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This report presents a case of endotracheal metastasis in which elective veno-venous extracorporeal membrane
oxygenation (VV ECMO) was used to undergo tracheal laser-surgery prior to establishment of a definitive airway.

Specifically, we describe the respiratory and airway management in an adult patient from the preclinical phase
throughout elective preoperative ECMO implantation to postoperative ECMO weaning and decannulation in the

This case report lends further supports to the idea that the extracorporeal membrane oxygenation could be
electively used to provide safe environment for surgery in situations where the standard maneuvers of sustaining
adequate gas exchange are anticipated to fail.

1. Introduction

Tracheal obstructions represent a common cause of a difficult
airway. Symptoms vary depending on the extent of the airway blockade
(partial, near complete or complete obstruction). Such a situation could
appear either as an acute or urgent problem or as an elective situation
with a known or an anticipated anatomical difficulty [1]. In a clinical
situation surgeons and anesthesiologists typically work closely together
in achieving a definitive airway [2]. On the other hand, the loss of
respiratory muscle tone and the following collapse of airway tissues is a
regular effect during induction of general anesthesia [3]. This effect is
commonly being overcome by applying a positive pressure bag valve
mask ventilation and positive end-expiratory pressure (PEEP) during
mechanical ventilation. However, the induction of anesthesia could
result in complete airway blockage in patients with near complete
tracheal obstruction and the application of the aforementioned tech-
niques may not be successful. Clear airway algorithms and effective
communication in the operating room are essential for adequate man-
agement of such patients.

The anesthesiology guidelines for the critical management of unan-
ticipated airway difficulty are being regularly updated and provide
straightforward and clearly described algorithms [4-7]. Nonetheless,
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the conventional strategies in the elective management of an anticipated
difficult tracheal intubation primarily recommend techniques for
insuring ventilation when maintaining spontaneous breathing (for re-
view see, e.g. Ref. [8,9]). These techniques commonly include awake
tracheal intubation or awake tracheostomy [10-13]. Similarly, the air-
way-management techniques typically used by the otolaryngologist—
head and neck surgeon include direct or rigid endoscopic laryngoscopy
with intubation using an Eschmann stylet, “awake” fiberoptic naso-
tracheal intubation, awake tracheotomy, and emergency cricothyr-
otomy [1]. Indeed, lesions above the level of the larynx could be
managed with awake fiberoptic intubation, tracheotomy or jet ventila-
tion with a tracheal catheter [14]. However, even if a tracheal intuba-
tion or tracheostomy are successfully performed, ventilation may be
impossible in patients with near complete tracheal obstruction below
the larynx [15]. A different airway—management approach is required in
such a situation in order for the surgery to be safely performed. The
Extracorporeal Life Support (ECLS) techniques could provide this
different approach.

ECLS techniques are “a set of therapies that focus on oxygenation,
carbon dioxide removal, cardiac support, or a combination thereof. Extra-
corporeal membrane oxygenation (ECMO) is one ECLS entity used for tem-
porary support of patients with respiratory and/or cardiac failure” [16]. The
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ECMO comprises a pump driven circuit drawing venous blood from the
body. The blood flows temporary through an artificial lung and restores
the oxygenated and decarboxylated blood to the patient. There are two
common modes of ECMO; veno-arterial (VA ECMO) and veno-venous
(VV ECMO) [16,17]. In VV ECMO the oxygenated blood is returned to
the venous system and thus it aims to supplement respiratory failure,
whereas in VA ECMO the oxygenated blood is returned to the arterial
system and therefore provides both circulatory and respiratory support
[18]. Efficiency of oxygenation and decarboxylation are determined by
the blood flow and the sweep gas flow through the oxygenator mem-
brane [19]. Today the VV ECMO is an established therapeutic option
that serves as a rescue therapy in ARDS patients who do not respond to
conventional therapy [20-22]. Presently, an ECMO is being used in
other domains outside the ICU, such as in the advanced general thoracic
surgery [15], in order to facilitate the performance of otherwise
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impossible airway surgical procedures in both adults and pediatric pa-
tients [23-25].

This report presents a case of severe tracheal occlusion by a metas-
tasis from advanced colon cancer in which an elective veno-venous
extracorporeal membrane oxygenation (VV ECMO) was successfully
used to provide a safe environment for surgery. Specifically, we describe
the airway management of the patient from the preclinical situation
through the preoperative elective ECMO implantation and the induction
of anesthesia in the Operation Room to the postoperative ECMO
explantation in the ICU.

2. Case presentation

A 61-year-old female presents to emergency medical service via
emergency call for an acute episode of shortness of breath. Upon arrival

Fig. 1. CT-Scans of the thorax: A. Axial view and B. Sagittal view showing less than 5 mm residual tracheal lumen (1.) due to an endotracheal metastasis (2.) on the
level of aortic arch (3.). 4. and 5. denote the vertebra and the sternum, respectively. 6. and 7. show the tracheal lumen above the obstruction and the lungs pa-

renchyma, respectively.
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the patient was found to have dyspnea. The upper airway was unob-
structed, the patient was alert (Glasgow Coma Scale score of 15). She
stated to have had episodes of breathing difficulty and cough over the
past two weeks and reported to have chronic obstructive lung disease
(COPD) and colorectal cancer with lung metastasis. In the initial phys-
ical examination coarse crackles were heard by auscultation. Her oxygen
saturation (SpO3) on room air was 89%. The pulse was regular, the skin
color and capillary refill were normal. Sinus tachycardia was recognized
on ECG with a heart rate (HR) of 130 bpm. The blood pressure (BP) on
arrival obtained an initial reading of 210/110 mmHg. The immediate
management of the patient consisted of titrated oxygen supplementation
and inhalation of 1mg of Epinephrin via a non-rebreather mask (NRB).
The patient’s breathing pattern improved immediately. SpO increased
to 95%, HR dropped to 90bpm. The BP was lowered to 170/100 mmHg
by administration of 10 mg Urapidil.

The patient was then transported to the emergency department (ED)
for follow-up evaluation of increasing stridor over the past two weeks
turning into dyspnea for several hours. Her arterial blood gas read on
admission was partial pressure of oxygen of 130 mmHg and partial
pressure of carbon dioxide 48 mmHg, pH 7.35. The patient’s past
medical history also revealed a complex history of colorectal cancer
involving neoadjuvant radio—chemotherapy and subsequent lower
anterior resection of the rectum in 2017. Nevertheless, she had a good
quality of life over the last year.

The immediately performed computed tomographic (CT) view of the
chest revealed a severe occlusion of the tracheal lumen at the level of the
aortic arch with a high density and homogeneous content (see Fig. 1).
After she received a single dose of 50mg Prednisolone and an oral
application of 10mg Paracodeine, she showed a sufficient spontaneous
breathing and no need for assisted ventilation. The patient was therefore
directly referred to stepdown unit for further bronchoscopic evaluation.
Nevertheless, she presented another episode of dyspnea and the bron-
choscopy was deferred. The patient was admitted to the ICU where her
breathing could further be improved after another course of inhaled
antiobstructive medication.

A multidisciplinary team consulting, including intensivists, pulmo-
nologist, the anesthesia team and ENT surgeon was conducted at the
bedside in the ICU with particular attention on the airway management.
All front-of-neck airway techniques were excluded as reasonable possi-
bilities due to the location of the obstruction. Supraglottic airway tools
or tracheal intubation were also excluded because of the profound
placement of the tumor i.e., at the level of aortic arch. Moreover, the
small residual tracheal lumen and the possibility of bleeding complica-
tions could predispose the patient to difficult bag mask ventilation.
Therefore, the in-house ECMO-Team was contacted in order to
contemplate the option of preoperatively instituting of VV ECMO in
awake state in the ICU in order to secure the airway in controlled con-
dition. After thorough discussion, an individualized management strat-
egy consisting of institution of a VV ECMO circuit under local anesthesia
with the patient awake in the ICU was developed. This strategy also
included the use of high ECMO blood flow, in order to prevent the need
for continued anticoagulation therapy for surgery and thus reduce the
chance of endotracheal bleeding complications. Once the ECMO circuit
runs the patient would be brought to the OR and anesthesia would be
induced. In order to avoid bleeding, the ENT surgeon would perform
COq-laser assisted debulking of the mass, reexpand the airway and
obtain samples for pathologic assessment. After surgery, the patient
would be further managed in the ICU.

For the ECMO cannulation, the patient was lightly sedated with 5 mg
Midazolam i.v. and 3 mg Oxycodon i.v. The oxygen saturation was 100%
under 6 1/min via NRB. The right groin and the right side of the neck
were prepared and infiltrated with 0,25%-Bupivacainhydrochloride.
After sonographic identification of the right femoral and the right in-
ternal jugular vein, a multibore-venous drainage cannula (23F diam-
eter, 38 cm length) and a single port-reinfusion cannula (21F, 23 cm
length) were uneventfully placed in the vessels by a Seldinger technique.
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The circuit was established under continuous wetting with a balanced
crystalloid fluid with 10IE/ml of unfractionated Heparin. Once, the
circuit was started, an ECMO blood flow of 4.51/min was established (by
patient’s bodyweight of 152 Ibs (69kg)), in order to avoid the need for
systemic anticoagulation. The ECMO gas flow was adjusted to normal
pH values. The patient was awake and responsive and showed a normal
respiratory pattern throughout the entire procedure.

Once the ECMO flows were established the awake patient was
brought to the OR. She was placed in supine position on the operation
table. A Remifentanil-Propofol-Rocuronium sequence was then used for
induction and maintaining of anesthesia. The glottis and the cranial
trachea were easily visualized using a Kleinsasser operating laryngo-
scope through which placement of an endotracheal MLT-tube (size 5.0)
was uneventfully performed by the ENT surgeon (above the occlusion).
The tube was removed for the surgery, the tumor was subtotally resected
using a COy-laser under microscopic sight and a Dumon tracheal stent
(14 mm) was placed. SpO, remained 100% during the several minutes of
apnea while performing the surgery.

After completion of the surgery the patient was taken to the intensive
care unit still sedated and intubated. The postoperative management
strategy of the ICU team consisted of establishment of spontaneous
breathing and early extubation prior to the ECMO weaning. Early after
discontinuation of sedation the patient developed spontaneous breath-
ing and could be put on an assisted breathing mode and then unevent-
fully extubated. With the patient still fully awake and spontaneously
breathing without dyspnea or wheezing, and no surgical complications,
the ECMO blood flow was reduced to 1 L/min and the gas flow was
turned off. Subsequently, her breathing pattern and blood gases
remained stable and thus the ECMO was successfully removed after 19
hours total runtime. After removal of the ECMO the patient was kept in
the ICU for one more day to account for complications but fortunately
the further course was uneventful.

On the next day the patient was transferred in a general good con-
dition to a regular internal medicine ward for a COPD-therapy adjust-
ment and further evaluation of her tumor disease. The histopathologic
examination of the resection specimens revealed a moderately differ-
entiated adenocarcinoma (G2), histomorphologically reconcilable with
the earlier tissue-pathological outcome from the colorectal tumor. A
check bronchoscopy 4 months after the surgery revealed no post-
operative or postintubation tracheal stenosis.

3. Discussion and conclusions

This case report presents the airway management in a case of a se-
vere tracheal occlusion from the preclinical setting trough the OR to the
ICU. The report emphasizes on the use of the perioperative ECMO sup-
port for providing a safe environment for surgery in a patient at high risk
of complete airway obstruction. The approach used in this patient was
based on the broad clinical practice with extracorporeal life support
devices from our institution (e.g., see Refs. [26-32]). A variety of
Extracorporeal Life Support Techniques and other forms of Cardiopul-
monary Bypass have already been used for perioperative support in
adult patients with different airway obstructions. For instance, this
systemic review on the use of extracorporeal life support in anticipated
difficult airway identified 45 cases published between 1976 and 2017
[33]. All 45 patients from the analyzed clinical cases were reported to
survive to hospital discharge without significant complications [33].
However, very few studies reported the elective use of both forms of
ECMO (VV and VA) in patients with anticipated difficult airway [24,
33-46]. Indeed, a very recent study reported the perioperative use of VV
ECMO in a case of severe extrinsic airway obstruction of the trachea
[38]. However, unlike in our case the nature of the obstruction allowed
the ECMO initiation under general anesthesia and the removal of the
mass via median sternotomy. The VV ECMO is instituted using femoral
or jugular venous cannulation that could also be applied with local
anesthesia, whereas the standard cardiopulmonary bypass usually
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requires transthoracic cannulation under general anesthesia. The car-
diopulmonary bypass takes not only over the function of the lungs but
also over the heart. The extracorporeal membrane oxygenation, and
especially the veno-venous form, is therefore the easily accessible and
applicable technique that could be performed outside of the operation
room and from non-surgeons as well. Thereby, the VV ECMO was the
technique of choice for the presented patient.

One could argue, that the surgery presented in this report would
theoretically allow the use of jet ventilation with a rapid flow of com-
pressed gas delivered at a supraphysiologic frequency to maintain suf-
ficient oxygenation, while carbon dioxide removal being maintained
through passive expiration [47]. Jet ventilation catheters are thinner
than the standard endotracheal tubes and could maintain a sufficient gas
exchange by providing small tidal volumes delivered with a high fre-
quency. This approach was however denied in the presented case
considering the following aspects: high-frequency jet ventilation could
generate a rapid increase of the airway pressure because of a gas trap-
ping due to an inadequate expiratory passageway, which could cause
barotrauma or block the surgical area in both upper and lower tracheal
obstructions [48]. Moreover, it has been suggested that the
high-frequency jet ventilation could cause a barotrauma independently,
whether applied above or below the tracheal stenosis when the small
residual tracheal lumen is minor [48]. Therefore, the jet ventilation
should be applied with intubation and control of driving pressure and
end-expiratory-tracheal pressure. Finally, the chance of intratracheal
bleeding during surgery excluded the possibility to use an open airway
system such as jet ventilation as an option to insure sufficient gas
exchange.

Another important aspect in the management of the presented case is
that the patient was kept intubated and ventilated until transferred to
the ICU. Although the tracheal extubation does not receive the same
attention as the intubation in the airway management guidelines, it also
represents a high-risk phase of anesthesia [49] that can be challenging
even when performed in the controlled setting of an intensive care unit
[50]. The most common incidence of hypoxic brain damage and peri-
anesthetic death take place during tracheal intubation and extubation
[7,49]. In line with this notion, the guidelines on airway management of
the German Society of Anesthesiology and Intensive Care Medicine
stated, that “the extubation can be as equally critical as the intubation,
especially after difficult airway management” [9]. Moreover, the Difficult
Airway Society of Britain and Ireland developed guidelines for tracheal
extubation and post-extubation care emphasizing the importance of
planning and preparation [49]. The authors distinguish between "low-
risk" and "atrisk" extubations; pre-existing airway difficulties, perioper-
ative airway deterioration and restricted airway access are proposed as
factors defining "at-risk" extubation [49]. So far, the airway guidelines
don’t consider the perioperative ECMO support as a technique to pro-
vide sufficient tissue oxygenation and there are no recommendations on
how to proceed to extubation during or after ECMO-therapy. The case of
the patient presented here was determined as "at-risk" of extubation and
hence the strategy of the ICU team was first to enable spontaneous
breathing and complete weaning from mechanical ventilation and then
to proceed to ECMO-weaning with the patient fully awake and extu-
bated. Thereby, a safe extubation could be achieved in a controlled
situation with the ECMO continuing in the ICU, and thus eliminating the
risk to solve airway complication compounded by time pressure.

Nevertheless, the benefits of protective perioperative ECMO in non-
ARDS patients have to be weighed against the risk of ECMO. Concerning
the complications associated with the use of veno-venous extracorporeal
membrane oxygenation, a recent systematic review and meta-analysis
assessed the hospital mortality and complication rates associated with
VV ECMO from the latest literature [51]. Twelve studies representing a
population of 1042 patients with refractory ARDS and VV ECMO were
included into analysis. The outcomes of the analyzed studies were highly
dependent on the age of the patient, the year of study realization, and
the days of mechanical ventilation. Accordingly, the authors reported
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that complications are commonly present in VV ECMO in ARDS patients
during the treatment course, however with a limited impact on the
overall patient outcome accounting for 7% of fatal cases [51]. Despite of
the fact that bleeding complications are frequent, its attributable mor-
tality in veno-venous ECMO is minimal. Overall the authors stated, that
the ECMO-complications’ impact on mortality is limited [51]. Given
that, a significantly lower risk of mortality associated complications
should be expected in case of elective perioperative VV ECMO support in
patients with no respiratory failure, no systemic anticoagulation and less
than 48 hours expected time of mechanical ventilation.

Surgical resections of tracheal tumors cannot be performed safely
without providing adequate ventilation to the patient. However, venti-
lation may be impossible in patients with lower, more distal tracheal
occlusions. Most of the national guidelines for management of antici-
pated airway difficulties recommend methods that maintain sponta-
neous respiration while attempting to secure a definitive airway. The
elective use of extracorporeal membrane oxygenation in patients with
severe tracheal obstruction below the level of the larynx has not been
recommended so far. In such patients ECMO could ensure an adequate
gas exchange facilitating the two most critical phases of anesthesia; the
tracheal intubation and extubation. On the other hand, it minimizes the
influence of the endotracheal tube and therefore it comforts the surgeon
enabling an optimal surgical exposure [52]. In the postoperative phase,
the ECMO provides the opportunity for ultra-protective mechanical
ventilation and early extubation [22] which could facilitate wound
healing and reduce the risk of developing a tracheal stenosis due to
growing scar tissue in the trachea induced by prolonged intubation or
tracheostomy [53-55].

In conclusion, this case report lends further support to the notion,
that the extracorporeal membrane oxygenation should be incorporated
in the airway guidelines at least as a complementary approach, that
could provide a safe environment for surgery in situations in which the
standard maneuvers of sustaining adequate gas exchange are antici-
pated to fail.
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