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Introduction

The National Audit Project (NAP4) of the royal college of 
anaesthetists has evaluated major complications of airway 
management in the UK in anesthesia and intensive care and 
emergency medicine (1,2). 

This evaluation found a low rate of severe complication 
as brain damage or death for anesthetic airway management 
in general, but a high percentage of complications in 
surgery for acute or chronic diseases in head, neck, or 
trachea. Reviewers considered many of these cases to be 
poorly managed and planned (1,2). The reviewers found 
significant deficits in patient assessment, anesthetic plan, 
and team communication.

The anesthetic management of an altered airway 
can be challenging in itself. This challenge can be 
potentiated, when this airway has to be operated upon. 
Therefore, tracheobronchial surgery requires meticulous 
interdisciplinary planning. Often the surgical technique 
requires an intraoperative change of the devices and 
sometimes the type of mechanical ventilation from 
conventional mechanical ventilation to jet ventilation and 
vice versa.

In addition, there are also requirements for the choice 
of general anesthesia and postoperative care. In this context 
comorbidities and apnea tolerance of each patient has to be 
taken into account. 
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Overall, with all the risks involved and the requirements 
of each patient with the need for tracheobronchial surgery, 
needs individual planning following an interdisciplinary 
discussion of the potential options and risks. 

Preoperative planning

Several reasons can lead to tracheal or bronchial stenosis. 
The most common reasons are airway narrowing following 
trauma (post-tracheostomy), tumor related, or following 
infection (3).

The first step for the planning of airway surgery is 
the exact description of the stenosis. Assessment of the 
smallest airway diameter, the extend of the narrowed airway 
distance, and the location along the trachea or bronchi. The 
clinical relevance can be expressed by subjective symptoms 
of the patients with the limitation of physical activities and 
the ability to speak. Often patients have to sleep in a semi-
sitting position without the ability to lay flat. Objective 
diagnostics describe the anatomical stenosis with the help 
of MRI, CT, or ultrasound. However, all these techniques 
can’t determine the functional disabilities, which can 
be measured with lung function measurements and the 
presence of in- and expiratory stridor. The flow-volume 
loops of the lung function measurements can help to assess 
how intra- or extrathoracic parts of the stenosis contribute 
to the airway pathology. An arterial blood gas analysis at 
rest helps to decide how the patient can compensate for the 
stenosis. Anatomically, the trachea consist of an intra- and 
an extrathoracic part. Stenosis of the intrathoracic trachea 
or main bronchi present with a more expiratory than 
inspiratory stridor, while narrowing of the extrathoracic 
airway leads to inspiratory stridor (3,4).

As described for the mediastinal mass syndrome 
intrathoracic stenosis caused by airway compression by 
tumor or lymphatic tissue can be aggravated with the loss 
of sub atmospheric pressure when patients receive muscle 
relaxation with the induction of anesthesia (5). 

An endoscopic evaluation under spontaneous breathing 
can help to assess the functional limitations and to evaluate 
the options for an anesthetic management of the airway. 
However, endoscopy of the airway is often not well 
tolerated and trauma with potential swelling and bleeding 
has to be carefully avoided (4).

Intraoperative ventilation

Based on the smallest diameter and distance of the stenosis, 

a plan for intraoperative ventilation has to be discussed 
between anesthesiologist and surgeon. Depending on 
the surgical access, ventilation has to be planned in 
multiple steps. For example for surgery of an intrathoracic 
tracheal stenosis, ventilation can start in the beginning 
with conventional ventilation via laryngeal mask or 
placement of an endotracheal tube above the stenosis. 
Subsequently, resection of the stenosis might require cross-
field ventilation, i.e., insertion of a tube into the right or 
left bronchus by the surgeon. The cross-field ventilation 
can be accomplished with jet ventilation or insertion of a 
cuffed tube into one of the main bronchi. Towards the end 
of successful surgery, a tube has to be passed through the 
anatomical airway to take over the ventilation. Finally, an 
early endotracheal extubation of the trachea is desirable to 
minimize irritation and the effect of inspiratory pressure on 
the anastomosis (3,4,6). 

In general there are several potential techniques for 
ventilation. Small conventional tubes can be used for 
the initial phase of the operation in soft lesions, like 
tracheomalacia or mild to moderate stenosis, which provide 
a diameter large enough for an endotracheal tube. In some 
patients a laryngeal mask might be used for the first part of 
the operation, which offers the least trauma to the stenotic 
airway, but has significant limitations for the maximal 
pressure that can be applied.

Jet ventilation can be an alternative, but requires a free 
back flow to avoid high pressure beyond the stenosis and the 
risk of pneumothoraces. Most of the jet ventilators available 
have a pressure control integrated to stop ventilation in case 
predefined pressure limits have been reached. In these cases 
an alternative has to be established (3,4,6).

In case the stenotic part of the trachea has to be resected, 
the ventilation device has to be removed temporarily. This 
can be achieved by keeping the device above the lesion (Jet 
catheter, LMA) or by switching to a cross-field ventilation 
below the stenosis, or by moving a small tube back and 
forth and relying on short periods of apnea (3). In case of 
resection within the proximal part of the trachea ventilation 
can be started with a laryngeal mask, continued with a small 
catheter for jet ventilation beyond the stenosis and switched 
back to ventilation via a laryngeal mask after completion of 
the anastomosis.   

 In a totally difficult approach, several case of tracheal 
surgery under spontaneous breathing and regional 
anesthesia (mostly thoracic epidural anesthesia) have 
been described (7). These cases require a patient, who 
can tolerated the positioning and surgical procedure 
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under mild sedation (for example with remifentanil and 
dexmedetomidine). Dexmedetomidine does not impair 
the respiratory drive in clinically relevant doses and has 
bronchodilatory qualities (7-9). However, there are only few 
cases reported so far and the technique is far from clinical 
routine (7). Alternatively, tubeless surgery can be performed 
under extracorporeal membrane oxygenation.  

In case of laser surgery, laser-resistant endotracheal 
tubes have to be employed and limitation of the inspired 
oxygen concentration (less than 40% inspired oxygen 
concentration) has to be respected to avoid fire hazards. 
The surgical team has to take precautions with protective 
eyeglasses (6).

Future perspective

As a future perspective, Enk and coworkers introduced a 
new ventilation technique called flow-controlled ventilation 
(FCV, Figure 1). FCV is a new mechanical ventilation 
mode that maintains constant flow during inspiration and 
expiration with standard tidal volumes via a cuffed narrow-
bore endotracheal tube. The tube has an inner diameter 
of 2.4 mm and an outer diameter of 4.0 mm (Figure 2). 
One main aspect of this technique is an active expiratory 
control via the Venturi principle and the measurement of 
the airway pressure at the tip of the tube, distal of the cuff. 
Following the same rational, Enk et al. also invented a hand 
held emergency device (Ventrain, Figure 3), which enables 
ventilation in narrow airways through small catheters or 
even a working channel of a bronchoscope (10,11).

Anesthesia

Besides the fact that standard jet ventilators are not 
suitable for the use of anesthesia gases, intermittent open 
airways make a continuous administration of anesthesia 
gases unreliable and lead to gas pollution in the operating 
room. Therefore, total intravenous anesthesia is the 
adequate choice for introduction and maintenance of 
general anesthesia. With respect to an early removal of the 
endotracheal tube remifentanil can be recommended as an 
opioid with a short half-life. But other opioids have been 
used successfully as well. Rocuronium and comparable 
steroid muscle relaxant drugs can be recommended to 
antagonize muscle relaxation with sugammadex (3,4,6). The 
use of antisialogogues to reduce secretion is not generally 
recommended because secretions can be thickened 
and cause mucus plugging and even aggravate airway 
obstruction (12).

Since airway surgery requires deep anesthesia and 
profound muscle relaxation, EEG-monitoring (for example 
bispectral index monitoring) and relaxation monitoring 
(train-of-four monitoring) can highly be recommended 
(3,4,6). 

As the intubation and ventilation should be discussed 
between surgeon and anesthesiologist an extubation strategy 
should be discussed as well. Mostly an early extubation at 
the end of surgery is desirable. If a possible reintubation 
might be complicated by limited neck motion, an extubation 
via a tube exchanger tolerated with the help of local 
anesthesia can be advisable. In rare instances a prolonged 
mechanical ventilation or a chin fixation to the chest might 

Figure 1 Flow controlled flow ventilation with the “Evone” 
ventilator. One main peculiarity of this technique is an active 
expiration according to the Venturi principle, controlled by 
pressure measurements distal of the cuff of the tube. This 
technique allows ventilation through a small catheter and leads to 
triangular in- and expiratory flow (lower curve on the monitor) 
(Ventinova Medical, Eindhoven, The Netherlands).

Figure 2 The Tritube is an endotracheal tube developed for flow 
controlled ventilation with one line for the cuff, a second line (red) 
for ventilation and a third line (black) for pressure measurements 
distal of the cuff. The tube has an inner diameter of 2.4 mm and 
an outer diameter of 4.4 mm (Ventinova Medical, Eindhoven, The 
Netherlands).
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be required to secure the surgical result. 
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Figure 3 Ventrain is a hand-held emergency device for ventilation through small tubes, like the Tritube or in extreme situations through 
the work channel of a bronchoscope. The technique is based on the Venturi principle and allows an active expiration. The upper part of the 
figure shows the closed device with a simple description how to use the Ventrain. The lower part shows the inside of the device and the flow 
direction. Leaving opening 3 and 5 open results in no flow from or to the patient (A), closing opening 3 leads to flow direction to the patient 
(B), while closure of the opening 5 results in expiration (C). 
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