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 Critically ill patients frequently receive inappropriate nutrition leading to underfeeding 
or overfeeding. This is associated with negative outcomes such as poor wound healing, 
difficulty in weaning from mechanical ventilation and an increase in mortality. This 
is due to due to lack of standard and appropriate formulas for calorie and protein 
calculation. We reviewed current evidence and recommendations for the minimum 
nutrition requirement for ICU patients.
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INTRODUCTION
Calculation of nutrition requirements in critically 
ill patients is essential to avoid overfeeding and 
underfeeding. Whether it is underfeeding or 
overfeeding, both of these are associated with adverse 
outcomes in critically ill patients. Underfeeding 
causes poor respiratory epithelium regeneration 
and respiratory muscles weakness which may 
lead to difficulty in weaning from mechanical 
ventilation.1,2 It is also associated with an increased 
risk of infection and poor wound healing.3 While 
overfeeding is associated with hyperglycemia, fatty 
liver, increased physiological stress and prolongs 
the duration of mechanical ventilation due to 
increased carbon dioxide burden.2,4,5 To determine 
nutrition requirements for ICU patients can prove 
to be a challenging task for the new entrants in the 
specialty. Various predictive equations have been 
used for designing nutritional goals. However, those 

predictive equations are often unsuitable due to lack 
of validation in the ICU patients.3,6

CALORIES CALCULATION
Indirect calorimetry is a gold standard for the 
measurement of energy requirements. The principle 
for indirect calorimetry includes measurement of 
oxygen consumption in ml/min (VO2) and carbon 
dioxide production in ml/min (VCO2) using a 
conventional infrared technique or paramagnetic 
oxygen analysis.7 It provides an accurate assessment of 
energy expenditure during steady state condition.1,7,8, 

Though many equations such as Harris-Benedict 
equation, are available for estimating energy 
expenditure in the critically ill patient, but none of 
these is consistent and accurate in comparison to 
indirect calorimetry.6,9 These equations are affected 
by various patient-related variables like body 
composition, nutritional status, and ethnicity. But 
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indirect calorimetry needs resources and expertise. 
Various calorimetry devices include metabolic carts, 
handheld devices, and built-in metabolic modules in 
modern ventilators.10 If Indirect calorimetry is not 
available, simple weight-based equation (25–30 kcal/
kg/d) can be used to determine energy requirements.11 
The energy expenditure should be reassessed more 
than once per week. In presence of edema, consider 
dry body weight for calorie calculation. In obese 
ICU patients, some amount of weight loss may 
increase insulin sensitivity and reduce the risk of 
comorbidities.12 Thus hypocaloric diet with high 
protein is recommended for obese ICU patients. 
For patients with body mass index 30-50, weight-
based equation 11–14 kcal/kg actual body weight 
per day while 22–25 kcal/kg ideal body weight per 
day for BMI >50 is recommended.11 Any dextrose-
containing fluids and lipid-based medications e.g. 
propofol should be considered a source of calorie 
while designing nutrition regimens.

Protein requirement: Protein is most important for 
maintaining lean body mass, wound healing, and 
immune function. Protein requirement for critically 
ill patients calculated by weight based equation 
of 1.2 -2.0 g/kg/day body seems to be adequate for 
most ICU patients.11 Use of serum protein markers 
such as albumin, pre-albumin etc., are not reliable 
for assessment of the adequacy of protein balance 
in ICU patients.13 Patients with renal failure on 
haemodialysis should receive higher protein, 
maximum up to 2.5 g/kg/day. More than 2.5g/kg/
day is undesirable.14 Protein requirements for the 
patient with hepatic failure should be calculated 
using the same formula as for the general ICU patient 
considering dry weight. But, protein should not be 
limited as a part of management to reduce hepatic 
encephalopathy as it may have the adverse outcome.11, 

17 Protein requirement for patients with burn injury 
is calculated by using formula 1.5–2 g/kg/day.18 For 
obese patients, high protein hypocaloric diet is 
recommended. ICU patients with body mass index 
30- 40, protein should be calculated using formula 
2.0 g/kg ideal body weight per day and 2.5 g/kg ideal 
weight per day if BMI >40.11

MICRONUTRIENTS
Essential trace elements and vitamins such as selenium, 
zinc, copper, vitamin B, C, D, and E are included in 
micronutrients. These are important for metabolism, 
cellular immunity, and antioxidant activity ICU 
patients may suffer micronutrient deficiencies due to 
pre-existing malnutrition, ongoing redox imbalance 
due to systemic inflammatory response syndrome.17, 

18 Patients on complete and balanced formula feeds 
may not require additional micronutrients. The 
micronutrients should be considered in cases of 

pre-existing deficiency, malabsorption syndrome, 
burns and patients on parenteral nutrition. Before 
micronutrient supplementation, renal function 
should always be evaluated. Due to insufficient data, 
there is no recommendation regarding dose, route 
and duration for micronutrients supplementation in 
the critically ill patients.11

IMMUNE MODULATING NUTRIENTS
Immunemodulating nutrients such as arginine, 
eicosapentaenoic acid, docosahexaenoic acid, 
glutamine etc., should not be used routinely in 
ICU patients.11 Eicosapentaenoic acid (EPA or also 
icosapentaenoic acid) is an important polyunsaturated 
fatty acid found in fish oils. It serves as the precursor 
for the prostaglandin3- and thromboxane3- families. 
These additives can be considered in traumatic 
brain injury, ARDS and perioperative critically ill 
patients.19

ANTIOXIDANTS
Use of antioxidants (omega-3 fatty acids etc.) does 
not significantly reduce morbidity and mortality 
in ICU patients. In the presence of conflicting 
studies, formula feed with an anti-oxidants is not 
recommended.11

DIETARY FIBER
Use of mixed fibercontaining feed should not be used 
routinely in critically ill patients.11 After excluding 
use of hyperosmolar agent and C. difficile infection, 
patients with persistent diarrhea can get benefited 
with use of soluble fibercontaining formulas.11, 20

PROBIOTICS
Routine use of probiotics in ICU patients is not 
recommended.12 It should be used only for specific 
patient e.g. pancreatectomy, liver transplantation etc., 
for which RCTs have shown outcome benefits.21,22

CONCLUSION
Nutritional requirements of the patient in ICU need 
to be carefully calculated, as under- as well as over-
feeding, both can have adverse effects on the course 
of the disease. The main emphasis must be laid upon 
the caloric requirement, and in the essential amino 
acid and fatty acids. Only in selected patients other 
nutrients, e.g. micronutrient, immunemodulating 
nutrients, antioxidants and probiotics, may be 
required. 
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