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Abstract. – OBJECTIVE: The term THRIVE 
refers to the delivery of 100% heated and hu-
midified oxygen via a nasal cannula to main-
tain viable gas exchange during prolonged ap-
nea. There are no reports of its application for 
Operative Hysteroscopy (OH) under general an-
esthesia (GA). The aim of the study is to inves-
tigate the success rate of THRIVE as unique air-
way management technique in this setting. The 
results will support the development of a ran-
domized controlled trial (RCT) to demonstrate 
the non-inferiority of THRIVE compared to tradi-
tional techniques.

PATIENTS AND METHODS: Twenty consecu-
tive ASA I-II women presenting for OH were en-
rolled. Standard anesthesia, as well as transcu-
taneous carbon dioxide (tcCO2) monitoring, was 
performed. After preoxygenation with 30 L∙min-1, 
GA was induced with propofol and fentanyl, then 
oxygen flow was increased to 70 L∙min-1 and an-
esthesia maintained with propofol infusion. The 
primary outcome was success rate of THRIVE 
defined as SpO2 > 94%, tcCO2 < 60 mmHg and no 
need for rescue airway intervention.

RESULTS: Mean age was 47 ± 12 years. Mean 
duration of the procedure was 25 ± 9 minutes, 
and the success rate of the technique was 100%. 
Median SpO2 during the procedure was 100 (IQR 
99-100) %. Mean maximum tcCO2 level was 51 ± 
7 mmHg while mean tcCO2 level during the pro-
cedure was 45 ± 7 mmHg. At the end of the pro-
cedure, mean tcCO2 was 44 ± 5 mmHg. 

CONCLUSIONS: THRIVE allowed adequate 
gas exchange during OH under GA, without ad-
ditional rescue airway interventions. The appli-
cation of THRIVE in this setting may allow mini-
mal airway manipulation and optimal comfort for 
the patient with low failure rate. We calculated 

the sample size for the planned non-inferiority 
RCT investigating the effectiveness of THRIVE 
versus laryngeal mask ventilation in OH: 82 is 
the minimal number of patients per group to test 
a non-inferiority limit of 10%.
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Introduction

High-flow nasal oxygenation (HFNO) refers 
to the administration of warmed and humidified 
oxygen- enriched air through a nasal cannula at 
flow rates between 40-60 L∙min-1 to spontaneous-
ly breathing patients for treating hypoxemia and 
reducing reintubation rates in the intensive care 
setting1-4. The term Transnasal Humidified Rap-
id Insufflation Ventilatory Exchange (THRIVE) 
was coined by Patel and Nouraei5 and refers 
to delivering 100% oxygen at 70 L∙min-1 using 
the Optiflow THRIVETM apparatus (Fisher and 
Paykel Healthcare Ltd, Auckland, New Zealand) 
to adult patients under general anesthesia in or-
der to increase safe apnea time during extended 
periods of muscular activity cessation. They re-
ported a delayed onset of hypoxemia and a lower 
rate of carbon dioxide (CO2) accumulation than 
described with classic apneic oxygenation6,7. Sev-
eral subsequent studies aiming at describing the 
accumulation of CO2 during apneic ventilation 
were conducted8-10.
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THRIVE has been successfully applied in 
anticipated difficult airway management, proce-
dural sedation for endoscopic procedures and for 
cardiac devices implant, and during brief laryn-
geal surgery under general anesthesia11-19.

Operative hysteroscopy (OH) is a brief surgi-
cal procedure, usually performed in a day-sur-
gery regimen under general anesthesia (GA) and 
ventilation ensured through facial or laryngeal 
mask20,21.

The aim of this pilot cohort study was to as-
sess the effectiveness and safety of THRIVE 
during OH under general anesthesia and to de-
fine the feasibility and the sample size of a fu-
ture non-inferiority randomized controlled trial 
(RCT) comparing this technique with laryngeal 
mask ventilation.

Patients and Methods

This single-center feasibility pilot cohort study 
was approved by the Internal Ethic Committee 
(ID Number: 4631, Protocol Number 0003505/22) 
on 27/01/2022. The study was registered at Clini-
calTrials.gov (NCT 05291117, date of registration: 
19/01/2022). The study protocol is conformed to 

the Declaration of Helsinki.
The study was performed at the IRCCS Fon-

dazione Policlinico Universitario Agostino Ge-
melli of Rome between 1 March 2022 and 1 
April 2022, according to STROBE guidelines 
for observational studies. Informed consent was 
obtained from all individual participants included 
in the study. 

Adult women (>18 years old and <70 years 
old), ASA physical status I and II, scheduled for 
elective OH were enrolled. Exclusion criteria 
were: ASA physical status > II, New York Heart 
Association class > 2, chronic obstructive pulmo-
nary disease, BMI > 30, pregnancy, preexisting 
cardiac arrhythmias, high risk of aspiration, neu-
romuscular disease.

Upon arrival in the operating room, patients 
were placed in lithotomic position. Standard 
perioperative monitoring included non-invasive 
blood pressure (NIBP) with an upper arm cuff, 
3-lead ECG, SpO2, and bispectral index (BIS). 
NIBP was measured every five minutes before 
induction of GA and throughout the procedure. 
Transcutaneous carbon dioxide (tcCO2) was con-
tinuously monitored by Tosca TCM5 monitor 
(Radiometer, Germany – Figure 1): after appro-
priate arterialization of the sensor placed on the 

Figure 1. a, Transnasal Humidified Rapid Insufflation Ventilatory Exchange (THRIVE) apparatus. b, Dedicated Optiflow 
THRIVETM nasal cannula. c, Radiometer TCM5 monitor.
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earlobe, tcCO2 was measured at 1-second inter-
vals. A peripheral venous cannula was inserted 
on the hand or forearm and 500 ml Ringer Lac-
tate solution infusion was started. Omeprazole 40 
mg and Dexametasone 4 mg were administered 
preoperatively. Three minutes of pre-oxygenation 
was performed with 100% oxygen 30 L∙min-1 
delivered with a dedicated Optiflow THRIVETM 

nasal cannula (Fisher & Paykel Healthcare, Auck-
land, New Zealand – Figure 1). GA was induced 
with target-controlled infusion (TCI) of propofol 
at 7 mcg∙ml-1 effect site concentration, through 
Orchestra Infusion system (Fresenius Kabi) plus 
fentanyl 1 mcg∙kg-1 bolus. The range of mainte-
nance concentration was 3-4 mcg∙ml-1 effect site 
concentration for propofol titrated to maintain a 
depth of anesthesia defined as a BIS between 40 
and 50. After the onset of GA, oxygen flow was 
increased to 70 L∙min-1 and maintained through-
out the procedure. Acetaminophen 1 g, ondanse-
tron 4 mg and ketorolac 30 mg were administered 
as routine clinical practice. At the end of the pro-
cedure, patients were moved to the Post Anesthe-
sia Care Unit (PACU) and discharged after three 
hours of post-operative monitoring, as required 
by internal practice for day-surgery procedures if 
no complications occurred.

Primary outcome of this study was the rate of 
success of THRIVE as unique airway manage-
ment technique during OH under GA. Success is 
defined by peripheral oxygen saturation (SpO2) 
> 94%, tcCO2 < 60 mmHg and no need for res-
cue airway intervention during the entire proce-
dure. Secondary outcomes were: the incidence of 
non-airway-related complications associated with 
the technique (especially cardiovascular events 

such as arrhythmias or episodes of hemodynamic 
instability requiring medical treatment, and sam-
ple size calculation for a future non-inferiority 
randomized controlled trial (RCT) comparing 
this technique with laryngeal mask ventilation.

Sample Size Calculation
We determined that 18 patients were needed in 

order to identify a failure rate of 15% with 95% 
confidence; we decided to enroll 20 consecutive 
patients to account for 10% dropout rate22,23.

Statistical Analysis
Data are presented as mean ± standard devia-

tion or median (interquartile range) for numerical 
data or N (%) for categorical or ordinal data. 
The normality distribution of numerical data was 
assessed with Shapiro-Wilk test and visually by 
histograms. Paired t-test or Wilcoxon paired test 
were performed to compare paired data, as ap-
propriate. The rate of rise of tcCO2 was evaluated 
by linear regression analysis on each patient. A 
p-value < 0.05 was considered statistically sig-
nificant. Data analysis was performed using R (R 
Foundation for Statistical Computing, Austria; 
version 4.1.2)

Results

Twenty patients, mean age 47 ± 12 years, were 
included in the study. Patient characteristics data 
are presented in Table I. Mean duration of the 
procedure was 25 ± 9 minutes, and the success 
rate of the technique was 100%. Median SpO2 
during the procedure was 100% (IQR 99-100%). 

Table I. Baseline characteristics of patients undergoing elective operative hysteroscopies. 

 Characteristic N = 20

Age, years 47 ± 12
Height, cm 164 ± 6
Weight, Kg 67 ± 12
BMI, Kg.m-2 25 ± 4.5
ASA physical status, N (%)
  1 9 (45)
  2 11 (55)
Hemodynamic data before induction of general anesthesia: 
  Systolic Arterial Pressure, mmHg 119 ± 15
  Diastolic Arterial Pressure, mmHg 77 ± 8
  Heart Rate, bpm 81 ± 15
  SpO2, % 100 (99-100)
  tcCO2, mmHga 31 ± 7

Data are mean ± standard deviation or median (inter-quartile range), N (%). atcCO2 = transcutaneous carbon dioxide.
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Mean maximum tcCO2 level was 51 ± 7 mmHg, 
while mean tcCO2 level during the procedure was 
45 ± 7 mmHg. In 12 patients maximum tcCO2 
level reached was between 50 and 55 mmHg, and 
it was maintained for 40 ± 20% of the total dura-
tion of the procedure. Six patients reached maxi-
mum tcCO2 levels between 56 and 60 mmHg, and 
those values were maintained for 28 ± 16% of the 
total duration of the procedure. 

Figure 2 illustrates the time course of tcCO2 in 
15 patients, for whom the complete monitoring 
was available: after the induction of anesthesia, 
tcCO2 rises in a similar fashion in all the patients 
up to a plateau level, then it decreases over time. 
The rate of rise of tcCO2 in the first 5 minutes 
after the induction of anesthesia was 2.2 ± 1 
mmHg/min. At the end of the procedure, mean 
tcCO2 was 49 ± 7 mmHg, statistically signifi-
cantly different from median tcCO2 just before 
induction of GA (31 ± 7 mmHg; paired t-test 
p-value < 0.001). 

Median heart rate at the end of the procedure 
was 76 ± 14 bpm, lower than that before induction 
of GA (81 ± 15; paired t-test p-value = 0.17).

No cardiovascular or respiratory adverse events 
requiring medical intervention were registered 
during the procedure nor during post-operative 
monitoring. No patients reported discomfort after 
the procedure.

In order to estimate the sample size of a 
non-inferiority RCT comparing THRIVE vs. la-
ryngeal mask ventilation in OH, we estimate a 
95% success rate for THRIVE based on these 

results and 95% success rate for laryngeal mask 
based on the literature. For a 95% confidence 
interval and a power of 90%, 82 is the minimal 
number of patients per group to test a non-inferi-
ority limit of 10%.

Discussion

Our preliminary study shows that the appli-
cation of THRIVE as ventilatory device for OH 
under GA was effective in providing adequate 
oxygenation with minimal airway manipulation 
and good safety profile, within an acceptable 
range of CO2 rise. The failure rate of the tech-
nique is reasonably lower than 15%, but the study 
is underpowered to exclude rarer events. 

Laryngeal mask represents a widely used tech-
nique for airway management in outpatient sur-
geries requiring general anesthesia, but despite 
several advantages over tracheal intubation, sev-
eral complications, such as oxygen desaturation, 
sore throat, hoarseness, cough and airway ob-
struction are described24. 

Since 2015, THRIVE has broadened its use 
in anesthetic practice to different settings such 
as for preoxygenation and apneic oxygenation in 
the obese surgical population, during procedural 
sedations for implantation of cardiac electronic 
devices, prolonged endoscopic procedures and 
laryngeal surgery5,8,12,13,15,16,19.

The physiologic mechanisms underlying ap-
neic ventilation have not been fully understood. 

Figure 2. Time course of tcCO2 during elective operative hysteroscopy (n 15). As shown, after a steep rise of tcCO2, this 
value reaches a plateau and then decreases over time.
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During apneic oxygenation, oxygen flow into the 
lungs is driven by a negative pressure gradient, 
generated by the difference between the alveolar 
rates of oxygen absorption and CO2 excretion, 
and this phenomenon is enhanced by the high ox-
ygen concentration provided by THRIVE, whilst 
cardiogenic oscillations (changes in small airway 
gas flow and pressure synchronous with the car-
diac cycle) and their interactions with supraglot-
tic turbulence might accelerate CO2 clearance5-7,9. 
The effect of HFNO in apneic patients is a matter 
of debate: Riva et al10, in a randomized controlled 
study comparing arterial CO2 changes with dif-
ferent flows of oxygen in apneic patients, ob-
served a CO2 rise of 2 mmHg/min across all the 
flow rates and comparable to controls, therefore 
questioning the existence of an additional ventila-
tory effect attributable to HFNO. Moreover, Min 
et al16 failed to confirm non-inferiority of HFNO 
compared with tracheal intubation for oxygen-
ation during brief laryngeal microsurgery having 
reported a higher incidence of desaturation, hy-
percapnia and rescue airway interventions in the 
HFNO group.

In the present study, the tcCO2 level rose to 
a plateau and then decreased over time. The 
patients underwent GA without neuromuscular 
blockade; therefore, it is likely that spontaneous 
breathing occurred after an initial period of ap-
nea. Indeed, in the first 5 minutes after the onset 
of GA the tcCO2 rate of rise was about 2 mmHg/
min, comparable to apneic patients despite full 
THRIVE support. 

However, it is well known that HFNO applied 
to spontaneously breathing patients increases 
CO2 clearance and decreases the respiratory rate 
due to dead space wash-out25. The CO2 plateau is 
therefore related to the following factors: depth 
of propofol/fentanyl sedation, patient’s specif-
ic CO2 ventilatory response, HFNO-related CO2 
clearance.

The technique of maintaining GA without air-
way manipulation using THRIVE seems safe 
and reliable as usual care for OH. Based on these 
preliminary results, we calculated the sample size 
for the planned non-inferiority RCT investigating 
the effectiveness and safety profile of THRIVE 
vs. laryngeal mask ventilation in OH: 82 is the 
minimal number of patients per group to test a 
non-inferiority limit of 10%.

The limitations of this study include sample 
size inadequate to detect adverse events with an 
incidence lower than 15%, lack of randomization 
and no quantitative measurement of inspiratory 

effort and patient comfort. The cut-off of 60 
mmHg tcCO2 for technique failure was arbitrary 
and based on a reasonable short-term tolerable 
level of CO2 in healthy patients. Over time, in-
creased CO2 levels could cause acidosis, increase 
heart rate and cerebral blood flow, thereby limit-
ing the safety of the technique.

Conclusions

THRIVE is an adequate stand-alone airway and 
breathing technique for brief elective OH under 
GA without neuromuscular blockade. The applica-
tion of THRIVE in this setting may allow minimal 
airway manipulation and optimal comfort for the 
patients with a failure rate lower than 15%.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Informed Consent
Informed consent was obtained from all individual partici-
pants included in the study.

Registration Trial
Registered on ClinicalTrials.gov, registration number 
NCT05291117; principal investigator’s name: Luciano Fras-
sanito; date of registration: 19/01/2022.

Funding
Support was provided solely from institutional and depart-
mental sources.

Data Availability
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author 
on reasonable request.

Authors’ Contribution
L. Frassanito: conception and design of the study, acquisi-
tion, analysis and interpretation of data, drafting the article 
for relevant intellectual content. A. Piersanti: acquisition, 
analysis and interpretation of data, drafting the article for 
relevant intellectual content. F. Vassalli: acquisition, analy-
sis and interpretation of data, drafting the article for rele-
vant intellectual content. B. A. Zanfini: conception and de-
sign of the study, drafting the article for relevant intellectu-
al content. S. Catarci: conception and design of the study, 
drafting the article for relevant intellectual content. F. Cia-
no: acquisition, analysis and interpretation of data, drafting 



THRIVE in operative hysteroscopy

6213

the article for relevant intellectual content. M. Scorzoni: ac-
quisition, analysis and interpretation of data, drafting the 
article for relevant intellectual content. G. Draisci: concep-
tion and design of the study, drafting the article for relevant 
intellectual content.

References

 1) Roca O, Riera J, Torres F, Masclans JR. High-
Flow Oxygen Therapy in Acute Respiratory Fail-
ure. Respiratory Care 2010; 55: 408-413.

  2)  Hernández G, Roca O, Colinas L. High-flow na-
sal cannula support therapy: new insights and im-
proving performance. Crit Care 2017; 21: 62. 

 3) Jiang B, Wei H. Oxygen therapy strategies and 
techniques to treat hypoxia in COVID-19 patients. 
Eur Rev Med Pharmacol Sci 2020; 24: 10239-
10246.

 4) Frat JP, Thille AW, Mercat A, Girault C, Ragot S, 
Perbet S, Prat G, Boulain T, Morawiec E, Cot-
tereau A, Devaquet J, Nseir S, Razazi K, Mira JP, 
Argaud L, Chakarian JC, Ricard JD, Wittebole X, 
Chevalier S, Herbland A, Fartoukh M, Constan-
tin JM, Tonnelier JM, Pierrot M, Mathonnet A, Bé-
duneau G, Delétage-Métreau C, Richard JCM, 
Brochard L, Robert R, FLORALI Study Group, 
REVA Network. High-flow oxygen  through nasal 
cannula in acute hypoxemic respiratory failure. N 
Engl J Med 2015; 372: 2185-2196. 

 5) Patel A, Nouraei S a. R. Transnasal Humid-
ified  Rapid-Insufflation  Ventilatory  Exchange 
(THRIVE): a physiological method of increasing 
apnoea time in patients with difficult airways. An-
aesthesia 2015; 70: 323-329. 

 6) Bartlett RG, Brubach HF, Specht H. Demonstra-
tion  of  aventilatory  mass  flow  during  ventilation 
and apnea in man. J Appl Physiol 1959; 14: 97-101. 

 7) Frumin MJ, Epstein RM, Cohen G. Apneic oxygen-
ation in man. Anesthesiology 1959; 20: 789-798. 

 8) Gustafsson IM, Lodenius Å, Tunelli J, Ullman J, 
Jonsson Fagerlund M. Apnoeic oxygenation in 
adults under general anaesthesia using Transna-
sal  Humidified Rapid-Insufflation  Ventilatory  Ex-
change (THRIVE) - a physiological study. Br J An-
aesth 2017; 118: 610-617. 

 9) Hermez LA, Spence CJ, Payton MJ, Nouraei 
SAR, Patel A, Barnes TH. A physiological study 
to determine the mechanism of carbon dioxide 
clearance during apnoea when using transnasal 
humidified rapid insufflation ventilatory exchange 
(THRIVE). Anaesthesia 2019; 74: 441-449. 

10) Riva T, Greif R, Kaiser H, Riedel T, Huber M, 
Theiler L, Nabecker S. Carbon Dioxide Chang-
es during High-flow Nasal Oxygenation in Apneic 
Patients: A Single-center Randomized Controlled 
Noninferiority Trial. Anesthesiology 2022; 136: 
82-92. 

11)  Sud A, Patel A. THRIVE: five years on and  into 
the COVID-19 era. Br J Anaesth 2021; 126: 768-
773. 

12)  Mazzeffi MA, Petrick KM, Magder L, Greenwald 
BD, Darwin P, Goldberg EM, Bigeleisen P, Chow 
JH, Anders M, Boyd CM, Kaplowitz JS, Sun K, 
Terrin M, Rock P. High-Flow Nasal Cannula Oxy-
gen in Patients Having Anesthesia for Advanced 
Esophagogastroduodenoscopy: HIFLOW-ENDO, 
a Randomized Clinical Trial. Anesth Analg 2021; 
132: 743-751. 

13) Kim SH, Bang S, Lee KY, Park SW, Park JY, Lee 
HS, Oh H, Oh YJ. Comparison of high flow nasal 
oxygen and conventional nasal cannula during 
gastrointestinal endoscopic sedation in the prone 
position: a randomized trial. Can J Anaesth 2021; 
68: 460-466. 

14)  Nagappa  M,  Wong  DT.  Is  high-flow  safer  than 
low-flow nasal oxygenation  for procedural seda-
tion? Can J Anaesth 2021; 68: 439-444. 

15) Lemay F, Cooper J, Thompson S, Scott J. Combi-
nation of  transnasal humidified  rapid-insufflation 
ventilatory exchange with high frequency jet ven-
tilation for shared airway surgery. Can J Anaesth 
2020; 67: 1264-1265. 

16) Min SH, Yoon H, Huh G, Kwon SK, Seo JH, Cho 
YJ. Efficacy of high-flow nasal oxygenation com-
pared with tracheal intubation for oxygenation 
during laryngeal microsurgery: a randomised 
non-inferiority study. Br J Anaesth 2022; 128: 
207-213. 

17) Tremey B, Squara P, De Labarre H, Ma S, Fisch-
ler M, Lawkoune JD, Le Guen M. Hands-free in-
duction of general anesthesia: a randomised pilot 
study comparing usual care and high-flow nasal 
oxygen. Minerva Anestesiol 2020; 86: 1135-1142. 

18) Spence EA, Rajaleelan W, Wong J, Chung F, 
Wong DT. The Effectiveness of High-Flow Nasal 
Oxygen During the Intraoperative Period: A Sys-
tematic Review and Meta-analysis. Anesth Analg 
2020; 131: 1102-1110. 

19) Conway A, Collins P, Chang K, Kamboj N, Fili-
ci AL, Lam P, Parotto M. High flow nasal oxygen 
during procedural sedation for cardiac implantable 
electronic device procedures: A randomised con-
trolled trial. Eur J Anaesthesiol 2021; 38: 839-849. 

20) Ananthanarayan C, Paek W, Rolbin SH, Dhanid-
ina K. Hysteroscopy and anaesthesia. Can J An-
aesth 1996; 43: 56-64. 

21) Conforti A, Marci R, Moustafa M, Tsibanakos I, 
Krishnamurthy G, Alviggi C, Pagano T, Staiano 
S, Mollo A, De Placido G, Magos A. Surgery and 
out-patient data collection and reporting using 
Filemaker Pro. Eur Rev Med Pharmacol Sci 2018; 
22: 2918-2922.

22) Eldridge SM, Lancaster GA, Campbell MJ, Tha-
bane L, Hopewell S, Coleman CL, Bond CM. De-
fining Feasibility and Pilot Studies in Preparation 
for Randomised Controlled Trials: Development 
of a Conceptual Framework. PLoS One 2016; 11: 
e0150205. 

23) Viechtbauer W, Smits L, Kotz D, Budé L, Spigt M, 
Serroyen J, Crutzen R. A simple formula for the 
calculation of sample size in pilot studies. J Clin 
Epidemiol 2015; 68: 1375-1379. 



L. Frassanito, A. Piersanti, F. Vassalli, B.A. Zanfini, S. Catarci, F. Ciano, M. Scorzoni, G. Draisci

6214

24) Xu R, Lian Y, Li WX. Airway Complications during 
and after General Anesthesia: A Comparison, 
Systematic Review and Meta-Analysis of Using 
Flexible Laryngeal Mask Airways and Endotra-
cheal Tubes. PLoS One 2016;11: e0158137. 

25) Mauri T, Turrini C, Eronia N, Grasselli G, Volta 
CA, Bellani G, Pesenti A. Physiologic Effects of 
High-Flow Nasal Cannula in Acute Hypoxemic 
Respiratory Failure. Am J Respir Crit Care Med 
2017; 195: 1207-1215.


