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(57) Abstract

An anaesthetic vaporiser comprises (a) a unit for supplying carrier
gas with a composition selected according to the requirements of a patient
to whom it is to be supplied from the vaporiser; (b) a regulator by which the
quantity of the carrier gas flowing from the supply unit into a first passage-
way is controlled so that no more than a predetermined quantity of gas
flows through that passageway; (c) a reservoir for an anaesthetic agent,
from which the agent is supplied into the said first passageway to mix with
the carrier gas flowing therein, for subsequent administration to a patient;
and (d) a second passageway for the carrier gas, which extends from the re-
gulator to a point at which the first and second passageways join to allow
the anaesthetic agent and carrier gas in the first passageway to mix with
carrier gas in the second passageway prior to administration of the agent to
a patient. The vaporiser may include (e) a first sub-passageway which is
connected to the second passageway so that the carrier gas in the first and
second passageways, together with any anaesthetic agent in the first pas-
sageway, can mix prior to administration to a patient, (f) a second sub-pas-
sageway by which that gas can be administered directly to a patient without
prior mixing with carrier gas in the second passageway, and (g) means for
selecting flow of carrier gas in the first passageway, and any anaesthetic
agent carried with it, between the first and second sub-passageways.
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AN ANAESTHETIC VAPORISER

This invention relates to an anaesthetic vaporiser, for supply

of an anaesthetic agent to a patient.

It is common to administer anaesthetic agents supplied as
liquids to a patient as a gas, by vaporising the liquid, and
then carrying the vaporised liquid in a carrier gas. The
conditionsrunder which the agent is administered in this way
depend on a number of factors, including the anaesthetic
activity of the agent, and the quantity of agent which must be
administered to a patient. The conditions can vary between

extremes of rate of flow of the carrier gas.

A low flow rate of carrier gas is associated with closed
breathing circuit systems where the carrier gas flow rate is
determined by the metabolic gas uptake of the patient, which
may be as low as 100 ml.min”', and where gas expired by the
patient is returned after the carbon dioxide has been removed.
The maximum concentration of anaesthetic agent vapour which can
be carried by the carrier gas is typically around 30% by
volume, and is determined by the saturated vapour pressure of
the agent. Carrier gas saturated with agent is mixed with the
expired gas in the breathing circuit to produce the required
concentration of the agent for inhalation. During surgery, it
can be desirable to increase the concentration of the agent in
the carrier gas supplied to the patient, for example because of
an increase in the uptake of agent by the patient which can
cause the concentration of agent in supplied to the patient to
fall, or to induce a change in the depth of anaesthesia. The
limitation on the amount of the agent which can be carried by
the carrier gas can be overcome by injecting liguid anaesthetic
agent directly into the breathing circuit, agent vapour being
picked up by the carrier gas as it flows over the liquid agent
to increase the concentration in the carrier gas as required.
However, it can be difficult to control accurately the

variation with time of the concentration of agent which is
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supplied to the patient since it will depend on the rate at
which agent vapour is picked up by the carrier gas.
Furthermore, the injection of ligquid agent into the breathing
circuit can cause a rapid and undesirable increase in the
amount of agent supplied to the patient in the event that some
of the liquid is received by the patient as liquid, rather than

as vapour in the carrier gas.

Medium and high carrier gas flow rates are associated with open
and semi-closed breathing circuits, where the range of flow
rates will be from about 2 to 15 l.min'. The concentration of
anaesthetic agent in the carrier gas is generally in the range
of 0 to 5% by volume and, under these conditions, there is
]ittle variation in the agent concentration due to factors such
as an increase in the uptake of agent by the patient. However,
in order to provide a stéady output concentration of agent, it
is necessary for large quantities of agent to be vaporised.
This can be achieved by providing a chamber in which the agent
is vaporised and mixed with the carrier gas. It is highly
preferable that the agent be completely vaporised by the
vaporiser, since supply of incompletely vaporised agent can
jead to accumulation of liquid anaesthetic agent in the chamber
in which the agent is vaporised and mixed with the carrier gas.
This can lead in turn to sighificant fluctuations in the rate
at which the agent is administered to a patient: as the agent
collects, the‘effective amount of agent administered to the
patient is less than intended: subsequently, as that agent
vaporises, the effective amount of agent administered to the
patient is greater than intended. Furthermore, the collection
of liquid agent makes flushing of agent out of the appératus

more difficult.

The use of a chamber in which the agent is vaporised and mixed
with the carrier gas cannot be used when the flow rate of the
carrier gas is low, for example less than about 0.8 l.min"’,
‘since it exacerbates the problem associated with low flow rate

regimes of controlling changes in agent concentrations
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accurately.

It is preferred that a single machine be used to administer an
anaesthetic agent to a patient in a carrier gas, whether the
flow rate of the carrier gas is low or high, but the differing
requirements of these two regimes make this difficult.

US-4611590 discloses apparatus for adding a liquid anaesthetic
agent to respiratory gas supplied to a patient, in which the
agent is supplied to a chamber in which it is heated to cause
vaporisation, for subsequent supply directly to a patient’s
breathing circuit. Alternatively, the agent can be supplied to
a swirl chamber where it is mixed with a carrier gas. From the
swirl chamber, the agent with its associated carrier gas is
administered directly to a patient’s breathing circuit. The
apparatus therefore provides the possibility either of
administering the anaesthetic agent carried by a large volume
of a carrier gas, or directly without any carrier gas.
However, the disclosed apparatus requires the use of the
combination of a heated chamber, a temperature sensor and

heated conduit to operate in this way.

The present invention provides apparatus for supply of an
anaesthetic agent in which liquid agent is mixed initially with
a small quantity of a carrier gas, for subsequent
administration to a patient, possibly with just that small
quantity of carrier gas, or alternatively after mixing with a

larger quantity of carrier gas.

Accordingly, in a first aspect, the invention provides an
anaesthetic vaporiser which comprises:

(a) a unit for supplying carrier gas with a composition
selected according to the requirements of a patient to

whom it is to be supplied from the vaporiser;

(b) a regulator by which the quantity of the carrier
gas flowing from the supply unit into a first passageway
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is controlled so that no more than a predetermined

quantity of gas flows through that passageway:;

(c) a reservoir for an anaesthetic agent, from which
the agent is supplied into the said first passageway to

mix with the carrier gas flowing therein, for subsequent

administration to a patient; and

(d) a second passageway for the carrier gas, which
extends from the regulator to a point at which the first
and second passageways join to allow the anaesthetic
agent and carrier gas in the first passageway to mix with
carrier gas in the second passageway prior to

administration of the agent to a patient.

The apparatus of the invention has the advantage that a greater
.degree of control over the anaesthetic agent supplied to a
patient is available whether the anaesthetic agent is being
supplied directly after vaporisation or atomisation to the
patient’s breathing circuit, or it is being supplied after

mixture with an additional quantity of a carrier gas.

The carrier gas supply unit will generally include an adaptor
which can accommodate a number of separate gases provided in
separate containers, generally cylinders which hold gases under
pressure. The supply unit will include appropriate control
equipment by which the mixture of the carrier gas which is
supplied from it is appropriate according to the requirements
of a patient to whom the carrier gas, together with any
associated anaesthetic agent, is to be supplied. Ié will
therefore be understood that the selection of a carrier gas
formulation is carried out in the present vaporiser prior to
the addition to it of anaesthetic agent and, indeed, to the
split of the carrier gas between the first passageway and the

second passageway.

The mechanism by which the carrier gas in the first passageway
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and agent which is supplied to it mix can involve atomisation
of liquid agent, evaporation or a combination of the two. For
example, a liquid agent maybe broken into small droplets by
passing it with a carrier gas through an orifice.
Subsequently, small droplets of liquid agent may evaporate
between the orifice and entry into the patient’s breathing
circuit. Indeed, in some applications, the evaporation of
agent can take'place after entry into the breathing circuit.
This is particularly applicable when the rate of addition of
agent to the breathing circuit is relatively high, but the rate
of flow of carrier gas is low. The apparatus of the invention
may include additional components by which vaporisation or
atomisation of the liquid agent is encouraged. For example, a
heat source or a metal coil (especially a copper coil) may be
included to encourage evaporation. Alternatively, or in
addition, a member may be provided with a component which
defines an orifice through which the carrier gas and any agent
flowing in the first passageway must pass, so that atomisation
results from the change in pressure as the gas and agent pass
out of the orifice. The member may be, for example, a plate
having a hole in it, or a length of a tube having an internal
bore which is smaller than that of the passageway. After
passage through such an orifice, liquid agent in the passageway
will generally be broken into small droplets.

The apparatus of the invention has the advantage that, when
arranged to supply anaesthetic agent directly to a patient’s
breathing circuit with a low carrier gas flow rate without the
agent first being mixed with an additional quantity of a
carrier gas, the concentration of the agent in the breéthing
circuit can be adjusted quickly and conveniently, and is not
dependent on the degree of saturation of carrier gas, as can be
the case in vaporisers in which carrier gas is passed through
a quantity of liquid anaesthetic agent. This is made possible
because of the.provision of a small quantity of carrier gas for
véporisiﬁg or atomising the agent after discharge from the
reservoir. Furthermore, the ability to supply an agent
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directly to a patient’s breathing circuit after vaporisation or
atomisation has the significant advantage that the response
time for a change in concentration of the agent can be kept
low. 1In these respects, the apparatus of the invention is to
be contrasted with systems in which anaesthetic agent 1is
supplied as liquid directly to a patient’s breathing circuit to
be picked up by carrier gas flowing over it, where the agent
concentration in the carrier gas is dependent on the rate at
which the agent is picked up by the gas, which is itself

dependent on factors such as the degree of saturation and

temperature of the gas.

The apparatus of the invention has the further significant
advantage that it is able to provide an anaesthetic agent
directly following atomisation or vaporisation, or following
mixing with an additional quantity of carrier gas, particularly
simply, for example without the need for a heated chamber, a
temperature sensor and a heated conduit as is called for in the

apparatus disclosed in US-4611590.

Anaesthetic agent is preferably added to the carrier gas
flowing in the first passageway in such a way that the quantity
that is added is controlled continuously and carefully. This
may be achieved by means of a dosing pump such as is provided
in the vaporiser disclosed in the application, filed with the
present application, which claims priority from UK patent
application no. 9109021.7. Subject matter disclosed in that
application is incorporated in the specification of the present
application by this reference. It has been found possible by
use of such a pump to control the rate of supply of the
anaesthetic agent in the range of from 2 pl.min' to 11000
pl.min’t. For example, the pump can be made to deliver
anaesthetic agent at rates which vary by a factor of as much as
5500. For example, the rate of flow of carrier gas through the
vaporiser might vary between 0.2 and 15 litres per minute, and
the anaesthetic concentration might vary between 0.2 and 12% by

volume.
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The apparatus of the invention may be used to provide
anaesthetic agent in a carrier gas which has a high flow rate.
In this arrangement, the carrier gas in the first passageway,
together with any agent associated with it, is mixed with

additional carrier gas flowing in the second passageway, to
increase the total amount of gas in which the agent is carried
for administration to a patient. This can be an attractive
arrangement when the quantity of agent or carrier gas or both

to be administered to a patient is high.

The split of carrier gas between the first and second
passageways, by the regulator, is arranged so that no more than
a predetermined gquantity of gas flows through the first
passageway, and so that the excess gas flows through a second
~ passageway. The regulator can ensure that only sufficient gas
flows through the first passageway to ensure adequate carriage
of the anaesthetic agent. The quantity of gas which is allowed
by the regulator to flow through the first passageway will be
selected to ensure an appropriate degree of atomisation or

vaporisation or both of liquid agent to be mixed with it.

The regulator is preferably a valve which opens when the
pressure exerted against it exceeds a pre-determined minimum
pressure. Such valves are commonly referred to as
back-pressure valves. An appropriate valve might comprise, for
example, an aperture with an appropriate closure member which
is biassed against the aperture so as to close it, for example
by means of a spring. The closure member may be, for example,
a ball which acts against a circular aperture in a plate under

force exerted by a spring.

Preferably, the regulator will allow for the quantity of gas to
be selected. For example, the regulator may be set to ensure
that the maximum rate of flow of gas through the first
passageway is about 1 litre per minute. It has been found that
an appropriate back-pressure for many applications is less than
about 7.5 x 10° kg.m?, preferably less than about 5 x 10°
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kg.m'z. The back-pressure may be greater than about 1.5 X 10°

kg.m'?, preferably greater than about 2.5 X 107 kg.m

The first and second passageways are connected to one another

sc that the carrier gas in the passageways, together with any
anaesthetic agent in the first passageway mixed with the gas,
can mix prior to administration to a patient. Mixing of the
carrier gas and agent in the passageways may take place in a
chamber, which is configured to ensure proper mixing of the
agent vapour and the carrier gas, and full vaporisation of the
agent. Preferably, the carrier gas and anaesthetic agent nixec
with it enter the chamber through a nozzle, which maintains sz
pressure difference between the first passageway and the mixing
chamber and second passageway. - The nozéle diameter will be
selected according to the pressures involved. A nozzle
diameter of less than about 1.0 mm, for example about 0.5 mm,

has been found to be appropriate for many applications.

The apparatus may include means for selecting flow of gas in
the first passageway, together with any anaesthetic agent

carried with it, between:

(a) a first sub-passageway which 1s connected tc the
second passageway so that gas in the first and seconc
passageways, together with any agent in the £irst
passageway, can mix prior to administration to a patient,

and

{(b) a second sub-passageway by which that gas can be
administered directly to a patient without prior mixing

with gas in the second passageway.

The selection means may comprise a simple switch by which the
flow of gas can be selected. The provision of selection means

of this type has the advantage that the adaptability of the
low

th

apparatus of the invention between high and low gas

rt

administration conditions can be exploited tc the £fulles
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possible extent.

The size of the second sub-passageway, through which carrier
gas and associated anaesthetic agent are administered directly
to a patient, will generally be selected according to the
volumes of fluid to be administered, while maintaining an
appropriate pressure in the first passageway. The size of the
second sub-passageway can usefully be less than that of the
first passageway. It can be preferred for some applications
for the second sub-passageway to have an internal diameter of
less than about 5 mm, more preferably less than about 3.5 mnm,

for example about 2 mm.

The passageways or sub-passageways through which carrier gas
and anaesthetic agent are administered to a patient are
preferably provided with appropriate fittings so that they can
be interfaced appropriately with the patient’s breathing

circuit.

Embodiments of the present invention will now be described by
way of example with reference to the accompanying drawing,
which provides a schematic illustration of the apparatus of the

invention.

Referring to the drawings, the apparatus comprises a source 1
of a carrier gas, which might consist of, for example nitrous
oxide, oxygen or air, or a combination of these gases. The
carrier gas flows from the source 1 through a flow sensor 2,
which allows the rate of flow of carrier gas to be monitored.

A back pressure regulator 7 is situated downstream of the flow
sensor 2 to control the split of carrier gas at a junction 8
between a first passageway 9 and a second passageway 10. The
regulator 7 ensures that no more than a predetermined quantity
of gas flows through the first passageway 9, excess gas being
admitted to the second passageway 10. Liquid anaesthetic agent
is held in a reservoir 3, and is supplied to the first
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passageway ¢ through a dosing pump 4 by which the rate of
supply of the anaesthetic agent is controlled, according to the
required concentration of agent and the required rate cf flow

of gas into the patient’s breathing circuit.

Anaesthetic agent supplied from the reservoir 3 enters the
first passageway at a junction 11. The mixture of carrier gas
and agent then flows to a switch 12 by which the subsequent
flow of the gas and agent can be selected between a first
sub-passageway which conducts the gas and liquid to a mixing
chamber, and a second sub-passageway 14 through which the agent
and carrier gas are administered to the breathing system of a
patient, via an outlet 18. The first sub-passageway conducts
the carrier gas and agent to a mixing chamber 13 through a
nozzle which ensures atomisation of the liquid agent, where it
is diluted with excess gas flow which flowed from the regulator
7 through the second passageway 10, leading also to the mixing
chamber. A third passageway leads directly from the mixing
chamber to an outlet 16, through which carrier gas from the
first and second passageways, and agent, can be administered to

the breathing system of a patient.

The apparatus of the invention may include more than one
reservoir, so that the apparatus can be used to supply a number
of different anaesthetic agents by appropriate selection of the
reservoir from which an agent is to be supplied to the first
passageway . Different anaesthetic agents can require
administration to a patient under different conditions, and the
apparatus of the invention allows the conditions necessary for
administration of each specific agent to be attained

conveniently.
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CLATMS:
1. An anaesthetic vaporiser which comprises:
(a) a unit for supplying carrier gas with a composition

selected according to the regquirements of a patient to

whom it is to be supplied from the vaporiser:;

(b) a regulator by which the quantity of the carrier
gas flowing from the supply unit into a first passageway
is controlled so that no more than a predetermined

quantity of gas flows through that passageway:

(c) a reservoir for an anaesthetic agent, from which
the agent is supplied into the said first passageway to
mix with the carrier gas flowing therein, for subsequent

administration to a patient; and

(4d) a second passageway for the carrier gas, which
extends from the regulator to a point at which the first
and second passageways Jjoin to allow the anaesthetic
agent and carrier gas in the first passageway to mix with
carrier gas in the second passageway prior to

administration of the agent to a patient.
2. A vaporiser as claimed in claim 1, which includes:

(a) a first sub-passageway which is connected to the
second passageway so that the carrier gas in the first
and second passageways, together with any anaesthetic
agent in the first passageway, can mix prior to

administration to a patient,

(b) a second sub-passageway by which that gas can be
administered directly to a patient without prior mixing

with carrier gas in the second passageway, and
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(c) means for selecting flow of carrier gas in the
first passageway, and any anaesthetic agent carried with
it, between the first and second sub-passageways.
3. A vaporiser as claimed in claim 1 or claim , which
includes a mixing chamber in which the carrier gas in the first
and second passageways can mix.

4 A vaporiser as claimed in any one of claims 1 to 3, which

<.

includes a source of heat by which vaporisation of anaesthetic

agent can be encouraged.

. A vaporiser as claimed in any one of claims 1 te 4, which

n

includes a component which defines an orifice through which the
carrier gas and any anaesthetic agent carried with it must pass

to cause atomisation of the agent.

6. A vaporiser as claimed in any one of claims 1 to 5, in

which the regulator is a back-pressure valve.
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