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Metabolic Calculations of Indirect
Calorimetry

* Understanding atmospheric air and gas volumes
* Calculating VO2

*The Haldane Transformation

* Calculating VCO2

* Calculating RER

* Calculating caloric expenditure

Expired gas analysis
* 4 key variables of measurement

1. VE = expired volume

2. VI =inspired volume |

3. FEO2 = fraction of expired 02
4. FECO2 = fraction of expired CO2

Review of gas fractions in atmospheric air

Nitrogen Carbon Dioxide
0.7808 0.000333

iy 5 / Rare gases

Oxygen =~ (Argon, helium
02095 etc)

> Total \‘ 0.0001
100%

Gas Conditions
Inspired and expired gas conditions are influenced by:
* Gas temperature — colder reduces volume
* Gas pressure — lower pressure increases volume

* Water vapor content — depends on temperature

We need to standardize these conditions!
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Understanding ATPS and STPD

ATPS = Atmospheric Temperature and Pressure, Saturated

Measured air temp (°C) ﬁ Relative humidity (100%)

Measured Pressure (mmHg)

ATPS STPD

Actual air temp
(degrees C)

Atmospheric
Pressure (mmHg)

Standard temp (0 degrees C)

O
e

Standard atmospheric
pressure (760 mmHg)

100% Relative 0% Relative

STPD = Standard Temperature and Pressure, Dry humidity (RH) humiity (RH)
273°K=0°C Sea level = 760 mmHg Relative humidity (0%) :EE%EZ: Ommig water
temp)
14 12.9
T 13 -
18 11 Converting ATPS to STPD
L) Water vapor pressures
2 163 . * We measure expired volume, air temperature, barometric pressure,
2z 108 for ful Iy saturated air and use our water vapor pressure chart
24 22.4
25 238
26 25.2 RH = 100%
gé g%é VEsrpp = VEarps * (273 /(273 + T o)) * ((Pg = Pyio) / 760)
30 31.8
31 33.7
32 35.7
B Y
3 22 Measured VE Temp in °C Use chart
37 47.1
S 22 Measured mmHg
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Quiz!

* What are the major factors that impact gas volume?
* What is the difference between ATPS and STPD?

* Why do we use STPD for indirect calorimetry calculations?

Expired gas analysis
calculations

1. Convert ATPS to STPD

2. Calculate VO2

3. Calculate VCO2

4. Calculate RER

5. Calculate caloric expenditure

Let’s examine the formulas we need!

Calculating VO2

*VO2 = inspired 02 — expired 02
*VO2 = (VI x FIO2) — (VE x FEO2)
We know FIO2 = 0.2095

| VO2= (VI x .2095) — (VE x FEQ2)|
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Calculating VCO2 Calculating VI
*VVCO2 = expired CO2 —inspired CO2 -x\(l)e\zlv?easure VE, FEO2, FECO2, and calculate VI...
*VCO2 = (VE x FECO2) — (VI x FICO2)

We know FICO2 = 0.000333 HALDANE TRANSFORMATION

| VCO2 = (VE x FECO2) — (VI x .000333) |

We must use the Haldane transformation to
How do we calculate VI?? solve for Vi!

Haldane Transformation Haldane Transformation

FEN2 + FEO2 + FECO2 = 1
FEN2 = 1 — (FEO2 + FECO2)
| FEN2 = 0.99063 — (FEO2 + FECO2) |

Nitrogen is an inert gas
It is NOT physiologically active Rare gases correction
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Solving for Inspired Volume (VI)
We know...
(VIx FIN2) = (VE x FEN2)
Thus...
\VI = VE (FEN2/FIN2) |

Solving for VI

We know FIN2 = 0.7808

And...

FEN2 = 0.99063 — (FE02 + FECO2)

Thus, if VI = VE (FEN2/FIN2)

|V| = VE (0.99063 — (FEO2 + FEC02)) / 0.7sos|

I I
FEN2 FIN2

Let’s go back to VO2!

Calculate VO2

Remember...
*V02 = (VI x.2095) — (VE x FEO2)

Substitute Haldane Transformation for VI

V02 = ((VE(0.99063-(FEO2 + FECO2))/.7808) x .2095) — (VE x FEO2)

We have all our variables!
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Calculate VCO2

*Remember...
VCO2 = (VE x FECO2) — (VI x FICO2)

VCO2 = (VE x FECO2) — (VI x .000333)

Use the values from the VO2 equation for VI, and then
substitute VE, and FECO2

Calculate RER

* After you calculate VO2 and VCO2, calculate RER

RER = VC02/V02

Calculation Steps

1. Change ATPS to STPD

2. Calculate VO2

3. Calculate VCO2

4. Calculate RER

5. Calculate caloric expenditure

Computation Examples in Indirect
Calorimetry
Tr=24.0 °C; Py = 635 mmHg; RH = 100%

Time  VE(ATPS) FEO2 FECO2

(min)
2 9.35 0.1658 0.0390
4 35.14 0.1496 0.0480
8 72.37 0.1575 0.0499
12 175.03 0.1784 0.0362
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Step 1: Convert ATPS to STPD Step 2: Calculate VO2

1 141

165 VO2 = (VI x.2095) — (VE x FEO2)
L4 Substitute Haldane Transformation for VI

.T,

room

* VErps = 9.35; FEO2 = 0.1658; FECO2 = 0.0390

=24.0 °C; Pz = 635 mmHg; RH = 100%

VEsrpp = VEares * (273 /(273 + Tgon)) * ((Pg — Przo) / 760) R VO2 = ((VE x (.99063-(FEO2 + FECO2)) / .7808) x .2095) — (VE x FEO2)
ER V02 = ((6.93 x (0.99063 — (0.1658 + 0.0390)) / .7808) x .2095) — (6.93 x 0.1658)

VEgpp= 9.35 * (273 / (273 + 24.0)) * ((635 — 22.4) / 760) R V02 = (6,974 2095) — (6.93 ¥ 0.1658)

VEgrpp = 9.35 * (0.919) * (0.806) “s %”
ER V02 =0.312 L/min

VEgppp = 6.93 L/min E é:é

Step 3: Calculate VCO2 Step 4: Calculate RER

VCO2 = (VE x FECO2) — (VI x .000333) RER =VCO2 / V02

VCO2 = (6.93 X 0.0390) - (6.974 X .000333) RER =0.268 / 0.312

VCO2 =0.270 - 0.0023

) RER =0.859
VCO2 =0.268 L/min
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One more step!
Step 5

Calculate Caloric Expenditure

Calculating Energy Expenditure

* To calculate energy expenditure most accurately, you need
to know the following:

1.vo,
2. RER
3. RER caloric equivalent
4. Exercise duration
Kcal= VO, (L/min) x RER caloric equivalent x time (min)

t
Use non-protein
RER chart

Let’s calculate caloric expenditure!

VO, = 0.312 L/min
RER =0.86
Duration = 2.0 min

Kcal = 0.312 (L/min) x 4.875 x 2.0 (min)

=3.042 kcal in 2 min

We can also examine fuel utilization!

3.042 kcal

CHO =3.042 x .5410
1.645 kcal CHO
FAT = 3.042 x .4590
1.396 kcal FAT




2/2/16

Computation Examples in Indirect
Calorimetry

Tr=24.0 °C; Pz = 635 mmHg; RH = 100%

Time  VE(ATPS) FEO2  FECO2
(min)
2 9.35 01658  0.0390
[ 4 3514 01496  0.0480 |
8 7237 0575  0.0499
12 17503 01784  0.0362

Step 1: Convert ATPS to STPD

¢ Typom = 24.0 °C; P, = 635 mmHg; RH = 100%

* VEyps = 35.14; FEO2 = 0.1658; FECO2 = 0.0390

VEgrpp = VExmps * (273 /(273 + T,00)) * ((Pg = Pyipo) / 760)
VEgrpp= 35.14 * (273 / (273 + 24.0)) * ((635 — 22.4) / 760)
VEgrpp = 35.14 * (0.919) * (0.806)

VEgrpp = 26.04 L/min

Temp ('€) Pigo (nmig)
. ]

sERLsresEesERNR

135

9

Step 2: Calculate VO2

V02 = (VI x .2095) — (VE x FEO2)
Substitute Haldane Transformation for VI

VO?2 = ((VE x (.99063-(FEO2 + FECO2)) / .7808) x .2095) — (VE x FEO2)
V02 = ((26.04 x (0.99063 — (0.1496 + 0.0480)) / .7808) x .2095) — (26.04 x 0.1496)
V02 = (26.04 x .2095) — (26.04 x 0.1496)

V02 = 1.645 L/min

Step 3: Calculate VCO2

VCO2 = (VE x FECO2) — (VI x .000333)

VCO2 = (26.04 x 0.0480) — (26.04 x .000333)
VCO2 =1.249 - 0.0023

VCO2 = 1.242 L/min
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Step 4: Calculate RER

RER =VCO2 /VO2
RER =1.242 / 1.645

RER =0.755

Step 5: Calculate Caloric Expenditure

VO, = 1.645 L/min
RER =0.755
Duration = 4.0 min

Kcal = 1.645 (L/min) x 4.751 x 4.0 (min)

=31.262 kcal in 4 min

Fuel Utilization

31.262 kcal

CHO =31.262 x .1920
6.002 kcal CHO

FAT = 31.262 x .8080 .
25.259 keal FAT

Assignment

*Finish the rest of the calculations in your
handout

*Answers to each question will be posted online
*Show all of your work
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