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Lights! Oxygen! Action! Hollywood anaesthesia is

coming to a theatre near you
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By the time you are reading this editorial, ‘La La Land’, an
Academy Awards contender movie about love, passion, and pro-
fessional challenges of two Hollywood dreamers, will have
nearly swept the Oscars. In the dream world of general anaesthe-
sia, the top la la land award should undoubtedly be bestowed on
Gustafsson and colleagues1 for their publication in the April
issue of British Journal of Anaesthesia.

Straight out of the Hollywood movies, this blockbuster report
demonstrates the feasibility of using high-flow nasal oxygen as
the only means for providing oxygenation and gas exchange dur-
ing simple laryngologic surgery. Neither mechanical nor jet ven-
tilation was necessary, and only basic airway management
manoeuvres were required on the part of the anaesthetist. All 30
patients studied sustained adequate oxygenation for up to
30 min and maintained stable vital signs. Immediate postopera-
tive recovery was uneventful. Is this a fantasy world, science fic-
tion, or a not-so-distant future?

I bet on the last option. It has been only a couple of years
since Patel and Nouraei’s2 ‘Aha!’ moment of bringing high-flow
nasal oxygen from the trenches of neonatal and adult inten-
sive care units to the operating theatre and using it to prolong
apnoea during tracheal intubation in 25 patients with difficult
airways. Today, one can find at least 160 US and internationally
registered clinical trials on diverse application of high-flow
nasal oxygen and more than 15 investigations specifically
related to its use in surgical patients (https://clinicaltrials.gov,
http://apps.who.int/trialsearch/default.aspx, last accessed
February 13, 2017).

An elegant term, THRIVE (Transnasal Humidified Rapid
Insufflation Ventilatory Exchange), coined by Patel and Nouraei,2

reiterates the difference between classic apnoeic oxygenation
and active gas exchange afforded by humidified oxygen de-
livered through a specialized high-flow nasal cannula (HFNC) at
rates of up to 70 litres min�1. Fully conditioned gas reduces air-
way resistance, and high oxygen flow assures relatively constant
fractional inspired O2 and CO2 elimination as a result of flushing
of anatomical dead space.3–6

It is likely that in anaesthetized and paralysed patients, both
apnoeic oxygenation and a flow-dependent, mild increase in
upper airway pressure (�7 cm H2O) are responsible for sustained
oxygenation.27–11 Increased airway pressure also results in al-
veolar recruitment, improved ventilation–perfusion matching,
and reduced shunting.2 4 11–13 It is important to note that oe-
sophageal pressure remains low, at �3 cm H2O,14 thereby not
increasing the risk of gastric insufflation during THRIVE. Middle
ear pressure also does not increase appreciably.15

Oxygenation via HFNC has been used successfully outside
the operating room for treatment of acute respiratory distress
syndrome and respiratory failure in neonates and paediatric pa-
tients,16 for critically ill adults with both hypoxaemic and hyper-
capnic respiratory failure in the intensive care unit and
emergency room,3 17–20 for providing post-extubation respiratory
support in the intensive care unit and improving oxygenation
during reintubation attempts,21–26 for patients with acute heart
failure, central obstructive sleep apnoea, and for procedural sed-
ation (e.g. interventional bronchoscopy).16 27 28

The results of the study by Gustafsson and colleagues1 fur-
ther reassure us that THRIVing in the operating room as part of
general anaesthesia is possible. Airway patency afforded by sus-
pension laryngoscopy allows unimpeded THRIVE delivery and
maintenance of superior patient oxygenation. THRIVE does not
require airway management beyond basic airway manoeuvres
(e.g. oral airway insertion, jaw thrust), provides the surgeon with
an enlarged, completely unobstructed laryngeal view, improves
operating conditions, probably speeds up surgery, and may posi-
tively affect patient outcomes.

Nevertheless, CO2 build-up and ensuing acute respiratory
acidosis are expected to be the main factors limiting use of
THRIVE in otherwise healthy patients. Gustafsson and col-
leagues1 quantified the rate of increase of the arterial partial
pressure of CO2 (PaCO2

) at �0.24 kPa min�1 (1.8 mm Hg min�1) and
the decrease in pH to �7.13, which gives us appreciation for the
safety and limitations of THRIVE in general anaesthesia. These
results suggest that routine use of transcutaneous CO2 monitor-
ing may be advisable for procedures lasting longer than 30 min.
Randomized trials investigating the most effective intraopera-
tive ventilation strategies that counteract hypercapnia with min-
imal or no disturbance to the surgical field, such as high-
frequency infraglottic jet ventilation and high- or low-frequency
supraglottic jet ventilation, are warranted. Apnoeic intermittent
ventilation using a small (e.g. 5.0 mm internal diameter) micro-
laryngeal tube placed through the suspension laryngoscope may
be most effective in that regard, but repeated tracheal intub-
ations carry a risk for vocal cord and laryngeal injury. The feasi-
bility of adding advanced non-invasive ventilation capabilities to
the HFNC–patient interface may need to be explored by
manufacturers.

Despite the demonstrated intraoperative haemodynamic sta-
bility during THRIVE,1 summative cardiovascular effects of
hyperoxia, moderate permissive hypercapnia, and total i.v. an-
aesthesia demand further investigation. Hyperoxia may provoke
coronary vasoconstriction, reduce circulation in peripheral
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vascular beds, and decrease cerebral O2 consumption as a result
of neurotoxic effects of reactive oxygen species (see
Nimmagadda and colleagues).29 Many of these effects should be
mitigated by concomitant increase in PaCO2

and associated im-
provement in coronary blood flow30 and systemic oxygen deliv-
ery, which are promoted by increased cardiac output and
decreased peripheral vascular resistance.31–35 Acute hypercapnic
acidosis may be protective for the heart and other organs,36 37 but
caution is required if severe hypercapnia (PaCO2

>10 kPa, or 75 mm
Hg) is reached, because of associated myocardial depression.38

Propofol–remifentanil anaesthesia can be expected to reduce car-
diac output further, and therefore careful patient selection for
THRIVE administration is warranted. On the upside, propofol is a
powerful antioxidant, which scavenges free radicals and protects
against peroxidative injury in the presence of hyperoxia.39–45 The
safety of the intriguing interplay between THRIVE-induced
pathophysiology and anaesthetic pharmacology needs to be elu-
cidated carefully.

Capitalizing on Oscar Wilde’s famous quote, ‘I can resist any-
thing except temptation’, it is enticing to try to take a peek into
the future of advanced oxygenation techniques in general anaes-
thesia. Without the need for traditional airway management,
one can easily map out a diverse range of common short surgical
and diagnostic procedures that might be suitable for HFNC appli-
cation. THRIVE also has an enormous potential to reduce the risk
of complex airway management, and early reports of its use in
these settings are encouraging.2 21 46 47 48 Some stiff competition
awaits in attempted development of i.v. oxygen delivery systems
that use miniature (4 mm diameter) lipid oxygen-containing
microparticles.49 When administered i.v. to asphyxiated rabbits,
lipid oxygen-containing microparticles maintained full-body
oxygenation and normal vital signs, preventing organ injury and
death from systemic hypoxaemia.49 It may not be long until this
product becomes commercially available,50 potentially forcing
us to readdress the whole concept of difficult airway manage-
ment. Novel efficient extracorporeal CO2-removal devices
requiring simple percutaneous venous access, no systemic anti-
coagulation, and minimal blood flow rates of <0.5 litres min�1

have been developed.51 Using such a decapneization device,
Rispoli and colleagues52 efficiently removed CO2 during 40 min
of apnoea, while providing apnoeic oxygenation to the patient
during tracheal resection. Could this technique provide a boon
for future use of THRIVE in prolonged and complex upper airway
surgery?

We are living in the exciting times of rapidly proliferating
major technological advancements. What was thought impos-
sible only a few years ago will soon become a mundane reality in
the operating theatre. As if playing a perfect movie trailer,
Gustaffson and colleagues1 send us on a fascinating journey that
holds promise for a thorough redefinition of many aspects of
routine anaesthesia care.

La la land? No more.
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