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Editor,

Procedural sedation and analgesia (PSA) is increasingly
being used inside and outside hospitals worldwide.!
Upper airway patency is frequently lost during induction
and when sedation depth is increased.?2 The main objec-
tive of these feasibility-level randomised controlled trials
(RCT's) was to evaluate airway patency with vs. without a
new oral airway device for PSA in sedated healthy adult
volunteers.

Regarding CONSOR'T checklist, please see Appendix 1,
Supplemental Digital Content, http://links.lww.com/
EJAIC/A191. The trials were approved by the Swedish
Medical Products Agency (DNR 5.1-2022-75020, 5.1-
2023-70741), and the Swedish Ethics Review Board
(DNR 2022-06155-01, 2023-06486-01), and registered
(TRN  NCT05708651, 31 January 2023, and
NCT06270212, 23 January 2024) in the clinicaltrials.
gov database. Informed written consent was obtained
from each study participant.

The studies were performed (ML, J/QX) at the Department
of Anaesthesiology and Intensive Care Medicine, and the
Department of Imaging and Functional Diagnostics,
Skane University Hospital, Malmdo, Sweden, from Feb-
ruary until March 2023, and from February until March
2024, and statistically dimensioned based on estimated
effect differences in primary study outcome measures
between the study interventions.

"Thirty-six (18 female) healthy voluntary subjects with normal
dental status were included, paid SEK 3000 for participa-
tion, and randomised (ML, JA), with equal sex distribu-
tion, using allocation notes in presealed opaque envelopes.
Interventional blinding was not considered feasible.

T'he study intervention comprised a new medico-techni-
cal airway device (Stairway Medical AB, Malmo, Sweden)
for oral use during PSA (Fig. 1).

The device has a solid polypropylene core with a central
channel for oral breathing and procedural measures, side-
tubes for capnography and oxygen supply, and flanges for
dental retention of surrounding thermoplastic ethylene-
vinyl acetate material. Outermost flanges in prototypes
initially found to have induced oral discomfort in some
pilot patients were removed in slightly modified proto-
types evaluated accordingly. Short-term immersion in hot
water induces thermoplastic shield plasticity, enabling
careful dental impression. Cooling in water stabilises the
imprint. Customised devices counteract airway occlusion
by jaw alignment and fastening. The central channel, like
that in endoscopy bite-blocks, enables transoral proce-
dures while protecting fibre-optic equipment.

The control intervention comprised a CO,-sampling
nasal oxygen cannula (Salter Labs, Austin, Texas,
USA) in agreement with European clinical guidelines.?

Apnoeic events, defined as interrupted capnography
(Philips MR Patient Care Portal 5000, Philips Expression
MR400; Philips Healthcare Inc., Andover, Massachu-
setts, USA) by device (study intervention) and nasal
cannula (both interventions) for 10s or more,* airway
manoeuvres, hypoxaemia (SpO, < 95%), and re-align-
ment of capnographic equipment were recorded during
sequential intravenous induction of sedation by target-
controlled infusion of propofol (Braun Perfusor Space; B
Braun AG, Ehrlingen, Germany). Original devices were
evaluated in 6 subjects, slightly modified devices in 6,
and no devices in 12 (Appendices 2 and 3, Supplemental
Digital Content, htep://links.lww.com/EJAIC/A191).

Effect site concentrations of 1.2 and 2.0 pg ml—!, based
on the Marsh model® (standard of care at Skdne Univer-
sity Hospital), were aimed for to attain light and moder-
ate-to-deep steady-state levels of sedation, respectively,
according to the Observer Assessment of Alertness/Seda-
tion (OAA/S) scale.® Oxygen 15 | min—! was provided by
facemask (OxyMask Inc.; Southmedic, Barrie, Ontario,
Canada) in the supine position.
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Fig. 1 Schematic view of study device.

Dual-component airway device (Stairway Medical AB, Malmg, Sweden)
for promotion of airway patency during procedural sedation. lts solid
plastic core, comprising a central channel for spontaneous breathing,
procedural measures and protection of fibre-optic equipment, and side-
tubes for oxygen supply and supplementary oral capnography, is cov-
ered by integrated malleable thermoplastic material. Thermoplastic
plasticity, induced by short-term immersion in hot water, enables dental
impression for individual jaw alignment and fixation counteracting occlu-
sion of the upper airways during sedation.

Endtidal concentrations of O, and CO, were recorded
(Driger Zeus; Driger AG, Liibeck, Germany), and cap-
nographic waveforms visually analysed, during sequential
provision of 0, 1, 2, 4, 8 and 15 1 min—! of oxygen by
device, and of 0, 1, 2 and 4 | min—! by nasal cannula, with
randomised paired crossover study design, in 12 awake
subjects (Appendix 4, Supplemental Digital Content,
heep://links.lww.com/EJAIC/A191).

A visual analogue scale-based questionnaire on customi-
sation, comfort and usability (Appendix 5, Supplemental
Digital Content, http://links.lww.com/EJAIC/A191) was
completed by subjects after each study period.

Data is reported as median [IQR]. The Mann—Whitney
U and Wilcoxon signed-rank tests were used to compare
unpaired and paired data, respectively.

No predictors of individual airway difficulty were
recorded, except Mallampati III in one device subject.
All sedated subjects attained light (OAA/S 4), and mod-
erate-to-deep (3 to 2) sedation (Appendix 5, Supplemen-
tal Digital Content, http://links.lww.com/EJAIC/A191).
No airway manoeuvre, head repositioning, hypoxaemic
event (SpO, < 95%), or re-alignment of capnographic
equipment were recorded. Significantly fewer (median 0
[IOR 0 to 1] vs. 3 [2 to 4]; P=0.0015) and cumulatively
shorter (0 [0 to 14] vs. 52 [22 to 96] s; P =0.0039) apnocic
events were recorded in device subjects (Appendices

7-8, Supplemental Digital Content, http://links.Iww.
com/EJAIC/A191).

Study data did not differ between subjects sedated with
original or modified devices (Appendix 9, Supplemental
Digital Content, http://links.lww.com/EJAIC/A191).

Less squared, but clearly discernible, capnographic wave-
forms, with reduced ETCO; levels, were recorded by the
device at 15 1 min—! of oxygen, with corresponding ETO,
53 [52 to 65] %. Waveforms recorded by nasal cannula at 4
I min—! were slightly depressed, with maintained CO,
levels, in four subjects, with corresponding E'TO, 23 [21
to 25] % (Appendix 10, Supplemental Digital Content,
hetp://links.lww.com/EJAIC/A191).

The device was considered adaptable, comfortable,
breathable, and without residual adverse effects (Appen-
dix 5, Supplemental Digital Content, http://links.lww.
com/EJAIC/A191).

There was no harm to, or unintended effect on, any
subject.

To enhance statistical power, study data obtained with
identical study design during sedation was pooled, since
it did not significantly differ between subjects sedated
with original or modified device prototypes.

The randomised controlled design, together with few
investigators, is a strength of these RC'T's. Small-to-mod-
erate sample sizes are somewhat offset by data pooling in
sedated, and by intra-individual crossover comparisons,
in awake subjects.

Main findings of these RCT's are a significantly lower
incidence and cumulative duration of apnoeic events in
subjects sedated with the device.

In addition to standard nasal capnography, oral capno-
graphy enabled by the device provides potentially more

reliable continuous monitoring of spontaneous breathing.
7

It is unclear to what extent these findings also apply to
elderly patients with medical comorbidity. A larger
blinded RC'T to evaluate clinical usefulness of the device
is under evaluation at LLund University.

We conclude that medicotechnical promotion of upper
airway patency might be a valuable clinical option for
PSA, considering that significantly fewer and cumulative-
ly shorter apnoeic events are recorded, and that oral
oxygen supply and capnographic monitoring are enabled,
with this well-tolerated new airway device.
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