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Outline

1) Brief principle of Indirect Calorimetry (IC)

2) The clinical application of IC to optimize 
energy prescription.

3) Nutritional therapy in COVID-19
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Brief Principle Of Indirect 
Calorimetry
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Reference Device of 20th Century

• Deltatrac Metabolic Monitor 
(Datex, Finland)
• Features both canopy and

ventilator measurements
• Repeatedly validated 

(mass spectrometry)
• Existing units are progressively

disappearing and the manufacturer 
no longer offers any support
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Indirect Calorimetry (IC) - COSMED
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Indirect Calorimetry (IC) - COSMED
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Indirect Calorimetry (IC) - COSMED
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Indirect Calorimetry (IC) - COSMED
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Indirect Calorimetry (IC) - COSMED
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Next Generation Indirect Calorimetry (IC) –
Q-NRG+ COSMED

• 5 min to measurement
• Easy to clean
• Accuracy +/- 3% or 36 

kcal/day, whichever is 
greater
• Easy to use                                   

14/06/2020 11



Indirect Calorimetry (IC) - GE
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Indirect Calorimetry (IC) - GE
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INDIRECT CALORIMETRY
• Reference standard in calculation of energy expenditure by measuring 02 

consumption and CO2 production

• Reflects the rate of cellular metabolism – food sources (CHO, FAT, PRO) are 
metabolized to produce energy.

• RESTING ENERGY EXPENDITURE (Abbreviated Weir Equation, 1949)

REE (Kcal/d) = [(VO2 x 3.94) + (VCO2 x 1.11)] x 1,440 min/day

• RESPIRATORY QUOTIENT,  RQ = 
VCO2 (carbon dioxide production)

VO2 (oxygen consumption)

Ø RQ > 1 à overfeeding or pure CHO metabolism
Ø RQ < 0.7 à starvation
Ø Normal RQ = 0.85

• 2 assumptions are made:
1. The patient is in true steady-state condition
2. All VCO2 measured reflects substrate utilization
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Gupta et al., 2017; Oshima et al., 2016; McClave et. al., 2003 



Technical Concepts – Mechanically 
Ventilated Patients

• Gas sampling is obtained from circuit connecting the ETT to ventilator, and
measured by using either breath-by-breath analysis or the analysis using a mixed
chamber.

15Oshima T, et al., Indirect calorimetry in nutritional therapy. A position paper 
by the ICALIC study group, Clinical Nutrition (2016)



The Clinical Application of 
Indirect Calorimetry to 

Optimize Energy Prescription



Are All Critically Ill Patients 
Same? 
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Overfeeding or Underfeeding? 
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Why Indirect Calorimetry in ICU?
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Repeated Indirect Calorimetry (IC) measurements in ICU 
patients are important as this would provide accurate 
energy measurements to meet individual requirement, 
especially in patients who are complicated and at a higher 
risk for suboptimal feeding. 

The recent ASPEN 2016 and ESPEN 2019 guidelines 
recommended IC as the best method for determining resting 
energy expenditure (REE) among ICU patients. 

Indirect Calorimetry is not commonly used
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Optimal Feeding Strategy In Critical Illness

Oshima, T., Berger, M. M., De Waele, 
E., Guttormsen, A. B., Heidegger, C.-
P., Hiesmayr, M., . . . Pichard, C. 
(2016). Indirect calorimetry in 
nutritional therapy. A position paper 
by the ICALIC study group. Clin Nutr. 
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Energy expenditure of a patient is massively influenced by a
number of intrinsic and extrinsic factors (Frankenfield & Ashcraft,
2011;Oshima et al. 2016; Frankenfield 2019).



§ In the acute phase, metabolic determinants that influence
REE were height,weight, age and minute ventilation.

§ In the late phase, metabolic determinants that influence
REE were weight, age and heart rate.

§Development and validation of specific PEs for critically ill
patients is needed especially among Asian population and
different phases.

22Study completed. Manuscript in preparation.



Variability REE according to Disease

23Adapted from Rattanachaiwong S, Singer P, Clinical Nutrition 2019



Variability REE Day by Day and Different 
Phases
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Zusman et al. Crit Care 2016,20-367 proposed by Cuthbertson et al.



15 predictive equations (PEs) (34 sub equations) tend to either over- or under-
estimate REE of critically ill patients at different phases of critical illness.

Incorporation of “dynamic” variables and respiratory data into PEs demonstrated
better agreement with REE-IC compared with PEs developed for healthy adults or
PEs based on “static” variables.

Overall, we found Swinamer (1990) is the best PE across acute, late and chronic
phases of critical illness and could be used to predict REE when IC is not available.

25Tah et al. Crit Care Med 2020; 48:e380–e390.



26Tah et al. Crit Care Med 2020; 48:e380–e390.



Bland-Altman Plots - Less Agreement Between 
Predictive and Measured  

27Zusman et al. Clinical Nutrition 2018



Nutritional Therapy in COVID-
19
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Indirect Calorimetry Data in COVID-19 
(Initial LEEP-COVID Data)

• In first 5 days: COVID-19 patients are 
HYPOMETABOLIC (60 – 80% of predicted)

• After day 7: COVID-19 patients are 
HYPERMETABOLIC (160 – 200% of equation 
predicted even perhaps when paralyzed?)
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Study still in the progression and lead by Dr. Paul Wischmeyer



Hypothesized Total Energy Delivery in COVID-19?

30Study still in the progression and lead by Dr. Paul Wischmeyer
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Targeted Nutrition Delivery During The Phases 
of Critical Illness and Recovery
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Van Zanten, De Waele, Wischmeyer. 
2019. Critical Care. 
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Wischmeyer, P. E. (2016). Are we creating survivors… or victims in critical care? Delivering targeted nutrition 
to improve outcomes. Current opinion in critical care, 22(4), 279-284.



• ESPEN expert statements and practical guidance for nutritional management of
individuals with SARS-CoV-2 infection – Published in Clinical Nutrition on 24
Mar 2020.

• Nutrition therapy in the patient with COVID-19 disease requiring ICU care
(SCCM/ASPEN) - Updated 1 April 2020

• Nutrition management for critically and acutely unwell hospitalized patients
with COVID-19 in Australia and New Zealand (AuSPEN) – Updated 6 April 2020.

• Practical advice and guidance for management of nutritional support during
COVID-19 (NNNG & BAPEN) - Updated 12 April 2020.

• Critical Care Specialist Group Guidance on management of nutrition and
dietetic services during the COVIC-19 pandemic (BDA) - Updated 4 May 2020.
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Take Home Messages
• Patients with COVID-19 are at significant nutrition risk and

should be monitored closely by dietitian.
• Personalized nutrition and point of care IC (POCIC) will allow

the clinicians and dietitians to prescribe medical nutrition
therapy for critically ill patients in a more accurate and
adequate way.
• REE varies with disease, time and population.
• Predictive Equations such as Swinamer equation with

highest agreement and accuracy should be applied if IC is
not available.
• Future strong clinical evidence and guidelines are needed.
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THANK YOU
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