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Consequences of overfeeding

Azotemia
Fat-overload syndrome
Hepatic steatosis
Hypercapnia
Hyperglycemia
Hypertonic dehydration
Hypertriglyceridemia
Metabolic acidosis
Refeeding syndrome
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Hospital mortality and cumulative energy deficit

Reference is the measured resting energy expenditure of the patient.  

n = 726

P = 0.012

during first 4 
days of ICU 
stay for non-
septic patients  

Increased 
mortality due 
to overfeeding

Weijs P. Crit Care 2014; 18:201
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Energy overfeeding is harmful

N=843 OR 95% CI P-value

Daily protein intake groups a 0.85 0.73-0.99 0.047

Energy overfeeding (y/n) b 1.62 1.07-2.44 0.022

Sepsis (y/n) 1.77 1.18-2.65 0.005

APACHE-II score 1.04 1.02-1.05 <0.001

a	Protein	intake	groups	were	<0.8,	0.8	-	<1.0,	1.0	-	<1.2,	and	≥1.2	g/kg.	
b	day	4	energy	overfeeding	was	defined	as	an	energy	intake	of	more	than	110%	of	measured	
energy	expenditure

Weijs P. Crit Care 2014; 18:201
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• Glucose


• Propofol


• Trisodium Citrate

Non-nutritional Calories

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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• 5% glucose solution means the solution contains 5g/100ml of 
solution 

• Glucose provides energy: 4 kcal/gram,  

• So, a 5% glucose solution of 1 liter of glucose 5% provides 200 
kcal.

Glucose 5%

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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• The currently available preparation is 1-2% propofol, 10% soybean oil, and 
1.2% purified egg phosholipid as an emulsifier, with 2.25% glycerol as a 
tonocity-adjusting agent, and sodium hydroxide to adjust the pH. 

• 1.1 kcal /mL.  

• Example: 15 ml/hour over 24 hours = 15*1.1*24 = 396 kcal

propofol

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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• Depends on concentration 

• Depends on blood flow/infusion rate 

• Depends of filtration fraction into the ultrafiltrate over time 

• Depends on filter

Citrate energy provision during CVVH

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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Citrate (C6H5O7) is a source of 
energy, conferring 3 kcal/g (0.59 
kcal/mmol) is rapidly metabolized 
in the citric acid (Krebs) cycle - 
especially in the liver, muscle and 
renal cortex

Food energy - methods of analysis and conversion factors. FAO Food and Nutrition Paper 77  
[ftp://ftp.fao.org/docrep/fao/006/y5022e/y5022e00.pdf 

Citric acid [http://www.ecama.org/level_2/SDS/1CAM22April1998.doc] 
 

Citrate energy provision in the Citric Acid Cycle

ftp://ftp.fao.org/docrep/fao/006/y5022e/y5022e00.pdf
http://www.ecama.org/level_2/SDS/1CAM22April1998.doc
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Trisodium Citrate

Non-nutritional Calories

Trisodium citrate (Na3C6H5O7), contains 0.59 kcal/mmol (= 

3 kcal/g).  

Actual caloric load due to citrate dialysis depends on a 

number of factors such as:  

• concentration of trisodium citrate used,  

• the infusion rate,  

• the blood flow in the filter,  

• the filtration fraction into the ultrafiltrate over time 

(Sieving coefficient) and the  

• filter characteristics. 

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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Citrate during CVVH

Citrate concentration TCA (mmol/L) 500

Caloric value citrate (kJ/mmol) 2.48

Caloric value citrate (kcal/mmol) 0.59

FilterBlood flow in

Pump Ultrafiltrate

Substitution fluid

Balance: UF-Substitution

Citrate infusion

Calcium prefilter

Calcium systemic

Blood flow out

Citrate filtered fraction 0.22

Citrate fraction to patient 0.78

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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• Ec = fc*Qc*7,080 
• Ec: Energy from citrate per 24 hours (kcal) 
• fc: fraction of citrate not filtered (normally 0.78)  
• Qc: citrate infusion rate (ml/hour) 
•  fc is : 1-(Qu/(Qb*60)).  
• Qs: Ultrafiltrate rate  (ml/hour) 
• Qb: Blood flow (ml/min) 
•  Ec in kJ per 24 hours : Ec = fc*Qc*29,76

Citrate Energy infusion calculations

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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• Overall (n = 843) mean energy intake at day 4 was 1710 ± 699 kcal corresponding to 
95% of measured EE.  

• Energy from sources other than nutrition (glucose and propofol) comprised median 
132 kcal/day 

• 7.9% of the total energy intake; 10.1% in the non-overfed vs. 6.4% in the overfed 
cohort (p < 0.001).

Non-nutritional calories

Weijs P. Crit Care 2014; 18:201
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Tube Feed
Enteral Protein Suppl.
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Snapshot ICU PDMS Gelderse Vallei Hospital Ede The Netherlands

13:00 h

Cumulative 

ICU stay

Daily 

parameters

Actual 

intake

Cumulative

target 
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Patient characteristics
All patients Citrate Propofol Non-nutrional

N=26 N=9 N=5 N=13
Mean SD Mean SD Mean SD Mean SD

Gender male, % 58% 78% 60% 46%
Age, y 66,4 13,7 66,9 12,1 56,4 18,3 69,3 11,6
Body mass index, kg/m2 27,0 6,7 28,4 7,5 27,2 7,0 26,5 6,5
Admission type medical, % 73% 67% 80% 77%
Sepsis yes, % 58% 56% 60% 62%
APACHE II score 25,3 7,4 27,4 9,6 22,4 6,8 25,3 5,6
SOFA score 7,7 3,1 9,3 2,8 6,4 4,9 7,4 2,3
Hospital mortality % 35% 33% 20% 38%

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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Caloric intake all patients 
10% total non-nutritional calories intake
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Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50



X

Caloric intake propofol patients 
14% total non-nutritional calories intake
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Caloric intake 
23% total non-nutritional calories intake

0%#

10%#

20%#

30%#

40%#

50%#

60%#

70%#

80%#

90%#

100%#

1# 2# 3# total#

Citrate'pa)ents'

Nutri5on#

Propofol#

Glucose#

Citrate#
32%

Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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• Glucose 

• Propofol 

• Trisodium Citrate

Relevance of non-nutritional calories in mechanically 
ventilated patients

In some patients 30% of daily intake: risk of overfeeding

This content may not be amended, modified or commercially exploited without prior written consent Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50
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Nonnutritional Caloric intake 
subgroup analysis (% kcal of total intake)

Preliminary results Bousie E, Van Zanten AR, unpublished

n=142
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Bousie E, Van Zanten AR. Eur J Clin Nutr. 2016;70(12):1443-50

In individual patients 
30% of daily intake

Subgroup analyses  
absolute total daily kcal intake 
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Effects of implementation of a computerized nutritional protocol in mechanically 
ventilated critically ill patients: A Single-Centre Before and After Study 

Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.
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Computerized nutritional 
protocol in MV ICU patients:  
Before and After Study

Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.
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Effect of Computerized nutritional protocol

NS

Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.
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Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.

Effect of Computerized nutritional protocol 
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Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.

Effect of Computerized nutritional protocol 
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Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.

Effect of Computerized nutritional protocol 
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Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.

Effect of Computerized nutritional protocol 
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ICU protocol and feedback promotes optimal nutrition

Bousie, Van Blokland, Van Zanten AR. Clin Nutr 2016

Percentage of patients with feeding below target (blue; <80% of calculated target), feeding on target 
(green; 80-110% of calculated target) and feeding above target (red; >110% of calculated target)

This content may not be amended, modified or commercially exploited without prior written consent Bousie E, van Blokland D, van Zanten AR. Clin Nutr. 2016;11:e47-e54.
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• Hypercaloric feeding should be avoided in critically ill 

• Glucose, propofol and citrate provide non-nutritional calories 

• Non-nutrional calories may be non-relevant in some patients, but in 
patients treated with both propofol and citrate they may account for 
1/3 of total energy intake 

• Feeding intake should be corrected in response to prevent overfeeding 

• When feeding intake is reduced protein intake is compromised 

• Protein & micronutrients targets then can only be achieved by adding 
protein & micronutrient supplements

Conclusions


