk of complications,
and its use within the scope of airway resections should
be limited to procedures involving the great vessels or
the heart. A noteworthy example is a tracheal resection
with a concomitant coronary artery bypass graft (CABG)
procedure (13).

Indications for surgery with intraoperative
extracorporeal support

Primary malignancy of the central airways

The most common indication for airway surgery using
ECLS was primary malignancy of the airways, with 27%
of cases in the literature (n=45/168). The histological
subtypes were: squamous cell carcinoma (SCC) in
15 cases (18,36,37), adenoid cystic carcinoma (ACC, n=10)
(7,15,24), neuroendocrine tumor (NET, n=3) (5,18),
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sarcoma (n=2) (31,38), mucoepidermoid carcinoma (MEC,
n=2) (12,21) and adenocarcinoma (n=1) (39). Based on
tumor localization, the type of resections was: carinal
resection (n=16), segmental tracheal resection (n=9),
pulmonary bronchial sleeve resections w/o carina (n=10),
airway replacement with stented aortic matrices (n=4),
left main bronchus resection w/o (Hemi-)carina (n=3) and
resection of the membranous tracheal wall (n=3). Regarding
the ECLS mode, V-A ECMO (both central and peripheral)
was used equally often as V-V in those cases (V-V: 50%; V-A
50%).

Malignant infiltration of the trachea

In seven cases of reported intraoperative ECLS use
(4.2%), the trachea was severely obstructed by a
tumor originating from surrounding structures. These
malignancies were limited to thyroid cancer (n=4)
(19,40,41); and lymphoma (n=3) (8,18,22), and the
surgeries performed consisted mainly in resecting the
tumor and a segmental portion of the trachea (n=6).
A surgical debulking was performed in one case (8).
All cases were performed under peripheral ECLS
cannulation with the prevalent use of V-A ECMO (n=5).
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Interestingly, no cases involving a tracheal infiltration from
other cancers (esophageal, thymic, or sarcomatous) have
been reported.

Tracheal stenosis

The second most common use of intraoperative ECLS was
reported in patients suffering from severe tracheal stenosis
of various etiologies (n=23) (8,11,13,14,30,42,43). Of those,
only three were operated on under V-A ECMO support, all
via peripheral cannulas (13%), whereas the other patients
underwent surgery with V-V ECMO support. Apart from
tracheal resection (85%), one patient had a tracheoplasty (14),
another had a carinal resection (4), and in another case,
ECLS was solely used to surgically place a tracheostomy to
secure the airway in a severe case of tracheal stenosis (4).

Airway injuries

Emergency ECLS cannulation has been rarely reported
in the acute loss of a secured airway or after the inability
to ventilate a patient with an airway injury (25). With
timely repair being crucial in some cases to avoid further
injury (either by the misplaced ET tube or mechanical
ventilation), ECLS support may be required, allowing for
long apneic phases. The causes of injury can be iatrogenic
(during intubation, tracheostomy) or traumatic (both blunt
or penetrating). The extent and localization of the planned
repair and the patient’s hemodynamic stability determine
the need for ECLS. In a single case, surgical repair of a
spontaneous tracheal rupture after long time steroid use
has been reported (27). Out of 13 reports on surgical
airway repair with ECLS support, most cases (n=11)
were limited to a suture of the membranous portion of
the trachea (9,22,25,27), whereas the two other patients
had a traumatic bronchial rupture (22). Peripheral V-A
ECMO was used in 3 cases where circulatory support was
needed (22), whereas the other cases were performed with

V-V ECMO support.

Congenital disease

The standard surgical treatment of congenital tracheal
stenosis is slide tracheoplasty. It is usually performed at a
young age as affected children can be highly symptomatic.
Although the use of tracheal homografts has been
published previously, no more recent report exists on
this approach (44). In less severe cases of congenital
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stenosis, the defect can sometimes be fully resected
without requiring extensive tracheal reconstruction to
increase the tracheal diameter. Because of the tiny size of
pediatric airways, adequate ventilation throughout those
procedures may be very challenging, and those cases have
been initially performed via a sternotomy and with CPB
support. In more recent reports (N=24), intraoperative
ECMO has increasingly been used, and central V-A is the
most common mode (43%).

Planning considerations

In most cases of airway surgery, intraoperative oxygenation
of the patient can safely be maintained with conventional
methods (jet ventilation, cross table ventilation, unilateral
intubation, intermittent apnea). Although the need for
ECLS in airway surgery may be comparably small, it should
be assessed in every case where complex reconstruction
is needed or when airway patency might be lost. When
there is a risk of total airway obstruction and subsequent
anoxia during induction of anesthesia (45), ECLS should
be initiated under local anesthesia. In these cases of awake
initiation (24,46,47), the mode (peripheral V-A or V-V)
should be chosen solely dependent on hemodynamic
considerations (2,34,48,49). Nevertheless, in most reported
cases, patients were stable before induction of anesthesia,
and the airways could be secured to maintain ventilation.
Cannulation and ECLS can then be safely initiated
immediately before or even during the procedure if needed
with the perfusion system on “standby” (17).

Emergency ECLS before airway surgery has been
described in trauma cases and cases where tumor
obstruction led to desaturation and hemodynamic instability
up to cardiopulmonary arrest (18,50). All of the most
recently published cases of patients undergoing emergency
airway surgery received V-A ECMO support because of
its inherent advantage of maintaining the hemodynamic
stability of a patient.

Patient positioning and draping

If ECLS is initiated straightaway before surgical draping
and skin incision, the cannulas should be inserted in a
supine position as both the groin and the neck can be easily
accessed by both sides. A slight Trendelenburg or anti-
Trendelenburg maneuver increases venous filling and eases
cannulation. The patient can then be moved to a lateral
decubitus position with the cannulas in place to allow for
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Iltems Specification

Date of search September 1% 2022

Databases searched PubMed

Search terms used (including

((ECLS[Title/Abstract]) OR (ECMO[Title/Abstract]) OR (extracorporeal membrane oxygenation [Title/

MeSH and free text search terms Abstract])) AND ((airway[Title/Abstract]) OR (trachea([Title/Abstract])) AND ((surgery[Title/Abstract]) OR

and filters)
Timeframe 2015-9/2022

Inclusion and exclusion criteria

(resection[Title/Abstract]) OR (repair[Title/Abstract]))

Inclusion: airway surgery with concomitant intraoperative ECLS support

Exclusion: anatomical lung resections without bronchial sleeve anastomoses, wedge resections, lung
transplantation, or bronchoscopic interventions

Selection process

Selection conducted by first and corresponding author

ECLS, extracorporeal life support.

lateral thoracotomy. If ECLS might become necessary
during the procedure, it is recommended to have a set-up
ECLS circuit readily available and to asses vascular diameter
and patency in both the groin and the neck via ultrasound
before positioning the patient. The patient can then be
placed accordingly (with the hip rotated outwards in lateral
decubitus), and the skin can be prepared to include the
potential cannulation side into the surgical field. If possible,
the central venous catheter used for anesthesia should be
placed contralaterally to the incision site to not hinder
ECLS cannulation. In patients where cannulation might
be challenging, a guidewire or a venous sheath introducer
can be placed and secured sterilely before skin incision.
Cannulation can then be easily performed over those by the
Seldinger wire technique if ECLS is needed.

Anticoagulation

Although short-term intraoperative ECMO use bears
a comparably small risk of thromboembolic events
attributable to the cannulas or the extracorporeal
circulation, anticoagulation [target activated clotting time
(ACT): 160-180 seconds] with unfractionated Heparin
should be administered (2,20). Although some centers
measure and readjust ACT regularly throughout the
procedure, others rely on a single heparin administration
at the time of cannulation. Newer heparin-coated tubings
and oxygenators significantly reduce the risk of circuit
thrombosis. With this in mind, aggressive anticoagulation
might unnecessarily increase the surgical risk of bleeding,
depending on the extent of the procedure.

© Journal of Thoracic Disease. All rights reserved.

Current practice

Although the historical experience of extensive airway
surgery initially made use of CPB (51), this approach has
been left. With technical advances in ECLS devices and
growing surgical experience, V-A ECMO took over and
was increasingly used as it showed significantly fewer
associated perioperative risks. In published data (Tables 1,2),
the heterogeneity of surgical indications, procedures,
and, ultimately, the choice of ECLS makes it challenging
to find evidence to define a gold standard (Figures 1,2).
Nevertheless, an algorithm regarding the modality of ECLS
and the preferred cannulation site has been previously
derived from a multicentric national cohort analysis (n=36
patients) (6). Later reviews all support the same approach
(2,22,52). Additionally, cumulative published cases appear
to favor V-V ECMO over V-A ECMO over the last years
(Figure 3), although this claim doesn’t account for different
surgical indications and any reporting bias.

Conclusions

Without a doubt, most cases of trachea-bronchial surgery
can be performed without ECLS but with appropriate
anesthesiologic management. With growing experience,
ECLS became more widely used in the last decade
and should now be considered an indispensable tool in
the management of patients with challenging airway
pathologies. Nevertheless, evidence regarding the optimal
approach and the post-operative results remains low, and
so far, only three case series reported on more than ten
patients (5,6,20).
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Figure 1 Flow diagram of surgical indication (left), the procedure performed (center), and the ECLS modality used in current literature
from 1992-2022. Cases with missing information were omitted from the diagram. LMB, left main bronchus; TEF, trachea-esophageal

fistula; V-V, veno-venous; V-A, veno-arterial; CPB, cardio-pulmonary bypass; pl, pumpless; A-V, arterio-venous; ECLS, extracorporeal life

support.
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Figure 2 Flow diagram of operated pathologies (left) and the choice of ECLS used for surgical treatment (right) in published reports from
1992-2022; cases with insufficient data were omitted. TEF, trachea-esophageal fistula; pl, pumpless; V-V, veno-venous; V-A, veno-arterial;
CPB, cardio-pulmonary bypass; A-V, arterio-venous; ECLS, extracorporeal life support.
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Figure 3 Cumulative cases of published ECLS use in airway surgery over the last 30 years according to the configuration; cases are counted

in the year of publication. V-A, veno-arterial; V-V, veno-venous; ECLS, extracorporeal life support.
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