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Abstract

Objective. Spontaneous ventilation under intravenous an-

esthesia allows the surgeon to work without interruption or

obstruction of the operating field during suspension micro-

laryngoscopy (SML). High-flow nasal oxygen therapy (HFNO)

is increasingly used in anesthesia. We hypothesized that its

use during SML would increase patient safety even in

situations where the airway is compromised by tumor or

stenosis.

Study Design. Retrospective observational study.

Setting. University Hospital of Lausanne, Switzerland.

Methods. Adults patients who were scheduled for elective

microlaryngeal surgery and managed with HFNO in sponta-

neous ventilation under general anesthesia between October

2020 and December 2021.

Results. Twenty-seven patients for a total of 32 surgical

procedures were performed under HFNO with sponta-

neous ventilation. Seventy-five percent of the patients

had respiratory symptoms. Twelve patients (42.9%) were

planned for the treatment of subglottic or tracheal

stenosis and 5 patients were managed for vocal cord

cancer (18.5%). Out of 32 surgeries, 4 cases of satura-

tion < 92% occurred, 3 of them during the decrease of the

fraction of inspired oxygen to 30% for the use of the laser.

In 3 cases, the patients were intubated to correct the

hypoxemia.

Conclusion. Spontaneous respiration using intravenous

anesthesia and high-flow nasal oxygen is a modern

technique that increases patient safety while

allowing the surgeon to work without interruption or

imputation of the operative field during SML. This

approach is particularly promising for the management

of airways compromised by tumors or laryngotracheal

stenosis.
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S uspension microlaryngoscopy (SML) is an
endoscopic technique performed under general
anesthesia to assess the extent of endolaryngeal

lesions, to perform biopsies, and to perform a possible
treatment of these lesions. It is a diagnostic and/or
therapeutic technique with important constraints: it is
necessary to allow the surgeon to carry out the procedure
in the best possible conditions and to give the necessary
time while ensuring the safety of patients with significant
comorbidities. The complexity of these procedures is
based on the sharing of the airways between the
anesthetist and the surgeon.1

Different anesthetic techniques are possible for
SML.2,3 Traditionally, general anesthesia with muscle
relaxation and intubation is proposed. This technique
allows for securing the airway and adequate ventilation.
However, the presence of a tube potentially leads to
obstruction of the operative site with a risk of airway fire
in cases where cautery or laser is used. Alternatively, so‐
called tube‐free techniques have been developed to
overcome the problem of access to the surgical site.2

Among these techniques, spontaneous ventilation allows
unlimited access to the endolaryngeal space but remains a
challenge for the anesthetist who must ensure a sufficient
level of anesthesia to tolerate the laryngeal suspension
while maintaining spontaneous ventilation allowing
adequate oxygenation.

In recent years, transnasal humidified rapid insuffla-
tion ventilatory exchange (THRIVE) delivered by high‐
flow nasal cannula has been developed, first in intensive
care units and more recently in the operating room.4 This
technique of high‐flow nasal oxygenation (HFNO) has
demonstrated its benefits in both apnea and spontaneous
ventilation patients. In apnea, HFNO makes it possible to
lengthen the time before the start of desaturation. In
spontaneously ventilated patients, HFNO improves
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oxygenation, generates positive airway pressure, and
reduces upper airway resistance. HFNO can be used in
anesthesia during the induction phase as well as for apneic
oxygenation during surgery. New fields of application are
also emerging. However, its use in spontaneous ventila-
tion in patients under general anesthesia is not often
described.5

In our institution, we have opted for several years for
tubeless techniques, such as jet ventilation, successive
apnea with reventilation, or spontaneous ventilation. For
this purpose, we use target‐controlled infusion (TCI) by
propofol and remifentanil, which has the advantage of
allowing a precise and rapid adaptation of the level of
sedation to the degree of surgical stimulation.

Since the arrival of HFNO machines in our anesthesia
department, we combine this oxygenation technique with
our protocol of spontaneous ventilation under general
anesthesia.

We describe here our experience of spontaneous
ventilation under TCI for general anesthesia combined
with HFNO for elective suspension microlaryngoscopy.

Materials and Methods
This study was conducted at the University Hospital of
Lausanne, Switzerland. The protocol was approved by
the local ethics committee.

Between October 2020 and December 2021, suspension
microlaryngoscopy was performed on 27 patients ad-
mitted for elective microlaryngoscopic surgery.

The inclusion criteria were: adult patients American
Society of Anesthesiologists (ASA) 1 to 4 scheduled for
microlaryngeal surgery (MLS) with an indication for
spontaneous ventilation (difficult airway management
and/or need for anesthesia without tube for the proce-
dure). Previously tracheostomized patients, pregnant
patients, or patients who refused to sign the general
consent for research or were unable to do so, were
excluded from the study. According to the protocols in
force in our hospital, the patients did not receive
premedication.

HFNO was delivered using an AIRcon respiratory
humidifier base with an oxygen blender (WILAmed
GmbH) which allows the inspired oxygen fraction to
vary from 100% to 21% to prevent an airway fire in case
of laser use.

During patient monitoring, preoxygenation via a high
nasal flow cannula was performed with a flow rate of
30 L/min of 100% oxygen. After monitoring (electrocar-
diogram [ECG], SpO2, respiratory rate, noninvasive
blood pressure), intravenous anesthesia (TCI) was
started. The initial Ce concentration of propofol was
2 mcg/mL (Schnider model) and that of remifentanil
was 1 ng/mL (Minto model). The concentrations were
progressively increased by a step of 0.5 until the patient
lost consciousness. Once unconsciousness was achieved,
the flow of 100% oxygen was increased from 60 to

70 L/min. The concentrations of propofol and remifen-
tanil were increased until there was no reaction to a
vigorous jaw‐thrust maneuver. Direct laryngoscopy with
a macintosh blade was performed and the epiglottis, vocal
cords, and trachea were sprayed with a solution of
oxybuprocaine 10 mg/mL. Local anesthesia was repeated
every 30 minutes. The time of direct laryngoscopy
corresponded to the transition from the induction to the
maintenance phase. The concentration of remifentanil
was slightly increased for the laryngeal suspension. The
procedure was performed with spontaneous ventilation.
In all cases, jet ventilation equipment was ready and
variable sizes of tubes were available to replace HFNO if
desaturation occurred. If the laser was used, the fraction
of inspired oxygen (FiO2) was decreased to 30%. In the
case of tracheal balloon dilatation, the concentration of
remifentanil was transiently increased to achieve a short
apnea in order to prevent inspiratory strain with a closed
glottis until the end of the dilatation. The respiratory rate
was monitored by ECG impedance. At the end of the
surgery, the O2 flow was decreased to 20 L/min and then
stopped at the time of the exit of the operating room. The
time between the end of the surgery to the discharge from
the operating room corresponds to the patient's recovery
phase The anesthesia data (hemodynamic and respiratory
data, drug concentrations) were entered manually on a
monitoring sheet which was then stored in the hospital's
computer system. The data useful for the study were then
extracted manually from the computer system.

Data were analyzed using Stata 17.0 (StataCorp, 2021,
Stata Statistical Software: Release 17: StataCorp LLC).

Results
Between October 2020 and December 2021, 27 patients
with 32 surgical procedures were performed under HFNO
with spontaneous ventilation.

There were 16 females and 11 males with a mean
(standard deviation, SD) age of 52.9 (14.2) years. The
mean body mass index (BMI) (SD) was 27.1 (5.8). Half of
the patients (51.9%) had an ASA 3 score. The most
common associated comorbidities were coronary
artery disease, sleep apnea syndrome, and hypertension
(Table 1).

Regarding surgical indications, 12 patients (42.9%)
were planned for the treatment of subglottic or tracheal
stenosis and 5 patients were managed for vocal cord
cancer (18.5%). Seventy‐five percent of the patients had
respiratory symptoms, most often dyspnea on exertion or
at rest (13 patients, 48.1%). In 25% of cases, stridor was
found on clinical examination. Finally, 4 patients had an
oxygen saturation at rest of less than 95%. Only 1 patient
required oxygen preoperatively due to subglottic stenosis
of more than 90% of the tracheal lumen (Figure 1).

Thirty‐two operations were performed, with 1 patient
having been treated 3 times for tracheal stenosis and 3
patients having been treated twice (redo of surgical
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margins). The surgery included 11 balloon tracheal
dilatations, 9 laser procedures, 1 combined laser/dilata-
tion procedure, 3 vocal cord medializations, 3 endosco-
pies for biopsies, and 5 control procedures (Table 2).

The median procedure time was 57 minutes (46.0‐69.5
[30.0‐153.0]) and the median surgical time was 40 minutes
(30.5‐55.0 [8.0‐130.0]) (Table 3).

Regarding anesthesia, the median propofol site con-
centration was 5.4 (4.0‐6.1 [3.3‐8.0]) and the median
remifentanil concentration was 3.0 (2.5‐4.0 [1.3‐9.0]).

Out of 32 surgeries, 4 cases of saturation <92%
occurred, 3 of them during the decrease of the FiO2 to
30% for the use of the laser. In 3 cases, the patients were
intubated to correct the hypoxemia and then the tube was
removed to continue surgery. Two episodes of desatura-
tion requiring intubation occurred during 2 procedures
in the same patient with class 1 obesity (BMI = 34.5)
combined with a sleep apnea syndrome under continuous
positive airway pressure. The other intubation occurred in
a 70 years old man with chronic obstructive pulmonary
disease and a preoperative saturation of 94%.

Discussion
This study aimed to investigate the application, feasi-
bility, and efficiency of Spontaneous respiration with
intravenous anesthesia and high‐flow nasal oxygen for
microlaryngeal surgery. Through these 32 cases of MLS,

Table 1. Study Population Demographics (n = 27)

Sex, n (%)

Female 11 (40.7)

Male 16 (59.3)

Age

Mean (SD) 52.9 (14.2)

Median, LQ-UQ, min-max 56.0, 43.0-64.0, 19.0-76.0

ASA, n (%)

1 1 (3.7)

2 12 (44.4)

3 14 (51.9)

BMI

Mean (SD) 27.1 (5.8)

Median, LQ-UQ, min-max 26.8, 23.0-30.4, 16.7-42.5

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index; LQ, lower quartile; max, maximum; min, minimum; UQ, upper

quartile.

Figure 1. Example of a severe subglottis stenosis. (A) Before treatment. (B) After dilatation and kenacort® injection

Table 2. Diagnosis and Surgery

Primary diagnosis, n (%)

Subglottic or tracheal stenosis 12 (44.4)

Vocal cord cancer 5 (18.5)

Vocal cord paralysis 4 (14.8)

Laryngeal or tracheal lesion 5 (18.5)

Laryngeal spasm 1 (4)

Surgery, n (%)

Dilatation 11 (34.3)

Laser 9 (28.1)

Laser/dilatation 1 (3.1)

Control procedure 5 (15.6)

Medialization 3 (9.4)

Biopsy 3 (9.4)

Table 3. Surgery Times

Duration of induction, min

Mean (SD) 6.7 (4.1)

Median, LQ-UQ, min-max 5.0, 4.5-8.0, 2.0-21.0

Duration of surgery, min

Mean (SD) 45.8 (25.6)

Median, LQ-UQ, min-max 40.0, 30.5-55.0, 8.0-130.0

Duration of awakening, min

Mean (SD) 7.7 (4.1)

Median, LQ-UQ, min-max 8.0, 5.0-9.0, 3.0-26.0

Duration of intervention, min

Mean (SD) 63.6 (28.6)

Median, LQ-UQ, min-max 57.0, 46.0-69.5, 30.0-153.0

Abbreviations: LQ, lower quartile; max, maximum; min, minimum;

UQ, upper quartile.

Courbon 3 of 6



we have shown that high‐flow oxygenation with a nasal
cannula was effective in maintaining airway permeability
and oxygenation in spontaneous ventilation including
during laser use, and allowed the surgeons to work
without interruption.

Suspension microlaryngoscopy is a procedure in
which the surgeon and anesthetist share the patient's
airway. During this procedure, the traditional anesthesia
with muscle relaxation and placement of an endotracheal
tube can be an obstacle for the surgeon because the tube
obstructs the operating field, especially if it concerns the
posterior glottis or subglottis. Furthermore, in case of
obstruction or severe stenosis, intubation may be
difficult or impossible. To counteract these difficulties,
anesthesia teams have developed tubeless anesthesia
techniques,2,3,6 which have the advantage of offering
unobstructed access to the larynx, subglottis, and
trachea. One of the most common ways of doing this is
to work under apnea with intermittent endotracheal tube
ventilation. The surgeon operates during the apnea
phases and then when the oxygen saturation reaches a
predefined level the patient is reventilated. This tech-
nique requires the surgeon to interrupt the surgery
regularly. In addition to this, repeated intubations can
lead to lesions or even laryngeal edema.

Another technique of tubeless anesthesia is the use of
automated high‐frequency jet ventilation. Automatic
jet ventilators such as the Mistral or Monsoon
(Acutronic Medical Systems) deliver a high‐pressure
airflow into the airway through a cannula which can be
placed transglottically or transtracheally or via a
suppraglottic cannula. This technique usually requires
muscle relaxation of the patient. Apart from the fact
that these devices are not available in all centers, one of
the main limitations to the use of jet ventilation is the
presence of an obstruction to the air outflow as in the
case of stenosis or obstructive mass, which leads to
the possible occurrence of barotrauma.

Spontaneous ventilation under intravenous anesthesia
allows permanent and complete access to the larynx,
subglottis, and trachea, and allows uninterrupted sur-
gery.7,8 It is interesting for dynamic examination of the
airways in order to study cord mobility or to look for a
collapse. However, it requires perfect adequacy of the
depth of anesthesia to the intensity of the surgical
stimulus, and careful monitoring of the patient in order
to avoid apneas and obstructions that could lead to
desaturation. The possibility to ventilate the patient must
be available at all times.

The HFNO is a device that provides a heated and
humidified oxygen flow of more than 15 L/min via a nasal
cannula. It also offers the possibility to vary the oxygen
concentration.

Widely used in intensive care during hypoxemic
respiratory distress and in postoperative care to reduce
reintubation, HFNO is finding more and more indica-
tions in anesthesia. Used during induction in obese

patients, HFNO during preoxygenation is more effec-
tive than the facemask in increasing the arterial partial
pressure in oxygen. Similarly, during rapid sequence
induction, HFNO can extend the apnea time without
desaturation.9,10

The effectiveness of THRIVE in prolonging secure
apnea time during upper airway surgery has already been
demonstrated in several studies with different anesthesia
protocols including or not the use of paralytics.11‐17

But few studies have investigated the advantage of
combining spontaneous ventilation with the benefits of
HFNO. Lee et al18 reported the use of this new airway
management technique in the treatment of acute adult
epiglottitis. Booth et al5 demonstrated that the associa-
tion of spontaneous breathing and HFNO provided
safety and good oxygenation in a retrospective study of
elective nonlaser surgery. Our study shows the same
advantages including laser resection.

The obstruction of the upper airways during induction
of anesthesia is a well‐known phenomenon.19,20 Propofol
used in TCI induces progressive collapse21 and is now
widely available at sleep endoscopy to demonstrate the
different sites of pharyngeal collapse that characterize
obstructive sleep apnea.22,23 Except for testing the depth
of anesthesia, no maneuvers on the upper airway have
been necessary to maintain its permeability. We believe
that the positive nasopharyngeal pressure generated by
HFNO counteracts this tendency to obstruction.24

Habrial et al25 found that the presence of a laryngeal
tumor was a cause of failure of panendoscopies in
spontaneous ventilation and concluded that the use of
HFNO could be interesting. In our series of suspension
microlaryngoscopies, the presence of a laryngeal tumor
was not an obstacle to the technique, possibly due to the
use of HFNO.

Twelve patients were treated endoscopically for lar-
yngotracheal stenosis. If spontaneous inspiration is
known to generate negative pressure and aggravate the
reduction of the tracheal lumen and inflow,26 Booth et al5

demonstrated that this phenomenon was counteracted
when using HFNO. We found the same effect and in our
center, the use of HFNO in spontaneous ventilation is
indicated as the first line in the management of
laryngotracheal stenosis.

This study has several limitations due to its retro-
spective and monocentric nature, the small number of
included patients, and the lack of data concerning end‐
tidal carbon dioxide. Although transcutaneous CO2

measurement is available in our operating rooms, it was
not always used due to the time required for calibration
and interferences.

Conclusion
The use of spontaneous ventilation with HFNO under
general anesthesia is a modern technique that increases
patient safety while allowing the surgeon to work without

4 of 6 OTO Open



interruption or imputation of the operative field during
SML. It is an interesting alternative to anesthesia with
intubation, successive apnea, or jet ventilation. This
approach is particularly promising for the management
of airways compromised by tumors or laryngotracheal
stenosis, the incidence of which is expected to increase as
a result of prolonged Covid‐related intubation.

Author Contributions

The author confirms sole responsibility for the following: study
conception and design, data collection, analysis and interpreta-
tion of results, and manuscript preparation.

Disclosures

Competing interests: The author has no conflicts of interest to
declare.

Funding source: The author has no funding.

ORCID iD
Cecile Courbon http://orcid.org/0000-0003-2641-8504

References

1. Hemantkumar I, Nirgude A. Anesthetic considerations
in microlaryngoscopy and direct laryngoscopy. Int J
Otorhinolaryngol Clin. 2017;9(1):10‐14.

2. Pearson KL, McGuire BE. Anaesthesia for laryngo‐tracheal
surgery, including tubeless field techniques. BJA Educ.
2017;17(7):242‐248.

3. Yoo MJ, Joffe AM, Meyer TK. Tubeless total intravenous
anesthesia spontaneous ventilation for adult suspension
microlaryngoscopy. Ann Otol Rhinol Laryngol. 2018;
127(1):39‐45.

4. Kim HJ, Asai T. High‐flow nasal oxygenation for anesthetic
management. Korean J Anesthesiol. 2019;72(6):527‐547.

5. Booth AWG, Vidhani K, Lee PK, Thomsett C‐M.
SponTaneous Respiration using IntraVEnous anaesthesia
and Hi‐flow nasal oxygen (STRIVE Hi) maintains oxygena-
tion and airway patency during management of the
obstructed airway: an observational study. Brit J
Anaesthesia. 2017;118(3):444‐451.

6. Syamal MN, Hanisak J, Macfarlan J, Ortega B, Sataloff
RT, Benninger MS. To tube, or not to tube: comparing
ventilation techniques in microlaryngeal surgery.
Laryngoscope. 2021;131:2773‐2781.

7. Booth AWG, Vidhani K. Spontaneous ventilation using
target‐controlled propofol infusion for microlaryngoscopy
in adults: a retrospective audit. Anaesth Intensive Care.
2016;44(2):285‐293.

8. Besch G, Chopard‐Guillemin A, Monnet E, et al. Propofol‐
remifentanil anesthesia for upper airway endoscopy in
spontaneous breathing patients: the ENDOTANIL
Randomized Trial.Minerva Anestesiol. 2016;82(11):1138‐1148.

9. Mir F, Patel A, Iqbal R, Cecconi M, Nouraei SAR. A
randomised controlled trial comparing transnasal humidi-
fied rapid insufflation ventilatory exchange (THRIVE)

pre‐oxygenation with facemask pre‐oxygenation in patients
undergoing rapid sequence induction of anaesthesia.
Anaesthesia. 2016;72:439‐443.

10. Wang W, Zhang W, Lu Y, et al. Comparison of the
effectiveness of transnasal humidified rapid insufflation
ventilator exchange (THRIVE) with facemask pre‐
oxygenation in 40 patients ≥65 years of age undergoing
general anesthesia during gastrointestinal surgery for
intestinal obstruction. Med Sci Monitor. 2022;28:e938168.

11. Yang SH, Wu CY, Tseng WH, et al. Non intubated
laryngomicrosurgery with transnasal humidified rapid‐
insufflation ventilatory exchange: a case series. J Formos
Med Assoc. 2019;118(7):1138‐1143.

12. Waters E, Kellner M, Milligan P, Adamson RM, Nixon IJ,
McNarry AF. The use of transnasal humidified rapid‐
insufflation ventilatory exchange (THRIVE) in one hundred
and five upper airway endoscopies. A case series. Clin
Otolaryngol. 2019;44:1115‐1119.

13. Stewart KE, McNarry AF, Nixon IJ. Transnasal humidified
rapid insufflation ventilatory exchange in elective laryngo-
pharyngoscopy. Clin Otolaryngol. 2019;44(6):1239‐1241.
doi:10.1111/coa.13447

14. Nekhendzy V, Saxena A, Mittal B, et al. The safety and
efficacy of transnasal humidified rapid‐insufflation ventila-
tory exchange for laryngologic surgery. Laryngoscope.
2020;130(12):E874‐E881.

15. Benninger MS, Zhang ES, Chen B, Tierney WS,
Abdelmalak B, Bryson PC. Utility of transnasal humidified
rapid insufflation ventilatory exchange for microlaryngeal
surgery. Laryngoscope. 2021;131(3):587‐591.

16. Maupeu L, Raguin T, Hengen M, Diemunsch P, Schultz P.
Indications of transnasal humidified rapid‐insufflation
ventilatory exchange (THRIVE) in laryngoscopy, a pro-
spective study of 19 cases. Clin Otolaryngol. 2019;
44(2):182‐186.

17. Saju S, Bharathi MB, Prakash BG, Rakesh BS. Assessment
of quality of life and symptoms in non syndromic paediatric
obstructive sleep apnoea patients: before and after adeno-
tonsillectomy. Indian J Otolaryngol Head Neck Surg.
2022;74(suppl 2):1453‐1458.

18. Lee PKG, Booth AWG, Vidhani K. Spontaneous respira-
tion using intravenous anesthesia and high‐flow nasal
oxygen (STRIVE Hi) management of acute adult epiglot-
titis: a case report. AA Pract. 2018;10(4):73‐75.

19. Ehsan Z, Mahmoud M, Shott SR, Amin RS, Ishman SL.
The effects of anesthesia and opioids on the upper airway: a
systematic review. Laryngoscope. 2016;126(1):270‐284.

20. Mishima G, Sanuki T, Sato S, Kobayashi M, Kurata S,
Ayuse T. Upper‐airway collapsibility and compensatory
responses under moderate sedation with ketamine, dexme-
detomidine, and propofol in healthy volunteers. Physiol
Rep. 2020;8(10):e14439.

21. Eastwood PR, Platt PR, Shepherd K, Maddison K, Hillman
DR. Collapsibility of the upper airway at different
concentrations of propofol anesthesia. Anesthesiology.
2005;103(3):470‐477.

Courbon 5 of 6

http://orcid.org/0000-0003-2641-8504
https://doi.org/10.1111/coa.13447


22. De Vito A, Agnoletti V, Zani G, et al. The importance of
drug‐induced sedation endoscopy (D.I.S.E.) techniques in
surgical decision making: conventional versus target con-
trolled infusion techniques—a prospective randomized
controlled study and a retrospective surgical outcomes
analysis. Eur Arch Otorhinolaryngol. 2017;274(5):2307‐2317.

23. Lackey TG, Duffy JR, Green KK. A protocol for propofol‐
infusion drug‐induced sleep endoscopy. Otolaryngol Head
Neck Surg. 2023;168:234‐240.

24. Spence EA, Rajaleelan W, Wong J, Chung F, Wong DT.
The effectiveness of high‐flow nasal oxygen during the

intraoperative period: a systematic review and meta‐
analysis. Anesth Analg. 2020;131(4):1102‐1110.

25. Habrial P, Léger M, Costerousse F. Spontaneous
breathing for panendoscopy? Retrospective cohort and
results of a French practice survey. OTO Open. 2022;
6(1):2473974X211065015.

26. Nouraei SAR, Giussani DA, Howard DJ, Sandhu GS,
Ferguson C, Patel A. Physiological comparison of
spontaneous and positive‐pressure ventilation in laryn-
gotracheal stenosis. Brit J Anaesthesia. 2008;101(3):
419‐423.

6 of 6 OTO Open


	Spontaneous Ventilation With High-Flow Nasal Oxygen for Elective Suspension Microlaryngoscopy
	Materials and Methods
	Results
	Discussion
	Conclusion
	Author Contributions
	Disclosures
	Competing interests
	Funding source

	ORCID iD
	References




