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(54) Title: MEDICAL GAS DELIVERY SYSTEM

FIG. 1b

(57) Abstract: Apparatus (1) for performing laryngoscopy is provided, the apparatus comprising a Made (2). a handle (3) and a
medical gas supply device (4) for provision of gas to a patient during laryngoscopy, wherein the medical gas supply device (4) in -
cludes an outlet (5) disposed on or in the handle of the device, or within the proximal half of the blade. A gas supply conduit (6)
supplies gas from a proximal aperture (8) to outlet (5).
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Medical gas delivery system

During oral laryngoscopy 8 patient is novmslly not brosthing, bwt gas from the sl
cavity and pharyny may be drawn imto the traches and to the lungs by a number of
physiclogical processes, most importsntly, spnoeile oxygenstion and mass flow. Apnoeic
oxygenation occurs because mammals normaslly absorb grester volumes of oxygen than the
vohunes of carbon dionide gas that they excrete. This means that there is a net drawing in of
gas from the wouth oven if the manunal 18 not bregthing. The two conditions for apuoeic
oxyeenation to oocur ars frstly the provigion of oxvgen in the upper airway and secondly an
open sirwsy or an open chame! from the mouth o the lungs, During orsl divect or indirect
laryngoscopy this channe! is normally kept substantially open and gas 18 therefore drawn info
the wouth and towards the lungs. If oxygen envichment is not used then this gas rapidly

hecomes mived with alr al 21% oxygen concentration.

To address this problem, oxveenstion during laryngoscopy bas been tmproved by
allowing g continuous flow of oxygen gt or into the mouth or divected 1o the pharyng or
farynw at sufficient flows to replace the air with oxygen or to prevent air being drawn info the
mouth. The delivery of exvgen to the oral cavity, pharyox, lanvny and traches is usofid during
laryngoscopy prior to tracheal intubation {o improve both oxygenation and fo extend the fime
availghle for placement of an endotraches! tube before the patient suffers an arterial oxygen
desaturation, To achieve this, laryngoscope blades have included chapmels in their design to
allow jetting or insufflation of gas or {o allow suction {o be applied. These have had narrow
charmels because they open 1o the petient’s airway on the distal portion of the blade. A wide

bore channel opening distally on the blade would risk jwpairing the view of the
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laryagoscopist or making the blade unduly bulky thereby impaiting s jnsertion and

function.

Thus, in the prior art, May describes in US4126127(A) » laryngoscops blade with an
integral channel to supply oxygen io the larynx, The chamnel is at the distal tip of the blade

and therefore necesgarily has 2 small cross-sectional area.

Bentt describes in WOR2007081558(A2) an oxygenating laryngoscope whersin the
straight blade includes a conduit for atiaching detachable tubing for delivery of oxygen to the
girway during laryngoescopy. The tubing in this device extends to the diztal end of the blade,

requiring it to have a narrow bore and impeding larvngoscopic view and instrumentation,

An shernstive approsch 1o the problem of spnoeie oxygenstion during laryngoscopy
iz that of replacing pharyngeal gases with oxygen by external nasal prongs using high flow
gas delivery systems such as those deseribed by Paiel in the journal of the Association of
Anaesthetists of Great Britain and Ireland, Avsesthesis (Ansesthesia, 2015 vol. 7003) pp.
323.-8). Although effective, this has the disadvaniage of high costs, the reguirement for very
high oxygen flows and if the nasal passages are narow or oooluded it can bosome less

effective.

1t iz therefore an objsct of the invention to sesk o mitigate the problems of the prior
art.

According to a Hrst aspect of the Invention there is provided apparatus for performing
iarvngoscopy, the apparatus cormprising a blade, a handle and a medical gas supply device for

provision of gas to 8 patient during laryngoscopy, wherein the medical gas supply device
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includes an outlet disposed on or in the handle of the device, or disposed at or adjacent the

proximal end of the blade.

As will be appreciated, the proximal end of the apparatus is the end that is nearest the user when
the apparatus is in use in a patient. Advantageously, , surprisingly that embodiments of the
invention provide effective apnoeic oxygenation without obscuring the view of the anatomy even

though the outlet is positioned, specially, away from the area of required gas delivery.

In an alternative, the outlet may be disposed in or on the distal half of the handle, the distal half
being the half that is nearest the patient. It is most preferred that, the outlet is disposed at or
adjacent the distal end of the handle. Advantageously, these configurations result in minimal

visual and physical, obstruction whilst still providing effective apnoeic oxygenation,

It is preferred that the medical gas supply device is adapted to provide gas flow therefrom with

substantially no entrainment of ambient air.

In one embodiment the medical, gas supply device may be adapted to provide gas flow
therefrom with substantially no entrainment of ambient air, by the outlet comprising a bore
including a cross sectional area that is sufficiently large to substantially prevent the occurrence
of a Venturi effect at or adjacent the blade. It is further preferred that the outlet comprises a bore
including a cross sectional area that is sufficiently large to substantially prevent the occurrence
of a Venturi effect at or adjacent the blade at medical gas flow rates of about 10 to 80L/min,

preferably up to 15L/min.

In a further embodiment the medical gas supply device may be adapted to provide gas flow

therefrom with substantially no entrainment of ambient air, by the outlet comprising a
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bore having a cross sectional ares of from > about 3row sq. to about 50 mm sg, preferably
from about 3.5 mm sq to abowt 20 ;mm sq, most preferably from abowt dmm sg o about about
12.5 rom sg. Although an outlet with 8 small oross sectional area and/or fine bore gas supply
tabing has an advantage of not impeding laryngoscopic view unduly and not making the
apparaius bulky there s 8 disadvaniage that at high ges flow velocily, 2 small oross sectional
area vutlet will cause ambient alr to be entrained alongside the medical gas being deliversd
by a mechanism related to the Ventd offect, thereby dilnting the concentration of madical
gas being delivered considerably, Experimentally and from the principles of physics itcan be
determined that at typics! medical gas flow rates a larger cross sectional ares outlet placed,
for example, on the proximal portion of the blade (vewr the mouwh opening during 8
laryngoscopy} will not impair the laryngoscopic view, nor make the blade unduly bully in
the middle or distal poriion so as not {0 mpede placement into the pstient’s airway, whilst
minimising the Venturl effect, thereby flooding the airway with high concentrations of

oxvgen for the purpose of optimising apnoeic oxygenation.

In g further embodiment the medical gas supply device may be adapted to provide gas
flow therefrom with substantially no entrainment of ambient adr, by the apparatus comprising

& plorality of outlets,

Thus it can be seen that the invention is a gas delivery device that allows the delivery
of a medical gas to the laryogeal and pharyngeal sirway, The device may comprise a bollow
wbe or condult with a proxime! end for attachment 1o g pressurised medical gas supply
source, such as 2 medical oxygen Howmetor, and a distal end for relesse of the ges
substantially g the mouth of a patient or, in ancther embodiment, i extends insids the mouth

or pharvox 1o release gas at these locations. The aperiure of the distal fubing 1o the invention
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is preforably on the proximal half of the larvagoscope blade and/or st or adjacent the distal
end of a laryngoscope handle such that It does not impair vision during laryngoscopy. Blade
designs allowing the aperture opening more distally ave possible but the hawen must be
sufficiently large to prevent o significant Venturi effect. Ax the distal aperture is located at the
prosimal end of & lavngoscope blade or gt the distal end of 8 lwryngoscope handle, i is
possible to use 3 much wider aperture bore than ie possible for gas delivery apertures located
al the distal tip of the laryngoscope biade, This is adveantageous as it provides a greater
oxvgen flow to a patient’s larynges! and pharvngeal airway without blocking the view of the

distal tip of a laryngoscope blade.

Preferably, the gas delivery device comprises an atischment element adapied to
reversibly attach the gas delivery device to the laryngoscope Made or handle, This is
advantageous in situations where an mtnbation proves o be complex and difficudt. In this
stfwation, 2 gas delivery device can be attached {o 8 lsrvngoscope to enswre 8 flow of medical
gas during the procedurs, particularly if the procedure has taken a long perind of time. The
gas delivery device being reversibly detachable may also be advantageous in that @ sllows

sase of cleaming snd sterilisation of the laryngoscope and the gas delivery device,

Proforably, th@ gas delivery device Is pormanestly sonnecied fo the proximal ond of
the laryngoscope blade or the distal end of the laryogoscope handle. This is advantageous in
sttuations where it is known that a medical gas flow will be required during a laryngoscopy.
The permanently commected gas delvery device may preforably be integral to the

farvngoscops blade or the larvngoscope handle
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According to & second aspect of the invention there is provided s methed of
conducting a larvogoscopy, the method comprising the step of using apparatus as defined

hersinabove.

The present invention will now be described, by way of example only, with reference

to the sccompanying drawings, in which:

Figures 1aand 1b are schomatic side views of gpparatus according to the invention;

Figure 1o is g schematic side view of a part of the apparatus of Figure Ib;

Figure 2 shows a graph of the difference between the airway FiO2 concentration
during Jeryngoscopy when performed using 8 conventional laryngoscope blade (no oxygen
imsuffiation) and when performed using a laryngoscope blade with a gas delivery apertwe
positioned at the proximal end of the blade;

Figure 3 shows a graph of the difference betwesn the alrway FiO2 conceniration
daring larvagoscopy when performed using s laryngoscope blade with a gas delivery aperiure
positionsd at the proximal end of the blade and when performed using o laryngoscope blade
with g gas delivery sperture positioned st the distal end of the blade;

Figure 4 shows a graph of the difference between FiZ concentration during
laryngoscopy after the application of pharyngeal swclioning when performed using a
conventional larvagoscope blade, with no oxygen insuffiation, and when porformed using 2
laryngoscope blade ftied with 2 gas delivery sperture positioned gt the progimal end of the
blade;

Figure 5 shows g graph of the difference between FIO2 during laryngoscopy with and
without 10 seconds of suction when performed using a conventional laryngoscope blade, with

no oxygen msuffation; and
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Figure 6 shows a graph of the difference between FiO2Z during laryngoscopy with and
without 10 seconds of suction when performed using 8 laryngoscope blade fitted with & gas

delivery aperture positioned at the proximal end of the blade.

Referring to the Fipures and in particular Figures la v le, there is ilhestrated
spparatus | {or performing laryngoscopy, the apparatus comprising a blade 2, a handle 3 and
2 medical gas supply device 4 for provision of gas 1o 2 patient during lavyngoscopy, wherein
the medical gas supply device 4 includes an outlet 5 disposed on or in the handle of the
device, or within the proximal half of the blade. A gas supply conduit & supplies gas from a

proximal aperiure & to outlet 3.

In Figure 1o, proximal aperture B is designed fo atiach secwrely on a standard oxygen
flowmeter outlet. Wide (for example 3mm-1lmm intomal dismeter) tublog carries oxygen in
5 low resistance pathway, conduit 6 Refbrence numersal 7 represents an artificial break as
the proximal portion will be long (for example over 1 meter long) o reach an oxypen somce
conveniently, This section of the condult 6 represented by reforonce numeral 7 may be

reversibly cotled for convenient storage and use.

An attachrnent element or a permanent attachrent means is preferably at the proxivoal

third of the larvngoscope blade 2.

The cross-sectional lumen wres ot outlet § and proximeal to the distal aperhure is g wide
bore aperiure to prevent high gas velocity ot the apertore and resulting entrainment of alr info

the patient's distal strway gt the dp of the blade 2,
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As can be appreciated from Figures 1o to Le, line of sight and instrumentation are not
substantially impeded by the ouilet 3 or conduit 8. Locating the owtlet § at the proximal end
of & laryngoscope blade or at the distal end of a laryngoscope handle 3 does not obstruct the
view of the distal tip of the laryngoscope blade 2. Therefore, the wider bore of outlet 3 and
conduit 6 makes i possible to deliver medics] gas wuch more effectively then for gus

delivery apertures placed in the distal p of a laryagoscope blade.

In one embodiment, the outlet § for gas delivery may be disposed on the lower, 0 use,
surface of the laryngoscope Made 2, the lower surface of the laryngoscope blade being the

surface not in contact with the tongue during a laryngoscopy procedure.

The outlet § of the gas delivery device is adapted to direct a jet of gas into the pharynx
or laryax. In one embodiment, the outler § for gas delivery may be positioned on the
apparatus such thet it is positioned outside of the patient’s mouth in normal usage buf, when
in pse, directs gos into the mouth. The gas delivery device 4 may be attached to the
laryngoscope blade or the handle of the leryngoscope but positioned such that it sits outside

of but substantially proximate the opening of the mouth,

In g preferred embodiment, the outlet § of the gas delivery device 4 is located in the
proximaal third of the laryngoescope blade 2 so as to not impair viston or instrumentation of the
airway distally. In one embodiment of the invention the outlet 5 is greater than 7 mm sg. in
cross-sectional area. In another embodiment, the outlet § is circular in cross-sectional shape
and in one embodiment i 18 non-circular In cross-sectional shape. In vet another embodiment,
the cross-sections area of the outlet 5 is 20 sguare millimetres. Cther crbodiments of the

invention have an outlet 5 of cross-sectional aves greater than 20 square millimetres.
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In one ermbodiment, the gas delivery device 4 may include multiple outlets 5 with
aperiure sizes and resistances to allow flow in multiple directional streams of gas. In another
embodiment, the gas delivery device has g narow cross soctional bore tubhing bwt the distsl
portion is desigeed with multiple apertures or directional apertures so as to reduce jet like

flow and reduce the Veniuri effect,

in one embodiment, the invention comprises a conduit 6 with a resistance o flow
such that at a pressure of approximately 4 atmospheres at the proximal end, flow Is resiricted
to a known safe rate. Four atmospheres is conventionally the oxygen pressure in hospits]
piped oxygen sysiems and in full oxygen cvlinders. For example, the resistance o flow could
be manufactured to be such that at a pressure of 4 atmospheres a rate of 60 Lo is achioved
or in another embodiment 30 Limin would be achieved or in another embodiment 13 Limin
would be achieved. This would allow a user to open up 2 flowmeter completely and be

prevented from applying unduly snd potentially dangerous flow rates,

in one embodiment, the gas delivery device 4 includes a port in the conduit 6 with a
one way valve to allow injection of fluid, for example local anaesthetic solution, to facilitate

application to the airway.

In one embodiment, the invention comprises delivery tubing {conduit 8) being curled
Hke a spring or coil such that when the laryngoscope blade 2 is moved distant from the
proximal connection to the oxygen sourcs tidy extension of the tube iz facilitated and when
the lgryngoscope blade is moved closer to the oxvgen sowrce the cotl reforms thereby

proventing tangling or the tubing getting in the way of the laryngoscopist or assistants.
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In one embodiment, the gas delivery device 4 reversibly attaches to either the
larvngoscope blade or laryngoscope handle 2. The mechanism of attachment can be of many
types ncluding a slip which wedges onto and grips the blade edge. It is desirable for the slip
to be secure buf non-tratmmatic to the iongue. In another crobodiment, the attachment
mechanism uses & piecs of adhesive tape aitached to the distal end of the tubing near the
outlet 5 to tape the invention to & latyngoscope blade 2 at or near conduit 6. Many
laryagoscope blades have & converdent flat surface on the back {(opposite end o the tip) of the
blade to which a sleeve or adhesive fape may conveniently and seourely reversibly fasten. In
vet another embodiment, the gas delivery device 4 comprises one or mofe magnet or
ferromagnetic element In the handle or blade or & combination of the two to allow revensible
attachment of a magnetic or ferromagpetic clement on the invention. In & further
embodiment, the gas delivery device comprises an cloment near the distal aperture that

reversibly or irreversibly connects 1o a paired fixation element on & laryngoseope blade 2,

[n one embodiment, the gas delivery device 4 has the supply conduit & and outlet 5
permanently connected to the proximal half of the laryngoscope blade and preferably the

prowimal third of the laryngoscope blade 2.

One embodiment of the device may be combined with 2 laryngoscope handle or blade

COVETIing.

The gas delivery device 4 may comprise a proximal portion and a distal portion. In
one embodiment, the gas delivery device 4 is flexible in the distsl portion. In another

embodiment, the pas delivery device 4 is rigid In the distal portion. In yel another
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embodiment, the gas delivery device 4 has fexible cloments and rigid elements. One
embodiment having a fexible clement connecting the device to the oxygen source, a rigid
element adiacent to the laryngoscope handle and a rigid or flevible cloment near or adjscent

tor the laryngoscope blade surface.

A preferred embodiment of the invention is single use and disposable so cleaning for

réuse ig ot an issue,

Experiment A

Figure 2 shows the results of an experiment in which the fraction of inspired oxygen
(Fi02) was monitored dwing laryngoscopy from preintubstion to 600 seconds. The
experiment was performed using 3 conventional laryngoscope blade, with wo oxygen

insuffiation, and a larvngoscope blade with a gas delivery outlet 5 at the proximal end of the

blade.
Pre0d2 | FiQZ | FHO2 | FO2 | FH2 | FiO2 | F(BE | FOZ
3s 5835 Shs 1208 180s Gis
Conventionsl 0923 1 0616 | 0304 1 G28% | 0246 | 023
Lamgoscops
Blade, no oxygen
insufflation

Laryngoscope G535 | 0786 | OBIZ | 0813 | 0814 | 0.81s | 0826 | 0815
blade with » gas
delivery aperfure
positioned st the
proximal end of

the blade

Table 1: Changes in FIOZ over 8 10 mrinute period during laryngoscopy using a conventional
taryngoscope bade, with no oxygen tnsufflation, and a larysgoscope blade fitted with 2 gas
delivery aperture positioned at the proximal end of the blade.
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laryngeal and pharyngeal airways. As will be appreciated, enswring as high a Fd2
concentration during such difficult intubations is critical. Laryngoscopy was performed using
gither a conventional laryngoscope blade, with no oxygen msufflation, or a larysgoseope

Wlade ftted with a gas outlet 5 at the proximal end of the laryngoscope blade.

Pre(32 | 13¢ s 2% 3s 35z | 40s {48z |30z | 55s | 80s

{onventional 0.8972 G.65% 10481 10351 0346 | 03223 | 0307 1 0295 1 0286 | 8278 | 02T
Blade, no
QXVEEn

msuffiation

-3
f
(¥

Laryagoscops {.965 i 0681 0836 L 0TS | 0762 | G785 | 0807 | 082 | 8823 | 1826
Made with a
gas delivery
aperture
positioned at
the proximal
end of the
hlade

Table 4: Changes in FOZ during laryngoscopy afier the application of pharyngeal suctioning
using & conventional laryngoscope blade, with no oxygen insufflation, and a laryngoscope
blade fitted with a gas delivery aperture located at the proximal end of the blade,

Table 4 and Figure 4 show that the FIO2 concentration of the laryngoscope blade with
a gas outlet $ at the proximal end of the laryngoscope blade was far higher than when using &

conventional laryogoscope Blade and actually rebownded to a level close fo the FO2

concentration prior to pharyngeal suctionng.

Fxperiment D

Figures § and 6 show the resalts of an experiment 10 determing the effects of suction
verses noe suction on FiO2 concentration when using a conventional laryngoscope blade, with
no oxygen insufflation, and & laryngoscope blade fitted with & gas outlet 5 located at the
proximal end of the laryngoscope blade. Where suction was applied, pharyngeal suctioning

was applied for 10 seconds.
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i5

Preldl 30s &ils
Conventional Blade, no suction $.923 0,618 0.394
Conventional blade, suction 4.872 {.348 0.27

Pre(dd R &8s
Laryngoscope bisde with a gas {955 0,786 88123
delivery aperture positioned at the
proximal end of the blade, no
suction
Laryngoscope blade with a gas 0968 0716 .828
delivery aperture positioned at the
proximal end of the blade, suction

Table §: Changes in Fild? over a 60 second period during laryngoscopy with and without 18
sevonds of suction using & conventional lavyngoscope Made, with no oxygen nsuffiation, and
during laryngoscopy with and withowt suctions using 8 laryngoscope blade fitted with a gas

delivery aperiure positioned at the proximal end of the blade.

Ax shown by Teble § and Figwres § and 6, pharynges] suctioning dramatically

reduced the FiO2 concenirstion for the conventional laryngoscope blade but overall Fi(d2

conceniration decreased substantially over time as proviously shown in Exporbments A and C.

However, while suctioning decreased the Fi2 concentration for the laryngoscope blade

fitted with a pas outlet 5 at the provimal end of the laryngoscope blade, the Fi(2

concentration rebounded o ihe same conceniration thal was seen when 1o suclion was

applied during larvagoscopy.
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CLAIMS

1.  Apparatus for performing laryngoscopy, the apparatus comprising a blade, a handle and a
medical gas supply device for provision of gas to a patient during laryngoscopy, wherein the
medical gas supply device includes an outlet disposed on or in the handle of the device, or

disposed at or adjacent the proximal end of the blade.

2. Apparatus according to claim 1, wherein the outlet is disposed in or on the distal half of the

handle.

3. Apparatus according to claim 2, wherein the outlet is disposed at or adjacent the distal end

of the handle.

4.  Apparatus according to any preceding claim, wherein the medical gas supply device is

adapted to provide gas flow therefrom with substantially no entrainment of ambient air.

5. Apparatus according to claim 4, wherein the medical gas supply device is adapted to
provide gas flow therefrom with substantially no entrainment of ambient air by the outlet
comprising a bore including a cross sectional area that is sufficiently large to substantially

prevent the occurrence of a Venturi effect at or adjacent the blade.

6.  Apparatus according to claim 5, wherein the outlet comprises a bore including a cross
sectional area that is sufficiently large to substantially prevent the occurrence of a Venturi effect

at or adjacent the blade at oxygen flow rates of about 10 to 80L/min, preferably up to 15L/min.

7. Apparatus according to claim 4, wherein the medical gas supply device is adapted to
provide gas flow therefrom with substantially no entrainment of ambient air by the outlet
comprising a bore having a cross sectional area of from > about 3mm sq. to about 50mm sq,
preferably from about 3.5mm sq to about 20mm sq, most preferably from about 4mm sq to about

12.5mm sq.

8. Apparatus according to any preceding claim, wherein the outlet is non-circular in cross-

sectional shape.
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9.  Apparatus according to any preceding claim, wherein the medical gas supply device

includes a gas supply conduit and the outlet includes a one way valve.

10. Apparatus according to any one of claims 1 to 9, wherein the medical gas supply device
and laryngoscope blade include one or more magnet or ferromagnetic element or combination of

elements such that the gas supply device is reversibly attachable to the laryngoscope blade.

11. Apparatus according to any one of claims 1 to 10, wherein the outlet is disposed on or in a

lower, in use, surface of the laryngoscope blade.

12. A method of conducting a laryngoscopy, the method comprising the step of supplying
oxygen to the patient via the laryngoscope according to any of the preceding claims with

substantially no entrainment of ambient air.

Indian Ocean Medical Inc.
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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