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Background: Elective extra-corporeal membrane oxygenation (ECMO) is rarely used in thoracic surgery,
apart from lung transplantation. The purpose of this study was to summarize our institutional experience
with the intraoperative use of veno-venous (VV) ECMO in selected cases of main airway surgery.

Methods: We retrospectively analyzed the data of 10 patients who underwent main airway surgery with the
support of VV-ECMO between June 2013 and August 2022.

Results: Surgical procedures included: three carinal resection and reconstruction with complete
preservation of the lung parenchyma, one right upper double-sleeve lobectomy and hemi-carinal resection,
and one sleeve resection of the left main bronchus after previous right lower bilobectomy, for thoracic
malignancies; four tracheal/carinal repair for extensive traumatic laceration; one extended tracheal resection
due to post-tracheostomy stenosis in a patient who had previously undergone a left pneumonectomy.
The median intraoperative VV-ECMO use was 162.5 minutes. In three cases with complex resection
and reconstruction of the carina and in one case of extended post-tracheostomy stenosis and previous
pneumonectomy, high-flow VV-ECMO allowed interruption of ventilation for almost 3 hours. In four
patients, VV-ECMO was prolonged in the postoperative period to ensure early extubation. There were
no perioperative deaths, no complications related to the use of ECMO and no intraoperative change in
the planned type of ECMO. Significant complications occurred only in one patient who developed a small
anastomotic dehiscence that led to stenosis and required placement of a Montgomery tube. At the median
follow-up of 30 months, all 10 patients were still alive.

Conclusions: The use of intraoperative VV-ECMO allows safe and precise performance of main airway
surgery with minimal postoperative morbidity in patients requiring complex resections and reconstructions

and in cases that cannot be managed with conventional ventilation techniques.
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Introduction

The two most important requirements for airway surgery
are adequate oxygenation and safe airway control.
Although in the vast majority of cases airway surgery can
be successfully performed with conventional cross-table
ventilation with periodic apneic phases, there are situations
where airway control is predictably very difficult, if not
impossible. In complex airway surgery cases, intraoperative
extracorporeal life support (ECLS) may be the right way
to achieve both adequate gas exchange and safe airway
control. In recent years, veno-arterial extra-corporeal
membrane oxygenation (VA-ECMO) and veno-venous
(VV) ECMO (VV-ECMO) (1) have replaced conventional
cardio-pulmonary bypass (CPB) thanks to their undeniable
advantages (2-4).

Firstly, ECMO offers a clear, unobstructed
(tubeless) surgical field (especially with peripheral
cannulation), allowing precise and rapid dissection and
reconstruction. Secondly, ECMO can fully support
breathing. On the other hand, the risk of bleeding
can be minimized by only partial heparinization and
monitoring of coagulation with the various methods
available, such as activated clotting time (ACT) or
activated partial thromboplastin time (aPTT) (5,6).
So, more extended the resection is, more complex the
reconstruction is, more the patient is intolerant to apnea
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because of limited pulmonary reserve then ECMO
represents a real advantage (7-9). However, despite the
potential advantages, elective ECMO is rarely used in
thoracic surgery, apart from lung transplantation (10).
Even the configuration of the device is controversial.
Theoretically, VA-ECMO should be used in cases of
hemodynamic instability or heart failure, while VV-ECMO
is sufficient when only respiratory support is required.
However, the boundaries are quite labile and the decision
also depends on the preference of the treating physicians
(10,11). Thus, the most important case series ever published
concerning the carinal surgery using ECMO comes from
the Vienna group in which VA-ECMO was used (4). In
fact, only case reports or very small retrospective series or
technical papers have been published reporting on main
airway surgery on VV-ECMO.

The aim of this study was to summarize our institutional
experience with the intraoperative use of VV-ECMO in
selected cases of main airway surgery, either due to the
complexity of the planned reconstruction or in situations
where the patient’s limited respiratory reserve prohibits
conventional ventilation techniques. We present this
article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-1416/rc).

Methods

We retrospectively reviewed the medical records of 73
patients who underwent main airway surgery at Careggi
University Hospital of Florence between June 2013 and
August 2022. The data of 10 patients (study group) who
underwent main airway surgery under VV-ECMO support
were collected and analyzed in terms of clinic-pathological,
perioperative and follow-up outcomes. This retrospective
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The retrospective analysis of
the data did not require approval of the Institutional Review
Board. Informed consent was obtained from each patient at
the moment of the hospital admission.

As cardiocirculatory support was not considered
necessary, VV-ECMO with peripheral percutaneous
cannulation in double site configuration under ultrasound
guidance using the Seldinger technique was performed
in all cases of the study group. VV-ECMO with double
cannulation was preferred to VV-ECMO with single
cannulation as it allows a higher extracorporeal blood flow
and less recirculation and thus better gas exchange.
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VV-ECMO cannulation was performed by the
anesthesiologists and cardiologists of the institutional
ECMO team after a single administration of unfractionated
heparin (2,000-5,000 I.U.), with the exception of two
patients (cases 1 and 4) who did not receive anticoagulation
due to an extensive post-traumatic tracheal laceration. An
ECMO referral center for respiratory diseases is active
in our institution with a mobile ECMO team available
24 hours/day, 365 days/year, to serve other hospitals in
Tuscany and central Italy (12,13).

ECMO was performed using the Maquet Cardiohelp
System (GETINGE AB, Gothenburg, Sweden), Heart-
Lung Support (HLS) cannulae (GETINGE AB): a
multistage drainage cannula of 23 or 25 F and an infusion
cannula of 17-19 F were used according to the size of the
patient and the vein diameter determined by ultrasound
before cannulation.

If possible, the internal jugular vein and the femoral
vein were our preferred cannulation sites. In patients
with cervical trauma, it was necessary to use the two
femoral veins instead. In elective patients, transesophageal
echocardiography was performed to assist with optimal
cannula placement and to monitor cardiac function during
surgery.

To limit bleeding during surgery, heparin infusion was
maintained at low intensity regimen and targeted to an
aPTT of 50-60 s (5,6). Anticoagulation was measured at
the bedside using a portable device (Hemocron Signature
Elite, Werfen-Instrumentation Laboratory SpA, Milan,
Italy). The aPTT was preferred to the ACT to allow a more
precise assessment at lower levels of anticoagulation (14).
Heparin infusion was interrupted during ECMO removal
or in case of bleeding. Heparin was continued after surgery
and until ECMO was withdrawn and heparin infusion
was suspended 30-60 min before de-cannulation with
no reversal therapy. In the early postoperative period,
standard clinical monitoring was performed, including
serial blood gas analyses and daily chest X-rays in trans-
thoracic patients. If necessary, flexible bronchoscopy was
performed to remove secretions. The neck was always kept
in a slightly flexed position, with some pillows being used.
In selected cases of very complex airway anastomoses or
in particularly frail patients, VV-ECMO was prolonged
after surgery to ensure safe extubation and to maintain
low pressure ventilation on challenging anastomoses. A
flexible bronchoscopy was performed before discharge from
hospital and on postoperative day 7 to assess regular healing
of the anastomosis.
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Statistical analysis and data reporting

Continuous variables were expressed as median and
interquartile range (IQR), whereas the categorical variables
were depicted as the count and percentage. Statistical
analysis was performed using SPSS 24.0 software (IBM
SPSS Statistics for Machintosh, Version 24.0., IBM Corp,
Armonk, NY, USA).

Results

Of the 73 patients who underwent main airway surgery,
63 (86.3%) patients underwent surgery (n=13 tracheal
sleeve pneumonectomies, n=48 tracheal resections and
anastomoses, n=2 tracheoesophageal fistula repairs) by
cross-field ventilation, while 10 patients [7 males and 3
females, median age 61.5 (IQR, 38) years] who formed the
study group underwent main airway surgery under VV-
ECMO support placed through either a femorofemoral
(n=5) or femoral-jugular (n=5) cannula at the start of the
procedure.

Table 1 lists the indications for the use of VV-ECMO.
In four cases, the indication for ECMO support was the
complexity of the planned trachea-bronchial reconstruction,
including three cases of carinal resection and reconstruction
with complete parenchymal preservation (cases 2, 8 and
9; Figure 1) and one case of double-sleeve right upper
lobectomy with hemi-carinal resection and reconstruction
(case 3).

Four emergency cases received VV-ECMO either for
extensive traumatic tracheal/carinal injuries (n=2, cases 1
and 4), iatrogenic extensive tracheal laceration (n=1, case 5)
and for iatrogenic left main bronchus laceration during
endoscopic treatment of tracheal stenosis involving the
proximal left main bronchus (n=1, case 6). Impaired lung
function, which ruled out a one-lung ventilation strategy
due to a previous pulmonary resection, was the indication
for the use of VV-ECMO in two cases. In case 7, a resection
of the left main bronchus was performed in a patient who
had undergone an inferior bilobectomy 4 years earlier.
In case 10, a left pneumonectomy had been performed
4 years earlier due to an extensive post-traumatic abscess
in the left lung in a tetraparetic patient. He had developed
tracheal stenosis associated with tracheomalacia after the
tracheostomy, which was treated with multiple endoscopic
laser treatments and dilatation, resulting in double tracheal
stenosis.

Regarding the oncological pathology, we operated on
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Table 1 Demographic data, indications, setting (elective/emergency), type of procedure, approach of the whole cohort

Age .. Indication to ) Surgical )
Case Sex Patholo Comorbidit Location Surgical procedure
(years) 24 y ECMO approach 9 P
1 M 37 Carinal and both - Emergency Carina + main PLT, right  Carinal repair
main bronchi (impossible bronchi
laceration ventilation)
2 M 68 Carinal SCC - Complex Carina PLT, right  Carinal resection
reconstruction and reconstruction
(Eschapasse technique)
3 M 72 Right main - Complex Right main PLT, right  Right upper double
bronchus/carinal reconstruction  bronchus/carina sleeve lobectomy and
SCC carinal resection and
reconstruction
4 M 19 Tracheobronchial - Emergency Trachea/carina  Cervical Tracheal repair
post-traumatic (respiratory incision
laceration failure)
5 F 85 latrogenic tracheal Urgent tracheal Emergency Trachea Cervico-  Tracheal repair
laceration intubation for respiratory sternotomy
failure
6 F 31 latrogenic left main Tracheal stenosis Emergency Left main PLT, left Left main bronchus
bronchus laceration bronchus repair
7 M 71 Left main bronchus Previous inferior right  Previous lung  Left main PLT, left Left main bronchus
SCC lower bilobectomy extensive bronchus resection
resection
8 M 78 Carinal Previous tracheal Complex Carina PLT, right  Carinal resection
chondrosarcoma  resection and resection and and reconstruction
reconstruction reconstruction (Eschapasse technique)
9 M 54 Carinal IgG 4 - Complex Carina + both PLT, right  Carinal resection
disease reconstruction main bronchi and reconstruction
(Eschapasse technique)
10 M 55 Double site laryngo-Tetraparesis incomplete Previous left Trachea PLT, right  Tracheal resection an
tracheal stenosis  and previous left pneumonectomy anastomosis

post-tracheotomy pneumonectomy for
abscess

ECMO, extra-corporeal membrane oxygenation; M, male; PLT, postero-lateral thoracotomy; SCC, squamous cell carcinoma; F, female.

three patients for centrally located squamous cell carcinoma
(cases 2, 3 and 7) and one patient for local recurrence of
tracheal chondrosarcoma (case 8). One patient underwent
carinal resection and reconstruction for IgG4-related
disease (case 9).

Surgical procedures included: three carinal resections
and reconstructions with complete pulmonary preservation
according to the Eschapasse procedure (15) (Figure 2);
one right upper double-sleeve lobectomy and hemi-
carinal resection; one sleeve resection of the left main
bronchus after previous right lower bilobectomy; four

© Journal of Thoracic Disease. All rights reserved.

tracheal/carinal repair for extensive traumatic laceration;
n=1 extended tracheal resection for post-tracheostomy
stenosis in a patient who had previously undergone a left
pneumonectomy. In the cases performed by thoracotomy,
the tracheobronchial tree was mobilized by releasing the
hilium and pericardium (16).

The median intraoperative VV-ECMO time (7able 2)
was 162.5 (IQR, 351) min and the median operative time
was 178.5 (IQR, 235.5) min. In all three cases of complex
resection and reconstruction of the carina with complete
preservation of the parenchyma and in one case (case 10)
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Figure 1 Pre-operative chest-CT scan (A,B), 18-fluorodeoxyglucose-positron emission tomography (C) and lateral decubitus position (D)
after the insertion of VV-ECMO cannulae of the case 9. CT, computed tomography; VV-ECMO, veno-venous extra-corporeal membrane
oxygenation.

Figure 2 Some pictures of a carinal resection and reconstruction with complete parenchymal preservation (Eschapasse procedure, case 9):
(A) intraoperative left anastomosis; (B) anatomical specimen of the involved carina; (C) post-operative bronchoscopy showing the complete

patency of the anastomosis and (D) post-operative chest-CT scan focusing on the reconstructed carina. CT, computed tomography.
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Table 2 Site of cannulation, intra-operative and post-operative results
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. ) ECMO Operative Prolonged  ECMO flow N

Case Site of cannulation duration . ) Outcomes Complications
) time (min) ECMO rate
(min)

1 Femoro-Femoral (19-25 F) 96 118 No 3.96 L/min Discharge 7" post-op None
2 Femoro-Jugular (19-25 F) 167 175 No 4.2 L/min Discharge 10" post-op None
3 Femoro-Jugular (17-23 F) 105 182 No 3.85 L/min Discharge 8" post-op AF
4 Femoro-Femoral (19-25 F) 420 385 Yes (17.16 h)  4.65 L/min Discharge 12" post-op None
5 Femoro-Femoral (19-25 F) 95 118 Yes (102 h)  4.08 L/min Rehabilitation 45™ post-op Long recover
6 Femoro-Femoral (19-25 F) 575 345 Yes (250 h) 3.9 L/min Discharge 51 post-op Long recover
7 Femoro-Femoral (19-25 F) 108 120 No 4.51 L/min Discharge 7" post-op None
8 Jugular-Femoral (19-25 F) 178 198 Yes (3 h) 4.2 L/min Discharge 8" post-op None
9 Jugular-Femoral (19-25 F) 158 154 No 3.9 L/min Discharge 7" post-op None
10 Jugular-Femoral (19-25 F) 555 435 No 4.2 L/min Discharge 62™ post-op Tracheal dehiscence +

Montgomery tube

ECMO, extra-corporeal membrane oxygenation; post-op, post-operative; AF, atrial fibrillation.

of extended post-tracheostomy stenosis and previous left
pneumonectomy, high-flow VV-ECMO (approximately
4 L/min) achieved by Femoro-Jugular cannulation allowed
interruption of ventilation for almost 3 hours, avoiding
cross-field ventilation. Six patients were weaned from
VV-ECMO at the end of surgery and extubated in the
operating room. In the other four patients (cases 4, 5, 6 and
8), VV-ECMO was prolonged in the postoperative period to
ensure safe and early extubation and to guarantee adequate
gas exchange without mechanical ventilation, thus reducing
the risk of dehiscence of a recent anastomosis (Table 2).

There were no perioperative deaths or reimplantation
of VV-ECMO. There were no complications related
to the use of ECMO and there was no intraoperative
change in the planned type of ECMO. Postoperative
complications occurred in two patients: one case developed
atrial fibrillation that resolved with antiarrhythmic drugs,
while the patient with the double long tracheal stenosis
developed a small anastomotic dehiscence that healed
with an abnormal proliferation of scar tissue, resulting in a
tracheal stenosis that required placement of a Montgomery
T-tube. Two emergency patients (cases 5 and 6) had a long
stay in the intensive care unit (ICU) with a correspondingly
long functional recovery due to the initial trauma and were
discharged to rehabilitation facilities due to the initial
trauma. However, no airway complications occurred in
these patients.

© Journal of Thoracic Disease. All rights reserved.

The median hospital stay was 9 (IQR, 39.5) days and
there were no postoperative readmissions in the first 90
postoperative days.

At a median follow-up of 30 months, all 10 patients
were still alive with no evidence of neoplastic disease in
oncological patients. Patient number 10 had a recurrence of
the anastomotic stenosis and underwent several endoscopic
dilatations with insertion of a Mongomery T tube and
finally a permanent tracheostomy.

Discussion

Surgery of the main airways requires simultaneously optimal
surgical exposure and safe and adequate maintenance of
ventilation and oxygenation. The majority of main airway
surgeries can be successfully performed with standard cross-
field ventilation and periodic apneic phases, possibly in
combination with so-called “apneic oxygenation” (7,9,17)
or, more rarely, with the use of high-flow jet ventilation
(HEJV) (18,19). However, there are situations in which the
use ECLS support is almost mandatory to maintain a stable
respiratory condition, and it could be beneficial in complex
resections and reconstructions of the tracheal carina, where
a clean surgical field is very useful to perform a perfect
surgical technique with complete cardiorespiratory stability
of the patient.

In the latter situation, the use of ECMO is controversial.

7 Thorac Dis 2024;16(2):1279-1288 | https://dx.doi.org/10.21037/jtd-23-1416
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Some surgeons prefer to avoid its use as much as possible (4),
while others maintain a low threshold for the use of ECMO,
even in the case of right tracheal sleeve pneumonectomy (20),
a procedure that can be easily performed with cross-field
ventilation (9).

Our study has shown that VV-ECMO is a safe ventilation
strategy with no post-operative mortality, a low incidence
of overall complications and no ECMO-related adverse
events. In three cases of carinal resection and reconstruction
and one case of extended post-tracheostomy stenosis and
prior left pneumonectomy, high-flow VV-ECMO achieved
through a Femoro-Jugular cannula was highly effective,
allowing apnoea for a median of three hours, avoiding
cross-field ventilation and facilitating surgery with faster
and more precise suture placement, as well as stable
cardiorespiratory conditions.

In order to perform surgery without ventilation, a
relatively high ECMO flow of about 4 L/min must be
maintained. For this reason, we prefer double venous
cannulation and especially the femoral-jugular setting is
absolutely appropriate to avoid or minimize recirculation
between inflow and outflow. Another significant advantage
of ECMO, especially in this configuration, is the possibility
of prolonging its use in the postoperative period, allowing
the patient to be extubated immediately after the procedure
and avoiding mechanical ventilation and the associated
mechanical stress on the fresh suture line. In our experience,
prolonged ECMO after surgery was required in four cases
(cases 4, 5, 6 and 8).

These results are also possible thanks to a very active
collaboration between thoracic surgeons, anesthesiologists
and the institutional ECMO team, where all elective
cases of complex main airway surgery were discussed in a
multidisciplinary meeting.

Conventional CPB was the first tool used for
intraoperative cardiorespiratory support and remains
indispensable when the surgical procedure involves opening
the cardiac cavities or during surgery of the aortic arch or
the main trunk of the pulmonary artery (21-23). Apart from
these cases, ECMO has replaced CPB as extracorporeal
respiratory support during surgery due to its known
advantages, including the need for less anticoagulation with
a lower risk of intraoperative and postoperative bleeding
and a lower systemic inflammatory response due to its
greater biocompatibility.

The first application of intraoperative VV-ECMO in
two cases of complex trachea-bronchial resections and
reconstructions was described by Horita ez /. in 1996 (24).

© Journal of Thoracic Disease. All rights reserved.
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Subsequently, the Vienna group reported their more solid
experience with 10 complex trachea-bronchial resections
and reconstructions in patients with non-small cell lung
cancer (NSCLC) using VA-ECMO (4), achieving excellent
results with no postoperative mortality and an RO resection
of 89%. The multi-institutional French experience (10),
which included all cases of thoracic surgery under ECMO
except lung transplantation, reported a 30-day mortality
of 7%, a high weaning rate (92.8%) and low complications
and bleeding in the 28 patients operated under ECMO with
total respiratory support in an elective setting (group 1).

VA-ECMO is advisable in heart failure or in cases
where manipulation of the great vessels is expected, as in
some cases of left carinal resection through sternotomy.
For exclusively respiratory indications, such as carinal
resection or traumatic interruption of the main airways,
VV-ECMO should be preferred over VA-ECMO to avoid
the risk of arterial injury or acute ischemia of the limb (in
the case of peripheral cannulation); moreover, the potential
consequences of air or clot embolization from the circuit
are less severe. However, the literature describing complex
or extended airway resections using VV-ECMO is limited
to date due to the small number of cases (10,25,26).

In our recent institutional experience, the use of ECMO
was deemed necessary in the case of a previous contralateral
lung resection with impaired lung function, such that
conventional one-lung ventilation was insufficient to ensure
adequate gas exchange throughout the procedure.

In case 7, a previous right lower bilobectomy precluded
a conventional ventilation strategy, as adequate gas
exchange with ventilation of the remaining right upper
lobe would have been insufficient. In case 10, a previous
left pneumonectomy had resulted in a mediastinal shift,
which prompted us to address the long and distal tracheal
stenosis with a right thoracotomy. VV-ECMO was also
strongly recommended in the three cases with extensive and
distal airway injuries (cases 1, 4, 5), as it was difficult and
risky to pass the orotracheal tube beyond the defect site.
Indeed, in patients with extensive traumatic injury to the
main airways, it might be impossible or unsafe to attempt
to bridge the defect, leading to loss of airway and thus
dangerous complications such as pneumomediastinum and
tension pneumothorax. Furthermore, in the case of a distal
tracheal injury, bridging would generally lead to unilateral
intubation, which is often poorly tolerated by patients.
From a technical point of view, suturing the posterior wall
of the trachea without tubes and without the pressure of
apnea ensures better surgical outcomes and clinical results
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(15,20,23,26).

Finally, we used VV-ECMO support in four complex
resections and reconstructions of the tracheal carina (cases
2, 3, 8 and 9) (15) that could have been performed with
conventional cross-field or jet ventilation, but at the cost
of greater technical difficulty in performing the procedure,
especially in the second anastomosis and with longer
operating time and repeated insertion of tubes into the
airway. We believe that the use of ECMO has undeniable
advantages in terms of optimal surgical exposure with a
clean and tube-free surgical field, allowing complex major
airway surgery to be performed accurately and safely in a
setting of sufficient gas exchange throughout the entire
procedure and also allowing protective ventilation of
patients with chronically diseased lungs. We have not
observed any cases of acute respiratory distress syndrome
(ARDS), which is often the result of aggressive ventilation
techniques that are necessarily used in cases where single
lung ventilation cannot provide adequate gas exchange. We
have also reported only one case of an airway anastomosis
complication, a small dehiscence due to a large portion of
the trachea resected with a subsequent tension anastomosis
that healed with abnormal scar tissue and resulted in
tracheal stenosis.

Regarding problems potentially related to the use of
ECMO, we did not observe any complications related to the
cannulae placement, including bleeding, wound infection
at the cannulation site, and deep venous thrombosis or
peripheral ischaemia. No cases required conversion from
VV to VA ECMO or CPB and there was no hypoxic
or embolic cerebral damages or deep vein thrombosis.
Even surgical bleeding was not a problem thanks to the
low anticoagulation (3,000-5,000 units of heparin) that
ECMO requires thanks to its heparin-coated system. In
fact, no patient required surgical revision for intra- or post-
operative bleeding.

Our study has several limitations. First, this is a
retrospective report from a single institution on a
prospectively collected cohort of patients, which is
undoubtedly small, precluding any statistical analysis,
inference and comparison. The size of the cohort is
directly related to the rarity of the diseases treated and
also to the infrequent use of the ventilation strategy with
ECMO. Second, our study population could be considered
heterogeneous in terms of pathology, as we included airway
trauma, tumours, fibroinflammatory diseases and stenosis.

© Journal of Thoracic Disease. All rights reserved.
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Conclusions

Despite all these limitations, our experience leads us to
conclude that the use of intraoperative VV-ECMO in
patients requiring complex resections and reconstructions,
and in cases that cannot be managed with conventional
ventilation techniques, allows for safe and precise
performance of main airway surgery with minimal
postoperative morbidity.

We believe that VV-ECMO should be part of the
surgical armamentarium of teams that frequently deal with
complex resections and reconstructions of the main airway.
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