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Appropriate Nutrition Support Matters 

The Assessment of Nutrition Demands is Challenging

The importance of nutrition therapy in the 
care of critically ill patients is increasingly 
acknowledged. Over-nutrition and under-nu-
trition may be associated with infection, dura-
tion of mechanical ventilation, length of stay 
in ICU as well as in the hospital, and mortality 
[1,2,3]. In addition, undernutrition can lead to 
loss of muscle strength and pressure sores, 
while overfeeding can result in hyperglyce-
mia, hyperlipidemia, hypercapnia, and exacer-
bation of respiratory failure (Figure 1) [4].

As the first step, an accurate assessment of 
patient energy demand is key to prevent 
overfeeding and underfeeding. 

Determining exact energy demands of critical-
ly ill patients can be difficult. Many factors, 
such as the acuity of illness and treatment 
plans, can affect the patient’ s metabolism 
which affects their energy expenditure (EE).

The 24-hour total energy expenditure (TEE) of 

Nutrition can impact clinical outcomes

Components of daily energy expenditure

Therefore, delivering careful nutrition support 
is seen as a proactive therapeutic strategy 
that may reduce disease severity, diminish 
complications, decrease the length of stay in 
the ICU, and favourably improve patient out-
comes [5]. Evidence has shown that the right 
nutritional intervention has a positive clinical 
impact that can be objectively measured [6,7,8]. 

                                                                                                  Figure 1. Impacts of nutrition and benefits of optimal nutrition therapy
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a patient is composed of basal metabolic rate 
(BMR, approximately 60-75% of total energy 
expenditure in healthy people and may 
account for 75-100% of total energy expendi-
ture in the critically ill), thermic effect of food 
( TEF, approximately 10% of total energy 
expenditure), physical activity (Figure 2), and 
possible disease process (including healing) 
[9,10,11,12]. 
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In clinical practice, resting energy expendi-
ture (REE) is often interchangeable with BMR. 
While BMR is a minimum number of calories 
required for basic functions at rest, REE is the 
number of calories that the body burns while 
it is at rest. Although there is a small differ-
ence between BMR and REE, REE could be an 
accurate estimate of the BMR [14]. The amount 
of lean body mass is the most important 
determinant of REE, but other factors (age, 
gender,  temperature,  thyroid function, 
systemic inflammation, disease process, clini-
cal intervention) also affect REE. 

The 24-hour total energy expenditure of a 
healthy individual or a patient is an important 
reference for nutritional therapy. It is usually 
determined by measuring the REE via indirect 
calorimetry or by estimation with the help of 
formulas like Harris-Benedict equation [15]. 
Other components of  TEE, such as thermic 
effect of food and energy expended during 
physical activity, are estimated afterwards. In 
the ICU setting, TEE of a patient is generally 
only 0–7% higher than REE (not markedly 

Compared with predictive equations, indirect 
calorimetry (IC) is able to provide a more indi-
vidualised assessment of REE. Indirect calorim-
etry is the science related to metabolic pro-
cess analysis, providing the measurement of 
energy expenditure and respiratory quotient. 
It has been proposed as the gold standard to 
determine energy needs for critically i l l  
patients and recommended by the European 
Society for Parenteral and Enteral Nutrition 
(ESPEN) and the American Society for Paren-
teral and Enteral Nutrition (ASPEN) in their 
guidelines [5,20,21,22].

REE is a reference for nutrition demands

Figure 2. Components of total daily energy expenditure [13]

Figure 3. Influencing factors of REE for critically ill patients
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different), due to low physical activity and low 
thermic effect of food [16]. 

More than 200 equations have been developed 
to predict REE for critically ill patients. These 
equations like Harris-Benedict equation, are 
calculated generally based on weight, height, 
age and sex. However, conditions such as 
particularly sepsis, trauma and burns, can cause 
a clinically relevant increase in REE  (Figure 3) 
[17]. Though some of the equations involve addi-
tional factors taken into consideration if the 
patient is ventilated, or has multiple trauma, 
burns, or obesity, they have been demonstrat-
ed in many studies to have a low level of accu-
racy for critically ill patients, leading to large 
errors in the estimation of energy requirements 

[18,19]. 

Condition REE Change

TEE
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The principle of indirect calorimetry derives 
from the fact that human body burns its 
available fuels (carbohydrates, fat, and pro-
tein) utilising oxygen and producing carbon 
dioxide, water, nitrogen and heat (Figure 4) 
[23,24]. Under steady-state conditions, respirato-
ry gas exchange is in equilibrium with gas 
exchange within the mitochondria, thus indi-
rectly measuring oxidative phosphorylation. 
Therefore, respiratory gas exchange can be 
estimated as a surrogate for substrates con-
sumed and produced during metabolism as 
well as the heat generated.

Indirect calorimetry provides two pieces of 
information: a measure of 24-hour energy 
expenditure or caloric requirements as 
reflected by the Energy Expenditure (EE) and 
a measure of substrate utilisation as reflected 
in the Respiratory Quotient (RQ) (Figure 5). 
The value of EE can help doctors determine 
nutrition prescription, while a variation of RQ 
in response to the feeding regimen can be 
used to validate those decisions.

EE: kCal/day;    MVCO2, MVO2: mL/min
UN: estimated urinary nitrogen excretion, 13g/24h

What is indirect calorimetry 

EE = (3.94 x MVO + 1.106 x MVCO)
          x 1.44 - 2.17 x UN

RQ = MVCO / MVO

MVO = MVinsp x FiO - MVexp x FeO
   MVCO = MVexp x FeCO - MVinsp x FiCO
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Figure 4. Simplified principle of metabolic process and 
indirect calorimetry technique

Food + O         CO + HO + Heat

Indirect Calorimetry 
measures & analyses respiratory gas 

VO VCO
Consumed oxygen Produced carbon dioxide

With the help of indirect calorimetry, the 
patient’ s resting energy expenditure can be 
calculated through measuring continuous 
oxygen consumption (VO) and carbon diox-
ide production ( VCO), where the Weir 
formula is the most commonly used (Figure 
5) [25,26]. Since the contribution of protein 
oxidation to the total energy expenditure is 
small, the nitrogen generated from protein 
oxidation is usually estimated or ignored 
without causing an obvious error in the esti-
mated energy expenditure [27].

Figure 5. Equations to calculate EE and RQ
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Individualised Metabolic Monitoring Solutions

• Energy expenditure (EE): It represents the 
resting energy expenditure measured under 
resting conditions, helping doctors deter-
mine the energy needs of critically ill patients.
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Parameters and interpretation 

• Respiratory quotient (RQ): It is the ratio 
between carbon dioxide produced and 
oxygen consumed by the body, illustrating 
the substrate utilisation by the patient during 
resting state. 

Mindray bedside patient monitors utilise indi-
rect calorimetry technology, offering the pos-
sibility to calculate metabolic parameters for 
ventilated patients. It is achieved by sharing gas 
samples from the patient’s  mechanical ven- 
tilator circuit with the patient monitor’s modular 
analysers. The gas exchange measurement is 
captured through a gas analyser (gas sam-
pling and analysing module) together with a 

respiratory mechanics analyser (RM module). 
The gas analyser can be either a sidestream 
EtCO with O measurement module or the 
anaesthesia-gas (AG) with O measurement 
module, using a paramagnetic O sensor and 
the infrared CO analyser. The respiratory 
mechanics module can provide a full set of 
respiratory mechanics parameters, including 
flow volume. 
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Figure 6. Influencing factors of REE for critically ill patients

Underfeeding
Hypoventilation
Ketosis

Overfeeding
Hyperventilation
Lipogenesis

RQ Interpretation Chart

Fat Protein Carbohydrate

0.67 0.70 0.80 1.0 1.3

Mindray’s metabolic monitoring technology provides the highest standards to determine 
energy expenditure in critically ill patients continuously. The modular design allows fast 
set-up at the bedside, and its integration enables convenient access to both hemodynamic 
and respiratory parameters within one glance at the patient monitor screen.

Clinical value and practice recommendations 

Management of a patient's metabolic status

Nutritional assessment

Collecting data in a quiet and thermoneutral environment

Ensuring that the patient is resting in supine position >30 min before the study

Ensuring that the rate and composition of continuously infused nutrients is stable at least 12 hours before the study

Patients receiving intermittent feedings should be studied about 1 hour after the feeding if thermogenesis is to be 
included in the REE, or 4 hours after the feeding if  thermogenesis is to be excluded in the REE

Clinical value

Recommendations to improve measurements [29]

Mechanical ventilation with FiO>60%

Mechanical ventilation with PEEP>12 cm HO

FiO changes during the measurement

Factors that can affect results [29]

Sampling system leakage

Hyper/hypoventilation which alters the body's CO stores

Moisture in the system which can affect the O analyser

Typically, the range of RQ is between 0.7 and 
1.0. A ratio of 0.7 is indicative of sole use of 
lipids, whereas a ratio of 1.0 indicates the 
exclusive use of carbohydrates. Energy-mixed 
substrates from fat, protein, and carbohy-
drates normally yield an RQ of 0.85. Under-
feeding, which promotes the use of endoge-
nous fat stores, should cause decreases in the 
RQ, whereas overfeeding, which results in 
lipogenesis, should cause increases in the RQ 
(Figure 6). Marked increases in VCO (with 
subsequent increases in RQ) in response to 
overfeeding may cause respiratory compro-
mise in patients with limited pulmonary 
reserve. Thus, variation in the RQ in response 

to the feeding regimen may indicate inappro-
priate feeding and serve as a marker for 
patient intolerance [28].

Treatment decision aid (ventilation, oxygenation and nutrition)

Support for the weaning process
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