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A physiological study to determine the mechanism of carbon 
dioxide clearance during apnoea when using transnasal 
humidified rapid insufflation ventilatory exchange (THRIVE).

AIM:
To examine the fluid dynamics affecting carbon dioxide 
clearance from the carina to the mouth when using 
transnasal humidified rapid insufflation ventilatory 
exchange (THRIVE), and to calculate the likely rates of 
carbon dioxide clearance.

METHOD:
The mechanisms of carbon dioxide clearance in apnoeic 
patients were investigated using three laboratory airway 
models. 

A two-dimensional (2D) fluid model was used to 
visualize air flow patterns using particle image 
velocimetry (PIVview2C; PIVtech, Gottingen, Germany) 
and a particle-seeded fluorescent solution.  
The pharyngeal flow rate was equivalent to a THRIVE  
of 60 L/min in air. 

A three-dimensional (3D) printed trachea model was 
used to visualize the transport of gas. A nebuliser 
continuously filled the carina of the model with water 
droplets. The flow and density patterns of the nebulized 
gas were recorded using a video camera. Nasal high-
flow rates up to 70 L/min were used.

A 3D printed airway model mounted on a lung simulator 
was used to measure turbulence intensity and CO2 
clearance. Turbulence intensity was assessed using hot 
wire anemometry (HWA1; Science and Technology 
Solutions Ltd, Warlingham, UK) at different THRIVE flow 
rates (1 L/min, 35 L/min and 70 L/min). CO2 clearance 
rates were assessed at THRIVE flow rates from 0 to  
70 L/min at 10 L/min intervals, with cardiogenic strokes 
from 0 to 40 mL in 5-mL intervals. The CO2 clearance 
rate was determined from the concentration decay curve 
time constant. 

Cardiogenic oscillations were simulated in all 
experiments.

RESULTS:
In the 2D model, THRIVE generated a series of strong, 
linked vortices, extending from the oropharynx to the 
glottis, which generated substantial turbulence. During 
cardiogenic inspiration, the lowest vortex was pulled 
deeper towards the glottis, and turbulence from that 
vortex was entrained into the trachea, enhancing 
mixing below the glottis. During cardiogenic expiration, 
the mixed tracheal fluid was ejected upwards through 
the glottis and into the vortices just above the larynx 
and then into the flushed region of the oropharynx.

When gas transport was assessed in the 3D model, but 
with no THRIVE applied, nebuliser droplets from the 
carina were brought up to above the glottis where 
substantial mixing of the air occurred due to the inrush 
of gas from the trachea during the first cardiogenic 
expiration. Very little nebulised air passed up to the 
oropharynx. On the subsequent cardiogenic inspiration, 
almost all the mixed gas was drawn back into the 
trachea, leaving it filled with low-density droplets. In 
contrast, when THRIVE was applied, the strong vortices 
between the oropharynx and glottis rapidly swept any 
droplets transported from the trachea up to the 
oropharynx and out of the mouth, completely flushing 
the airway from oropharynx to glottis during the first 
cardiogenic expiration. On the subsequent cardiogenic 
inspiration, fresh gas with no residual nebulised 
droplets was drawn through the glottis and down into 
the trachea. Turbulence was entrained into the trachea 
from the highly turbulent vortices in the pharyngeal 
region, causing longitudinal intra-tracheal mixing.
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In the 3D airway/lung model, turbulence intensity  
in subglottic regions was higher during cardiogenic 
inspiration than expiration (p = 0.01 for lower trachea;  
p = 0.003 for subglottis and mid-trachea).  
The turbulence intensity increased with higher THRIVE 
flow rate during cardiogenic inspiration, but was 
unaffected by the flow rate during expiration. 

When the THRIVE flow rate was increased from 20  
to 70 L/min, mean CO2 clearance increased from  
0.29 to 1.34 mL/min (p = 0.0001) when no cardiogenic 
oscillations were applied and increased from  
11.9 to 17.4 mL/min (p = 0.0014) with a cardiogenic 
oscillation of 20 mL/beat.

CONCLUSION:
The enhanced CO2 carbon dioxide clearance observed 
under apnoeic conditions with THRIVE, as compared 
with classical apnoeic oxygenation, may be explained 
by an interaction between entrained and highly 
turbulent supraglottic flow vortices created by  
high-flow nasal oxygen and cardiogenic oscillations.
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Transnasal humidified rapid-insufflation ventilatory exchange 
(THRIVE): a physiological method of increasing apnoea time 
in patients with difficult airways.

AIM:
To report experience using the Transnasal Humidified 
Rapid-Insufflation Ventilatory Exchange (THRIVE) 
technique to increase apnea time in surgical patients 
with difficult airways.

METHOD:
Patients requiring surgery during 2013 and 2014 who 
were known to have a difficult airway were included. 

All were preoxygenated at 40 degrees of head up  
using a transnasal humidified oxygen delivery system 
(Optiflow™; Fisher & Paykel Healthcare) at a flow rate  
of 70 L/min. 

General anesthesia was commenced using intravenous 
induction and jaw thrust performed until the patient 
became unconscious. THRIVE technique was continued 
until the definitive airway had been secured. 

Apnea time was defined as the time between 
administration of neuromuscular blockade and 
commencement of jet ventilation, positive  
pressure ventilation or recommencement of 
spontaneous ventilation. 

Oxygen and carbon dioxide parameters were recorded 
as part of routine clinical care.

RESULTS:
A total of 25 patients were included (15 male,  
mean age 49 [25-81] years, median body mass index  
30 [18–52] kg/m2). Twelve patients were obese. 

All were undergoing otorhinolaryngeal surgery  
(for benign laryngeal conditions [n=10], airway 
compromise with stridor [n=9], benign or malignant 
head and neck conditions [n=4], or obstructive  
sleep apnea [n=2]).

Median apnea time was 14 (5–65) minutes, and no 
patient experienced oxygen desaturation to <90%. 

There were also no cardiac arrhythmias or other 
complications indicative of carbon dioxide toxicity.  
Mean post-apnea end-tidal carbon dioxide levels  
were 7.8 (4.9–15.3) kPa. 

There was a significant correlation between  
apnea time and end-tidal carbon dioxide levels  
(r=0.82; p<0.0001).

CONCLUSION:
A THRIVE technique maintained oxygen saturation  
after commencement of apnea in surgical patients with 
difficult airways. This approach could allow the safe 
apneic window to be extended in these patients,  
which has the potential to transform difficult intubations 
from a stop-start procedure to a smooth event.
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Apnoeic oxygenation in adults under general anaesthesia 
using the Transnasal Humidified Rapid-Insufflation 
Ventilatory Exchange (THRIVE) – a physiological study.

AIM:
To characterize changes in arterial oxygen, carbon 
dioxide and pH during short laryngeal procedures when 
Transnasal Humidified Rapid-Insufflation Ventilatory 
Exchange (THRIVE) was used under general anaesthesia.

METHOD:
Adult patients (>18 years, American Society of 
Anaesthesiologists (ASA) physical status I-II) undergoing 
elective short laryngeal surgery were included in this 
prospective, randomized, open-label clinical trial. The 
primary outcome measures were changes in arterial 
oxygen, carbon dioxide and pH during general 
anaesthesia with THRIVE. Secondary outcome measures 
included partial pressure of oxygen (PaO2), partial 
pressure of carbon dioxide (PaCO2) and pH after 
hyperventilation during pre-oxygenation; transcutaneous 
carbon dioxide (TcCO2) measurement versus blood gas 
analysis; and end tidal CO2 (ETCO2) versus PaCO2 at the 
end of the procedure. 

Patients were pre-oxygenated with Optiflow™ Nasal 
High Flow (Fisher and Paykel Healthcare) 100% oxygen, 
40 L/min for ≥3 minutes (a randomized cohort of 
patients hyperventilated during pre-oxygenation).  
At onset of apnoea, oxygenation was increased to  
70 L/min, 100% oxygen, which was maintained 
throughout anaesthesia. Anaesthesia was induced by 
target controlled IV infusion (TCI; AlarisVR PK Syringe 
pump, Cardinal Health) of propofol and remifentanil, and 
neuromuscular block was achieved with IV rocuronium.

Arterial blood gases were obtained before pre-oxygenation 
and every five minutes after anaesthesia induction. 
TcCO2, ECG, arterial blood pressure and oxygen 
saturation (SpO2) were measured continuously.

RESULTS:
Thirty-one-adult patients, mean age 51 years (range 
34–76 years), mean body mass index (BMI) 25 kg/m2 
were included in this analysis of apnoeic oxygenation 
with THRIVE during general anaesthesia (30 patients 
completed the protocol). The mean apnoeic time was 
22.5 (±4.5) minutes.

The THRIVE technique was effective in preventing 
hypoxia and excessive hypercapnoea. SpO2 was never 
below 91%, the mean increase in PaCO2 was 0.24 (±0.05) 
kPa/min, and pH decreased from 7.44 (±0.04) to 7.14 
(±0.01). Hyperventilation during pre-oxygenation did not 
alter PaCO2 or pH at the end of apnoea compared with 
normoventilation. No difference was seen between 
TcCO2 and PaCO2. However, the difference between 
ETCO2 and PaCO2 was significantly higher at the end of 
the procedure (3.11 kPa) than during the pre-operative 
period (0.73 kPa; P < 0.0001). The increase in ETCO2  
was 0.12 (±0.04) kPa/min.

CONCLUSIONS:
This prospective physiological study demonstrates that 
THRIVE maintains oxygenation and arterial pH ≥ 7.13 for up 
to 30 minutes during apnoea in patients with mild systemic 
disease and a BMI <30 kg/m2 under general anaesthesia.
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Optimizing oxygenation and intubation conditions 
during awake fibre-optic intubation using a high-flow  
nasal oxygen-delivery system.

AIM:
To investigate the possible advantages of using a 
high-flow nasal (HFN) oxygen delivery system to 
improve oxygenation and prevent desaturation and 
hypercarbia in patients undergoing awake fibre-optic 
intubation (AFOI).

METHOD:
This prospective observational study included 
consecutive adult patients with anticipated complex 
airway anatomy and pathology who underwent AFOI 
between November 2013 and March 2015 and received 
supplemental HFN oxygen (Optiflow™; Fisher & Paykel 
Healthcare). HFN oxygen was initiated after standard 
assessment procedures prior to AFOI at a flow rate of 
50–70 L/min and was continued throughout the 
procedure. HFN oxygen was discontinued  
when successful tracheal intubation had been confirmed 
and the tracheal tube was connected to the anaesthetic 
breathing circuit and ventilator. Oxygen saturation 
(SpO2) was measured at baseline and immediately  
after intubation, and end-tidal carbon dioxide (ETCO2) 
was measured immediately after intubation.

RESULTS:
Of the 50 patients included (37 male, age 57.9±13.4 
years, body mass index [BMI] 27±9.7 kg/m2), AFOI was 
being undertaken prior to elective surgery (n=46), 
urgent interventions (n=2) or immediate interventions 
(n=2). Patients had one or more risk factors for rapid 
oxygen desaturation during hypoventilation or apnoea, 
including BMI >30 kg/m2 (n=10), current smoking habit 
(n=24), chronic obstructive airways disease (n=7), 
obstructive sleep apnoea (n=5) and/or cardiovascular 
disease (n=13).

Intubation was via the nasal route in 39 patients and  
11 patients had an oral intubation. From initiation of HFN 
oxygen, the time to the start of sedation was 2.2±1.6 min, 
and time to connection of the endotracheal tube to the 
anaesthesia breathing circuit was 17.9±4.3 min.  
At baseline, median SpO2 was 98% (range 83–100%). 
Post-intubation this had increased to 100% (range 
93–100%) and ETCO2 was 4.8 kPa (3.5–6.7 kPa). 

No episodes of desaturation below the baseline level 
during AFOI were documented. All patients reported 
that they were comfortable receiving HFN oxygen.

CONCLUSION:
This study showed that HFN oxygen was well tolerated 
in spontaneously breathing patients undergoing AFOI, 
and improved oxygenation during the procedure. In this 
setting HFN oxygen may help prevent apnoea- or 
hypoventilation-associated desaturations. HFN oxygen is 
currently the only option available to provide continuous 
delivery of a 100% inspired oxygen fraction in high-risk 
patients undergoing AFOI.



A N E S T H E S I A  –  C L I N I C A L  P A P E R  S U M M A R I E S      7

5STUDY A Lodenius, J Piehl, A Ostlund, J Ullman, M Jonsson Fagerlund.   
Anaesthesia. 2018; 73(5):564-571.

© 2018 Fisher & Paykel Healthcare Ltd. Independently written by BioWrite Solutions Limited, on behalf of Fisher & Paykel Healthcare Ltd. All rights reserved. Optiflow™ and 
THRIVE™ are trademarks of Fisher & Paykel Healthcare. No part of this publication may be reproduced by any process in any language without written consent of the copyright 
holder. Although great care has been taken to ensure that the information in this publication is accurate, neither BioWrite Solutions nor Fisher & Paykel shall be held responsible 
or in any way liable for the continued accuracy of the information, or for any errors, omissions or inaccuracies, or for any consequences arising therefrom.

Transnasal humidified rapid-insufflation ventilatory exchange 
(THRIVE) vs. facemask breathing pre-oxygenation for rapid 
sequence induction in adults: a prospective randomised  
non-blinded clinical trial.

AIM:
To compare the lowest peripheral oxygen saturation 
(SpO2) during pre-oxygenation with THRIVE and 
traditional facemask (FM) in patients requiring rapid 
sequence induction (RSI) of general anaesthesia for 
emergency surgery.

METHOD:
Adult patients (> 18 years) who required RSI of general 
anaesthesia for emergency surgery were included in this 
prospective, randomized, non-blinded clinical trial. 
Exclusion criteria were BMI > 35kg/m2, pregnancy, a 
need for non-invasive ventilation to maintain 
oxygenation, or inability to give consent. The primary 
outcome measure was median lowest peripheral SpO2 
(measured from anaesthesia induction until 1 min after 
tracheal intubation). Secondary outcomes included 
apnoea time, intubation time, change in oxygen 
saturation (ΔSpO2), end-tidal carbon dioxide (ETCO2) 
levels, and patient discomfort levels. 

Patients were randomized 1:1 to receive  
pre-oxygenation with THRIVE or FM for a minimum  
of 3 minutes. THRIVE was delivered using Optiflow™ 
Nasal High Flow (Fisher & Paykel Healthcare), at a flow 
rate of 40 L/min with heated and humidified 100% 
oxygen via nasal cannula. At apnoea, the flow was 
increased to 70 L/min with nasal cannula left in place 
during the entire intubation procedure. The FM group 
received 100% oxygen via a tightly held facemask using 
a circle system with a fresh gas flow of 10 L/min.  
RSI of anaesthesia was performed according to  
current practice.

RESULTS:
Eighty patients were included, with one excluded  
due to protocol violation so 79 patients were  
analysed (40 with THRIVE and 39 with FM).  
Patient characteristics, type and dose of drugs given 
for anaesthesia and difficulty of intubation were  
similar between treatment groups. 

The median lowest peripheral SpO2 (primary outcome 
measure) was similar between treatment groups: 99% 
(99–100 [96–100]%) with THRIVE and 99% (97–100 
[70–100]%) with FM (p=0.097). However, no patients in 
the THRIVE group desaturated below 96%, compared 
with 7 in the FM group. Five FM patients (12.5%) 
desaturated below 93% compared to none in the 
THRIVE group (p = 0.019). 

Median ΔSpO2 (IQR [range]) from the end of  
pre-oxygenation until 1 min after intubation was 0% 
(0–1 [–1 to 2]%) with THRIVE and 0% (0–2 [–1 to 29]%) 
with FM (p = 0.005). No differences were observed 
between the THRIVE and FM groups in intubation and 
apnoea times, the level of ETCO2 in the first breath after 
intubation, or perceived discomfort. No signs of 
regurgitation of gastric content were detected in  
any of the patients.

CONCLUSIONS:
THRIVE provided continuous oxygenation where there 
was an observed lower incidence of desaturation.  
This indicates potential benefits when compared to 
traditional face mask pre-oxygenation for patients 
requiring RSI of general anaesthesia.
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Transnasal Humidified Rapid-Insufflation Ventilatory 
Exchange for preoxygenation before cesarean delivery  
under general anesthesia: A case report.

AIM:
To report the use of transnasal humidified  
rapid-insufflation ventilator exchange (THRIVE)  
for preoxygenation before induction of general 
anaesthesia (GA) for caesarean delivery in a patient 
with acute respiratory distress syndrome (RDS).

PATIENT CHARACTERISTICS:
The patient was a 27-year old non-obese female with 
acute RDS caused by pneumonia and heart failure from 
severe mitral stenosis. She was admitted at 29 weeks’ 
gestation and scheduled for an emergency caesarean 
section under GA. General anaesthesia was selected  
over spinal anaesthesia due to acute respiratory distress 
(polypnea, dyspnea, difficulty in speaking), fever  
(38.1 °C), and possible need for prolonged mechanical 
ventilation. Chest x-ray also revealed bilateral 
widespread alveolar syndrome.

Arterial blood pressure was 121/83mm Hg, heart rate  
127 beats/min, and oxygen saturation (SpO2) 80% on 
room air and 95% with 9 L/min oxygen via facemask. 
Arterial blood gases (with 9 L/min oxygen) showed  
pH 7.38, partial pressure of oxygen 105mm Hg,  
partial pressure of carbon dioxide 27mm Hg, and  
lactate 1.1 mmol/L.

TREATMENT REGIMEN:
The patient received preoperative oral oseltamivir 
150mg, intravenous cefotaxime 2g and oral cimetidine 
400mg. She was switched from pre-oxygenation with  
9 L/min oxygen via facemask to THRIVE (Optiflow™ 
Nasal High Flow, Fisher & Paykel Healthcare), at a flow 
rate of 70 L/min and 100% oxygen at 37 °C. General 
anaesthesia was induced with thiopental and 
succinylcholine and maintained with sevoflurane, 
propofol infusion, sufentanil and cisatracurium.

RESULTS:
THRIVE was well tolerated with no adverse events 
noted. Intubation was achieved within one minute  
of GA induction and the caesarean section was 
successfully performed. An improvement in SpO2  
from 95% to 98% was observed within 5 minutes of 
initiation of THRIVE even though the patient was 
mostly mouth breathing. Nasal vasoconstrictors were 
not administered due to time constraints, and arterial 
blood gases were not measured during THRIVE due  
to the need to focus on induction of anaesthesia.  
The patient received treatment for severe mitral  
valve stenosis and was extubated on day 7.

CONCLUSION:
THRIVE was shown to be beneficial in a patient with 
acute respiratory and cardiac failure undergoing an 
emergency caesarean section.
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High-flow nasal cannula oxygen therapy and hypoxia 
during gastroscopy with propofol sedation: a randomized 
multicenter clinical trial.

AIM:
To investigate the efficacy of high-flow nasal cannula 
(HFNC) oxygen therapy for the prevention of hypoxia 
in patients undergoing gastroscopy with propofol 
sedation.

METHOD:
Adult outpatients undergoing elective gastroscopy with 
propofol sedation were included. Sedation was induced 
with propofol 0.5 mg/kg bolus and maintained with 
propofol 1-2 mg/kg, with an additional 0.5 mg/kg bolus 
administered if required during gastroscopy.

The study was a randomized, single-blind clinical trial 
comparing HFNC oxygen (AIRVO 2; Fisher & Paykel 
Healthcare; oxygen flow 60 L/min; 37°C; oxygen 
concentration 100%) versus conventional nasal cannula 
oxygen (oxygen flow 2 L/min).

The Primary outcome was the incidence of hypoxia, 
defined by peripheral capillary oxygen saturation (SpO2) 
75-89% for <60 sec.

RESULTS:
Final analysis included 1000 patients given 
conventional nasal cannula oxygen and 994 given 
HFNC oxygen. Patients were American Society of 
Anesthesiologists (ASA) Physical Status class I (65%) 
or II (35%).

No patients in the HFNC oxygen group experienced 
hypoxia, compared with 8.4% of patients in the 
conventional nasal cannula oxygen group.

The incidence of subclinical respiratory depression 
(SpO2 90-94%), was lower in the HFNC group (1.6%)  
vs the conventional nasal cannula group (16.3%).

The number of patients requiring jaw lift to improve 
ventilation was significantly lower in the HFNC oxygen 
(0.8%) vs conventional nasal cannula oxygen group 
(23.5%).

Xeromycteria/rhinalgia was the most common  
HFNC-related adverse event at 1 min after recovery 
from anesthesia (incidence 1.7%), but was not observed 
at 30 min after recovery.

Paradoxical response to sedation (unpredictable 
moves, overexcitement, delirium, recovery agitation) 
was significantly higher in the conventional nasal 
cannula oxygen group than in the HFNC group  
(1.8% vs 0.6%; p=0.02).

CONCLUSION:
HFNC oxygen therapy can prevent hypoxia in ASA 
Physical Status class I-II patients undergoing elective 
gastroscopy with propofol sedation.
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High-flow nasal oxygen availability for sedation decreases 
the use of general anesthesia during endoscopic retrograde 
cholangiopancreatography and endoscopic ultrasound.

AIM:
To investigate whether the availability of high flow 
nasal oxygen (HFNO) therapy influences the use of 
general anesthesia (GA) in patients undergoing 
endoscopic retrograde cholangiopancreatography 
(ERCP) and endoscopic ultrasound (EUS).

METHOD:
This retrospective study of patient charts included  
adult patients undergoing elective ERCP and EUS at  
a single center. Patients were stratified into 3 periods  
of time (P, each 3 months’ duration) based on the 
availability of HFNO therapy at the time of their 
procedure; P1 (pre-HFNO), P2 (HFNO available)  
P3 (HFNO withdrawn).

The primary measure was the percentage of patients 
receiving GA vs deep sedation (DS) in each of the three 
periods. Other outcomes included procedure type 
(ERCP or EUS) and duration; type of anesthesia  
(GA or DS); oxygen saturation (SpO2) nadir during 
sedation between periods; anesthesia-only time 
between periods and for GA vs DS cases respectively. 

HFNO was delivered using the AIRVO™ 2 system  
(Fisher & Paykel Healthcare) via specifically designed 
nasal prongs modified to capture ETCO2. Flow settings 
were adjustable between 10 and 60 L/min with a 
maximal oxygen output of 50% when using standard 
supplemental O2 (15 L/min) connected to the inlet port.

RESULTS:
The records of 238 consecutive elective ERCP or EUS 
cases were analyzed (63 in P1, 88 in P2, and 87 in P3). 
There was no statistically significant difference 
between patients in each time period with respect  
to age, gender, BMI, or American Society of 
Anesthesiologists (ASA) class. 

The availability of HFNO (E2) was associated with a 
reduction in the use of GA. There was significantly 
lower use of GA in P2 compared to P1 (17% vs 34.9%, 
respectively, P=0.012), a trend towards decreased use 
of GA between P2 and P3 (17% vs 29.9%, P=0.045) and 
no significant difference in GA use between P1 and P3. 
In addition, improved oxygenation was observed in  
P2 compared to P1 and P3, with a SpO2 nadir of 99.0%, 
98.0%, and 96.0% respectively. A statistically significant 
difference existed between P2 and P3 (p< 0.001) but 
not between P1 and P2 or P1 and P3.

The difference in total procedure time for ERCP and 
EUS was not significantly different between treatment 
periods. However, anesthesia-only time was 
significantly shorter in P2 compared to P3 (p=0.001) 
but not between P1 and P2 or P1 and P3. The procedure 
time within each treatment period was significantly 
longer under GA compared to deep sedation  
(P≤ 0.007) as was the anesthesia-only time (P≤ 0.001).

CONCLUSION:
The availability of HFNO therapy was associated with a 
decrease in the use of GA and improved oxygenation in 
patients undergoing ERCP and EUS during sedation.
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High-flow nasal interface improves oxygenation in  
patients undergoing bronchoscopy.

AIM:
To determine the effects of nasal high flow (NHF) 
oxygen therapy on gas exchange and cardiovascular 
variables in patients undergoing fibreoptic 
bronchoscopy and bronchoalveolar lavage (BAL),  
and to assess whether NHF could generate positive 
airway pressure under simulated bronchoscopy 
conditions in healthy volunteers.

METHOD:
Patients undergoing diagnostic fibreoptic bronchoscopy 
and BAL fluid collection were randomised to oxygen at  
40 L/min via Venturi mask (OS/62K; FIAB) or NHF 
(RT050; Fisher & Paykel Healthcare), or NHF at 60 L/min.  
Inspired oxygen fraction (FiO2) was 0.5 in all groups,  
and gases were conditioned using a heated humidifier 
(MR730; Fisher & Paykel Healthcare). 

The following variables were assessed at baseline 
(during breathing of room air), at the end of 
bronchoscopy and after a 10-minute rest period  
during which all patients received oxygen at 40 L/min 
via Venturi mask: arterial oxygen pressure (PaO2), 
arterial carbon dioxide pressure (PaCO2), pH, oxygen 
saturation (SpO2), heart rate and mean arterial pressure. 
Values for the arterial/alveolar PO2 (a/A pO2) and  
PaO2/FiO2 ratios were then calculated. 

After bronchoscopy, patients were asked to rate the 
comfort of the procedure on a scale from 1 (excellent)  
to 4 (poor).

Healthy volunteers who underwent simulated 
bronchoscopy were also randomised to oxygen  
therapy at 40 L/min via Venturi mask or NHF, or  
NHF at 60 L/min; end-expiratory airway pressure  
was determined using a pharyngeal catheter.

RESULTS:
A total of 45 patients (24 male, age 37–83 years, body 
mass index 21–30 kg/m2) were included (15 in each 
group). After bronchoscopy, pH, PaO2/FiO2 and a/A PO2 
were significantly decreased, and PaCO2 significantly 
increased, compared with baseline in all three 
treatment groups. These changes were maintained 
after the 10-minute rest period, except for PaCO2 in the 
NHF 60 L/min group. 

At the end of bronchoscopy there were no significant 
differences in PaO2, PaCO2, SpO2, a/A PO2 and  
PaO2/FiO2 between the 40 L/min Venturi mask and 
NHF groups; all these parameters were higher in the 
NHF 60 L/min group. There were no differences 
between any of the groups in pH, heart rate and mean 
arterial pressure. 

After the 10-minute postprocedural recovery period, 
the only difference between groups was a higher SpO2 
in the NHF 60 L/min versus Venturi mask 40 L/min 
groups. Patient comfort ratings were similar in all three 
treatment groups.

In volunteers, NHF 60 L/min was associated with a 
median end-expiratory pressure of 3.6 cm H2O  
(1st to 3rd quartiles, 2.4–4.0 cmH2O); no positive 
pressure was detected with Venturi mask or NHF 
oxygen therapy at 40 L/min.

CONCLUSION:
At a flow rate of 40 L/min there were no significant 
differences in gas exchange and cardiovascular 
variables between Venturi mask and NHF oxygen 
therapy. However, significant improvements in these 
parameters were seen when NHF was delivered at a 
flow rate of 60 L/min. 

Data from healthy volunteers showed that NHF  
oxygen therapy at 60 L/min is capable of delivering 
low levels of positive airway pressure.
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High-flow nasal cannula oxygen supported-transesophageal 
echocardiography under sedation in a respiratory 
compromised patient.

AIM:
To report the use of supplemental oxygenation via 
high-flow nasal cannula (HFNC) during intravenous 
sedation, in a respiratory compromised patient 
undergoing percutaneous balloon aortic 
valvuloplasty with continuous transesophageal 
echocardiography (TEE) monitoring.

METHOD:
This case report involved an 85-year old male patient 
with a history of severe aortic valve stenosis, chronic 
heart failure, pulmonary hypertension, 
pneumorrhagia and chronic obstructive pulmonary 
disease (COPD) on home oxygen therapy.

The patient was admitted to hospital for acute 
exacerbation of COPD and heart failure triggered by 
pneumonia. He was treated with antibiotics and 
diuretics and received 4 L/min oxygen via traditional 
nasal cannula which stabilized his oxygen saturation 
(SpO2) at 97-99%.

Percutaneous balloon aortic valvuloplasty with 
continuous TEE monitoring was scheduled for day 6, 
at which time the patient had a peripheral capillary 
oxygen saturation (SpO2) of 98%.

Following insertion of a TEE probe under conscious 
sedation with a midazolam bolus and continuous 
dexmedetomidine infusion, SpO2 dropped to the 
mid-80s range despite an increase in the oxygen flow 
to 6 L/min.

The patient was switched from traditional nasal 
cannula oxygen to HFNC (Optiflow; Fisher and Paykel 
Healthcare) at 50% oxygen with a flow of 30L/min.

RESULTS:
After initiation of the HFNC system, SpO2 promptly 
increased to 94-95% and was maintained in the 
mid-90s range throughout the aortic valvuloplasty 
procedure, which lasted for 118 minutes under sedation 
with continuous dexmedetomidine infusion (total  
dose 66µg) and intermittent midazolam injections 
(total dose 4.5mg).

The patient’s postoperative course was uncomplicated, 
and he was discharged home on the third 
postoperative day.

CONCLUSION:
HFNC was more effective than a traditional nasal 
cannula, for the delivery of supplemental oxygen 
while performing TEE during percutaneous balloon 
aortic valvuloplasty in a respiratory compromised 
patient under intravenous sedation.

Use of HFNC could avoid the need for general 
anaesthesia in high-risk patients and allow for 
simultaneous placement of the TEE probe.
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A nasal high-flow system prevents hypoxia in dental patients 
under intravenous sedation.

AIM:
To investigate the effectiveness of a nasal high-flow 
(NHF) system to prevent hypoxia in dental patients 
under intravenous sedation.

METHOD:
Adult patients scheduled for dental treatment under 
intravenous sedation were included in this randomized 
clinical trial conducted in a single center. Patients had 
body mass index ≤35 kg/m2 with no evidence of chronic 
obstructive pulmonary disease or sleep apnea 
syndrome. Sedation was induced with a 0.05 mg/kg 
bolus of midazolam followed by continuous infusion of 
propofol, to maintain blood concentration at 1.2-2 µg/ml 

Patients were randomly assigned to 1 of 3 groups.  
One group received NHF (Optiflow; Fisher & Paykel 
Healthcare) with an oxygen flow 30 L/min (NHF30). 
Another group received NHF (Optiflow; Fisher & Paykel 
Healthcare) with oxygen flow 50 L/min (NHF50) and the 
third group received conventional nasal cannula (OX-20; 
Atom Medical Corporation)with oxygen flow 5 L/min (NC5).

Outcome measures for this study included;  
Patient satisfaction with intravenous sedation  
(scale 1-5; 1 = unacceptable; 5 = excellent); surgeon 
satisfaction with surgical conditions during intravenous 
sedation (scale 1-5; 1 = unacceptable; 5 = excellent); 
minimum peripheral capillary oxygen saturation (SpO2)
during treatment; frequency of interventions during 
treatment (interventions such as jaw lifting or placing 
head in the “sniffing position” were required when SpO2 
decreased below 95% for >1 minute); partial pressure of 
carbon dioxide (PaCO2) at target concentration of 
propofol; and partial pressure of oxygen (PO2) at target 
concentration of propofol.

RESULTS:
30 patients were assigned to receive NHF30, NHF50  
or NC5; all patients completed the study. Patients were 
receiving dental treatment for pericoronitis of the 
wisdom tooth (n=16), dental caries (7), cysts (4) or 
other conditions (3). There were no significant 
differences in patient characteristics between treatment 
groups. Mean age was 38.6 years, mean body mass 
index was 22kg/m2, mean bispectral index was 71.9, and 
mean operating time was 43.8 minutes.

Surgeon satisfaction with surgical conditions was 
significantly lower in the NC5 group compared with  
the NHF50 group (3.7 vs 4.6; p<0.05). There were no 
differences in patient satisfaction between the 3 
treatment groups.

Minimum SpO2 during treatment was significantly lower 
in the NC5 groups vs the NHF30 and NHF50 groups 
(p<0.05). Intervention was required in 4 patients in the 
NC5 group, 2 patients in the NHF30 group and no 
patients in the NHF50 group

PaCO2 at the target concentration of propofol was 
significantly lower in the NHF50 group compared with 
the NC5 group (p<0.05). PaO2 at the target 
concentration of propofol was significantly higher in the 
NHF50 group compared with both the NHF30 and NC5 
groups (p<0.05); PaO2 was also significantly higher in 
the NHF30 group compared with the NC5 group 
(p<0.05).

CONCLUSION:
NHF achieves effective oxygenation of dental patients 
undergoing intravenous sedation.

NHF prevented hypoxia and reduced the number of 
airway related interventions.

Click here to 
go back to 

the contents 
at any time
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A randomized controlled trial of high-flow nasal oxygen 
(Optiflow) as part of an enhanced recovery program after 
lung resection surgery.

AIM:
To determine whether prophylactic treatment with 
high-flow nasal oxygen (HFNO) improves early 
functional outcome, compared with standard low-flow 
oxygen (SO) in patients after lung resection surgery.

METHOD:
Adult patients undergoing elective lung resection  
were included in this randomized, controlled, blinded 
study conducted at a single center. 

The primary endpoint was the difference between the 
pre- and post-operative 6-minute walk test (6MWT). 
Secondary endpoints included length of hospital stay, 
spirometry, and patient-reported outcomes. 

Patients were randomized to treatment with either 
HFNO or SO, titrated to maintain oxygen saturation 
>93%. HFNO was delivered by Optiflow  
(Fisher & Paykel Healthcare) using the AIRVO  
humidifier (Fisher & Paykel Healthcare) at flow  
rates of 20 to 50 L/min with the aim of achieving  
a respiratory rate of <16 breaths per minute and  
patient comfort. SO was administered at flow rates  
of 2 to 4 L/min by either simple face mask or  
nasal prongs.

Pre-operatively and two days post-operatively,  
study participants underwent a 6MWT and  
spirometry testing.

RESULTS:
Fifty-nine patients were randomly assigned to either 
HFNO (n=28) or SO (n =31) therapy. The baseline 
characteristics of the two groups were similar with  
the exception of baseline 6MWT which was higher  
in the HFNO group. Surgical characteristics were also 
similar in the two groups.

The primary endpoint, difference in the pre-and 
post-operative 6MWT, was similar with HFNO and  
SO therapy (difference 99.2m vs 87.7m, respectively;  
P = 0.58). Similarly, there was no statistically significant 
difference in spirometry tests between the groups 
(mean differences in FEV1 and FVC between HFNO and 
SO were 0.08L (95% CI: -0.12 to 0.28 L, P=0.42) and 
0.17L (95% CI: -0.10 to 0.45, P=0.21), respectively.

However, the length of hospital stay was significantly 
shorter in patients who received HFNO therapy: median 
2.5 days (range, 1 to 22) vs 4.0 days (range, 2 to 18) 
with SO, P=0.03. 

Overall recovery was similar between treatment 
groups; however, patients who received HFNO therapy 
reported significantly higher satisfaction with surgery 
(P=0.046).

CONCLUSION:
HFNO therapy did not improve functional recovery 
compared with SO therapy. However, HFNO, when used 
as part of an enhanced recovery program, led to a 
reduction in length of hospital stay and improved 
patient satisfaction with surgery.



A N E S T H E S I A  –  C L I N I C A L  P A P E R  S U M M A R I E S      1 5

V Zochios, T Collier, G Blaudszun, A Butchart, M Earwaker, N Jones, AA Klein. 
Anaesthesia. 2018 Dec; 73 (12): 1478-1488.

The effect of high-flow nasal oxygen on hospital length of 
stay in cardiac surgical patients at high risk for respiratory 
complications: a randomised controlled trial.

AIM:
To compare high-flow nasal oxygen (HFNO) and 
standard oxygen therapy on length of hospital stay 
after cardiac surgery, in patients at high risk for 
postoperative pulmonary complications.

METHOD:
Patients included in this study were aged >18 
years and scheduled for elective cardiac surgery.  
They had ≥ 1 patient-related risk factor for 
postoperative pulmonary complications (chronic 
obstructive pulmonary disease, asthma, lower 
respiratory tract infection in the preceding four 
weeks, BMI ≥ 35kg/m2, current heavy smoker and 
capable of performing a 6-minute walk test). 
Patients were transferred to the intensive care 
unit (ICU) after surgery, and then, after 
extubation, were randomised to receive HFNO 
(flow initiated at 30 L/min and adjusted from 
20-50 L/min to achieve a respiration rate of <16 
breaths/min) or standard oxygen therapy with 
nasal prongs or face mask (flow titrated to 
achieve oxygen saturation ≥95%; discontinued 
after 24h unless evidence of respiratory 
deterioration). The primary outcome measure 
was total length of hospital stay.

RESULTS:

Of 94 patients included in the HFNO and standard oxygen 
intention-to-treat analyses, mean age was, respectively, 
67.3 and 69.1 years, 38.8 and 37.8% were female, 28.6 and 
33.3% had COPD, 36.7 and 42.2% had asthma, 20.4 and 
22.2% were smokers, 26.5 and 26.7% had a BMI ≥35 kg/m2. 
The median length of total hospital stay was significantly 
lower in the HFNO group than the standard oxygen group 
(7 vs 9 days; P=0.012), and geometric mean length of 
hospital stay was 29% lower in the HFNO group (95% 
confidence interval [CI], 11-44%; P=0.004). The risk of 
prolonged stay was 18.7% in the HFNO group vs 38.6% in 
the standard oxygen group (relative risk 0.49; 95% CI, 
0.24-0.97; P=0.0343). There was no difference between 
treatment groups in ICU length of stay, although patients 
in the HFNO group had significantly fewer ICU re-
admissions (1 vs 7; P=0.026). There were no differences 
between treatment groups in the six-minute walk test, 
lung function parameters or patient-reported outcomes 
assessed by the postoperative quality of recovery scale 
questionnaire.

CONCLUSION:
HFNO significantly reduced hospital length of stay and 
ICU readmissions after cardiac surgery vs standard 
oxygen therapy in patients at risk of respiratory 
complications. These findings have implications for 
reduced healthcare costs and potentially morbidity.
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