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(57) ABSTRACT 

An indirect calorimeter for measuring the metabolic rate of 
a subject includes a disposable portion and a reusable 
portion. The disposable portion includes a respiratory con 
nector con?gured to be supported in contact With the subject 
so as to pass inhaled and exhaled gases as the subject 
breathes. The disposable portion also includes a How path 
Way operable to receive and pass inhaled and exhaled gases, 
having a ?rst end in ?uid communication With the respira 
tory connector and a second end in ?uid communication 
With a source and sink for respiratory gases. The disposable 
portion is disposed Within the reusable portion, Which 
includes a How meter, a temperature sensing means, a 
humidity sensing means, a pressure sensing means, a com 
ponent gas concentration sensor, and a computation unit. 
The How meter generates a signal as a function of the 
instantaneous ?oW volume of respiratory gases passing 
through the How pathway and the component gas concen 
tration sensor generates a signal as a function of the instan 
taneous fraction of a predetermined component gas in the 
exhaled gases. The computation unit receives the electrical 
signals from the How meter, the temperature sensing means, 
the pressure sensing means, the humidity sensing means, 
and the concentration sensor and calculates at least one 
respiratory parameter for the subject as the subject breathes 
through the calorimeter. 
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METABOLIC CALORIMETER EMPLOYING 
RESPIRATORY GAS ANALYSIS 

REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/630,398 ?led Aug. 2, 2000, Which 
claims priority from US. provisional patent application 
Serial No. 60/146,898, ?led Aug. 2, 1999; No. 60/155,035, 
?led Sep. 20, 1999; No. 60/219,241, ?led Jul. 18, 2000; and 
No. 60/218,863, ?led Jul. 18, 2000, the entire contents of all 
are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to a respiratory instrument 
for measuring metabolism and related respiratory param 
eters by indirect calorimetry and in particular to an indirect 
calorimeter having a disposable portion and a reusable 
portion. 

BACKGROUND OF THE INVENTION 

[0003] US. Pat. Nos. 4,917,108; 5,038,792; 5,178,155; 
5,179,958; and 5,836,300, all to Mault, a coinventor of the 
present application, are incorporated herein by reference. 
These patents disclose systems for measuring metabolism 
and related respiratory parameters through indirect calorim 
etry. These instruments generally employ ?oW meters Which 
pass both the inhalations and the exhalations of a user 
breathing through the instrument and integrate the resulting 
instantaneous ?oW signals to determine total full ?oW vol 
umes. In one embodiment, the exhaled gases generated by 
the user are passed through a carbon dioxide scrubber before 
passing through the How meter so that the differences 
betWeen the inhaled and exhaled volumes is essentially a 
measurement of the oxygen consumed by the lungs. In an 
alternative embodiment, the concentration of carbon dioxide 
exhaled by the user is determined by passing the exhaled 
volume through a capnometer and integrating that signal 
With the exhaled ?oW volume. The oxygen consumption can 
then be calculated as the difference betWeen the inhaled and 
exhaled volumes minus the exhaled carbon dioxide volume. 

[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 content of the exhalation. 

[0005] Additional approaches to indirect calorimetry and 
cardiac output monitoring are disclosed in Mault’s co 
pending application Ser. Nos. 09/008,435; 09/ 191,782; PCT/ 
US99/02448; PCT/US99/17553; PCT/US99/27297; PCT/ 
US00/12745, each of Which are incorporated herein by 
reference. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides an indirect calo 
rimeter for measuring the metabolic rate of a subject. The 
calorimeter includes a disposable portion having a respira 
tory connector con?gured to be supported in contact With the 
subject so as to pass inhaled and exhaled gases as the subject 
breathes. The calorimeter also includes a disposable portion 
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having a How pathWay operable to receive and pass inhaled 
and exhaled gases. A ?rst end of the How pathWay is in ?uid 
communication With the respiratory connector and a second 
end is in ?uid communication With a source and sink for 
respiratory gases Which may be either the ambient atmo 
sphere, a mechanical ventilator, or other gas mixture source. 
The indirect calorimeter also includes a reusable portion 
having a How meter that generates electrical signals as a 
function of the instantaneous ?oW volume of inhaled and 
exhaled gases passing through the How pathWay. The reus 
able portion includes a component gas concentration sensor 
that generates electrical signals as a function of the instan 
taneous fraction of a predetermined component gas in the 
inhaled and/or exhaled gases as the gases pass through the 
How pathWay. The reusable portion also includes a tempera 
ture sensing means, a humidity sensing means and an 
ambient pressure sensing means that generate an electric 
signal. The reusable portion further includes a computation 
unit that receives the electrical signals from the How meter, 
temperature sensing means, humidity sensing means, ambi 
ent pressure sensing means and the component gas concen 
tration sensor and calculates at least one respiratory param 
eter for the subject as the subject breathes through the 
calorimeter. 

[0007] In some embodiments, the How pathWay includes a 
How tube through Which the inhaled and exhaled gases pass 
and a chamber disposed betWeen the ?rst end of the pathWay 
and the How tube. The chamber surrounds one end of the 
How tube and forms a concentric chamber. 

[0008] In other embodiments, a How tube forms part of the 
How pathWay and is disposed betWeen the tWo ends of the 
pathWay. The ?rst end of the pathWay takes the form of an 
inlet conduit that extends perpendicularly to the How tube. 

[0009] In some embodiments, the How pathWay includes 
an elongated ?oW tube through Which inhalation and exha 
lation gases pass. The How meter is an ultrasonic ?oW meter 
and includes tWo spaced apart ultrasonic transducers. The 
transducers are each aligned With the elongated ?oW tube 
such that ultrasonic pulses transmitted betWeen the trans 
ducers travel in a path that is generally parallel to the How 
of ?uid in the How tube. The ultrasonic transducer may 
include a microscopic temperature, pressure or humidity 
transducer arranged in an array. 

[0010] Yet other embodiments of the present invention are 
also disclosed in the folloWing description and the accom 
panying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Other advantages and applications of the present 
invention Will be made apparent by the folloWing detailed 
description of preferred embodiments of the invention. The 
description makes reference to the accompany draWings in 
Which: 

[0012] FIG. 1 is a perspective vieW of a respiratory 
calorimeter according to a ?rst embodiment of the present 
invention With the calorimeter shoWn being used by a user; 

[0013] FIG. 2 is a perspective vieW of the ?rst embodi 
ment of the invention; 

[0014] FIG. 3 is a perspective vieW in exploded form of 
the ?rst embodiment of the invention; 
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[0015] FIG. 4 is a cross sectional vieW of the ?rst embodi 
ment of the invention, taken along lines 4-4 in FIG. 2; 

[0016] FIG. 5 is a cross sectional vieW of the ?rst embodi 
ment of the invention, taken along lines 5-5 in FIG. 4; 

[0017] FIG. 6 is a perspective vieW in exploded form of 
one embodiment of an oxygen sensor for use With the 

present invention; 

[0018] FIG. 7 is a cross sectional vieW of an assembled 
oxygen sensor for use With the present invention; 

[0019] FIG. 8 is a perspective vieW of the present inven 
tion With an alternative mouthpiece, shoWn With the dispos 
able portion removed from the reusable portion; 

[0020] FIG. 9 is a cross sectional vieW of an alternative 
approach to constructing an oxygen sensor for use With the 
present invention; 

[0021] FIG. 10 is a diagram shoWing the general con?gu 
ration of a ?oW tube and ultrasonic sensors according to the 
present invention; 

[0022] FIG. 11 is a schematic shoWing the electronic 
circuitry for use With an embodiment of an ultrasonic ?oW 
sensing system that may be used With the present invention; 

[0023] FIG. 12 is a schematic shoWing a drive signal and 
?uorescence response signal for a ?uorescence based oxy 
gen sensor for use With the present invention; 

[0024] FIG. 13 is a schematic shoWing an electronic 
con?guration for a ?uorescence based oxygen sensing sys 
tem for use With the present invention; 

[0025] FIG. 14 is a schematic shoWing the electronic 
components of a preferred embodiment of the present inven 
tion; FIG. 15 is a diagram generally presenting a preferred 
approach to determination of respiratory parameters and 
calculation of metabolic rate; 

[0026] FIG. 16 is a bar graph shoWing an example gas 
exchange for a single inhalation and exhalation; 

[0027] FIG. 17 is a graph shoWing a series of curved 
surfaces representing the change in voltage output of the 
oxygen sensor With respect to changes in the partial pressure 
of oxygen and an arbitrary second factor; 

[0028] FIG. 18 is a graph shoWing an example of hoW 
calculated metabolic rate for a subject may change during a 
test; 

[0029] FIG. 19 is a cross sectional vieW of a second 
embodiment of the present invention that is con?gured for 
improved sanitation; 

[0030] FIG. 20 is a cross sectional vieW of a third embodi 
ment of the present invention With an alternative con?gu 
ration for improved sanitation; 

[0031] FIG. 21 is a perspective vieW in partially exploded 
form of a respiratory calorimeter according to the present 
invention and a hygiene ?lter module for use With the 
calorimeter; 

[0032] FIG. 22 is a cross sectional vieW of the hygiene 
?lter module of FIG. 21; 
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[0033] FIG. 23 is a perspective vieW in partially exploded 
form of a respiratory calorimeter according to the present 
invention With an alternative embodiment of a mask incor 
porating a hygiene barrier; 

[0034] FIG. 24 is a perspective vieW in exploded form of 
the disposable portion of the mask of FIG. 23; 

[0035] FIG. 25 is a perspective vieW in partially exploded 
form of a respiratory calorimeter according to the present 
invention With a second alternative embodiment of a mask 
incorporating a hygiene barrier; and 

[0036] FIG. 26 is a perspective vieW in exploded form of 
the disposable portion of the mask of FIG. 25. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] Basic Con?guration of Calorimeter 

[0038] Referring to FIGS. 1 and 2, a respiratory calorim 
eter according to the present invention is generally shoWn at 
10. The calorimeter 10 includes a body 12 and a respiratory 
connector, such as mask 14, extending from the body 12. In 
use, the body 12 is grasped in the hand of a user and the 
mask 14 is brought into contact With the user’s face so as to 
surround their mouth and nose, as best shoWn in FIG. 1. An 
optional pair of straps 15 is also shoWn in FIG. 1. The straps 
provide an alternative to holding the body 12 of the calo 
rimeter 10 With a hand. Instead, the straps can support the 
mask and calorimeter in contact With the user’s face. 

[0039] With the mask 14 in contact With their face, the 
user breathes normally through the calorimeter 10 for a 
period of time. The calorimeter 10 measures a variety of 
factors and calculates one or more respiratory parameters, 
such as oxygen consumption and metabolic rate. A poWer 
button 16 is located on the top side of the calorimeter 10 and 
alloWs the user to control the calorimeter’s functions. A 
separate light is located beloW the poWer button 16, With the 
poWer button 16 acting as a light pipe so that the button 
appears illuminated When the light is on. The light is 
preferably used to indicate the status of the calorimeter 
before, during, and after a test. A display screen is disposed 
behind lens 18 on the side of the calorimeter body 12 
opposite the mask 14. Test results are displayed on the 
screen folloWing a test. 

[0040] Referring noW to FIG. 8, a calorimeter With an 
alternative respiratory connector, a mouthpiece 20 rather 
than the mask 14 of FIG. 1, is shoWn. The mouthpiece 20 
is preferably siZed and shaped so that it may be easily 
inserted into a user’s mouth and respiration passes through 
it. The mouthpiece may be made from a variety of materials, 
including silicone. Depending on user preference, a calo 
rimeter according to the present invention may be used With 
either a mask or a mouthpiece. A mouthpiece 20 may be 
required for certain users, such as users With facial hair. For 
accurate results, it is necessary that substantially all of the 
user’s inhalations and exhalations pass through the calorim 
eter. Therefore, When a mouthpiece 20 is used as a respira 
tory connector, it is preferred that a nose clip, not shoWn, be 
used to seal off the user’s nostrils. 

[0041] As best shoWn in FIG. 8, the body 12 of the 
calorimeter preferably includes a disposable ?oW tube por 
tion 22 and a reusable main portion 24. The respiratory 
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connector, such as mouthpiece 20, connects to the side of the 
disposable ?oW tube portion 22. In use, each user is given a 
fresh disposable portion 22 along With the appropriate 
respiratory connector 14 or 20. The reusable main portion 
may be used With multiple users. The reusable main portion 
24 has a recess 26 de?ned in one side and shaped so as to 
accept the disposable portion 22. 

[0042] Basic Mechanical Con?guration 

[0043] Referring noW to FIGS. 3 and 4, the mechanical 
con?guration of the calorimeter 10 Will be described in more 
detail. FIG. 3 illustrates all components of the calorimeter in 
exploded form, With the disposable portion 22 removed 
from the recess 26 in the main portion 24. FIG. 4 is a vertical 
cross section of the assembled calorimeter With the dispos 
able portion 22 docked in the main portion. Orientations 
such as vertical and horiZontal are used throughout this 
speci?cation. HoWever, it should be understood that these 
orientation descriptors are used merely for convenience and 
are arbitrary since the calorimeter could be described in 
other positions. 

[0044] The disposable portion 22 of the calorimeter 10 is 
generally elongated in the vertical direction and may be said 
to have a generally vertical outWard face 28 Which remains 
eXposed When the disposable portion 22 is received in the 
recess 26. In the preferred embodiment, the outWard face has 
a height of about 75 mm and a Width of about 28 mm. An 
inlet conduit 30 eXtends perpendicularly outWardly from this 
outWard face 28. In the preferred embodiment, the conduit 
30 eXtends about 2 mm from the outWard face 28 and has an 
internal diameter of about 19 mm. Aradial attachment ?ange 
32 is provided adjacent the outer end of the inlet conduit 30 
and provides for attachment of a respiratory connector, such 
as mask 14, as best shoWn in FIG. 4. The respiratory 
connector is preferably securely attached and sealed to the 
attachment ?ange 32 such as by sonic Welding. 

[0045] The disposable portion 22 generally consists of an 
outer shell 34 With generally vertical side Walls and a 
vertical ?oW tube 36 Within the shell 34. The How tube 36 
is preferably cylindrical With open upper and loWer ends. In 
the preferred embodiment, the How tube has a length of 
about 63 mm and an internal diameter of about 12 mm. For 
de?nitional purposes, the How tube 36 may be said to have 
an inner surface 38 on the inside of the tube 36 and an outer 
surface 40 on the outside of the tube 36. Likewise, the outer 
shell 34 may be said to have an inner surface 42 inside the 
shell and an outer surface 44 outside the shell. As best shoWn 
in FIG. 4, the outer surface 40 of the How tube 36 is spaced 
from the inner surface 42 of the outer shell 34 so as to de?ne 
a concentric gap betWeen these tWo components of the 
disposable portion 22. The gap varies in Width someWhat at 
different positions around the tube. HoWever, the gap is 
generally at least 5 mm in Width at the top of the How tube 
36, With the outer surface 40 of the tube 36 and the inner 
surface 42 of the shell 34 drafting toWard each other slightly, 
for molding purposes, as the gap eXtends doWnWardly. 

[0046] The How tube 36 and the outer shell 34 are inter 
connected by an annular ?ange 46 Which eXtends betWeen 
the inner surface 42 of the outer shell 34 and the outer 
surface 40 of the How tube 36. The annular ?ange 46 
interconnects the How tube 36 and outer shell 34 and is 
positioned closer to the bottom of the How tube 36 than to 
the top. In the preferred embodiment, the ?ange 46 is 
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positioned about 43 mm from the top of the tube 36. The 
?ange 46 completely seals the outer surface 40 of the How 
tube 36 to the inner surface 42 of the outer shell 34 so as to 
de?ne a concentric chamber 48 above the ?ange 46 and 
betWeen the outer surface 40 of the How tube 36 and inner 
surface 42 of the outer shell 34. 

[0047] As best shoWn in FIG. 4, the inlet conduit 30 is in 
?uid communication With the concentric chamber 48 as it 
intersects and penetrates the outWard face 28 of the outer 
shell 34 above the ?ange 46. In the preferred embodiment, 
the center of the inlet conduit 30 is about 25 mm from the 
top of the outWard face. 

[0048] Referring again to FIG. 3, the upper end of the 
outer shell 34 of the disposable 22 has a pair of sideWardly 
projecting, generally horiZontal, engagement rails 50. The 
recess 26 in the reusable portion 24 of the calorimeter has a 
pair of corresponding engagement slots 52, only one of 
Which is shoWn. When the disposable portion 22 docks into 
the recess 26 of the reusable portion 24, the engagement rails 
50 slide into the engagement slots 52 to securely intercon 
nect the disposable portion and the remainder of the calo 
rimeter 10. Springs 54 form part of the engagement slots 52 
and push upWardly on the underside of the engagement rails 
50. As Will be clear to those of skill in the art, the disposable 
portion may be made from a variety of materials. In the 
preferred embodiment, the disposable is molded from ABS 
plastic. 

[0049] According to one embodiment of the present inven 
tion, the disposable portion 22 and reusable portion 24 are 
designed such that only speci?cally designed authentic 
disposable portions Work With the reusable portion. Various 
approaches to accomplishing this Will be apparent to those 
of skill in the art. For eXample, the disposable portion may 
include an authenticating device such as a chip or magnetic 
strip that is recogniZed by the reusable main portion. Pref 
erably, the calorimeter is operable only When an authentic 
disposable portion is docked in the reusable portion. Also, 
the main portion may include some type of interlock that 
physically “recognizes” that a correct disposable is com 
pletely docked, so that a test may not be performed With a 
disposable that is incorrectly or incompletely docked. As a 
further alternative, the reusable portion may recogniZe, 
record, and/or transmit some type of identi?cation code 
associated With each disposable portion. This alloWs accu 
rate record keeping. Also, speci?c codes can be assigned to 
speci?c users, alloWing the reusable portion to identify 
particular users based on the disposable portion being 
docked. 

[0050] Referring noW to both FIGS. 3 and 4, the upper 
end of the recess 26 in the reusable main portion 34 is 
de?ned by an upper Wall 56. The upper edge of the outer 
shell 34 of the disposable portion 22 ?ts against this upper 
Wall 56 and is held in place by the springs 54. A bottom 
ledge 58 generally de?nes the loWer end of the recess 26. 
The loWer end of the outer shell 28 of the disposable portion 
22 ?ts against this bottom ledge 58. Therefore, the upper 
Wall 56 of the recess 26 generally seals off the upper end of 
the outer shell 34 of the disposable portion 22 When the 
disposable portion is docked With the reusable portion. 
Alternatively, a seal may be provided on the upper edge of 
the outer shell 28 or on the upper Wall 56 to improve sealing. 
Preferably, the sides of the disposable portion 22 also ?t 




































