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Direct calorimetry 

• In direct calorimetry the measurement of the heat produced by metabolic 
processes to quantify total energy expenditure (TEE). 

• Total body heat production is directly measured via a thermally sealed 
chamber. 
• Although accurate, this method is expensive, not readily accessible, 

and requires technical expertise. 

7Nutr Clin Pract Heather A. Haugen et al, 2007, Calorimetry: A Practical Guide for Clinicians
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Direct Calorimeter
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Indirect Calorimetry (IC) 

• Indirect calorimetry is the quantification of REE, which is the major 
constituent of total daily energy expenditure (TDEE). 

• It is based on the non-invasive measurement of VO2 , the greater 
component of REE, and VCO2.

• These primary parameters are derived precisely by the application 
of gas dynamics physics, for the correct measurement of inspired 
and expired gas concentrations and volumes.

Indirect calorimetry: methodology, instruments and clinical application, Eduardo E. , et al. 20062023-02-01 29



Indirect Calorimetry (IC)

O2 CO2

v Urinary nitrogen excretion should be measured                               

v O2 & CO2 Measured at the Airway
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Indirect calorimeter 
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Definitions and abbreviation  

• VO2: Oxygen consumption
• VCO2: Carbon dioxide production
• RQ: Respiratory quotient = VCO2 / VO2 for the cell
• RER: Respiratory exchange ratio = VCO2 / VO2 measured from expired air 
• FIO2 = fraction of oxygen in inspired air = 0.2095 
• FEO2 = fraction of oxygen in expired air = variable
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2 C57H110O6 +  163 O2   

6CO2 +  6H20  + Energy

The Respiratory Quotient and Substrate Oxidation

RQ = VCO2/VO2 = 1.0 Heat + Work

C6H1206 +  6O2 

114CO2 + 110H20 + Energy

C72H112N18O22S + 77 O2 63 CO2+38H2O+SO3+9CO(NH2)2+ Energy

RQ=114CO2/163O2=0.7

RQ= 63CO2/77O2=0.818
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Respiratory Quotients for Various Substrates -
RQ = VCO2 ÷ VO2

Fuel Oxidation RQ

Protein 0.8

Fat 0.7

CHO 1

• The normal range for critically ill patient is 0.65 to 1.25, depending on 
the blend of nutrients metabolized.

• RQ values less than 0.65 or greater than 1.25 are suspect and 
usually indicate non-steady state conditions.
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Steady-State condition 

• A steady state has been achieved when the average minute 
Vo2 and Vco2 changes by <10% (over a 10 minute interval). 
• IC results not consistent with a steady state are not to be 

used. 
• Under steady state conditions, the RER and RQ are assumed 

to be equal.
• a steady state condition exists when the exchange of gases 

(O2 & CO2) at cellular level and those measured at the 
airway are similar.
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Steady-State condition 

Marina M. Reeves, Peter S. W. Davies, Judith Bauer, Diana Battistutta
Journal of Applied Physiology Published 1 July 2004 Vol. 97 no. 1, 130-134 DOI: 10.1152/japplphysiol.01212.2003
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Variable Acceptable Range

RQ 0.65-1.25 consistent with nutritional intake 

VO2 ± 5% from baseline value

VCO2 ± 5% from baseline value

Minute
ventilation 

±10% from baseline value



Indirect Calorimetry, Normal Values
Variable Symbol Normal value*

Oxygen consumption VO2 250 ml/min (3.6 mL/min/kg IBW) 

Carbon dioxide production VCO2 VCO2 200 ml/min(2.9 mL/min/kg IBW) 

Respiratory quotient RQ 0.65-1.25 

Respiratory exchange ratio RER 0.65-1.25 (assumes steady-state conditions) 

Energy expenditure EE Depend on measurement condition 

Basal Energy Expenditure BEE Not applicable

Resting Energy 
Expenditure

REE 1800-2000 kcal/24h (25-35kcal/kg)

*represents critically ill adults patient; values will vary with sepsis, trauma, and burns 
IBW = ideal body weight 
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Using RQ Ratio to Determine Substrate
Utilization

RQ Condition

1.0 Carbohydrate metabolism
0.71 Lipid metabolism
0.80 Protein metabolism
0.85 Mixed substrate metabolism
<0.65 Nonsteady-state condition---hypoventilation/Ketosis
>1.25 Nonsteady-state condition---hyperventilation/Isocapenic

buffering
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INTERPRETATION OF RQ

.9.7 .8 1.0

Starvation OverfeedingMixed Substrates

Hypoventilation Hyperventilation
Metabolic AcidosisETOH or Ketones

Fat                               CHO
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The objectives of indirect calorimetry:

1. To accurately measure the REE and RQ to guide nutritional
support

2. To allow determinations of substrate utilization in
conjunction with UN measurements

3. To determine VO2 as a guide for monitoring the work of
breathing and targeting adequate oxygen delivery

4. To assess the contribution of metabolism to ventilation.
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Indications

(a) clinical conditions that significantly alter REE; 
(b) when patients fail to respond to presumed adequate nutrition support 
(c) in order to individualize and fine-tune the nutrition support in the ICU,  
in critically ill patients:

• Severe sepsis
• Multiple trauma
• COPD
• Exhibiting hyper or hypometabolic symptoms
• Failure to wean from mechanical ventilation
• Flow dependency oxygen consumption
• Increased oxygen cost of breathing
• Failure in responding to traditional nutritional support regimens
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Clinical Benefits of IC in hospital settimg

• Both underfeeding and overfeeding may have a negative 
impact on recovery and healing
• Minimizing negative energy balance has a positive effect on 

survival and may reduce complications in hospitalized patients.
• Serial IC measurements should be considered to more 

accurately tailor nutrition support regimens at different stages 
of illnesses to facilitate patient recovery
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Indirect Calorimetry (IC) 
Measurement

2023-02-01 44



How do you do the test?

1. Individual should rest for at least 30 minutes in bed or a
recliner before the test, however, the person should not 
be asleep.

2. No food for at least 4 hours before the test (>4 and <12h).
3. Maintain quiet surroundings when the test is in progress 

and normal temperature. The individual should not move 
arms or legs during the test.

4. Normal room temperature should be maintained, avoid 
drafts or any condition that might result in shivering.

5. Medications taken should be noted, such as stimulants or 
depressants.
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How do you do the test?

• Steady state should be achieved, which would be identified
clinically by the following:
• 5 minute period when average minute VO2 and VCO2

changes by less than 10% and the average RQ changes
by less than 5%.

• Stable interpretable measurements should be obtained in a 15 to 20 minute test
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Special consideration 
Using IC in diseases 
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Special Considerations 

Severe obese: 
The most accurate method to adjust for excessive body weight in the 
predictive equations for severely obese patients remains unclear. 
• Data validating methods of weight adjustment in patients with BMI > 40 

kg/m2, especially in extremely obese (class III) non-Caucasians, are very 
limited. 
• The only accurate approach to determine energy expenditure to 

optimize nutrition support regimens in these patients is through IC. 
• IC becomes the only way to provide a more reasonable assessment of 

energy balance to optimize nutrition support regimens in patients 
undergoing bariatrics surgery.
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Special Considerations 

Patients infected with human immunodeficiency virus (HIV)
• As much as a 30% difference has been observed between 

the measured REE and predicted REE using the Harris-
Benedict Equation (HBE) in HIV-positive patients with 
lipodystrophy. 
• One of the most common reasons for hospitalization of 

these patients is severe opportunistic infection, which 
further alters energy expenditure. 
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Special Considerations 

Patients receiving hemodialysis or continuous renal 
replacement therapy

• To accurately assess energy expenditure in patients 
receiving intermittent hemodialysis, IC should be performed 
preferably 24 hours after the end of the hemodialysis 
session.
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Special Considerations 

Patients who receive continuous infusion of sedatives 
and paralytic drugs

• A recent study suggests that in the absence of fever, the 
disease-specific or injury-specific variations in energy 
expenditure may be abolished with deep sedation among 
demographically matched medical and surgical ICU patients.
• Therefore, to prevent overfeeding, IC should be performed 

in patients who are deeply sedated. 
• Additionally, the measurement should be repeated when 

the dose of sedation medication is changed.
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Additional considerations for hospitalized 
individuals:

1. If the individual is on specialized nutrition support (enteral or
parenteral nutrition) continuous 24-hour infusion does not need
to be stopped. The nutrients infused should be constant for at
least 12 hours. If feedings are intermittent or cyclic, the 
feeding should be held for at least 2-4 hours. 

2. Discontinue any supplemental sources of oxygen if the 
individual is on room air, which includes nasal cannulas, masks 
or tracheostomy collars.

3. If the individual is on a ventilator, the settings should remain
constant for at least 1-1/2 hours before the test.

4. No recent chest therapy or physical procedures.
5. Renal failure patients requiring hemodialysis should not be 

tested during dialysis therapy.
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ASPEN criteria for the use of IC measurements  in 
children in the PICU

• Oncologic diagnoses (including children with stem cell or bone marrow 
transplant)  
• Children with thermal injury  
• Children requiring mechanical ventilator support for > 7 d  
• Children suspected to be severely hypermetabolic (status epilepticus, 

hyperthermia, systemic inflammatory response syndrome, dysautonomic storms, 
etc.) or hypometabolic (hypothermia, hypothyroidism, pentobarbital or 
midazolam coma,…)  
• Any patient with ICU LOS > 4 wk may benefit from IC to assess adequacy of 

nutrient intake.
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IC vs HB vs predictive formula

Hamilton sciences institute, 2020



Indirect calorimetry inpatients 



Using IC In Bariatric surgery 



Use of IC in Liver Diseases 



Use of IC in Liver Diseases 



Predicted equations are incurred in liver translation



IBD



Crohn's Disease



Celiac



Interpretation of Indirect Calorimetry
Presented by Charles McArthur, Mankato, MN
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Interpretation Steps

• Patient Information
• Demographics
• Medications

• Quality of Measurement
• Length of measurement
• CV of VO2 & VO2
• REE & RQ

SUBSTRATE Kcal/LO2 RQ

CHO 5.05 1.0
Protein 4.46 0.8
Fat 4.74 0.7

Energy Equivalents and RQ’s
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Interpretation of RQ
• RQ consistent with fasting state
• RQ consistent with nutritional intake
• RQ higher than expected for nutritional intake
• RQ lower than expected for nutritional intake

Metabolic States
• Lower than expected    <90% predicted
• Expected Range   90% - 110 % predicted
• Higher than expected   > 110% predicted
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IC in Inpatients

Hamilton sciences institute, 2020



IC in Inpatients



IC in Inpatients



IC in Inpatients



Case Example

Predicted REE (adjusted body weight) = 1600 kcal/day
Measured REE = 1840 kcal/day

RQ =  .75
115%predicted

RQ .70 to .79
Fasting State
Starvation
ETOH or Ketones

Patient: Outpatient, 46 yr old man , BMI 46, Fasting
Method: Canopy, Room Air

Measurement: 15 min, last 5 min CV 2%
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Interpretation

• Quality: Good, CV 2%
• Conditions: Canopy study, Fasting State
• Summary: REE is 1840 kcal/day (115% predicted) with an RQ 

of .75 consistent with a fasting state.
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case scenario 

A 63yrs old male was admitted to the hospital with a diagnosis of pulmonary 
emphysema. The patient complained of shortness of breath for the last several 
days at home, and, on admission, the patient’s condition rapidly deteriorated in 
the emergency department; after several attempts to stabilize his ventilation, the 
patient was intubated and transferred to the ICU where he was placed on a 
mechanical ventilator.
On physical exam, the patient exhibited signs of muscle wasting and 
malnutrition. Enteric feeding were begun using a standard mixture of 10% lipids, 
60% CHO, with balance of proteins and minerals that supplied approximately 
2100 kcal per 24 h. the patient’s condition stabilized during the next 24h. 
attempts to withdraw ventilator support over the next several days were not 
successful due to hypercapnia (increased CO2) when support from the ventilator 
was reduced. 
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Case scenario, result and interpretation 

• On day 4 of admission, indirect calorimetry was ordered with the 
following results:
• REE 1950 kcal/24 hr 
• RQ 0.98 
• VO2 4.1 mL/min/kg 
• VCO2 3.6 mL/min/kg
• The information from the indirect calorimetry study indicated that

while the total number of calories being delivered was 
appropriate, the patient was being given an excessive CHO load.
• This was confirmed by the RQ measurement of 0.98.
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INTERPRETATION 

• The elevated carbon dioxide production and oxygen consupmtion
levels were contributing to the patient's inability to support his 
ventilation unaided from the ventilator. The patient's feedings were a
djusted to reflect a balance of nutrients that would minimize 
VCO2 levels and encourage ventilator withdrawal. This patient e
xhibited the classic response to excessive CHO calories. While 
the total number of calories was adequate, as measured by the REE, t
he mixture of substrates was not appropriate considering 
the patient's underlying condition
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Summary 
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