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Airway management and anesthesia for laryngeal surgery poses many challenges. A preoperative
endoscopic airway examination and discussion with the otolaryngologist helps in planning the anes-
thetic management. Although, securing the airway using specialized endotracheal tubes is possible in
the majority of cases, the surgeon may occasionally request a “tubeless” field. This can be achieved

by ventilating the lungs using jet ventilation or high flow nasal oxygen (HFNO) while providing to-
tal intravenous anesthesia. Therefore, in addition to the “difficult airway” cart, equipment to provide
HFNO and a high-pressure source of oxygen to provide jet ventilation should also be available.

© 2019 Elsevier Inc. All rights reserved.

Introduction

The main anesthetic challenges presented by laryngeal
surgery are managing a potentially difficult airway, shar-
ing the airway with the otolaryngologist while providing an
optimal surgical access, obtunding the autonomic response
of a stimulating procedure and facilitating a smooth emer-
gence from anesthesia.'*?

The common benign laryngeal pathologies that present
for surgical intervention are tumors (papillomas, cysts),
stenosis, infections/inflammatory conditions (epiglottitis,
angioedema), injuries or functional obstructions (vocal
cord palsy, obstructive sleep apnea). These patients usu-
ally present with varying degree of hoarseness, stridor or
upper airway obstruction. The common surgical procedure
involves direct laryngoscopy for diagnostic assessment fol-
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lowed by instrumentation to excise the lesion and cauteri-
zation of the tissue with either the electro-diathermy or by
“light amplification by stimulated emission of radiation”
(LASER).

Preoperative evaluation

Airway management in patients having laryngeal or
pharyngeal surgery can be challenging due to the orig-
inal pathology or as a result of previous surgery or
radiotherapy.” The analysis of the Danish anesthesia
database showed that emergency surgical airway was per-
formed more frequently in patients undergoing otorhino-
laryngology surgeries (1.6:1000) compared to other surg-
eries (0.06:1000).*

Therefore, a closer preoperative airway evaluation of
a patient planned for laryngeal surgery, should facilitate
better intraoperative airway management.® The presence of
hoarseness and/or stridor is a harbinger of difficult airway
and needs urgent evaluation. Inspiratory stridor indicates
a supraglottic obstruction while an expiratory stridor
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suggests a subglottic impediment. Tracheal stenosis could
cause upper airway obstruction during both inspiration
and expiration. Perusing the findings from radiological
studies, such as computerized tomography of the neck, if
available, can prove valuable. The findings of the flexible
nasal endoscopy performed by the otolaryngologist can
also offer important information about the airway anatomy.
Alternatively, the anesthesiologist can do a preoperative
endoscopic airway examination (PEAE), using a flexible
bronchoscope following topical anesthesia of the nasal
passage.”® Rosenblatt et al found that PEAE affected the
planned airway management in 26% of patients scheduled
for elective airway procedures.’

Securing the airway with an endotracheal tube (ETT)
appears the safest option for these patients. However, in
a challenging airway, the dilemma is if it should be done
while the patient is awake and breathing spontaneously.
The algorithm by the American Society of Anesthesiolo-
gists Task Force on Management of the Difficult Airway
suggests that if there is anticipated difficulty in ventilating
with a face mask or a supraglottic ventilatory device, or
in performing a laryngoscopy and intubation, then securing
the airway while the patient is awake may be prudent, pro-
vided the patient is cooperative. Other factors to consider
before making this decision are the risk for aspiration, the
patient’s ability to tolerate apnea and if a front of neck
access is available in case of a crisis.°

Preparation and equipment

While anesthetizing a patient for laryngeal surgery, it
is wise to have the “difficult airway” cart available in the
operating room since the airway may be compromised dur-
ing, or at the end of the procedure, even if it was not so
preoperatively. Equipment to provide high-flow nasal oxy-
gen (HFNO) and a high-pressure source of oxygen (HPSO)
for a jet ventilation system should also be available.

In patients with severely compromised airway, an awake
tracheotomy under local anesthesia used to be the gold
standard, but currently an awake intubation using a flex-
ible bronchoscope is widely practiced. However, this re-
quires a skilled anesthesiologist and a cooperative patient
and moreover, the passage of the bronchoscope through the
narrow airway causes a “cork in the bottle” effect which
could be very distressing to the patient. The use of angu-
lated video-laryngoscope for intubation in an awake patient
after topical anesthesia of the oropharynx is an attractive
option. The familiarity with these devices, the wide-angled
view achieved by minimal force during laryngoscopy, and
the fact that the passage of the ETT provides immediate
relief to the patient are the main advantages.’

General anesthesia with an ETT is used for most laryn-
geal surgeries. There are specialized ETTs available that
provide better exposure of the surgical field (Figure 1).
A micro-laryngeal tube has a small internal diameter (4-6
mm) with a standard length as an adult tube (30 cm). The
flexo-metallic or the wire reinforced tubes resist kinking

Figure 1  Endo-tracheal tubes used for laryngeal surgery. From
top to bottom: Nasal Ring-Adair-Elwyn (RAE); Oral RAE;
micro-laryngeal tube (MLT); flexo-metallic; laser flex. The laser
flex tube has 2 cuffs.

when it is retracted by the surgeon. The oral and nasal
Ring-Adair-Elwyn tubes are preshaped tubes designed to
enable better exposure of the posterior and anterior section
of the vocal cords, respectively.

LASER can ignite the polyvinyl chloride ETT and in
an oxygen-rich environment could result in airway fires.
Therefore, it is advocated to use LASER - resistant ETTs,
such as those made of rubber or silicon wrapped with ei-
ther aluminum or copper foil. Alternatively, stainless-steel
spiral “Laser flex” tube can be used. The laser flex tube
has 2 cuffs with the distal one as back up if the first one
was to be damaged by the LASER. It is recommended
that the cuffs should be inflated with saline to provide a
“heat sink,” and also to add methylene blue to the saline
as the blue color in the field would alert the surgeon that
the cuff is compromised. A damaged cuff would permit
the oxygen-rich anesthetic gases to leak back and fuel an
airway fire. Whenever, cauterization of airway using elec-
trical diathermy or LASER is planned, it is prudent to
reduce the FiO, to below 0.3.'°

Even the narrow ETT used to secure the airway may
obstruct the view of an already compromised larynx,
therefore the surgeon may request a “tubeless” field.
This can be achieved by intermittently removing the ETT
during the surgical intervention while the patient is apneic
and reinserting when the oxygen saturation falls below a
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Figure 2

Jet ventilation. (A) Operating laryngoscope with attachment for jet ventilation; (B) Manujet III showing the driving pressure

gauge and the knob to adjust it; (C) Monsoon ventilator for high frequency jet ventilation.

predetermined level, usually in the low 90s. During the
apneic period, a low flow of oxygen through a nasal can-
nula may be administered. Since the 1950s, bronchoscopes
that enabled ventilation through their side-arm have been
available. However, the proximal end of the bronchoscope
had to be occluded by an eyepiece or the surgeon’s thumb.
This meant retraction of the instruments and temporary
cessation of surgery. In order to reconcile this problem,
Sanders described the technique of jet ventilation that al-
lowed concomitant ventilation and surgical access through
an open operating laryngoscope (Figure 2).'!

Jet ventilation

Jet ventilation using HPSO is a system for ventilating a
patient without an ETT. It works based on the Bernoulli’s
principle which states that a stream of gas at high flow
creates an area of low pressure. Therefore, if a short burst
of oxygen at high pressure is directed into the airway, the
low pressure it creates will entrain the surrounding air and
provide alveolar ventilation even in the absence of an ETT.
This form of ventilation essentially needs a high-pressure
oxygen source which is usually at 50 Ib.in=2, a control
system to regulate the flow, and a channel to direct the
gas. Manually operated jet ventilation devices such as the
Sander’s type injector or the Manujet III (VBM Medizin-
technik GmbH, Sulz am Neckar, Germany) (Figure 2) have
an adjustable pressure regulator. However, the automated
device such as Monsoon ventilator (Acutronic Medical
Systems, Hirtzel Switzerland; Figure 2) has many added
safety features to control the driving-pressure, ventilation
frequency, and inspiratory time.'” The concept of high fre-
quency (>60 min~!) jet ventilation was muted in 1970s.
This provides low tidal volume at a rapid rate and produces
minimal movement of the surgical field.

Various needles, cannulas, or catheters are available that
can be sited above the vocal cord (supra-glottic), passed

between the cords (trans-glottic), or through the cricothy-
roid membrane (trans-tracheal).

When initiating jet ventilation, it is prudent to begin at
a low driving pressure and increase it in increments to ob-
serve the rise and fall of the chest. Inadequate ventilation
could lead to hypercarbia. However, the dreaded compli-
cation of using the HPSO is the misdirection of the jet
into the tissue leading to subcutaneous emphysema and
pneumo-mediastinum. Therefore, it is crucial to align the
jet along the axis of the airway. Another problem of jet
ventilation is the failure of adequate exhalation through a
pathologically narrowed glottic aperture. This can result in
stacking of the tidal volume and raising the intrathoracic
pressure, leading to cardiorespiratory collapse. A relatively
new device, the “Ventrain” (Ventinova Medical B.V, Eind-
hoven, Netherlands) is designed to assist egress of the tidal
volume by providing suction through the ventilating can-
nula."”

Supra-glottic jet ventilation

A narrow, metallic cannula attached to the proximal end
of the rigid surgical laryngoscope is used for jet ventila-
tion. There are 3 important points to consider with this
technique.

1. The jet stream can cause movement of the surgical field
which becomes crucial when LASER is being used.

2. The surgeon needs to align the laryngoscope with the
glottic opening to allow for adequate ventilation.

3. The end-tidal CO, monitoring is unreliable.

Trans-glottic jet ventilation

The Hunsaker Mon-Jet (Xomed, Jacksonville, USA)
and the Laserjet (Acutronic Medical Systems, Hirtzel
Switzerland) are narrow, double channel catheters made
of LASER-resistant material that are inserted between the
vocal cords (Figure 3)."* The HPSO is directed through
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Figure 3
to align it along the tracheal wall.

one channel while the second channel is used to measure
the airway pressure or the end-tidal CO,. The advantages
of this technique are that there is minimal movement of
the surgical field during ventilation and the measurement
of the airway pressure and the end-tidal CO; is more reli-
able.

There are various catheters available, such as the Cook’s
exchanger catheter (Cook Medical Inc., Bloomington, IN)
and the Aintree catheter (Cook Medical Inc., Bloomington,
IN) that have a luer-lock attachment and suggested to be
suitable for jet ventilation. However, if such long catheters
are used, one should ensure that the tip of these catheters
is positioned within the trachea while not abutting the tra-
cheal mucosa.

Trans-tracheal jet ventilation

Trans-tracheal jet ventilation can be used as a rescue
procedure in “cannot intubate cannot oxygenate” cases.'”
For patients with anticipated difficult intubation, either due
to limited glottic access or an obstructing lesion, a trans-
tracheal ventilation approach may be preferred. Although,
a standard 14-gauge intravenous cannula can be inserted
through the cricothyroid membrane, there are specialized
cricothyroid cannulas such as the “Ravussin” that can be
sited under general anesthesia or in an awake patient after
local anesthesia.'®

Trans-tracheal jet ventilation is a relatively easy ma-
neuver to perform in an airway crisis, but the fact that the
glottic opening is obstructed should heighten the aware-
ness of the possibility of impaired egress of the venti-
lated gas. Monitoring the airway pressure is crucial and
the use of automated ventilator should be encouraged
over manual jet ventilation to prevent barotrauma. It may
also be difficult to align the cannula with the tracheal
lumen.

As reported by Jaquet et al, transtracheal jet ventilation
is associated with a significantly higher complication rate

Trans-glottic double lumen catheters for jet ventilation. (A) Laser jet, (B) Hunsaker Mon-jet. The Hunsaker tube has a basket

than trans-glottic jet ventilation, mainly due to barotrauma
caused by obstruction of gas outflow.!”

Ventilation and gas exchange during jet
ventilation

At low frequency (10-20 min~!) the ventilation occurs
by convective or bulk flow which is like standard manual
ventilation. However, at high frequency the tidal volume
may be smaller than the combined anatomical and equip-
ment dead space and the normal physiological principles
would not apply. The jet stream passes through the air-
way in a laminar flow with the flow in the center moving
faster than along the bronchial wall, creating a parabolic
configuration. This difference in flow becomes exaggerated
by each breath, with the jet moving the axial gas forward
while the gas at the periphery moves out of the lungs. In
addition to the axial movement, there is also a molecular
diffusion due to the radial concentration gradient secondary
to the eddies caused by turbulent flow. This is known as
Taylor-type dispersion.'® Regional variation in airway re-
sistance and compliance cause some areas of the lung to
fill and empty more rapidly than others. This difference in
time constant (resistance xcompliance) causes gas to flow
from one alveolus to another with a longer time constant
and this is known as pendelluft.'® This leads to rebreath-
ing and an increase in the effective dead space. This effect
is increased during high frequency ventilation. The other
mechanism that contribute to gas exchange during high
frequency jet ventilation is mixing due to cardiac oscilla-
tions.

Anesthesia during jet ventilation is maintained by in-
travenous anesthetics with muscle relaxation. In addition
to the blood pressure, the electrocardiogram and the pulse
oximeter, monitoring the airway pressure and the end-tidal
CO, is required.
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LASER surgery

LASER is commonly used for laryngo-tracheal surg-
eries such as cordotomy, dilating tracheal stenosis, and ex-
cision of lesions. The risks of LASER include damage
to the surrounding normal tissues, airway and non-airway
fire, and injury to the personnel in the operating room. All
the staff involved should be familiar with the safety proto-
cols for the use of a LASER and wear protective goggles.
The patient’s face should be covered with moistened tow-
els and the their eyes taped and protected with goggles.
Specialized ETT and catheter as described above are re-
quired. During the use of a LASER, the inspired oxygen
concentration should be maintained below 30%, and it is
prudent to keep a 50 ml syringe of saline on the surgical
instrument table ready to be used in the event of a fire.

High-Flow Nasal Oxygen (HFNO)

The “trans-nasal humidified rapid-insufflation ventila-
tory exchange” (THRIVE) is designed to provide a high
flow nasal oxygen both in an apneic and a spontaneously
breathing patient. THRIVE has been shown to maintain
oxygenation in patients with difficult airway up to a me-
dian apneic time of 15 minutes and up to 30 minutes
in patients undergoing laryngeal surgery.'”” It has also
been shown that the rise in end-tidal CO, was about 1
mmHg.min™' suggesting a flow-dependent flushing of the
dead space.”’

During apnea the alveolar partial pressure of oxygen
(PAO,) falls, leading to a decrease in arterial partial pres-
sure of oxygen (P,0,). However, the sigmoid shape of the
oxy-hemoglobin dissociation curve manages to keep the
hemoglobin saturated until the P,O, falls below 60 mmHg.
Alongside, since CO, is 20 times more soluble in blood
than oxygen, about 20 ml of CO, is excreted into the
alveoli while about 90% remains dissolved in the blood
during apnea. The arterial partial pressure of CO, (P,CO;)
rises about 8-16 mmHg during the first minute followed
by 3 mmHg per minute during continued apnea. If the
blood flow through the alveoli is present, approximately
250 ml of oxygen is carried away from the alveoli every
minute. This difference of about 230 ml between oxygen
uptake and CO, delivery creates a negative pressure within
the alveoli and the gas within the oropharynx can move
down the trachea into the alveoli. This is the physiological
basis of apneic ventilation and has been described over
70 years ago.”' However, the prerequisites to effective
apneic oxygenation are adequate pulmonary circulation, a
patent airway and administration of 100% oxygen.

Conclusion

Laryngeal surgery poses several challenges to the anes-
thesiologist. A PEAE and effective communication with

the otolaryngologist helps in planning the anesthetic man-
agement. In addition to the “difficult airway” cart, HFNO
and a HPSO, necessary for jet ventilation, should also be
available.
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