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METABOLIC CALORIMETER EMPLOYING 
RESPRATORY GAS ANALYSIS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 09/601,589 filed Aug. 4, 2000, which 
claims priority of U.S. Provisional Application Serial No. 
60/073,812, filed Feb. 5, 1998; and 60/104,983, filed Oct. 
20, 1998. 

FIELD OF THE INVENTION 

0002 This invention relates to a respiratory instrument 
for measuring metabolism and in particular to a metabolic 
calorimeter for relating respiratory parameters by indirect 
calorimetry. 

BACKGROUND OF THE INVENTION 

0003 U.S. Pat. Nos. 5,038,792; 5,178,155; 5,179,958; 
and 5,836,300, all to the same inventor as the present 
application, disclose Systems for measuring metabolism and 
related respiratory parameters through indirect calorimetry. 
These instruments employ bidirectional flow meters which 
pass both the inhalations and the exhalations of a user 
breathing through the instrument and integrate the resulting 
instantaneous flow signals to determine total full flow Vol 
umes. The concentration of carbon dioxide generated by the 
user is determined by either passing the exhaled Volume 
through a carbon dioxide Scrubber before it passes through 
the flow meter, so that the differences between the inhaled 
and exhaled Volumes is essentially a measurement of the 
carbon dioxide contributed by the lungs, or by the measure 
ment of the instantaneous carbon dioxide content of the 
exhaled Volume with a capnometer and integrating that 
Signal with the exhaled flow Volume. The oxygen consump 
tion can then be calculated. 

0004. The scrubber used with certain of these systems 
was relatively bulky and required replenishment after 
extended usage. The capnometers used with the instruments 
to measure carbon dioxide concentration had to be highly 
precise and accordingly expensive because any error in 
measurement of the carbon dioxide content of the exhalation 
produces a Substantially higher error in the resulting deter 
mination of the oxygen contents of the exhalation. Thus, 
there is a need in the art for an indirect calorimeter for 
measuring the metabolic activity and related respiratory 
parameters of a user. 

SUMMARY OF THE INVENTION 

0005 The present invention is an indirect calorimeter for 
measuring the metabolic activity of a Subject. The indirect 
calorimeter includes a respiratory connector operative to be 
Supported in contact with the Subject So as to pass inhaled 
and exhaled gases therethrough as the Subject breathes, and 
a flow tube forming a flow pathway for passing inhaled and 
exhaled gases therethrough, wherein one end of the flow 
tube is operatively connected to the respiratory connector 
and the other end of the flow tube is open, and a wall of the 
flow tube includes an opening. The indirect calorimeter also 
includes a flow meter adapted to generate a signal as a 
function of the instantaneous Volume of inhaled and exhaled 
gases in the flow pathway that is in fluid communication 
with the flow pathway via the opening in the flow tube, and 
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an oxygen Sensor operative to generate a signal as a function 
of the instantaneous fraction of oxygen in the inhaled and 
exhaled gases in the flow pathway that is in fluid commu 
nication with the flow pathway via the opening in the flow 
tube. The indirect calorimeter further includes a processor 
for receiving the Signals from the flow Sensor and the oxygen 
Sensor and using the Signals to determine the oxygen con 
Sumption of the Subject over a period of time. 
0006 The present invention overcomes the disadvan 
tages associated with prior art indirect calorimeters by 
providing a respiratory calorimeter in which both the inhaled 
and exhaled flow volumes pass through a flow meter which 
provides an output representative of the instantaneous flow 
rate and the inhalations and exhalations also pass over an 
oxygen Sensor providing an output as a function of the 
instantaneous Oxygen concentration in the flowing gas. 
These two signals are provided to a computer which inte 
grates them to derive signals representative of the inhaled 
and exhaled oxygen volume. From these measurements the 
oxygen consumption, respiratory quotient and related res 
piratory parameters are calculated and displayed. 
0007 One advantage of the present invention is that the 
indirect calorimeter utilizes an ultraSonic transit time flow 
meter and a fluorescence quench oxygen Sensor. Both of 
these Sensors operate upon the respiratory gasses as they 
pass through a flow tube with a Substantially continuous, 
uninterrupted internal diameter So that the flow is Substan 
tially laminar. Previous indirect calorimeters, including 
those disclosed in the above-described U.S. patents, have 
employed flow measurement techniques that require protru 
Sions in the flow path Such as pressure differential transduc 
ers, hot wire transducers or the like. Great difficulties are 
encountered in maintaining a largely laminar flow in trans 
ducers of this type, resulting in inaccuracies in the flow 
measurement. The present invention preferably employs a 
Volume flow meter which transmits ultrasonic pulses 
through the flow Stream in a direction either parallel to the 
flow path or at least having a component parallel to the flow 
path The transit time of the pulses is a function of the flow 
rate of the gas and because the interior diameter of the flow 
tube wall is Substantially uninterrupted, laminar flow con 
ditions are maintained providing a high uniformity of mea 
Surement. 

0008 Another advantage of the present invention is that 
an indirect calorimeter is provided that directly measures the 
oxygen concentration in the inhaled and exhaled gasses 
passing through the flow tube by a technique which does not 
introduce any protuberances into the flow area and which 
may be positioned to measure the oxygen content in the 
Same area in which flow is measured. Thus, unlike previous 
Systems which require Some linear Separation between the 
point of flow measurement and the point of gas analysis, and 
accordingly would result in inaccuracies were the two to be 
integrated, the present System does not create any phase lag 
between the oxygen measurement and the flow measurement 
which would otherwise result in inaccuracies and the need 
for Signal processing to correct for the displacement of the 
measurements. The preferred embodiment of the invention 
employs a fluorescence quench technique for oxygen mea 
Surement which utilizes a fluoresceable chemical disposed 
on the interior diameter of the flow wall in the area of 
ultraSonic pulse transmission. This fluorescent coating may 
be formed on the tube wall directly or supported on the end 
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of a fiber optic probe terminating in alignment with the 
interior diameter of the tube. This coating is Subjected to 
exciting radiation from the exterior of the tube and the 
resulting fluorescence may be measured from the exterior. 
The fluorescence is quenched by oxygen passing over the 
coating and the percentage of oxygen in the flow tube can be 
instantaneously measured by the intensity of the fluores 
CCCC. 

0009 Still another advantage of the present invention is 
that the flow tube is preferably formed as a disposable insert 
which may be inserted into a permanent, reusable Structure 
which includes the ultraSonic transmitter and receiver and 
the fluorescence oxygen Sensor. The fluorescent coating may 
be covered on the tube side with a microbial filter formed as 
part of the disposable insert. This filter prevents the fluo 
rescent coating from being bacterially contaminated. The 
disposable insert is utilized to avoid the spread of disease 
from user to user in Situations in which the indirect calo 
rimeter is used by a Succession of perSons. The insert is 
preferably produced of an inexpensive material Such as 
plastic. 
0010) A further advantage of the present invention is that 
the disposable insert is Supported by a disposable breathing 
mask that covers the nose and the mouth of the user, 
allowing normal breathing over the measurement time. Most 
prior art devices have employed mouthpieces; however, it 
has been determined that in many users the mouthpiece can 
induce a mild form of hyperventilation which increases the 
user's energy consumption and results in erroneous meta 
bolic readings. In one embodiment of the present invention, 
the metabolic measurement components are integrated with 
and are contained within the mask with no requirement for 
external connections. When the mask is attached to the 
user's head by Straps, adhesive, or the like, it allows a full 
range of user movement during the measurement. Thus, it 
can be used during normal exercise to allow determination 
of the effect of that activity on respiratory parameters and 
may also be used to measure resting energy expenditure. The 
increased user comfort resulting from the elimination of 
connections between the mask and associated apparatus 
allows measurements to be made over longer periods of time 
and minimizes the labored breathing often associated with 
conventional respiratory masks which affects accurate mea 
Surement of energy expenditure. 
0.011 Still a further advantage of the present invention is 
that the mask preferably incorporates a nasal spreader on its 
interior Surface which adhesively attaches to the nares of the 
user's nose and pulls them outwardly to enlarge the nose 
flow area and minimize the energy expenditure in breathing, 
which is often increased with conventional maskS. 

0012 Yet still a further advantage of the present inven 
tion is that the computation unit and display and controls are 
Supported in a Separate desktop unit and connected to the 
sensors within the mask by highly flexible cables. 
0013. Other features and advantages of the present inven 
tion will be readily appreciated, as the same becomes better 
understood after reading the Subsequent description taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is a perspective view in exploded form of 
a first embodiment of the invention; 
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0015 FIG. 2 is a cross-sectional view through the flow 
tube of FIG. 1; and 
0016 FIG. 3 is a perspective view of a second embodi 
ment employing a desktop computation and display unit 

DETAILED DESCRIPTION OF THE 
INVENTION 

0017 Referring to FIGS. 1 and 2, a preferred embodi 
ment of the invention includes a disposable Section, gener 
ally indicated at 10, and a nondisposable Section shown 
exploded into parts generally indicated at 12a and 12b. The 
disposable section 10 is made of low cost materials and is 
intended to be replaced when the calorimeter is employed by 
Serial users to avoid hygiene problems. Such as transfer of 
bacterial infections. The disposable section 10 may be 
retained by a user for reuse at a later date or may be 
discarded. If the calorimeter is repeatedly used by a single 
user, the section 10 need not be discarded between uses. The 
section 10 broadly consists of a mask 14 and a U-shaped 
breathing tube generally indicated at 16. The mask is 
adapted to be retained over a user's face So as to cover the 
user's nose and mouth. The mask 14 has a resilient edge 
Section 18 which engages the user's face in an airtight 
manner. The mask may be Supported against the user's face 
by the user holding the outer side, but preferably the mask 
has Straps 20 which connect to its edges and pass around the 
rear of the user's head. Alternatively, the mask could be 
retained by a pressure Sensitive coating formed on the edge 
Seal 18. 

0018. The mask proper is preferably formed of a rigid 
plastic but the section 22 at the top of the mask which is 
intended to Surround the user's nose, is preferably formed of 
a more resilient material. PreSSure Sensitive adhesive pads 
24 are formed on the interior Surfaces of the nose Section 22 
and allow the user to press the outer Surfaces of the nose 
Section together So as to engage the outer Surfaces of the 
user's nares with the pressure sensitive pads 24. When the 
preSSure on the outer Surface of the nose Section 22 is 
released, the Sections will Spring outwardly and will pull the 
nares away from the nose So as to enable easy breathing 
through the nose into the mask. 
0019. The U-shaped breathing tube 16 connects to the 
interior of the mask 14. The tube then extends from the 
lower forward Section of the mask and extends laterally as 
at 26 to the right of the user in a generally horizontal plane. 
At the extreme right it forms a 180 degree bight 28 and 
extends to the left of the user in an elongated measurement 
section 30. The far end of the tube 16 is opened at 32 so that 
as the user inhales while wearing the mask 14 air is drawn 
into the tube 16 through the end 32 and as the user exhales 
air is expelled through the end 32. The straight section 30 of 
the tube has three windows or openings, one, 34, formed at 
its lower side adjacent to the bight 28, the second, 36, 
formed on its upper Side adjacent to the opening 32 and a 
third, 38, formed on the side of the tube in the middle of the 
Section 30. 

0020. The nondisposable portion of the calorimeter con 
Sists of the interlocking upper Section 12a and lower Section 
12b. The upper Section 12a is formed about a Semi-cylin 
drical section of tube 40. The inner diameter 42 of the tube 
section 40 matches the outer diameter of the disposable tube 
section 30 and the section. 40 is slightly shorter than the 



US 2004/O199083 A1 

straight line tube section 30. Similarly, the nondisposable 
section 12b is formed of a semi-cylindrical tube half 44 
having an inner diameter matching the Outer diameter of the 
tube Section 30 and having a slightly shorter length. 
0021. The tube section 40 is formed with two rearward 
facing tubular Supports 46 and 48, Spaced along its length. 
These supports removably engage bosses 50 and 52 which 
are formed integrally with the face mask 14 and project 
forwardly from its upper sides. The lower tube section 44 is 
then locked to the upper tube section 40 so as to surround the 
breathing tube section 30. Cam sections 54 and 56 formed 
at the forward end of the tube section 40 engage latches 58 
and 60 formed on the lower tube half and a similar cam (not 
shown) projecting from the rear of the tube 40 engages a 
latch 62 formed at the rear of the lower tube section 44 
adjacent its free edge. 
0022. The nondisposable section also includes a flow 
meter. One example of a flow meter is a bi-directional flow 
meter. Another example of a flow meter is an ultrasonic 
transducer, Such as the ultraSonic transceiver shown at 64. 
Preferably, the ultraSonic transducer is Strategically placed 
to bi-directionally transmit and receive ultraSonic Signals. 
Still another example of an ultraSonic flow meter is manu 
factured by NDD Medizintechnik AG, of Zurich, Switzer 
land, and disclosed in U.S. Pat. Nos. 3,738,169; 4.425,805; 
5,419,326; and 5,645,071. 
0023. In this example, the ultrasonic transceiver 64 is 
housed in a ring 66 formed in the lower tube section 44, and 
projects into the window 34 of the tube section 30. An 
anti-microbial filter 68 covers the Surface of the transducer 
64. Similarly, an ultrasonic transducer, Such as an ultraSonic 
receiver as shown at 70, is supported within a section 72 
formed on the upper tube 40, and protected by a cover 74. 
The ultrasonic receiver 70 projects into the window 36 
adjacent the outlet and inlet end of the tube 30. An anti 
microbial filter (not shown) may protect the surface of the 
transducer. The lower tubing Section 44 is integrally formed 
with a housing 76 which contains the microprocessor which 
receives the Signals from the transducers and Sensors and 
controls their operation, and computes the oxygen consump 
tion and other respiratory factors measured by the device. 
The unit 76 includes a display 78 and control switches 80. 
In certain embodiments of the invention a digital keypad 
may be included on the unit 76. 
0024. The computation unit determines oxygen con 
Sumption by Solving the equation VO2=Vx(FO)-VX 
(FEO) where VO is the consumed oxygen, V is the 
inhaled Volume, V is the exhaled Volume, FO is the 
fraction of oxygen in the inhalation, and FEO is the fraction 
of Volume in the exhalation. The System integrates the 
instantaneous flow volumes with the instantaneous oxygen 
levels over an entire breathing cycle, which is typically four 
to five minutes. Other respiratory parameterS Such as RO, 
REE, etc. may be calculated in the manner disclosed in my 
previous issued patents. 
0.025. An oxygen concentration sensor 82 is supported 
within the housing 76 so that when the tube sections 40 and 
44 are joined, the Surface of the oxygen Sensor, preferably 
covered with an anti-microbial filter 83, is disposed within 
the window 38 so that its outer surface is substantially flush 
with the internal diameter of the tube section 30. 

0026. The oxygen concentration sensor 82 is preferably 
of the fluorescent quench type as disclosed in U.S. Pat. Nos. 
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3,725,658; 5,517,313 and 5,632,958. One example of such 
a Sensor is a Sensor manufactured by Sensors for Medicine 
and Science, Inc. of Germantown, Md. The computation unit 
includes a Source (not shown) for directing exciting radia 
tion to the fluorescent coating on the end of the oxygen 
sensor 82 from exterior of the tube 30 and sensing the 
resulting fluorescence intensity which is diminished as a 
function of the concentration of oxygen and gas flowing 
over its Surface to produce a direct measurement of oxygen 
concentration. The exciting radiation and fluorescent Signal 
may be carried to the Sensor by an optical fiber (not shown). 
0027. In use, a subject dons the mask 14 and attaches the 
Straps So that the Subject's nose is disposed within the 
Section 22 of the mask, the Subject's mouth is covered, and 
the area Surrounding the mouth and nose are Sealed by 
contact of the section 18 with the subject's face. The subject 
then pinches the outer Surface of the Section 22 of the mask 
So that the adhesive pads 24 are brought into pressured 
contact with the two sides of the subject’s nose. The resilient 
Section 22 is released So that the nares are Separated, 
allowing free breathing within the mask. 
0028. Either prior to donning the mask or subsequently, 
the nondisposable Sections 12a and 12b are attached So as to 
surround the tube 30 and the connecting sections 46 and 48 
are attached to the bosses 50 and 52 on the front Surface of 
the mask 14. 

0029. The user may then breathe in a normal manner so 
that the inhalations and exhalations are passed through the 
tube 16 and connect to the atmosphere at the tube end 32. 
After the subject has breathed through the mask for a minute 
or two to stabilize the breathing, one of the buttons 80 is 
depressed to start the measuring cycle. In alternative 
embodiments of the invention, rather than manually depress 
ing the button 80 to Start the measuring cycle, the compu 
tation unit 76 could sense the flow of gasses through the tube 
30 and automatically initiate the measurement cycle when 
the breathing reached a normal level. 
0030 Preferably, the ultrasonic transducers 64 and 70 
face each other and transmit and receive ultraSonic pulses 
along a path 90 illustrated in FIG. 2 or some alternative path 
which is either parallel to or has a Substantial component in 
the direction of the flow. The gas flow acts to advance or 
retard the flow of the pulses so that the full transmit time of 
the pulses is a function of the flow rate. 
0031. In practice, after a user's breathing has stabilized 
and a test cycle is initiated either automatically or through 
manual depressions of one of the buttons 80, the flow rate 
and oxygen levels through the tube 30 are monitored by the 
Sensors and provided to the computation unit. At the end of 
the cycle, which is preferably automatically timed, the 
measured quantity Such as oxygen consumption will be 
shown on the display 78. 

0032 FIG.3 illustrates an alternative embodiment of the 
invention in which the computation and display unit, 76, 
instead of being incorporated integrally with the nondispos 
able Section which is Secured to the master in use, is formed 
in a separate desktop unit 94. The unit incorporates a display 
96, control Switches 98, and a keyboard 100. It is connected 
to the section 12a by a flexible electrical cable 102. This 
arrangement lowers the weight of the unit which must be 
Supported on the mask 14 during testing and allows more 
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convenient user control of the unit and observation of the 
display. The computation and control unit 76 of the first 
embodiment is replaced in the embodiment by a box 104 
which includes a connector for the cable 102 and also 
Supports the oxygen Sensor 82 in the Same manner as the 
embodiment illustrated in FIG. 1. Otherwise, the system of 
FIG. 3 is identical to the system of FIG. 1 and similar 
numerals are used for Similar Sections. 

0033. The present invention has been described in an 
illustrative manner. It is to be understood that the terminol 
ogy, which has been used, is intended to be in the nature of 
words of description rather than of limitation. 
0034. Many modifications and variations of the present 
invention are possible in light of the above teachings. 
Therefore, within the Scope of the appended claims, the 
present invention may be practiced other than as Specifically 
described. 

Claims 1-47 (cancelled) 
48. An indirect calorimeter, comprising: 
a flow tube configured to pass inhaled gases and exhaled 

gases of a Subject; 

a flow meter coupled to said flow tube, said flow meter 
being configured to generate an output associated with 
a volume of Said inhaled gases and a Volume of Said 
exhaled gases; 

an oxygen sensor coupled to said flow tube, said oxygen 
Sensor being configured to generate an output associ 
ated with a concentration of oxygen in Said exhaled 
gases, and 

a computation unit coupled to Said flow meter and Said 
oxygen Sensor, Said computation unit being configured 
to process Said output of Said flow meter and Said 
output of Said oxygen Sensor to determine an amount of 
oxygen consumed by Said Subject. 

49. The indirect calorimeter of claim 48, wherein said 
flow meter is an ultraSonic flow meter. 

50. The indirect calorimeter of claim 48, wherein said 
oxygen Sensor is a fluorescence quench oxygen Sensor. 

51. The indirect calorimeter of claim 48, wherein said 
output of Said oxygen Sensor is further associated with a 
concentration of oxygen in Said inhaled gases. 

52. The indirect calorimeter of claim 48, wherein said 
computation unit is configured to proceSS Said output of Said 
flow meter to determine Said Volume of Said inhaled gases 
and Said Volume of Said exhaled gases, and Said computation 
unit is configured to process said output of Said oxygen 
Sensor to determine Said concentration of oxygen in Said 
exhaled gases. 

53. The indirect calorimeter of claim 52, wherein said 
computation unit is configured to determine Said amount of 
oxygen consumed based on Said Volume of Said inhaled 
gases, Said Volume of Said exhaled gases, Said concentration 
of oxygen in Said exhaled gases, and a concentration of 
oxygen in Said inhaled gases. 

54. The indirect calorimeter of claim 52, wherein said 
computation unit is configured to determine an amount of 
carbon dioxide produced by Said Subject based on Said 
Volume of Said inhaled gases, Said Volume of Said exhaled 
gases, Said concentration of oxygen in Said exhaled gases, 
and a concentration of oxygen in Said inhaled gases. 
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55. The indirect calorimeter of claim 48, further compris 
ing: 

a respiratory connector coupled to Said flow tube, Said 
respiratory connector being configured to be Supported 
in contact with Said Subject So as to pass Said inhaled 
gases and Said exhaled gases. 

56. The indirect calorimeter of claim. 55, wherein said 
respiratory connector is a mask having an edge configured to 
form a Seal with a portion of Said Subject's face. 

57. The indirect calorimeter of claim 48, further compris 
ing a display unit coupled to Said computation unit, Said 
display unit being configured to provide indicia of Said 
amount of oxygen consumed. 

58. An indirect calorimeter, comprising: 
a flow tube configured to pass respiratory gases, 
a flow meter coupled to said flow tube, said flow meter 

being configured to generate a first Signal associated 
with Said respiratory gases passing through Said flow 
tube; 

an oxygen Sensor coupled to Said flow tube, Said oxygen 
Sensor being configured to generate a Second Signal 
asSociated with Said respiratory gases passing through 
said flow tube; and 

a computation unit coupled to Said flow meter and Said 
Oxygen Sensor, Said computation unit being configured 
to proceSS Said first Signal and Said Second signal to 
determine a Volume of Said respiratory gases passing 
through said flow tube and a concentration of oxygen in 
Said respiratory gases passing through Said flow tube, 
Said computation unit being configured to determine a 
respiratory parameter based on Said Volume of Said 
respiratory gases passing through Said flow tube and 
Said concentration of oxygen in Said respiratory gases 
passing through said flow tube. 

59. The indirect calorimeter of claim 58, wherein said 
flow meter is an ultraSonic flow meter. 

60. The indirect calorimeter of claim 58, wherein said 
oxygen Sensor is a fluorescence quench oxygen Sensor. 

61. The indirect calorimeter of claim 58, wherein said 
computation unit is configured to determine oxygen con 
Sumption based on Said Volume of Said respiratory gases 
passing through Said flow tube and Said concentration of 
oxygen in Said respiratory gases passing through Said flow 
tube. 

62. The indirect calorimeter of claim 58, wherein said 
computation unit is configured to determine carbon dioxide 
production based on Said Volume of Said respiratory gases 
passing through Said flow tube and Said concentration of 
oxygen in Said respiratory gases passing through Said flow 
tube. 

63. The indirect calorimeter of claim 58, wherein said 
computation unit is configured to determine a respiratory 
quotient based on Said Volume of Said respiratory gases 
passing through Said flow tube and Said concentration of 
oxygen in Said respiratory gases passing through Said flow 
tube. 

64. An indirect calorimeter, comprising: 
a first Sensor configured to generate an output associated 

with inhaled gases and exhaled gases of a Subject; 
a Second Sensor configured to generate an output associ 

ated with Said exhaled gases, and 
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a computation unit coupled to Said first Sensor and Said 
Second Sensor, Said computation unit being configured 
to proceSS Said output of Said first Sensor to determine 
a volume of Said inhaled gases and a Volume of Said 
exhaled gases, said computation unit being configured 
to proceSS Said output of Said Second Sensor to deter 
mine a concentration of oxygen in Said exhaled gases, 
Said computation unit being configured to determine an 
amount of carbon dioxide produced by Said Subject 
based on Said Volume of Said inhaled gases, Said 
Volume of Said exhaled gases, and Said concentration of 
oxygen in Said exhaled gases. 

65. The indirect calorimeter of claim 64, wherein said first 
Sensor is a flow meter. 

66. The indirect calorimeter of claim 65, wherein said 
flow meter includes a plurality of ultrasonic transducers. 

67. The indirect calorimeter of claim 64, wherein said 
Second Sensor is an oxygen Sensor. 

68. The indirect calorimeter of claim 67, wherein said 
oxygen Sensor is a fluorescence quench oxygen Sensor. 

69. The indirect calorimeter of claim 64, wherein said 
computation unit is configured to determine an amount of 
oxygen consumed by Said Subject based on Said Volume of 
Said inhaled gases, said Volume of Said exhaled gases, and 
Said concentration of oxygen in Said exhaled gases. 

70. The indirect calorimeter of claim 64, wherein said 
computation unit is configured to determine a respiratory 
quotient of Said Subject based on Said Volume of Said inhaled 
gases, Said Volume of Said exhaled gases, and Said concen 
tration of oxygen in Said exhaled gases. 

71. The indirect calorimeter of claim 64, further compris 
Ing: 

a flow tube configured to pass Said inhaled gases and Said 
exhaled gases as Said Subject breathes, Said first Sensor 
and Said Second Sensor being coupled to Said flow tube. 

72. An indirect calorimeter, comprising: 
means for determining a Volume of inhaled gases of a 

Subject and a Volume of exhaled gases of Said Subject; 
means for determining a concentration of oxygen in Said 

exhaled gases, and 
means for determining an amount of carbon dioxide 

produced by Said Subject based on Said Volume of Said 
inhaled gases, Said Volume of Said exhaled gases, and 
Said concentration of oxygen in Said exhaled gases. 

Oct. 7, 2004 

73. The indirect calorimeter of claim 72, further compris 
ing: 

means for determining an amount of oxygen consumed by 
Said Subject based on Said Volume of Said inhaled gases, 
Said volume of Said exhaled gases, and Said concentra 
tion of oxygen in Said exhaled gases. 

74. The indirect calorimeter of claim 72, further compris 
ing: 

means for determining a respiratory quotient of Said 
Subject based on Said Volume of Said inhaled gases, Said 
Volume of Said exhaled gases, and Said concentration of 
Oxygen in Said exhaled gases. 

75. A method for respiratory gas analysis, comprising: 

determining a Volume of respiratory gases of a Subject; 

determining a concentration of oxygen in Said respiratory 
gases, and 

determining an amount of carbon dioxide produced by 
Said Subject based on Said Volume of Said respiratory 
gases and Said concentration of oxygen in Said respi 
ratory gases. 

76. The method of claim 75, wherein determining said 
Volume of Said respiratory gases includes determining a 
Volume of inhaled gases of Said Subject and a volume of 
exhaled gases of Said Subject. 

77. The method of claim 76, wherein determining said 
concentration of oxygen in Said respiratory gases includes 
determining a concentration of oxygen in Said exhaled 
gaSeS. 

78. The method of claim 77, wherein determining said 
amount of carbon dioxide produced includes determining 
Said amount of carbon dioxide produced based on Said 
Volume of Said inhaled gases, Said Volume of Said exhaled 
gases, and Said concentration of oxygen in Said exhaled 
gaSeS. 

79. The method of claim 75, further comprising: 
determining an amount of oxygen consumed by Said 

Subject based on Said volume of Said respiratory gases 
and Said concentration of oxygen in Said respiratory 
gaSeS. 


