[image: image2.wmf]
                    Maastricht University


                   Departement of Human Biology 

	[image: image3.wmf]
Maastricht University
Faculty of Health, Medicine and Life Science

Department of Human Biology





	Standard Operating Procedure for measuring O2 consumption and CO2 production with the Omnical 4

	

	AUTHOR, VERIFIER AND CONFIRMATION

	Action
	Name and function
	Signature

	Author

Verifier

Confirmation
	L. Ronden; Technician
P. Schoffelen; R&D engineer

K. Westerterp; Lead Researcher
	

	

	MAILING LIST

	Name
	Function
	Comments

	P. Schoffelen

K. Westerterp
W. Sluijsmans

L. Ronden
	R&D engineer
Lead Researcher

Researcher

Technician
	1 copy

1 copy
1 copy
Original

	

	ALTERATIONS

	Number
	Date
	Alteration
	Signature

	
	
	
	


Standard Operating Procedure for measuring O2 consumption and CO2 production with the Omnical 4 & 5
1. Subject
This SOP describes a method for measuring O2 consumption (VO2; ml/min.) and CO2 production (VCO2; ml/min) using the Omnical. Energy expenditure is derived from these results using the equation of Brouwer (p 5).1 Substrate (carbohydrate, fat and protein) oxidation can be derived from O2 consumption, CO2 production and urinary nitrogen losses by using the equations of Brouwer (p 3)1, 2. All volumes are expressed at standard temperature, pressure and dry (STPD) conditions unless noted otherwise.
2. Field of application
This SOP is used for measuring a subject’s O2 consumption and CO2 production during a test using Omnical 4. The measurements can be used for:

1. Derivation of energy expenditure from O2 consumption and CO2 production, which is called indirect calorimetry, through a choice of equations. The standard choice is the Brouwer equation with correction for not measuring metabolic Nitrogen production 1, please note that until recently the Weir equation 3 was used. It is the researchers responsibility to choose the equation that best fits the study objective.

2. Calculation of carbohydrate, fat, and protein oxidation by using oxygen consumption, carbon dioxide production, and urinary nitrogen losses with the equations of Brouwer.1  When necessary to calculate nitrogen losses in urine, urine must be collected according to the experiment protocol. 
1. Energy expenditure:
Daily energy expenditure (EE) consists of four components:

1. Sleeping metabolic rate (SMR);

2. The energy cost of arousal;

3. The thermic effect of food or diet-induced energy expenditure (DEE);
4. The energy cost of physical activity or activity induced energy expenditure (AEE).

Sometimes daily energy expenditure is divided into three components, taking SMR and the energy cost of arousal together as EE for maintenance or basal metabolic rate (BMR). Basal metabolic rate is usually the largest component of average daily metabolic rate (ADMR).4 The BMR can be measured using the Omnicals ventilated hoods.
2. Substrate oxidation:
Substrate oxidation can be determined by using oxygen consumption, carbon dioxide production and urinary nitrogen losses with the following Brouwer equations 1: 

Protein oxidation (g/d) = 6.25 N

Fat oxidation (g/d) = 1.718 VO2 – 1.718 VCO2 – 0.315 P

Carbohydrate oxidation (g/d) = 4.17 VCO2 – 2.965 VO2 – 0.390 P

N is the total nitrogen excreted in urine (g/d), VO2 is oxygen consumption (L/d), VCO2 is carbon dioxide production (L/d), and P is protein oxidation (g/d).
Physical specification of Omnical 4 and it’s content 6:
The double Omnical 4 system comprises two separate units of about 1m2 and a Macintosh computer which serves as the control and acquisition system. The main unit contains two sets of CO2 and O2 analysers. A large hose is connected to each of the units for collecting all of the subjects expired breath along with a certain amount of room air (dilated mode, open circuit). The flow rate can be monitored and is controlled via the Omnical program. The flow of air is achieved with a suction fan.
The main airstream passes through a gas meter which measures the total volume of air (total volume = room air + air expired by subject), and is than released back in to the room at the bottom of the unit (less rebreathing). This is the same for both the main and the optional external unit. Temperature and humidity are measured at the gas meter. Air samples are taken directly after the main airstream passes the gas meter, and of the room near the subject. The samples are then pumped through Peltier coolers, a series of Perma Pure membrane dryers, bubblers which act as a pressure regulator and which are used to visualize the flow of sample through the system. Selected air passes through the analysers based on the selected program. 
Besides performing as a double ventilated hood, a cycle ergometer or treadmill can be used to perform physical activity, up to top sport level, during testing. In this case the subject wears a breathing mask which is attached to the inlet of the main airstream. Depending on the type of test, the correct version of the labview application has to be selected; “double modus” for ventilated hood measurements and the “single max test” for exercise testing.
3. Definitions and terms
Calibration gas: Certified gas which contains 0.8% CO2; 18% O2; remainder N2. The CO2 concentration of this gas must be obtained with a certified accuracy of 0.008% (P = 0,05). The O2 concentration is, however, technically limited to a certified accuracy of only 0.18% (P = 0,05). For the O2 analyses we therefore may adapt certificate value using the better accuracy of averaged O2 concentration of fresh air. This may only be done by the lab-manager and must be periodically validated with methanol burns. It is important to maintain air as fresh as possible in the surrounding lab, a fast variation in background may be detrimental to tests. 
STPD: Standard temperature pressure and dry, 1013.25 mbar, 273.15 K

RQ: respiratory quotient, the ratio of CO2 produced to O2 consumed. The RQ depends on the fuel mixture metabolized. The RQ of carbohydrate is 1.00, because the number of CO2 molecules produced is equal to the number of O2 molecules consumed. RQ mixed diet: 0.85; protein: 0.82; and fat 0.70.8
4. Principle
The human body must continuously be supplied with energy to perform its functions. The amount of energy used by an individual is supplied by oxidation of lipids, carbohydrates, proteins and, sometimes, alcohol. When these nutrients become metabolized, a known quantity of O2 is consumed and a known quantity of CO2 is produced. For example oxidation of 1 mol glucose requires 6 mol O2, produces 6 mol CO2 and 2.8 MJ. Energy expenditure can be calculated from CO2 production and / or O2 consumption. The energy equivalent of 1 litre O2 and 1 litre CO2 depends on the nutrient-mix oxidized. The ratio of moles CO2 produced to the moles O2 consumed (respiratory quotient, RQ) is nutrient specific.

With the help of a mean RQ during the measurement, the energy equivalent of one litre O2 and one litre CO2 can be determined (when negotiating the oxidation of proteins). Energy expenditure can be calculated from VO2 and VCO2, amongst others, using the Brouwer equation: kJ = 15.977 O2 (litre) + 5.150 CO2 (litre) – 1.352 P (gram protein) or kJ = 15.977 O2 (litre) + 5.150 CO2 (litre) – 1.352 * 6.25 N (gram urine-N). This equation is not corrected for not measuring metabolic nitrogen production. Substrate oxidation can be determined by using oxygen consumption, carbon dioxide production and urinary nitrogen losses with the equation of Brouwer (p 3).

5. Safety
Safety regarding to the room where the Omnical is placed:
In the department, performing subject experiments are exclusively allowed in labs with S1 electrical safety rating posted on doorway. The labs are periodically checked for electrical safety at S1 standard. This is done by FD (Facilitaire Dienst) in co-operation with a qualified firm. The S1 safety hall-mark is placed at the entrance of the laboratory. The electrical safety of individual pieces of equipment is periodical checked by IDEE. (Instrument Development Engineering & Evaluation), part of the FHML faculty. A blue label, with expiration date, safety hall-mark is placed on subject related equipment. 

Each time equipment is added or replaced, the lab-manager and / or IDEE has to check whether a new safety measurement is necessary. This is always required for new equipment and new equipment combinations.
In the room where the Omnical is placed, bottled gas at high pressure is present. Because of the location of the Omnical, the gas containers are in some instances not placed in a special safety cabinet. However, in that case they must always be fixed mounted and not exceed 10 litre volumes. Therefore special care has to be taken to ensure your own safety as well as the subjects safety regarding the use of the gasses. A fire extinguisher should also be placed nearby, which has to be periodically checked as well.

Safety regarding to the Omnical:
Safety precautions include a fire alarm and extinguisher in the same S1 qualified room, emergency power and lighting. The main unit of the Omnical has  front and  back doors which can be individually locked. This prevents unwanted access to internal parts of the Omnical. The Omnical must be checked for electrical safety once a year, as scheduled by IDEE.
Safety regarding to the subjects:

During the test the experimenter or a supervisor should be present. In case the test involves physical activity, a supervisor with medical background has to verify the medical conditions of the subject based on a medical anamnesis. Subjects are instructed on how to perform the test, as well as specific requirements of the chosen test protocol. They are also instructed on how to handle in case of emergency For exercise experiments there should always be back-up medical assistance available. This is especially important when measurements are being performed during the evenings and weekends. The researcher therefore must ensure that qualified help can be contacted. As a general rule researchers working with human subjects must have had a reanimation course.

During exercise testing and other medical procedures, like infusion or blood sampling, a medical back-up is required. 

This back-up is medically responsible for acute accidents during a single test or experiment. The staff member responsible for the experiment is also medically responsible during the entire experiment. All doctors present at the department can serve as medical back-up.

The experimenter should contact the medical back-up well in advance of starting the experiment, preferably in the planning stage. The back-up should be informed about; the character of the experiment, the subjects, the location, when the experiment takes place, and any disorders found by going through the medical-anamnesis-form. Note: if any disorders are found, these should be considered by the medical supervisor prior to the experiment.
The experimenter writes down the name of the back-up and the location of the experiment at the subscription-list at the secretariat. At the day of the experiment, the back-up should be in possession of a beeper (the experimenter takes care of this). Normally the beeper can be found at the door-keeper at UM exit south (UNS 50), number of the beeper: 9142.

The back-up can then be reached by calling *81-9142, please tell were you are and what is going on, quickly but clearly.

Safety regarding to the blood sampling:
In case of needle stick injuries one should handle in according to the guideline ‘Arbeidsomstandigheden en Milieu’ nr. AM/RL 3/4-16. The guideline is located on the glazed cases in laboratory 2.353. 

Safety regarding exercise tests:
To prevent risk-situations as much as possible, the health condition of the subject should be examined prior to the exercise test by going through the medical-anamnesis-form. 

In case of one or more risk-factors, the health condition of the subject should be examined further. If the subject is a patients, only execute exercise tests under medical supervision. In some cases it may be mandatory to determine ECG before, during and after exercise tests. 

6. Reagents 
Not applicable 

7. Needed material

Contents of the Omnical:


The Omnical comprises 2 main parts: 

· Main unit which contains the analyser system and operating computer;

· Optional external unit
Additional parts:

· Cycle ergometer or a treadmill to perform physical activity;
· (Double) ventilated hood;

· Breathing mask;
· Safety precautions including a fire alarm and extinguisher, emergency power and lighting, and panic buttons in the surrounding room.

Calibration gas:

· 10 litre N2 gas container. Visible indication of the flow in the right two bubblers when gas type 6 is selected and during some stages of the calibration cycle. The primary pressure of the bottle must be 30 – 200 bar, visible on dial nearest bottle. The bottle is  to be considered empty when primary bottle has reached ≤10 bar. Please notify lab-manager when primary pressure reads <30 Bar;
· 10 litre bottle Span gas. The primary pressure of the bottle must be 30 – 200 bar, visible on dial nearest bottle. The bottle is  to be considered empty when primary pressure has reached ≤10 bar. Then it has to be changed, only allowed after notifying the lab manager. Please notify lab-manager when primary pressure reads <30 Bar.
· Note: Omnical can be provided with gas from a stationary 50L bottle and central N2 gas supply. This depends on the location.
Ventilation:

· Ventilator with a capacity of up to 420 l/min to draw air through the system;
· Dry bellows gas meter with electronic sensor to measure flow;
· Temperature/humidity sensor and barometric pressure sensors to correct volume and flow measurements to STPD;
· Peltier gas dryers;
· Water traps for capturing condensed water vapour (when flushed, water ends up near the exit-air flow where the water evaporates).
· Note: Software must be kept running to prevent condensation overflow!
O2- and CO2-Measurement System:

· Paramagnetic 0 – 22% O2 analyzers;

· Infrared absorption 0 – 10% CO2 analyzers;

· Samples from the room and subject airstream are drawn into the system by membrane pumps, then dried and pressure regulated;

· Valves select the samples for measurement in the analyser unit.
Computer and software:

· A main controlling microcomputer (Macintosh, Apple) to perform control on data acquisition;

· Dedicated hardware computer and network;

· Calculation program;

Materials needed during experiments is dependent on what you want to measure.

8. Sample analysis
Samples are processed internally, therefore the system has to be warmed up and properly calibrated with the operating system using N2, Span gas and Room air.
9. Method of working
Starting the Omnical for the first time (by the lab manager only):
1. To power the Omnical, connect the power cable and make sure the three red switches on the back of the analyser units are turned on (internal).

2. When the computer control system is started, choose between the single or double modus depending on the type of test to be performed.

3. Make sure the N2 and Span gas supplies are open.

4. The Omnical will calibrate automatically. After several minutes a message appears the system is warming up. This will take about an hour. Make sure to take this into account when planning a measurement. Note: after a computer / software restart with the system already warm, it is allowed to click the “bypass” button
5. Close the gas bottles after calibration

Before measurements:

1. Obtain a mandatory personal instruction from the laboratory manager. During this instruction the researchers duties are explained as well as the instruction the researcher must give to the subjects.

2. Send the subject(s) an information-brochure well before the experiment. This brochure must contain information about the Omnical, the experiment and measurements, exclusion factors, insurance, etc.

3. Before the actual experiment check if the Omnical is ready for use, specifically check if all the hoses are placed correctly and also check if calibration gas is sufficient. If the unit was unused check  5 working days in advance. Also perform a alcohol test to verify proper functioning.
4. When the subject(s) arrive, give them an explanation about the Omnical. Tell the subjects what is expected from them during the experiment. Ask the subjects if they have any questions. Often subjects visit the lab and are instructed in advance of the actual experiment.

Ventilated hood or breathing mask:

The Omnical is used for 2 types of measurements;

· Ventilated hood. Optionally, it is also possible to make a “double” ventilated hood system by adding the external unit to the system. During the measurement, the subject lies under a hood that is connected to the system. It is important to place the plastic flaps of the hood in such a way that no exhaled gasses can escape. Make sure the FiO2 % hose is placed near the entrance of the hood (above the head of the subject). Note: Dual Hood shows a slower response; this is normal! Single hood remains fast.
· Mask without valve. In this method the subject breathes through a flowing air system. The flow has to be at least twice as large as the subjects breathing minute volume to prevent breathing air from escaping or re-breathing. Also make sure the FiO2% hose is placed  at the entrance of the airstream.
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Image 1:  Representation of the mouthpiece (not an actual mouthpiece) and at which side the FiO2% hose has to be placed. In this case, the hose has to be placed at the beginning of the tube on the left side.
Preparing for measurements:

· Calibrate the Omnical. Before calibrating, make sure the N2 and Span gas supplies are open. Then press the button “Calibrate” to start the calibration process. This will take about 7 minutes to complete. Check the correct flowing of the bubbles.
· If the program is not running, start either the single or double modus depending on the type of test. When the program is opened, it will automatically calibrate. Again, make sure the N2 and Span gas supplies are open. After several minutes a message appears that the Omnical is warming up. If the Omnical was already powered on for a while, press bypass. Otherwise wait until the warming up process is completed. (± 1 hour)
· When the program was already running but the other modus is wanted, quit the running program and start the other modus. Again making sure the gas supplies are opened, while calibrating, when asked to, click bypass to prevent a new warm up time
· After calibration the N2 and Span gas supplies have to be closed.

· Fill in the date, name and surname of the experimenter, the start and ending time of the measurement, the subject’s name, project number and a description of the experiment in the corresponding logbook.

· On the computer screen there is a button called “Save to file”. When pressed, it will store measurement values in a file. Press this button from the moment you want the results to be stored. After pressing the start button, a line below the button will show the name and the location of the file being stored.
The experiment is now started!! 
You can type events in the “event line” and click “register” to add time and comment to the data file

During the experiment the researcher should write down any abnormal observations or general remarks in the logbook, problems must also be reported to the lab manager. Never remove the logbook from the lab, also do not use loose sheets of paper.

What happens next is depending on what you want to measure in your experiment.

Exertion tests:

Exertion tests follow the same rules as if conducted in other labs and may only be done by qualified personnel and after checking the required air flow rates.

Ending the experiment:

1. To stop the measurement, all you have to do is click the “Save to file” button once more, a few moments later the experiment stops.

2. The Labview V.I. and Omnical should always be left running.

Cleaning up:

1. When a breathing mask, T-piece and tubing was used, these have to be thoroughly cleaned with detergent and water. Usually a solution of 5% decon for the mask and hot running water for the tubing. The mask can be put back where it used to be kept near the installation
2. When the ventilated hood was used it doesn’t need cleaning. In case hospital patients (with illness) where measured using the ventilated hood it is advised to clean the hood with detergent and water. The only thing that has to be looked after for are the flaps at the bottom of the hood. These must be put inwards en then the hood can be carefully placed on the bed near the Omnical

10. Results processing
The results are stored in a folder specified as “Public”. During the experiment the results of the Omnical are stored every 5 seconds. After the experiment the results can be withdrawn from the computer via an USB-stick.
11. Validity and accuracy
To check experiments alcohol combustion is used because it tests VO2 and VCO2 simultaneously and the researchers themselves can do the experiments. However for troubleshooting and maximum range CO2 and N2 infusion is the method of choice because it is independent of a chemical reaction and allows validation up to maximum sports level. Results of alcohol combustion show an accuracy of 1 ± 2.0 (SD) % for O2 (P = 0,05) consumption and 1 ± 2 % for CO2 (P = 0,05) production for 20 minute experiments.
12. Quality control 

On a regular basis, independent checks of the system are obtained by combusting alcohol or, in some instances, by injecting gas with a known composition into the system The alcohol is combusted by using a alcohol burner. The burner is placed on a calibrated balance to measure the rate of combustion during the experiment. When alcohol is combusted, O2 is consumed and CO2 is produced, mimicking normal measurement. With the use of gas injection with CO2, N2, or a combination of both, the accuracy of CO2 and O2 measurement can be checked up to very high levels. The duration of validation experiments is about 20 – 30 minutes. These tests are executed by the users themselves.
13. Enclosures
· Example sheet on how to log an alcohol experiment, Enclosure 1
· Use of the log book instructions, Enclosure 2
14. Comments
Not applicable
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16. Enclosures

1. Example sheet on how to log an alcohol experiment:
Write down the same data as in a normal experiment 

Start the combustion and wait for a while for it to stabilize.

Start the validation by writing down the starting (system) time and weight.

Stop the validation by writing down the ending (system) time and weight.

Calculate the combustion and write down the following data:
· The type of alcohol combusted (when different from the usual Methanol ≥99,9%
· Burned weight in grams and the duration of the combustion in seconds
O2    ml/min alcohol
O2     ml/min measured

∆ml/min
∆%

CO2 ml/min alcohol
CO2 ml/min measured

∆ml/min
∆%

RQ  measured


∆RQ

For example:

23-09-2009
Paul Schoffelen Alcohol combustion   11:30 till 12:30

Start

11:55:04 
36.04 grams
End  

12:15:09 
31.07 grams
Combusted
1205 sec
  4.97 grams

ml/min
alc.
ml/min measured
∆ml/min
∆%

O2
259.7

258.1


-1.6

-0.62

CO2
173.1

173.2


+0.1

+0.06

RQ


0.671


0.004




Formula for Methanol Combustion:
CO2 litre 
= grams combusted x 22.41383 / 32.04

CO2 ml/min 
= CO2 litre x 1000 x 60 /  combustion in seconds
O2 ml/min 
= 1.5 x CO2 ml/min

Other formulas:

∆ml/min = ml/min measurement  - ml/min combustion  
(measurement ≥ combustion => ∆ positive)

∆% = 100 x ∆ml/min / ml/min combustion  

(measurement ≥ combustion => ∆ positive)

RQ = CO2 ml/min measurement / O2 ml/min measurement
∆RQ = RQ – 0,6667



(RQ of alcohol combustion is 0,6667)

2. Use of the log book instructions:

The use of the logbooks:

For good order, a list of 'requirements' which the notes in the logs must meet:

· Main rule: notes have to be made directly, not afterwards!

· Date of the experiment or test (dd / mm / jjjj);

· Name and Surname of the examiner;

· In case of an intern or AIO etc, Name and Surname of the supervisor or superior;

· Name of the project, educational block or research;

· Starting and ending time (preferably system time) of the usage of the installation. 

For the use of the respiration chambers there are the following additions:

· The subject (number) according the chamber number;

· The gas meter values according the correct chamber;

· The CO2% value of the span gas cylinder (located on the label of the bottle in the right cabinet);

There are some additions when performing an alcohol combustion:

· Beginning and ending values of the weight measured (separately for each measurement). Always check if the values are according the correct Hood / Chamber;

· Measured, calculated, difference and difference in percentage values of the measurement. Also see Enclosure 1.
In the log above information should be recorded. It is also desired to record any events, jammings, problems with subjects, etc. in the log book. Also an example on the recording of the alcohol combustion and the calculations involved will be applied to each log book. Also see Enclosure 1.
It is of importance that the log is kept clear and simple, in chronological order and that alcohol combustion tests occur on a regular basis to be able to check the operation of the installation. As a rule: 1 alcohol combustion per week. The installation has an assigned person who should coordinate the installations planning and alcohol combustions, however each researcher is deemed to check this.

Finally, a call on everybody for observing the following points:

· All records in the log have to be written down, instead of inserting loose sheets of paper (even not the ones bearing a staple). This way the chance of the loss of records is much smaller;

· Do not use the logs pages as scrap- or tearing paper, also not the last pages! 

· Avoid writing down measurements in advance (e.g. ending values). This does not improve the clarity of the log. Notes have to be chronological.

· Each test or research has to have its own note in the log, even though they take place simultaneously.

· After the test or research is finished draw a line under the note in the log! This way it is clear to us and to other researchers when a certain test begins or ends.

Any comments and / or technical problems regarding the installation can also be recorded in the logbook. A brief but complete description of the problem or comment will be appreciated. Any larger problems should also be personally indicated so that appropriate measures can be taken as soon as possible.

For any questions or remarks regarding the installations and / or the use of the log you can contact Laurens or Paul and Loek any time. 
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