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Veno-venous extracorporeal membrane oxygenation tracheal
sleeve pneumonectomy
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Abstract: Tracheal sleeve pneumonectomy is a complex surgical procedure consisting in removal of the
whole lung together with the tracheo-bronchial bifurcation. Airway reconstruction is performed by an end-
to-end tracheo bronchial anastomosis usually with cross-field ventilation with or without jet ventilation
support. Extracorporeal membrane oxygenator (ECMO) represents an excellent alternative to cross-field
ventilation during tracheal sleeve pneumonectomy, providing tissues oxygenation and CO, removal, without
disturbing lines or tubes in the surgical field, when performed with peripheral cannulation. The aim of this
paper is to focus on the role of intraoperative ECMO during tracheal sleeve pneumonectomy, indications

and contraindications as well as advantages and disadvantages.
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Introduction

"Tracheal sleeve pneumonectomy (T'SP) is a complex surgical
procedure consisting in removal of the whole lung together
with the tracheo-bronchial bifurcation that is defined as the
main carina. It is indicated in case of primary lung tumours
of the main bronchus involving the main carina or the distal
trachea or—more rarely—of primary tumours of the main
carina or the distal trachea extending into one of the main
bronchi (1) (Figure I).

It can be performed—more frequently—on the right
side while, on the contrary, it is quite rare on the left side.
Resection of the main carina can be performed even without
lung resection and—in this case—it is defined as carinal
resection; this procedure, however, is very infrequent and is
indicated in case of small and localized primary tumours of
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the carina or the distal tract of the trachea (2).

TSP represents one of the most challenging procedures
for thoracic surgeons: in particular, it is very demanding—
for surgeons and anaesthesiologists—the tracheo-bronchial
reconstruction while providing adequate ventilation on the
remaining lung after distal trachea transection.

For this purpose several techniques have been developed
during years: one of the first and most used is the so
called “cross-field ventilation” (CFV)—consisting in
selective intubation and ventilation of the main bronchus
of the remaining lung from the surgical field directly by
the surgeon, with or without the help of jet ventilation;
although effective and used by many surgeons, CFV
makes the anastomosis between the distal trachea and the
remaining main bronchus more difficult to be performed
because of the presence of the tube inside the bronchus and
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Figure 1 Pre-operative chest CT scan disclosing a primary tumour
of the right main bronchus extending to the main carina, eligible to

right tracheal sleeve pneumonectomy. CT, computed tomography.

the constant need to ventilate the lung (3).

An interesting alternative option to CFV during TSP is
the use of extracorporeal membrane oxygenation (ECMO):
this is a form of artificial circulatory and respiratory support
based on the concept of extracorporeal circulation by using
non-occlusive centrifugal pump and oxygenator which is
responsible for enrichment of O, and elimination of CO, (4).

The aim of this paper is to analyse the use of
ECMO during TSP, focusing on its indications and
contraindications as well as advantages and disadvantages
compared to different techniques utilized during this
operation for providing adequate tissues oxygenation.

TSP
Indications and contraindications

Indications to perform a TSP are changed over the time:
although formal indications are still represented by non-
small cell lung cancers or other airways tumors involving
the main carina, benign or inflammatory strictures (5), to
date neoplastic disease represents the main indication (6).

Preoperative oncologic assessment should be performed
considering that—in the vast majority of cases—we are
staging a locally advanced neoplastic disease; for this
reason, whole body computed tomography (CT), FDG
positron emission tomography (PET) and flexible or rigid
bronchoscopy are pivotal steps.

Airway endoscopy is crucial, allowing to correctly identify
the degree and extension of carinal infiltration and histologically
confirm endoscopic view by target biopsies—to confirm the
presence of cancer—and random biopsies, 1 or 2 centimetres
above and below the visible tumour, to confirm the feasibility of
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the procedure and a tension-free anastomosis (7).

Invasive mediastinal nodal staging by mediastinoscopy or
endobronchial ultra sound (EBUS) guided transbronchial
needle biopsy (TBNA) is important to rule out an N2
disease or to consider induction chemotherapy and further
restaging in this subgroup of patients (8).

Preoperative functional assessment is the same of
that utilized for standard pneumonectomy: complete
pulmonary function tests, arterial blood gas analysis,
quantitative perfusion scan and cardiopulmonary exercise
test allow to correctly identify patients potentially eligible
to pneumonectomy with an acceptable postoperative
morbidity and mortality rate (9).

Principles of surgical technique

Several different surgical approaches to the main carina
have been described, varying according to the surgeon’s
preference, the neoplasm’s topography and the type of
resection and reconstruction planned.

Right thoracotomy (postero-lateral or lateral total muscle
sparing) is one of the most used approach to the main
carina: it is ideal in case of lesions of the carina and for very
extended tumours of the lower trachea (10).

Left thoracotomy is indicated in case of a tumour
infiltrating the main carina and the left main bronchus
when planned tracheal resection is very limited (10). Left
thoracotomy with retro-aortic dissection has been also
described but it does not offer good exposure for complex
distal tracheal procedures (11).

Median sternotomy allows an excellent exposure of the
whole trachea: the anterior aspect of the pericardium is
incised between the aorta and the superior vena cava and
the posterior pericardium is similarly opened; after adequate
mobilization of the above-mentioned great vessels and
the right main branch of the pulmonary artery, the entire
trachea and the main carina are very well exposed (12).

Both clamshell and left hemi-clamshell incisions have
been described for treating very extended lesions, in
particular those infiltrating the left main bronchus, the main
carina and a long tract of the distal trachea (10,11).

More recently, a minimally invasive video assisted
approach in a non-intubated patient has been described (13)
although its safety appears highly questionable (14).

Right TSP

This operation can be safely performed when no more
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than 4 cm of the distal trachea need to be resected. Right
thoracotomy is the preferred surgical approach: the distal
trachea is circumferentially isolated by careful dissection
to prevent left laryngeal nerve injury. Transection of
the left main bronchus is usually the first pivotal step
of the procedure followed by the division of the distal
tract of the trachea. At this moment—if the procedure is
performed without ECMO support—Ileft lung ventilation
is provided by cross-field intubation of the left main
bronchus. Subsequently, the healthy left main bronchus
and the distal trachea are re-connected by an end-to-end
anastomosis performed with the ventilation tube inside
the left main bronchus; this step can be quite complex and
time-consuming because of the restricted surgical field
and the disturbing presence of the tube inside the lumen
of the bronchus. Reinforcing additional single stitches are
recommended to have a tension-free anastomosis as well
as a pericardial fat flap interposing between vascular and
bronchial anastomoses thus preventing lethal tracheo-
broncho-vascular fistula (1,2).

Left TSP

This operation is performed via left thoracotomy when no
more than 1 cm of trachea and of right main bronchus need
to be resected below and above the edges of the left main
bronchus.

Isolation is performed beneath the aortic arch, sparing
the left laryngeal nerve; the Botallo’s ligament is transected
to maximize exposure; the aortic arch is isolated and
gradually retracted; the distal tract of the trachea is isolated
after cervical flexion to reduce tracheal tension; after
carinal dissection is completed, right main bronchus is then
freed and clearly isolated; at the end, when resection and
reconstruction appears to be feasible and safe, pulmonary
artery and veins are divided.

Stay sutures are placed in the left lateral aspect of the
trachea and in the median wall of the right main bronchus;
subsequently, the right main bronchus is divided and—if no
ECMO support is programmed—CFV is started through
the right main bronchus; the distal part of the trachea is
divided and tracheobronchial anastomosis is performed by
using tapes around the aorta for alternate retraction of the
aortic arch.

Median sternotomy is required to perform left TSP when
a greater amount of the distal trachea is infiltrated. Isolation
and mobilization of trachea is started cranially and then
caudally extended. Isolation of right main bronchus is then
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completed. As previously described, the Botallo’s ligament
is transected for a better exposure, after opening the
pericardium. The dissection of the right main bronchus is
extended up to the origin of the right upper lobe bronchus.
Similarly, pulmonary vessels division is performed only
after resection and reconstruction appears to be feasible and
safe. Trachea and right main bronchus are circumferentially
transected and the anastomosis between the distal tracheal
and the healthy left main bronchus is performed thanks to
standard CFV; if no ECMO is provided (1,2).

ECMO

ECMO is an artificial circulatory and respiratory support
system whose use is indicated in case of patients suffering
from respiratory or cardiac failure; ECMO can be used as
a temporary bridge until restoration of cardiopulmonary
function or—in case of untreatable respiratory failure—
to lung transplantation (15). The present use of ECMO in
thoracic—non cardiac—surgery is limited to post-operative
acute respiratory distress syndrome (ARDS), in particular
in single-lung patient following pneumonectomy, lung
transplantation, and congenital pathologies of the airways
in neonates (16). In the present article we focus on the
intraoperative use of ECMO for adult TSP for cancer.

Basic principles

ECMO relies on the concept of extracorporeal circulation
by using non-occlusive centrifugal pump and oxygenator:
in this way ECMO allows blood enrichment of O, and
elimination of CO,. Depending on the type and site of
vascular cannulation, ECMO can be defined as central or
peripheral as well as veno-venous (VV) or veno-arterial
(VA) (Figure 2); moreover, it can provide partial or total
circulatory support (17). VA ECMO can support either the
cardiac and respiratory functions by providing gas exchange
and cardiac hemodynamic support; VA ECMO is indicated
when both respiratory and cardiac support is needed. VV
ECMO supports exclusively the pulmonary function by
providing blood oxygenation and CO, removal.

ECMO-assisted TSP

The first resection of the main carina and main stem
bronchi—for a recurrent cylindroma—with the use extra
circulatory support was performed on December 21, 1959
and reported by Woods ez 4l. in 1961 (18). Since then, few
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Figure 2 Venous cannulation for VV ECMO assisted right tracheal
sleeve pneumonectomy. VV, veno-venous; ECMO, extracorporeal

membrane oxygenator.

AME

Publishing Company

Video 1. Small bore echo-guided femoral

Francesco Petrella , Marco Venturino,
Francesco Alamanni, Lorenzo Spaggiari

Department of Thoracic Surgery, IRCCS European
Institute of Oncology, Milan, Italy; Department of Oncology
and Hemato-oncology, University of Milan, Milan, Italy;

Figure 3 Small bore echo-guided femoral percutaneous
cannulation (19).
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cases of airway resections have been performed with
the use of cardiopulmonary bypass (CPB) or ECMO
and these procedures, due to the complexity and rarity
of cases, are nowadays performed only in few, high
specialized centres.

VV ECMO supports exclusively the respiratory function
by oxygenation and CO, extraction; it is therefore indicated
only in patients without cardiac instability or failure. Venous
blood is aspired to the ECMO reservoir and—after passing
through the oxygenator—it is re-inserted into the venous
system by a pump. Usually, femoro-jugular of jugulo-
femoral cannulation is performed, although double lumen

single cannulas have been developed for exclusive jugular
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Figure 4 Large bore femoral percutaneous cannulation (20).
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vein cannulation (Figures 3,4).

The absence of arterial cannulation reduces significantly
vascular local complications that can be observed during or
after VA ECMO or standard CPB.

There are several advantages of ECMO versus standard
CPB during carinal pneumonectomy: thanks to the recent
use of ECMO heparin-coated cannulas, ECMO requires
low anticoagulation with anti-coagulation time (ACT)
usually ranging between 160 and 200 and low dose of
heparin (less than 1,000 IU) at cannulation time; moreover,
the risk of ECMO-related thrombo-embolic complications
is relatively low, due to the short time needed to perform
tracheo-carinal reconstruction.

The ECMO support, in fact, is only needed to safely
perform the airway anastomosis and it is limited to this
part of the procedure, usually lasting less than 30 minutes.
Although a theoretical risk of tumour cell scattering has
been reported in the past (21) there is no evidence about
higher risk of neoplastic cell seeding during procedures
requiring cardio circulatory support like ECMO or CPB;
moreover, starting the ECMO support only after pulmonary
vessel ligation and lung extraction, further reduce the
supposed risk of cell scattering; we are now investigating
this aspect in a prospective, double arm, observational
study comparing patients receiving intraoperative
cardiorespiratory support with patients—with similar
oncologic disease and extension—operated without the
need of ECMO or CPB (22).

One of the most important advantage of ECMO in
the setting of carinal pneumonectomy is the absence of
disturbing tubes and lines, in the operative field, when
cannulas are inserted peripherally; moreover, peripheral
ECMO can be post-operatively prolonged during intensive
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Figure 5 Femoro-jugular VV ECMO in ICU. VV, veno-venous;
ECMO, extracorporeal membrane oxygenator; ICU, intensive

care unit.

Figure 6 External fixation to prevent cannula dislocation.

care unit admission (ICU) in case of pulmonary edema or
other conditions not allowing a safe and fast post-operative
orotracheal extubation (Figure 5).

When performing VV ECMO assisted carinal
pneumonectomy, the ECMO blood flow rate need to be
modulated to maintain arterial oxygen saturation (Sa0,) at
least at 85-95% (23).

In fact, if ECMO circuit flow is too low, a significant
blood flow would pass through the non-ventilated lung, thus
resulting in upper body hypo-oxygenation with potential
coronary and brain damages, the so called “Harlequin”
syndrome (24,25).

The correct placement of cannulas is of paramount
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importance for ECMO efficacy: percutaneous
cannulations should be performed with Seldinger’s
technique; in case of vessel calcifications or previous
vascular surgery cannulation can be extremely difficult
or sometimes impossible. In these cases, targeting
different vessels should be considered, if feasible, or open
surgical cannulation (26). Continue surveillance of limb
perfusion is mandatory to prevent tremendous ischemic
complications that can be prevented or treated with the
insertion of a distal perfusion catheter (27).

Correct cannula placement is crucial as well as its fixation
in the appropriate position, in particular in long-lasting
procedure (Figure 6).

During VV ECMO impaired drainage of a venous
cannula may happen, in particular when the distal part of
the cannulas are too close to each other, thus causing short
circuit; in this case, in fact, arterialized blood flows towards
the tip of the draining cannula instead of being directed to
the pulmonary artery, thus causing a “recirculating” effect.
This may happen even when two femoral cannulas are
used (26).

During VA ECMO the “Harlequin syndrome” may be
observed, as described above; in this case the native cardiac
flows beats against the pumped blood in the aortic arch
region: as a consequence, the coronary arteries and, in part,
the supra aortic vessels receive hypoxic blood with heart
and brain hypo perfusion. Consequently, upper extremity
cyanosis is observed and a rapid repositioning of the arterial
cannula in to right subclavian artery or aorta need to be

accomplished (26).

Conclusions

TSP is a complex thoracic procedure indicated—most of
times—when the main carina is infiltrated by tumour of
the right or left main bronchus. Airway reconstruction is
usually performed by an end-to-end tracheo-bronchial
anastomosis with CFV with or without jet ventilation
support. ECMO represents an excellent alternative to
CFV during TSP, providing tissues oxygenation and CO,
removal, without disturbing lines or tubes in the surgical
field, when performed with peripheral cannulation. It
requires a skilled multidisciplinary team work to prevent
or face major complications potentially arising during or
shortly after thoracic resection: it is therefore recommended
to high-volume specialized centres with clinical experience
of cardiorespiratory support and extended oncologic lung

surgery.
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