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HYPERBARIC CHAMBER CONTROL AND/OR
MONITORING SYSTEM AND METHODS FOR
USING THE SAME

[0001] This application claims priority from US. Provi
sional Patent Application No. 60/483,754, ?led Jun. 30,
2003 and entitled “HYPERBARIC CHAMBER CONTROL
AND/OR MONITORING SYSTEM AND METHODS

control of the exhaust ?oW control valve 114 also receives
a feedback pneumatic control signal based upon the current
amount of pressure in the chamber 102. Finally, the exhaust
circuit also includes a manual bypass exhaust ?oW control
valve 116 and a How meter 118 to alloW manual release of
compressed air from the chamber 102 at a manually con
trolled rate.

FOR USING THE SAME” Which is incorporated herein by
reference in its entirety for all purposes.

[0007] A signi?cant problem With prior art hyperbaric
chamber control systems is that they require equally Zeroed

FIELD OF THE INVENTION

and calibrated pressure gauges at atmospheric pressure to
not read the same pressures for a given treatment depth. For

[0002] The present invention relates generally to hyper

PSIG) differential betWeen a loWer set pressure and a desired

baric chambers, and more particularly to a hyperbaric cham

chamber treatment pressure in order for the prior art system
to provide a 200 lpm+ ventilation rate. This necessary
miscalibration has often resulted in operator confusion due
to the difference betWeen the gauges Which may result in
operator error that may compromise patient care.

example, the prior art requires a substantial (e.g., 1/2 to 1

ber control and/or monitoring system and methods for using
the same.

BACKGROUND OF THE INVENTION

[0003] Monoplace hyperbaric chambers are designed to
provide oxygen therapy under a speci?c pressure pro?le for

[0008] As depicted in FIG. 2, in prior art hyperbaric

one patient at a time. Such chambers typically have basic

chambers 102, incoming oxygen Will ?nd the least resistive
route 200 to the exhaust port. This phenomenon is referred

pressure control and monitoring systems. A commercially

to as a channeling effect. Unless a very high volume (e.g.,

available example of a conventional chamber is the Model

200+ lpm) of oxygen is forced into the prior art chamber
102, the majority of the oxygen in the chamber 102 being
exhausted Will bypass the patient 202 and How beloW or
betWeen the stretcher 204 and the chamber hull. BeloW 200
lpm prior art chambers fail to ventilate causing fogging due
to Water vapor from the patient’s breathing and causing a
build-up of carbon dioxide in the chamber 102. Thus, prior

3200 Monoplace Hyperbaric Chamber manufactured by
Sechrist Industries, Inc. of Anaheim, Calif. These chambers
typically include a series of manual gas valves that alloW an

operator to control input pressure, ventilation, and exhaust.
Conventional chambers require the use of a large volume of
oxygen in order to maintain the desired pressure While

attempting to provide adequate ventilation to control carbon
dioxide and Water vapor and provide patient cooling. For
example, a typical prior art monoplace hyperbaric chamber

art chambers 102 must use a high volume of oxygen to

uses 200 to 500 liters per minute of oxygen.

insure adequate circulation of oxygen Within the chamber
102. This further contributes to the inef?ciency of prior art
hyperbaric chambers 102. In many prior art chambers 102,

[0004]

adequate circulation is not only important in order to provide
the patient 202 With suf?cient oxygen for breathing and to

Turning to FIG. 1, a pneumatic schematic illus

trating a convention system 100 of How control gas valves

for a typical prior art hyperbaric chamber 102 is depicted.
An oxygen supply 104 feeds the chamber 102 With oxygen
to create compression in the chamber 102. The desired
amount of oxygen is applied at a rate controlled via a

pressure How control valve 106. The pressure How control

valve 106 is itself controlled by a pneumatic control signal
that may be adjusted to an appropriate pressure by refer

remove exhaled carbon dioxide and Water vapor, but also to

maintain a comfortable temperature throughout the chamber
102.
[0009] In many areas of the World, medical grade com
pressed oxygen suitable for use in a hyperbaric chamber 102
is expensive and not readily available. Thus, it is a substan
tial draWback of prior art chambers 102 that they must use

encing a pressure gauge 108. A regulator 110 is used to

high volumes of oxygen. In addition, using such high

actually send the pneumatic control signal to the pneumatic

volumes of oxygen results in signi?cant noise levels Within
the chamber 102 Which may be unpleasant for patients that
may be subjected to the loud noise for prolonged periods
during treatment. Thus, What is needed is a monoplace
hyperbaric chamber and control system that does not suffer
from the above described draWbacks.

control of the pressure How control valve 106 to alloW more
or less oxygen into the chamber 102. The operator must

carefully monitor the chamber pressure by Watching the
chamber pressure gauge 120 relative to the pneumatic
control signal on the ?rst pressure gauge 108.

[0005]

In addition to the pressure How control valve 106,

a ventilation ?oW control valve 112 is used to provide
additional oxygen to the chamber 102 for ventilation. The
ventilation ?oW control valve 112 is controlled based upon
the current amount of pressure in the chamber 102 via a

feedback pneumatic control signal to the ventilation ?oW
control valve 112.

[0006] An exhaust ?oW control valve 114 (e.g., a back
pressure How control valve) vents air from the chamber 102
at a rate that is sloW enough to maintain the desired pressure
Within the chamber 102 but fast enough to both meet a
required ventilation rate and help maintain a desired tem

perature range Within the chamber 102. Thus, the pneumatic

SUMMARY OF THE INVENTION

[0010] In accordance With some embodiments of the
invention, there is provided a control system for a hyperbaric

chamber including a patient control mechanism adapted to
alloW a patient to affect compression and/or decompression
of the hyperbaric chamber While the patient is located Within
the chamber.
[0011]

In accordance With some embodiments of the

invention, there is provided a pneumatic compression circuit
including a volume booster operable to pressuriZe, depres
suriZe, and hold a pressure Within a hyperbaric chamber, and
a ventilation circuit coupled to the hyperbaric chamber.
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[0012]

In accordance With some embodiments of the

invention, there is provided a method including discharging

treatment pro?le selected from among a database of treat
ment pro?les based upon a plurality of characteristics of a

cooled gas at the outlet end of a Venturi duct Within a

patient.

hyperbaric chamber so as to entrain gas in the hyperbaric
chamber into the inlet end of the Venturi duct.

[0020] Further features and advantages of the present

[0013]

ing detailed description, the appended claims and the

In accordance With some embodiments of the

invention, there is provided a method including discharging

invention Will become more fully apparent from the folloW

accompanying draWings.

gas at the outlet end of a Venturi duct Within a hyperbaric

chamber, directing the gas to How past a patient’s head

BRIEF DESCRIPTION OF THE DRAWINGS

disposed Within the hyperbaric chamber, and entraining the
gas to re-circulate Within the hyperbaric chamber via the
Venturi duct.
[0014]

In accordance With some embodiments of the

[0021]

FIG. 1 is a schematic diagram of a conventional

pneumatic control system for a prior art monoplace hyper
baric chamber.

invention, there is provided a method including ventilating
a hyperbaric chamber using cooled gas and circulating the

prior art monoplace hyperbaric chamber.

cooled gas Within the hyperbaric chamber using a Venturi
duct.

[0023]

[0015]

baric chamber according to some embodiments of the

In accordance With some embodiments of the

invention, there is provided a Venturi duct disposed Within
a hyperbaric chamber, a gas supply line coupled to the
Venturi duct, and a heat exchanger disposed proximate to the
gas supply line.
[0016]

FIG. 2 is a cross-sectional side vieW diagram of a
FIG. 3 is a schematic diagram of a portion of an

example pneumatic control system for a monoplace hyper
present invention.
[0024]

FIG. 4 is a cross-sectional side vieW diagram of an

example monoplace hyperbaric chamber according to some
embodiments of the present invention.

In accordance With some embodiments of the

invention, there is provided a How controller coupled
betWeen a pressuriZed gas supply and a hyperbaric chamber.
The How controller includes a signal port coupled to an
outlet port of a set pressure selection valve. Aduplex analog
pressure gauge is coupled to the hyperbaric chamber and an
outlet port of the set pressure selection valve. In some
embodiments, the set pressure selection valve includes a

computer controlled regulator valve.
[0017]

[0022]

In accordance With some embodiments of the

invention, there is provided a hyperbaric chamber having an
inlet port and an exhaust port Wherein the ports each include
a one-Way valve, and a volume booster is coupled to both the

inlet port and the exhaust port of the hyperbaric chamber. An
inlet port of the volume booster may be coupled to a
pressuriZed gas supply. In some embodiments, a ventilation
circuit may also be coupled to the hyperbaric chamber. In

[0025]

FIG. 5 is a detailed schematic diagram of an

example pneumatic control system for a monoplace hyper
baric chamber according to some embodiments of the

present invention.
[0026] FIG. 6 is an illustration of an example user inter
face of a computer monitoring and control subsystem for a

pneumatic system for a monoplace hyperbaric chamber
according to some embodiments of the present invention.

[0027] FIG. 7 is a block diagram illustrating an example
of a computer controlled hyperbaric chamber monitoring
and control system according to some embodiments of the

present invention.
[0028]

FIG. 8 is a ?oWchart illustrating an example pro

gram control method according to some embodiments of the

present invention.

some embodiments, the volume booster includes a 1:1
forced-balanced volume ampli?er. In some embodiments, a

DETAILED DESCRIPTION

signal port of the volume booster is coupled to an outlet port
of a set pressure selection valve. In some embodiments, the
set pressure selection valve includes a computer controlled

regulator valve.
[0018] In accordance With some embodiments of the
invention, there is provided a How controller that may be
coupled betWeen a pressuriZed gas supply and a valve
Wherein the How controller includes a reference port coupled
to an outlet port of the valve and to a one-Way inlet port of
a hyperbaric chamber. In some embodiments, the How
controller is coupled to a primary ventilation gas, a focused
ventilation gas, and/or a mask gas. In some embodiments,
the valve includes a control coupled to, and operable by, an
electric-to-pneumatic transducer coupled to a computer con
troller.
[0019]

In accordance With some embodiments of the

invention, there is provided a pneumatic control system for
a monoplace hyperbaric chamber, a computer control system
coupled to the pneumatic control system via a plurality of
transducers, and a program operable to execute a hyperbaric

[0029] The present invention provides speci?c and sig
ni?cant improvements in pressure control, loWer oxygen
consumption, temperature and humidity environmental con
trol, and safety as compared to control systems of prior art

monoplace hyperbaric chambers presently available in the
WorldWide marketplace.
[0030] As illustrated in FIG. 3, in some embodiments of
the present invention a hyperbaric chamber control system
300 uses, for example, a pneumatic volume booster 302 to
both provide oxygen to pressuriZe the chamber 304 and to
provide controlled exhaust of the chamber 304. The inlet
port of the booster 302 is coupled to an oxygen supply 306
and the outlet port of the booster 302 is coupled to a check
valve 308 leading to the chamber 304. The check valve 308
prevents oxygen from ?oWing back from the chamber 304.

[0031]

The outlet port of the booster 302 is also coupled

to a check valve 310 leading from an exhaust outlet of the

chamber 304. Check valve 310 (e.g., a gravity sWing check
valve such as model number T-473 (class 200) manufactured
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by Nibco Inc. of Elkhart, Ind.) prevents oxygen from ?oW
ing back into the chamber via the chamber’s exhaust port.
[0032] The signal port of the booster 302 is coupled to a
duplex analog pressure gauge 312 and the outlet port of a
flow control valve 314 that can be used to send a one to one

ratio pneumatic signal to control the pneumatic volume
booster 302. The duplex analog pressure gauge 312 is used
to insure that the proper pressure control signal is sent to the

volume booster 302 While simultaneously and intuitively
alloWing the operator to monitor the chamber pressure. The
inlet of the flow control valve 314 is coupled to the oxygen
supply 306. The remote feedback port of the booster 302 is
coupled to the chamber 304 to provide a reference pressure
level to the booster 302.

[0033] In operation, the booster 302 discharges gas at a
higher pressure then the set point pressure coming from How
controller 314 in order to ?ll the chamber 304 With gas. Once
the chamber pressure exceeds the set point pressure, the

booster 302 shuts off the oxygen being supplied to the
chamber 304. This dynamic Would result in the chamber
being pressuriZed to an extent greater than the set point
pressure. HoWever, the line leading from the chamber 304 to
the remote feedback port of the booster 302 alloWs the
booster 302 to sense the chamber pressure and compare it to

the set point pressure independent of the booster’s discharge
pressure. This prevents the booster 302 from undesirably
over shooting the set point pressure.
[0034] When increased pressure is needed in the chamber
304, the volume booster 302 is signaled to alloW additional
oxygen in through check valve 308. When decreased pres
sure is needed in the chamber 304, the volume booster 302
is signaled to alloW air out through check valve 310 and via
its exhaust port. When constant pressure is needed in the
chamber 304, the volume booster 302 is signaled to exhaust
only an amount of air equivalent to the amount of oxygen

being added for ventilation. The control system 300 of the
present invention thus, conserves the pressuriZed oxygen

Within the chamber 304 by only exhausting the minimum
amount of oxygen required to avoid increasing the pressure

from oxygen added by the ventilation circuit (discussed
beloW). As Will be explained beloW, additional oxygen for
cooling and circulation is not required by the hyperbaric
chamber 304 of the present invention.

[0035] A commercially available example of a pneumatic

ventilation ?oW controller 318 may be coupled to a metering
valve 320 (e.g., a needle valve) Which is coupled to a check
valve 322 leading to the hyperbaric chamber 304. The
reference port of the ventilation ?oW controller 318 is
coupled to the outlet of the metering valve 320 to provide a
feedback pressure level to automatically compensate for

changes in the chamber pressure. Commercially available
examples of a ventilation ?oW controller 318 and compatible
metering valve 320 that may be suitable for use With some

embodiments of the present invention include the Series 63
Constant Differential FloW Controllers manufactured by

Siemens Energy & Automation, Inc. of Alpharetta, Ga.
[0037] In some embodiments of the present invention, a
heat exchanger 324 is used to cool the oxygen entering the

chamber 304 doWn to, for example, thirty-?ve degrees
Fahrenheit (or another desired temperature). The heat
exchanger 324 may be disposed Within the chamber or in the
line leading from the check valves 308, 322. In some
embodiments, the heat exchanger may be located in other

positions. The heat exchanger 324 further reduces consump
tion of oxygen in that in the system 300 of the present
invention, cooled oxygen keeps the patient comfortable
instead of using a high volume of oxygen to achieve the
same result. A commercially available example of a heat
exchanger 324 that may be suitable for use With some
embodiments of the present invention includes the Type

P-30 Plate Heat Exchanger manufactured by Delaval Inter
national AB of Tumba, SWeden.
[0038] In some embodiments of the present invention, a
door safety lock 326 prevents the door of the hyperbaric
chamber 304 from opening While the chamber 304 is under
pressure. A commercially available example of a door safety
lock 326 that may be suitable for use With some embodi

ments of the present invention includes oxygen-compatible

spring return stainless steel pneumatic cylinder manufac
tured by Bimba Manufacturing Company of Monee, Ill.
[0039] Turning to FIG. 4, a diagram illustrating a cross
sectional vieW of an example hyperbaric chamber 400
(including Venturi induced circulation of oxygen along the
long axis of the example chamber 400) of some embodi
ments of the present invention is depicted. In contrast to the

prior art hyperbaric chamber depicted in FIG. 2, oxygen
circulation throughout the chamber 400 of the present inven
tion is much more uniform and substantial for a given

volume of freshly supplied oxygen and thus, ventilation is

volume booster 302 that may be suitable for use With some

more efficient.

embodiments of the present invention includes the Model

[0040] For example, prior art chambers require signi?cant

4500A (Part No. EA19549-1EI) Pneumatic Volume Booster
(With tapped exhaust, remote feedback port, and bypass
valve options) manufactured by the Fairchild Industrial

ventilation rates of over 200 liters per minute (LP/M) to

Products Company of Winston-Salem, NC. In some

peutic oxygen gas. 95% oxygen is considered a therapeutic

embodiments, other components may be used in place of the
pneumatic volume booster 302 to provide both compression
and exhaust of the chamber 304.
[0036] In some embodiments of the present invention, a
ventilation circuit provides a steady flow of additional
oxygen to the chamber 304 to insure that a patient 316

undergoing treatment in the chamber 304 continuously
receives suf?cient fresh oxygen to reduce/minimiZe any
accumulation of carbon dioxide and Water vapor. A venti
lation circuit suitable for use in some embodiments of the
present invention includes a ventilation ?oW controller 318

coupled to the oxygen supply 306. The outlet port of the

exchange the atmospheric air Within the chamber after
closing the door and beginning compression With the thera

concentration at 2 atmospheres absolute (ATA). Typically
prior art chambers take over six minutes from closing the
door to reaching 2 ATA and 95% oxygen concentration at
200 LP/M flow rates. In addition, prior art chambers at 2
ATA require up to seven minutes to change the chamber
mixture being breathed by the patient from air at 1 ATA to
98% Oxygen at 2 ATA- even at 200 LP/M due to the

inefficient gas flow design. (This type of change may be used
after providing the patient With an “air break” to prevent a

seiZure.)
[0041] In the event of patient oxygen seiZure at 2 ATA
some operational protocols recommend sWitching to air

Dec. 30, 2004

US 2004/0261796 A1

(21% Oxygen, 79% Nitrogen) to interrupt the patient oxy
gen induced grand mal seizure. Prior art chambers are
unable to shift from one gas to another Without signi?cant
delay. For example, at the normal minimal ?oW rate of 200
LP/M, the Sechrist 3200 chamber takes over eight minutes
to change from pure oxygen to 21% oxygen air at a pressure

of 2 ATA. At higher (& noisier) ventilation rates of 400
LP/M this time only improves to six minutes.
[0042] Referring to FIG. 4, a chamber inlet port provides
oxygen to the expanding outlet of a Venturi tube 402

disposed at the end of a duct 404 running the length of the
chamber 400 beloW a stretcher 406 that supports the patient
408. Fresh oxygen entering the chamber 400 is directed via

a series of noZZles (not pictured) arranged radially around
the outlet of the Venturi tube 402 that each point toWard a

focal point outside of the Venturi tube’s outlet. Oxygen
forced through the noZZles causes a loW pressure area to

form Within the Venturi tube 402 that pulls air along the duct
404 leading from the opposite end of the chamber 400 and
creates a positive pressure and mass gas ?oW over the

patients head. A commercially available example of a Ven
turi tube 402 suitable for use With some embodiments of the

present invention includes the model-120020“Super Air
Ampli?er” (12 to 1 ratio) Venturi duct manufactured by the

[0046] Turning to FIG. 5, a detailed schematic diagram
depicting an example hyperbaric chamber control and/or

monitoring system is described. This particular example
system includes a pressure control subsystem, a primary
ventilation circuit, a manual compression valve, a manual

decompression valve, an automatic compression/decom
pression control circuit, an automatic/manual hold function,
a patient-activated hold function, an emergency decompres
sion subsystem, an environmental temperature control, a
chamber gas mixing feature, a focused ventilation circuit, a

mask gas supply subsystem, a gas analysis subsystem, a
chamber over-pressurization protection subsystem, a suction

injury prevention subsystem, a duplex analog pressure
gauge, a chamber pressure digital gauge, a pressure/time

chart recorder, a pressure cycle counter, temperature moni
toring devices, a tWenty-four hour clock and timer, and a

computer monitoring and control subsystem. As indicated
above and as Will be explained in more detail beloW, the

active gas cooling systems, temperature monitoring, venti
lation subsystems, Venturi gas mixing, and separate venti
lation, supply and exhaust circuits described herein result in
a loWer volume per minute rate of fresh gas ventilation

required than prior art monoplace chamber designs.

Venturi cool tube.

[0047] Note that in any particular embodiment of the
present invention not all of these modular subsystems and
components of a hyperbaric chamber control and/or moni
toring system are required. In fact, many of these sub
systems and components may be used individually in com
bination With, or in sub-combinations With, prior art

[0043]

Exair Corporation of Cincinnati, Ohio. In some embodi

ments, the fresh oxygen discharged through the Venturi tube
402 may be used to cool the chamber via adiabatic gas
cooling (by gas expansion). This may be referred to as a

Baf?es 410, 412 located at either end of the duct

hyperbaric chambers. Thus, the particular system illustrated

404 and alongside (not pictured) the stretcher 406 prevent

in FIG. 5 and described beloW must be understood to be an

chamber gas ?oW around the sides and under the stretcher
406 except through the duct 404. The concave ends of the
chamber 400 further help redirect the gas ?oW from the

example of only some of many possible embodiments of the
present invention.

outlet of the duct 404 up toWards the patient 408. Thus, cool,
dry oxygen, exiting the Venturi tube 402 and re-circulating
chamber gas from the duct 404 are directed over the head of

the patient 408 and doWn toWards the patient’s feet. Water
vapor and carbon dioxide exhaled by the patient 408 is

mixed With and displaced by the cool, dry oxygen and
brought to the exhaust outlet port of the chamber 400.

[0044] In steady state operation (ie at a constant pressure
Within the chamber 400), a percentage of the chamber gas
(e.g. ~2.5% or 100 liters per minute) is exhausted out the
outlet port. The balance of the gas is entrained into the duct
404 and re-circulated back up to the patient head end of the
chamber 400. This feature of the present invention permits
loW (eg 100 LPM) volumes of fresh oxygen that have been
chilled (e.g., to betWeen 35 and 38 degrees Fahrenheit) to
mix With circulating chamber gas to maintain a cool, loW
humidity and loW carbon dioxide environment. A distinct
advantage of this system is that there are no moving parts
and alternate sources of poWer (electric/hydraulic), Which
are contraindicated in an oxygen environment, are not

required.
[0045] In some embodiments of the present invention, the
Venturi induced circulation of oxygen may be enhanced
through the use of, for example, one or more explosion

proof electrical, pneumatic, and/or hydraulic driven fans
(not pictured) disposed Within the duct 404 or elseWhere in
the chamber 400. In some embodiments, a Venturi tube may
not be used at all and instead one or more fans may be used
to circulate the gas.

[0048] The present invention provides stable gas ?oW
through the use of “referenced ?oW control.” Through out

the description of the present invention, it should be noted
that many of the subsystems and functions provided in
accordance With the present invention may utiliZe gas ?oW

controllers, for example, upstream and/or doWnstream gas
?oW controllers, to ensure stable gas ?oW. These devices

achieve steady, even ?oW by comparing stable reference

pressures (e.g., atmospheric, 35 PSIG regulated, etc.) to
variable chamber pressures (e.g., ranging from 1 to 3 ATA).
This stable ?oW alloWs much safer operation of the hyper
baric chamber in that the operator is not required to con

tinuously monitor and adjust e.g. mask supply gases.
[0049] The present invention may use separate supply and
exhaust circuits, for example, to improve chamber control
and gas circulation and cooling during chamber compression
and/or decompression While holding a speci?c treatment
pressure. In some embodiments, the pressure control circuit
is a 1:1 forced-balanced volume ampli?er that is adapted to
supply gas to the chamber or exhaust gas from the chamber
through different penetrators, and to utiliZe a series of

?oW-control check valves by being supplied With a static
reference or set pressure.

[0050] The set pressure may be controlled, e.g., by a
hand-operated selection valve and ori?ces of different siZes
and/or using a computer control subsystem, to compress or
decompress the referenced set pressure at a desired rate (e. g.,
1, 3, or 5 PSIG per minute) When set pressure is higher than
chamber pressure.
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[0051] A volume booster may be employed to sense the
differential, and to supply gas into the chamber When the set
pressure is beloW chamber pressure. The volume booster
may exhaust chamber gas through a separate exhaust system
and out through the device to safe atmosphere.

[0052] When holding pressure at treatment depth, and
referenced set pressure and chamber pressure are the same,

the ventilation, Which may be activated Whenever the cham
ber door is closed, may be caused to continue to supply gas
into the supply circuit and into the chamber. As the chamber
pressure increases above reference pressure, for example, by
tWo inches of Water in some embodiments (although other

pressure changes may be employed), the volume booster
may begin to exhaust, so as to compensate for the increase
in chamber pressure, and may continue to hold pressure.

through the chamber door activated valve 20 from the How
controller 21, pass through the check valve 58, slide a bolt

(e.g., ram) of the door safety lock 12, and/or pass through the
heat exchanger 13 to the inlet port of the chamber 57.
[0060]

The actual rate at Which the ventilation gas ?oWs

may be adjustable. As indicated above, the control port of
the How controller 21 is coupled to the outlet of the upstream
metering valve 22 to provide a feedback reference pressure
level (e.g., 35 PSIG). An example of a How controller 21 that
may be suitable for use With some embodiments of the

present invention includes the Model 63D Constant Differ

ential FloW Controller manufactured by Siemens Energy &
Automation, Inc. of Alpharetta, Ga.
[0061]

The heat exchanger 13 may operate in the same

manner and serve the same functions as described above

[0053] Note that throughout this description example val

With reference to FIG. 3. More details regarding the heat

ues are provided to illustrate operation of the system in some
embodiments. It should be understood that these values are
not the only possible values or even necessarily average

exchanger 13 are provided beloW in the discussion regarding
environmental temperature control.

values. Thus, in different embodiments, completely different

[0062] Manual Compression Valve

values, even different relative to each other, may be
employed. In other Words, even if tWo example values are in
some ?xed proportion to each other Within a certain range,
it is not necessarily true that the proportion Will be ?xed

[0063] The outlet port of the pressure regulator 5 may also
be coupled to a manual compression valve 8. Regulated gas
(e.g., 35 PSIG gas in some embodiments, although other
pressures may be employed) may be caused to How from the
pressure regulator 5 directly to a manual compression or
similar control valve 8, from Which the gas may be caused
to How through a check valve 11 and into the patient
chamber compartment 57.

beyond the range.

[0054] Pressure Control Subsystem
[0055] PressuriZed medical grade oxygen and/or air may
be permitted to enter the system through one or more

particulate ?lters 1. A three-Way valve 3 With tWo inlets,
each coupled to an outlet of the ?lters, may be employed to
permit selection of either gas to be used to compress and
control a patient chamber compartment 57. Coupled to the

outlet port of the three-Way valve 3, a pressure regulator 5
may be used to reduce a gas input pressure (e.g., 50 to 60

PSIG) to a desired regulated pressure (e.g., approximately
35 PSIG in some embodiments).

[0056]

The outlet port of the pressure regulator 5 is

coupled, among other devices, to a volume booster 6 and
ventilation circuits, both of Which are described in detail
beloW.

[0057] Primary Ventilation Circuit
[0058]

To provide a stable ventilation ?oW rate into the

patient chamber compartment 57 independent of chamber
pressure, an upstream-referenced ?oW controller 21 may be

provided. As indicated above, the inlet port of the How
controller 21 is coupled to the outlet port of the pressure
regulator 5. The outlet port of the How controller 21 may be
coupled to a metering valve 22 (e.g., a needle valve) Which
is coupled to a chamber door activated valve 20. The

chamber door activated valve 20 may be biased closed (e.g.,
so that How of ventilation gas is prevented), for example,
using a spring bias. Coupled to the outlet of the chamber
door activated valve 20 is a check valve 58 that permits only
one-Way How of the ventilation gas toWard the chamber 57.
The outlet of the check valve 58 may be coupled to a door
safety lock 12 and a heat exchanger 13 that leads to the
chamber 57.

[0059] The chamber door may be con?gured so that upon
closure, a valve plunger of the chamber door activated valve
20 is activated and thereby alloWs ventilation gas to pass

[0064] Manual Decompression Valve
[0065] Decompression of the patient chamber compart
ment 57 may be provided via an exhaust subsystem 10. For

example, in some embodiments, the exhaust subsystem 10
may include a safety suction “T”55, an exhaust port, a

lint/particulate ?lter 9 coupled to the exhaust port doWn
stream of the suction “T”55, a manual decompression valve
7 coupled to the outlet of the ?lter 9, and a chamber exhaust
?oW meter 44 doWnstream of the decompression valve 7 in

the line leading to safe atmosphere.
[0066] A signi?cant cause of malfunctions in prior art
chamber pressure and/or ventilation control systems is due
to the accumulation of foreign matter in the system’s valves
and other devices. This problem has resulted in signi?cant
repair costs associated With prior art chambers. The present
invention solves this problem through the use of a particu
late ?lter 9 (e.g., a 5 micron ?lter) designed to trap linen lint
and other debris that may otherWise accumulate in the

system.

[0067] Automatic Compression/Decompression Control
Circuit

[0068] In the example depicted in FIG. 5, the inlet port of
a volume booster relay 6 is coupled to the outlet port of the
pressure regulator 5 so that the volume booster relay 6 may

be employed to add regulated (e.g., 35 PSIG) gas to the
patient chamber compartment 57 and/or to exhaust gas from
the patient chamber compartment 57 based on the pressure
Within the compartment as compared to the desired chamber
pressure indicated on a set point controller 28. The signal

port of the volume booster relay 6 is coupled to the outlet
port of, for example, a multi-Way selection valve 26 (e.g., a
four-Way valve is pictured) Whose inlet ports are coupled to
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the outlet port of the set point controller via differently sized
sonic ori?ce restrictors and trimmer metering valves 27.

valve coupled to the regulated gas supply and thereby
adapted to provide a control signal.

[0069] The set point controller 28, Which may be manually
adjustable or computer controlled, may be employed along

[0076] In some embodiments, the patient hold valve 33
may be biased (eg via a spring or other bias) closed (e.g.,
preventing doWnstream pressuriZation) and may be further

With the multi-Way selecting valve 26 to set a rate of

pressure change in the patient chamber compartment 57. For

adapted to be manually activated (e.g., opened) by the

example, the set point controller 28 may be used in con

patient, permitting a control signal to be delivered via a
valve 43 (e.g., a shuttle valve coupled to the push-button

junction With the multi-Way selecting valve 26 to permit
selection from among a choice of various rates (e.g., 0.25

PSIG/min, 1 PSIG/min, 3 PSIG/min, and/or 5 PSIG/min.)
by routing set point pressure gas through, for example,

valve) to the control port of the three-Way valve 25 thereby
activating the three-Way valve 25. In the example embodi
ment depicted in FIG. 5, a patient activating the patient hold

different sonic ori?ce restrictors and trimmer metering

valve 33 Will thus, block transmission of a compression/

valves 27, an in?nitely variable regulator, or a set of pre-set

decompression change signal to the volume booster relay 6

regulator valves. In some embodiments, instead of (or in
addition to) the multi-Way valve and different sonic ori?ces,
the set point controller 28 may simply be coupled to a
computer controlled regulator that alloWs in?nite selection

by isolating the rate control selection valve 26 and the sonic

of gas ?oW rates from Zero to the maximum system rate.

[0070]

Asafety relief valve 24 (e.g., a 32 PSIG or other set

point relief valve) may be coupled to the volume booster

relay signal line to prevent unacceptably high set point
pressures from reaching the volume booster relay 6 and/or to

prevent over-pressurization of the patient chamber compart
ment 57.

[0071]

In some embodiments that use a multi-Way selec

ori?ces 27, and ?nally venting the volume booster relay
signal via the exhaust port of the manual set point controller
28.

[0077] The signal line from the patient hold valve 33 may
be decompressed by venting this static line to the atmo
sphere When the patient hold valve 33 is not being activated
by the patient. For example, a metering vent valve 47 (e.g.,
a needle valve) may be provided, and may be tuned to a

value of less capacity than the patient stop valve 33 so that
the patient stop circuit remains activated as long as the

patient hold valve 33 is being depressed by the patient. As

tion valve 26, the set point pressure control signals that are
sent to the volume booster relay 6, may be buffered to

soon as the patient releases the patient hold valve 33,

minimiZe transitory pressure spikes that result from sWitch

[0078] The operator may be provided With respective

ing betWeen different sonic ori?ces. A rate volume tank 23

may be coupled to the volume booster relay signal line for
such a purpose. As depicted in FIG. 5, a one liter siZed rate
volume tank 23 is an example of a siZe that may be suitable

With a system operating With the example pressures and How
rates provided in the discussion of this illustrative embodi
ment of the present invention.

[0072] Automatic/Manual Hold Function
[0073]

In some embodiments, a three-Way valve 25 may

be disposed Within the volume booster relay signal line
betWeen the multi-Way rate selection valve 26 and the
volume booster relay 6 to enable and/or isolate set point
pressure gas through the multi-Way rate selection valve 26.
The three-Way valve 25 may be biased open (e.g., via a
spring or other bias) to alloW passage of set point pressure
gas through the multi-Way rate selection valve 26. An

compression/decompression may be alloWed to resume.

audio and/or visual alerts or alarms, for example, via a

pneumatic sonic alarm 50 in conjunction With a pneumatic
visual (e.g., red/green) indicator 51 that indicates that the
patient has activated the patient stop circuit. The visual
indicator 51 may serve as a hold/run condition indicator to

indicate that the three-Way valve 25 is pressuriZed (e.g.,
activated and closed), meaning that either the patient hold
button 33 has been activated, or the operator-controlled
manual toggle valve 42 has been activated, to stop chamber
pressuriZation or depressuriZation. Other alarms may be

employed.
[0079] Thus, the patient hold valve 33 permits a patient
inside the chamber undergoing treatment to stop chamber
compression or decompression for a patient determined
duration (e.g., via depression of a push button valve for the
duration of the button depression). In some embodiments,

operator may be permitted to manually activate (e.g., close)

simply activating a push button may suspend compression/

the three-Way valve 25. For example, the three-Way valve 25

decompression until the operator or computer control sub

may be adapted to be activated via a control signal, and a

system resets the patient hold valve 33 to resume the

toggle (or similar) valve 42, coupled to the regulated gas

compression/decompression. A patient thereby may inter

supply and adapted to provide such a signal, may also be
provided. The toggle valve 42 may be biased (e.g., via a

rupt pressure change, for example, if he or she is unable to
equaliZe sinus and/or ear pressure. The inclusion of a patient

spring or other bias) closed (e.g., preventing doWnstream
pressurization), and may be further adapted to be manually

hold valve 33 may signi?cantly improve patient compliance

activated (e.g., opened) by the operator.

embodiments, an operator outside of the chamber may
override this function.

[0074] Patient-Activated Hold Function
[0075] In some embodiments, a patient Within the patient
chamber compartment 57 may be permitted to indepen

dently interrupt or temporarily pause compression of the

and Willingness to continue a course of therapy. In some

[0080] Emergency Decompression Subsystem
[0081] The system may further provide for emergency
decompression of the patient chamber compartment 57. For
example, emergency decompression may be accomplished

chamber, for example, in the event he/she is unable to
equaliZe. Apatient hold valve 33 may be provided Within the

via an appropriate valve such as, for example, a spring

chamber 57 for this purpose. For example, a patient hold
valve 33 may be embodied as a push-button (or similar)

biased three-Way momentary push-button valve 41, Which
may be supplied by regulated (e.g., 35 PSIG) oxygen (i.e.,
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coupled to the outlet port of the pressure regulator 5). The
outlet of the momentary push-button valve 41 is coupled to
the control port of a three-Way valve 46. Manual activation
of the momentary push-button valve 41 may produce a
control signal so as to activate the three-Way valve 46. While
the three-Way valve 46 may be biased open, e.g., via a spring

bias, enabling passage of set point pressure gas through the
multi-Way rate selection valve 26, activation of the three
Way valve 46 may isolate set pressure from the rate-control

selection valves 26, 27.
[0082] The same control signal that may activate the
three-Way valve 46 may be further employed to activate a
pneumatic on/off valve 45, Which may alloW set pressure to
vent to atmosphere at a controlled rate through an adjustable
needle valve 49. In some embodiments, a doWnstream

atmospheric-referenced ?oW controller 52 may be included
to provide a ?xed supply pressure to the metering valve 49
so as to ensure a linear ascent rate (i.e., linear depressuriZa

tion).

by the Venturi and a ducting/baf?e system that creates a
positive pressure and mass gas ?oW over the patients head
and doWn toWards the feet. The inlet of the Venturi duct is
located at the patients feet Where gas is exhausted out of the
chamber (eg at 100 liters per minute) and the balance of gas
is entrained into the Venturi duct and re-circulated back up

to the patient head end of the chamber. This feature permits
loW (eg 100 LPM) volumes of fresh oxygen that have been
chilled (eg to 35 to 38 degrees Fahrenheit) to mix With
circulating chamber gas to maintain a cool, loW humidity
and loW carbon dioxide environment. An advantage of this
system is that there are no moving parts that require alternate
sources of poWer Which are potentially dangerous in an

oxygen-rich environment.
[0088] Focused Ventilation Circuit
[0089] When a patient experiences cool air bloWing on
his/her face, a normal physiological response, called “div
er’s re?ex,” results that typically causes the body to cool the
trunk by sending blood to the extremities. The present

[0083] Environmental Temperature Control

invention takes advantage of this re?ex by providing the

[0084] Environmental temperature control Within the
patient chamber compartment 57 may be achieved by uti
liZing a heat exchanger 13 (e.g., a ?at-plate heat exchanger

patient With a focused ventilation circuit.

or similar heat exchanger) to cool ventilation supply oxygen
and/or compression supply oxygen. As indicated above, a

to the face or other area of the patient’s body. For example,
oxygen at thirty-?ve PSIG may be delivered through a ?lter
1 to an upstream-referenced ?oW controller 48A. The ?oW
rate control may be adjusted by a metering valve 37. The
actual ?oW may be visualiZed through a ?oW meter 30
coupled to the outlet of the metering valve 37. A check valve

heat exchanger 13 may be disposed in the line leading from
the outlet port of the volume booster relay 6 and the

ventilation circuit 20, 21, 22. The gas ?owing through the
heat exchanger 13 may be cooled via a number of different
methods. For example, these methods may include any

[0090] A ?exible adjustment hose (not shoWn) inside the
chamber 57 may be adjusted by the patient to direct oxygen

31A disposed in the ?exible adjustment hose may be

combination of a combined chiller/heater closed-circuit
pump system With a reservoir; an open- or closed-circuit
chill Water; and/or an open circuit bleed of carbon dioxide
from a high-pressure cylinder Wherein as the carbon dioxide

employed to prevent reverse ?oW. In some embodiments, the

expands it adiabatically cools the oxygen in the exchanger
Without mixing With it (e.g., via conduction) and then vents
to safe atmosphere Without entering the patient chamber

[0091] Mask Gas Supply Subsystem

compartment 57. The inventor has observed that, by the use
of methods and apparatus in accordance With the present

passed through ?lters 1 and the pressure may be monitored
through gauges 4. The outlets of the ?lters 1 are coupled to

invention, patient chamber compartment temperatures
betWeen 50 to 80 degrees Fahrenheit may be achieved.

[0085] Chamber Gas Mixing Feature
[0086] As described above With reference to FIG. 4, a
gas-mixing Venturi 56 may be employed to entrain chamber
gas through a duct 404 (FIG. 4) Within the chamber 57. For

example, in some embodiments, approximately forty vol

?exible adjustment hose may be supported by an articulating
support arm that holds the opening of the hose in position.

[0092]

A mask gas selection valve 2 may be employed to

select either oxygen or air. The air and oxygen may be

the inlet of an upstream-referenced ?oW controller 48B. The
?oW rate to the mask may be adjusted using a metering valve
36 coupled to the outlet of the ?oW controller 48B. The
actual ?oW may be visualiZed through a ?oW meter 29
disposed Within the line leading to the chamber 57. A check
valve 31B in a ?exible adjustment hose coupled to the mask
may be employed to prevent reverse ?oW.

umes (or other suitable volume) of chamber gas may be
entrained for each volume of fresh gas supplied through the

[0093] Gas Analysis

?at-plate heat exchanger 13. Gas discharged from the Ven

[0094] In some embodiments, a fuel cell analyZer 35 (e.g.,
battery or otherWise poWered) may be employed to receive

turi 56 may be directed to ?oW around a shell of the Venturi
56, e.g., in a counter-clockWise direction, to maximiZe gas

distribution and mixing through a combination of the Ven

turi 56, the shape of the patient chamber compartment 57,
and the Coriolis effect. MaximiZing gas distribution and
mixing in this manner keeps the chamber temperature at a

desired set point and carbon dioxide and humidity produced
by the patient at a minimum. This permits the chamber
control and/or monitoring system to utiliZe a minimum of
fresh gas per minute While still maintaining total environ
mental control Within the patient chamber compartment 57.
[0087] As indicated above, Venturi induced circulation of
oxygen along the long axis of the chamber is accomplished

gas from a selector valve 34. The gas received may be, e.g.,

either air or oxygen ?oWing through the mask gas supply
circuit, or gas draWn for analysis from Within the patient
chamber compartment 57. As pictured in FIG. 5, one of the
inlet ports of the selector valve 34 may tap into the mask gas

supply circuit, for example, betWeen the metering valve 36
and ?oW meter 29. The second inlet port of the selector valve

34 may tap directly into the chamber 57. The analyZer 35
may be employed to monitor the oxygen content of the mask
gas and/or the chamber.
[0095]

In some embodiments, a sonic ori?ce 53 may be

located doWnstream of the selection valve 34 to ensure a
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desired ?oW rate (e.g., 100 cc/min or some other desired

rate) into the analyzer 35. In addition, an oxygen cell (e.g.,

that are commonly made in the manual operation of prior art
systems. Thus, When used in conjunction With the numerical

a Clarke cell) may be provided that is referenced to atmo

readouts from a digital gauge, the combined pressure moni

sphere to reduce and/or prevent miscalibration and/or false

toring and management bene?ts of the duplex analog pres

readings.

sure gauge 16 improve operator productivity and minimiZe
operator error as compared to other presently commercially
available systems.

[0096] In some embodiments, information output by the
analyZer 35 may be fed to a computer control system Which
may respond to any readings that are outside an acceptable

range. For example, if the analyZer 35 detects that the
oxygen level is too loW, the rate of oxygen being added to
the chamber 57 may be increased. In some embodiments, the
analyZer may be used to ensure that the proper gas is being

supplied via the mask. A computer monitoring and control
subsystem may verify the operation of a selection valve 2 by
using the output of the analyZer 35 to con?rm the gas being

supplied.
[0097]

Chamber Over-PressuriZation Protection

[0098] In some embodiments, a relief valve 14 may be
connected to the patient chamber compartment 57 via a

suction prevention safety device 55. For example, in some
embodiments, an American Society of Mechanical Engi
neers (ASME) certi?ed, thirty ?ve PSIG pre-set pressure
relief valve 14 may be used. Ashut-off valve 15, such as for
example, a hit-to-close or ball shut-off valve, may be
installed betWeen the relief valve 14 and the patient chamber
compartment 57. Such a shut-off valve 15 meets the

ASME’s pressure vessels for human occupancy (PVHO)
standard requirement to protect against a failure of the relief
valve 14 to close after relieving excess pressure. In some
embodiments, a reaction noZZle 54, such as for example a

T-shaped reaction noZZle, may be coupled to the relief valve
14 to prevent thrusting by a unidirectional gas ?oW.

[0099] Suction Injury Prevention
[0100] In some embodiments, a suction-prevention safety
device ?tting 55 (e.g., a cross-shaped or otherWise shaped
?tting) may be placed on both the chamber exhaust circuit
10 and the chamber over-pressuriZation circuit to minimiZe
the risk of patient suction injury or entrainment of linen or
other material Which might restrict or otherWise cut-off gas
?oW.

[0101] Duplex Analog Pressure Gauge
[0102] Prior art pneumatic chamber systems typically uti
liZe separate chamber pressure and reference “set” pressure
gauges, a practice Which may induce operator error. To
minimiZe operator error, a duplex analog pressure gauge 16
may be employed to simultaneously shoW chamber and set
pressure on the same dial. A duplex analog pressure gauge
16 includes a single gauge face (e.g., shoWing a range of 1

to 3 ATA) and tWo independent needles operating Within
concentric shafts connected to tWo independent Bourden
tube drive mechanisms. As shoWn in FIG. 5, one needle
circuit may be coupled to display the chamber pressure
While the other needle circuit may be coupled to display the
reference “set” pressure.

[0104] Chamber Pressure Digital Gauge
[0105] In some embodiments, a digital gauge 17 may be
employed to provide a very accurate digital chamber pres
sure read-out (eg in the range of 1 to 3 ATA) for visual
iZation from a large distance (e.g., up to 30 feet aWay). To
minimiZe operator error, the present invention may be
embodied using a single gauge face With tWo independent
digital readouts. As With the analog gauge, one digital output
pressure measurement circuit may be coupled to display the
chamber pressure While the other digital output pressure
measurement circuit may be coupled to display the reference
“set” pressure. This use of a digital gauge 17 permits the
operator to more easily compare pressure and rate of change
information as betWeen the patient chamber compartment
pressure and the reference “set” pressure. This helps the
operator to avoid “over shooting” the set pressure as Well as

other potential mistakes that are commonly made in the

manual operation of prior art systems.

[0106] Pressure/Time Chart Recorder
[0107] A pressure/time chart recorder 19 may be
employed to produce a paper strip or other method of

recording the period of time the chamber is under pressure
during a treatment (e.g., door open-door closed). The pres
sure/time chart recorder 19 may be coupled to a port leading
directly into the chamber 57. Use of such a recorder 19

meets the Centers for Medicare/Medicaid Services (CMS)
standard for independent documentation of time under pres
sure (e.g., Which is measured in units of 30 minute duration,
plus any partial units), Which in turn determines CMS

payment.
[0108] Pressure Cycle Counter
[0109] A pressure cycle counter 38, e.g., a digital odom
eter-type mechanical device, may be employed to count the
number of times the chamber makes excursions from atmo

spheric pressure to higher gauge pressure, e.g., irrespective
of that ?nal gauge pressure. The pressure cycle counter 38
may be coupled to a port leading directly into the chamber

57. This feature facilitates the scheduling of preventive
maintenance dictated by the number of times the system is

pressuriZed. Information output by the pressure cycle
counter 38 may be used by a computer control subsystem to

automatically perform machine diagnostic testing of the
chamber 57 and/or to perform automated preventive and/or

required maintenance.

[0110] Temperature Monitoring Devices
[0111] One or more temperature monitoring devices 39
may be employed to monitor the temperature of the gas of

[0103] The use of a duplex analog pressure gauge 16
permits the operator to more easily and intuitively compare

the patient chamber compartment 57 and/or the patient’s
body temperature. For example, tWo thermocouple devices

pressure and rate of change information as betWeen the

may be mounted on a exterior of the supply pipe betWeen the

patient chamber compartment pressure and the reference
“set” pressure. This helps the operator to avoid “over

heat exchanger 13 and the Venturi 56. These thermocouples
may be in contact With the pipe and fully insulated from

shooting” the set pressure as Well as other potential mistakes

atmospheric air temperature. One or more duplicative
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devices may be attached on a chamber exhaust (e.g.,

a plot of the real time measurements of the chamber pressure

betWeen the suction safety device 55 and the external lint
?lter 9) and mounted and/or insulated in a similar fashion to

during treatment, i.e., the actual treatment pro?le.

those of the supply pipe. Both supply and exhaust thermo
couples may provide digital readouts in Fahrenheit and/or
Centigrade and the information output may be utiliZed by an
operator and/or computer control to provide chamber moni
toring and control of chamber gas temperature. Likewise, a
thermal probe attached to the patient may provide informa
tion used to determined, for example, that the temperature in
the chamber should be loWered.

[0112]

24 Hour Clock and Timer

[0113]

A clock and/or timer 40 may be employed to time

the treatment under pressure as Well as air breaks, and/or to

provide for other timing requirements. The clock and/or

[0118] In addition to the electric-to-pneumatic transducers
discussed above, the computer monitoring and control sub
system may be embodied using a personal computer (PC)
(e.g., an Intel Pentium processor based system) running a
program speci?c to the present invention on a standard

operating system such as Microsoft® WindoWs XP®. In
some embodiments, a computer and operating system
capable of real time processing may be used to execute very
precise treatment pro?les. In some embodiments, the PC or
computer may include hardWare interfaces that may facili
tate connection to the electric-to-pneumatic transducers and

various feedback sensors, detectors, input devices, and/or
measurement devices.

timer 40 may be, for example, a battery operated or other 24

[0119] Referring to FIG. 7, a computer controlled hyper

hour clock With count up and/or count doWn features. The
clock and/or timer 40 may be coupled to other measurement
devices, as Well as the chamber door, to receive information
indicating the occurrence of various events. The clock
and/or timer 40 may also be coupled to a computer controller

baric chamber monitoring and control system includes a

to output information useful in the operation of the various
subsystems and functions described herein. Thus, the clock

and/or timer may be used to help automatically perform
treatments using the hyperbaric chamber 57 of the present
invention.

[0114] Computer Monitoring and Control Subsystem
[0115] As indicated above, in some embodiments, pneu
matic control signals may be generated via electric-to
pneumatic transducers that are driven by a computer-based
process controller. A commercially available example of an

hyperbaric chamber 700 coupled to a pneumatic control (and
monitoring) system 702 as described in detail above. In
some embodiments, the various control valves and devices
of the pneumatic control system 702 are each coupled to
electric-to-pneumatic transducers 704. In some embodi

ments of the pneumatic control (and monitoring) system
702, particularly those including measurement instruments,
digital gauges, and other information generating devices, the
computer control system 706 may be directly coupled to

portions of the pneumatic control (and monitoring) system
702 via a sensors and measurement device interface 724.

The electric-to-pneumatic transducers 704 are coupled to the
computer control system 706 via a transducer interface 722.

[0120]

The computer control system 706 includes a pro

cessor 708 coupled to a storage device 710. The storage

electric-to-pneumatic transducer suitable for use in some

device 710 Which may be embodied as a hard disk drive or

embodiments (particularly computer controlled embodi
ments) of the present invention includes the explosion-proof

any suitable information storage and retrieval system
(including local and/or remote systems), includes a program

Model 6000 Electro-Pneumatic Transducers manufactured

712 that Will be described in more detail beloW. In addition

by the Fairchild Industrial Products Company of Winston
Salem, NC. Throughout the pneumatic circuits of the
present invention described herein, the manual controls for
valves and other devices may be replaced With electric-to
pneumatic transducers driven by a computer-based process
controller. In some embodiments, pneumatic control signal

to the program 712, several databases 714, 716, 718 may be
stored on the storage device 710. The databases 714, 716,
718 are described beloW. The computer control system 706
further includes memory 720, display devices 726 such as a
monitor, and input/output (I/O) devices 728 such as a

keyboard, mouse, netWork cards, modems, serial ports, and

lines may run from the valves and other devices to a

the like. The display devices 726 are operable to display the

centraliZed compartment that is isolated from explosive/

program’s interface, an example portion of Which is depicted

?ammable gases.

in FIG. 6.

[0116] A computer-based process controller may produce

[0121]

an in?nite number of combinations of rates of compression/
decompression, durations of treatment, and treatment pres
sures, and/or may provide a series of alarms to notify the

therapy database 714 of hyperbaric therapy policies and
procedures used in treating patients, including associated

operator of important events during the sequence of treat
ment, such as air mask breaks, etc.

[0117] The different combinations and sequences of
applying the possible treatment parameters for a given
treatment are referred to herein as a treatment pro?le. FIG.

6 illustrates an example of a representation of a treatment

pro?le display output by an embodiment of a computer
control and monitoring subsystem of the present invention.
The solid graph line represents the treatment pro?le that a
physician approved for a patient based upon a computer
selected recommendation, i.e., the prescribed treatment pro

The program 712 may include (or may access) a

treatment pro?les. A search engine included as part of the
program 712 permits the operator to easily ?nd all the
information Within the databases 714, 716, 718 on a given
subject. In addition to the therapy database 714, the program
712 includes (or may access) a treatment record database
716 Wherein information regarding the medical history and
prior treatments of each patient is documented. This data
may be retrieved and displayed When the patient is treated by
merely entering the patient name or other identi?cation
information. The program 712 may include (or may access)
other medical databases 714 stored locally or available
online via, for example, the Internet or other netWork.

?le. In the depicted example, the prescribed treatment pro?le

[0122]

is 3.0 ATA for 90 minutes. The dotted graph line represents

712 is noW described. At the start of a treatment session, the

Referring noW to FIG. 8, operation of the program
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program 712 may prompt the operator for patient identifying
information. This corresponds to Step S1 in the ?owchart of
FIG. 8. The program 712 may display any prior treatment
data and then prompt the operator to enter speci?c vital sign
information of the patient. In some embodiments, the data
may be entered manually. In some embodiments, measure
ment devices coupled to the computer 706 via the hardWare

interfaces 722, 724, automatically supply the data requested

dif?culty equaliZing her left ear at approximately tWo atmo
spheres of pressure. Ms. Doe immediately activated the
patient hold valve 33 Which automatically suspended further
compression of the chamber 57. After approximately eight
minutes, the patient Was able to equaliZe and indicated such
to the operator Who reset the patient hold valve 33 and
alloWed the system to resume pressuriZation according to the

by the program 712. The system receives the data in Step S2.

prescribed treatment pro?le.

[0123] If any value provided is outside an acceptable
range of preset parameters, the program 712 Will notify the

[0128]

operator to check for an error condition in Step S3. For
example, an automated blood pressure measurement cuff
may be out of place or the operator may have made a data

entry typographical error. If the operator con?rms the ques
tioned values in Step S4, the program 712 identi?es the
questioned values as being outside normal physiological
parameters. Based on the entered data, stored patient records
from the treatment record database 716, any manually

adjusted parameters altered by the operator/doctor, and
stored data from the therapy database 714, the program 712
recommends a treatment pro?le speci?cally tailored for the

In an effort to minimiZe any impact on the total

length of the treatment, the computer control subsystem of
the present invention automatically increased the rate of
pressuriZation very slightly so that the set point pressure
(i.e., 3.0 ATA) Was reached four minutes sooner than if the
original rate of pressuriZation had been folloWed after the

eight minute hold.

[0129] As indicated above, the system may dynamically
adapt the actual treatment pro?le to any events that prevent

folloWing the prescribed treatment pro?le. The adaptation
may be designed to cause the actual treatment pro?le to
match the prescribed pro?le as much as possible or it may

S5.

be designed to folloW the most conservative adaptation
possible. For example, the program may terminate the
treatment early if a patient repeatedly activates the patient

[0124] The program 712 may be con?gured to recommend
a range of treatments including conservative through aggres

[0130] In some embodiments, other therapies including

patient and/or best suited for the particular diagnosis in Step

sive approaches. A doctor revieWs the program recom
mended treatment pro?le or pro?les and selects the most

appropriate treatment in Step S6. The patient enters the
hyperbaric chamber 700 of the present invention. The cham
ber 700 is sealed. The identity of the patient and the
prescribed treatment pro?le are con?rmed and the program
712 initiates treatment in Step S7.

[0125] Referring back to FIG. 6, the folloWing speci?c
hypothetical example is provided merely for illustrative
purposes. In this example, the patient, Jane Doe, has been

diagnosed as having Gas Gangrene (ICD-9 40.0) Which
should be treated at 3.0 ATA for 100 minutes under ideal

conditions. HoWever, the patient has a high fever (e.g., 103
degrees Fahrenheit) that increases risk for grand mal seiZure
and is also unable to Wear air mask for air breaks to reduce

seiZure risk.

hold valve or shoWs a signi?cant body temperature increase.

LASER and near infrared light therapies, that may be
conducted in a hyperbaric chamber, may also be pro?led and
automated or semi-automated using the systems and/or in
conjunction With the systems of the present invention.
Therapies using LASER and near infrared light suitable for
being adapted to be conducted in a hyperbaric chamber
according to the present invention are described in US.

patent application Ser. No. 10/726,040, ?led Dec. 2, 2003
and titled “Methods and Apparatus for Light Therapy”,
Which is hereby incorporated herein by reference in it
entirety for all purposes. The use of a computer controlled

light emitting diode (LED) near infrared light source that
may operate inside or outside the hyperbaric chamber pres
sure barrier is disclosed in the above referenced patent

application. The combined computer control system of the
present invention and the LED near infrared therapy control
system permits an operator to select a combined therapy

[0126] Based upon this data and other stored information,
the program recommends tWo possible treatment pro?les:
(A) 2.5 ATA for 100 minutes; and (B) 3.0 ATA for 70
minutes maximum. If the patient has other physiological
parameters out of speci?cation, the program Will alert opera

pro?le that both controls the hyperbaric chamber pressure
parameters and the light frequency, duration and intensity of

tor and make further recommendations.

?oW controllers, valve types/siZes, volumes, gas composi

[0127] Upon receiving the operator’s/doctor’s selection of
treatment pro?le (B), the system of the present invention
executes the treatment pro?le and monitors its progress.

FIG. 6 displays the prescribed treatment pro?le (solid plot)
and the actual treatment pro?le (dotted plot) for Jane Doe.
The difference betWeen the prescribed and actual treatment
pro?les is due to an eight minute hold that occurred at
approximately ?fteen minutes into the treatment. In this

hypothetical example, the patient, Jane Doe, experienced

the light exposure, to create a combined treatment pro?le.

[0131] Conclusion
[0132]

It Will be understood that other ventilation circuits,

tions, and pressures than those disclosed herein may be

employed, and that the unique features provided by the
methods and apparatus of the present invention are not
limited in their expression to the embodiments described

herein. For example, Where spring-loaded valves are dis
closed, other biasing means may be substituted. As Well,
Where a ?at plate heat exchanger is disclosed, any number
of other types of heat exchangers may be utiliZed. Further,
Where coaxially-rotated indicator needles are disclosed,
side-by-side indicators may be substituted.
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[0133] Accordingly, While the present invention has been
disclosed in connection With the preferred embodiments
thereof, it should be understood that other embodiments may
fall Within the spirit and scope of the invention, as de?ned

by the following claims.
What is claimed is:

1. Acontrol system for a hyperbaric chamber comprising:

a patient control mechanism, the patient control mecha
nism adapted to alloW a patient to affect at least one of

compression and decompression of the hyperbaric
chamber While the patient is located Within the hyper
baric chamber.

2. An apparatus comprising:
a hyperbaric chamber;

a pneumatic compression circuit coupled to the hyper
baric chamber including a volume booster operable to
pressuriZe, depressuriZe, and hold a pressure Within the

hyperbaric chamber; and
a ventilation circuit coupled to the hyperbaric chamber.
3. A method comprising:

cooling gas supplied to a hyperbaric chamber; and
discharging the cooled gas at an outlet end of a Venturi
duct Within a hyperbaric chamber so as to entrain gas

in the hyperbaric chamber into an inlet end of the
Venturi duct.

8. The apparatus of claim 7 Wherein the set pressure
selection valve includes a computer controlled regulator
valve.

9. An apparatus comprising:
a hyperbaric chamber having an inlet port and an exhaust
port Wherein the ports each include a one-Way valve;
and
a volume booster having an inlet port and an outlet port,

Wherein the outlet port of the volume booster is coupled
to both the inlet port and the exhaust port of the

hyperbaric chamber, and
Wherein the inlet port of the volume booster is operable to
be coupled to a pressuriZed gas supply.
10. The apparatus of claim 9, further including a venti
lation circuit coupled to the hyperbaric chamber.
11. The apparatus of claim 9, Wherein the volume booster
includes a 1:1 forced-balanced volume ampli?er.
12. The apparatus of claim 9, Wherein the volume booster
includes a signal port, and
Wherein the signal port is coupled to an outlet port of a set
pressure selection valve.
13. The apparatus of claim 12 Wherein the set pressure
selection valve includes a computer controlled regulator
valve.

14. An apparatus comprising:

4. A method comprising:

a ?oW controller having an inlet port operable to be
coupled to a pressuriZed gas supply; and

discharging gas at an outlet end of a Venturi duct Within

a valve having an inlet port coupled to an outlet port of the

a hyperbaric chamber;
directing the gas to How past a patient’s head disposed

Within the hyperbaric chamber; and
entraining the gas to re-circulate Within the hyperbaric
chamber via the Venturi duct.

How controller,
Wherein the How controller includes a reference port
coupled to an outlet port of the valve and to a one-Way
inlet port of a hyperbaric chamber.
15. The apparatus of claim 14 Wherein the How controller
is coupled to a pressuriZed gas supply suitable for use as

5. A method comprising:

primary ventilation gas in the hyperbaric chamber.

ventilating a hyperbaric chamber using cooled gas; and

16. The apparatus of claim 15 Wherein the one-Way inlet
port of the hyperbaric chamber is coupled to a mixing
Venturi in the hyperbaric chamber.
17. The apparatus of claim 14 Wherein the How controller

circulating the cooled gas Within the hyperbaric chamber
using a Venturi duct.

6. An apparatus comprising:

is coupled to a pressuriZed gas supply suitable for use as

a hyperbaric chamber;
a Venturi duct disposed Within the hyperbaric chamber;

mask gas in the hyperbaric chamber.
18. The apparatus of claim 17 Wherein the one-Way inlet
port of the hyperbaric chamber is coupled to a mask in the

a gas supply line coupled to the Venturi duct; and

hyperbaric chamber.

a heat exchanger disposed proximate to the gas supply
line.

7. An apparatus comprising:
a hyperbaric chamber;
a How controller having an inlet port operable to be
coupled to a pressuriZed gas supply, an outlet port

coupled to the hyperbaric chamber, and a reference port
coupled to an outlet port of a set pressure selection

valve; and
a duplex analog pressure gauge having a ?rst needle
circuit coupled to the hyperbaric chamber and a second
needle circuit coupled to the outlet port of the set
pressure selection valve.

19. The apparatus of claim 14 Wherein the How controller
is coupled to a pressuriZed gas supply suitable for use as

focused ventilation gas in the hyperbaric chamber.
20. The apparatus of claim 19 Wherein the one-Way inlet
port of the hyperbaric chamber is coupled to a ?exible
adjustable hose supported by an articulating arm in the

hyperbaric chamber.
21. The apparatus of claim 14, Wherein the valve includes
a control coupled to, and operable by, an electric-to-pneu
matic transducer.
22. The apparatus of claim 21, Wherein the electric-to
pneumatic transducer is coupled to a computer controller.

23. An apparatus comprising;
a pneumatic control system for a monoplace hyperbaric

chamber;

