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eMethods: Enteral nutrition protocol 

Enteral nutrition was initiated as soon as possible after intubation; initiation within 36 h was an inclusion 
criterion. A peristaltic infusion pump injected the enteral nutrition solution into a 14F nasogastric tube at a 
continuous flow rate. The nurse in charge of the patient inserted the tube. A chest radiograph was obtained at the 
bedside to check that the tip of the tube was in the stomach. Correct nasogastric tube position was evaluated 
daily by checking that the mark on the tube initially located at the nare had not moved. A new chest radiograph 
was obtained when tube repositioning was required because of a change in the mark position or of insertion of a 
new tube after obstruction or accidental removal of the previous one. Nutrition was delivered continuously over 
the 24-hour cycle, starting at the flow rate required to achieve 100% of the daily calorie target on day 1. Calorie 
targets were 20-25 Kcal/Kg/day during the first week (day 1 through day 7) of mechanical ventilation and 25-30 
Kcal/Kg/day thereafter. For patients whose body mass index (BMI) was greater than 30 Kg/m², the calorie 
target was estimated using the body weight that would yield a BMI value of 30 Kg/m². The polymeric, 
isosmotic, and isocaloric enteral nutrition preparation generally preferred in each study ICU was used until day 
7. Subsequently, the physician caring for each patient was free to switch to a nonisocaloric enteral nutrition 
preparation if required by the patient’s condition. 

In the event of intolerance to enteral nutrition (vomiting in the group without residual gastric volume 
monitoring and vomiting and/or residual gastric volume>250 mL in the group with residual gastric volume 
monitoring), a gastric prokinetic drug was given for 48 h. If the intolerance persisted during this 48-h period, the 
enteral nutrition flow rate was diminished by 25 mL/h every 6 h until the signs of intolerance resolved. After 
every 6-h period of good enteral nutrition tolerance, the enteral nutrition flow rate was increased by 25 mL/h 
until the initial flow rate was reached. The prokinetic agent was stopped after 48 h without evidence of 
intolerance. In patients treated in the prone position, a prokinetic agent was instituted preventively at the first 
turn in the prone position and stopped after the last turn.1  

Diarrhea was defined as liquid stools exceeding 300 mL per day or more than four loose stools per day. 
The algorithm described by Doig et al. was used to determine the cause and treatment of diarrhea.2 

No specific protocol to prevent VAP was included in the trial. However, French law requires that all 
ICUs implement ICU-acquired infection surveillance and prevention programs. These programs were very 
similar in all 9 ICUs participating in the trial; they included measures to reduce cross-infection (staff education 
and training, strict alcohol-based hand hygiene, and isolation of patients with multidrug-resistant pathogens), 
measures to reduce the duration of mechanical ventilation (reduction of the use of sedation and acceleration of 
the weaning process), tracheal cuff pressure maintenance, tracheal aspiration only for abundant secretions, and 
oral care with chlorhexidine. Last, as required by the study enteral-nutrition protocol, all patients were in the 
30°-45° semi-recumbent position. None of the study ICUs used aspiration of subglottic secretions, 
administration of probiotics, silver-coated endotracheal tubes, or selective digestive decontamination. The 
ventilator circuit was changed only in the event of patient discharge or circuit obstruction by secretions. 
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eFigure 1: Protocol for enteral feeding 

 

RGV, residual gastric volume monitoring; EN, enteral nutrition 
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eFigure 2: SOFA score variations during the first week of enteral nutrition in 
the groups with and without residual gastric volume monitoring 

 

Mean SOFA score differences between the intervention group (without residual gastric volume [RGV] monitoring) and the 
control group (with RGV monitoring): modified intention-to-treat population, -0.21; 90% confidence interval, -0.80 to 0.38; 
P=0.56; per-protocol population, -0.37; 90% confidence interval, -0.97 to 0.23; P=0.30. The figure shows the data in the 
modified intention-to-treat population.  
Box height indicates the interquartile range (IQR) with the lower and upper edges of the box representing the 25th and 75th 
percentiles, respectively. The horizontal line across and near the middle of the box is the median. The lower whisker represents 
the 25th percentile minus 1.5 times the IQR and the upper whisker the 75th percentile plus 1.5 times the IQR. Values outside 
the whiskers are defined as outliers. 
The SOFA score can range from 0 (no organ failure) to 24 (most severe level of multi-organ failure). See e-table 5. 
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eFigure 3: Serum albumin level changes during the first week of enteral 
nutrition in the groups with and without residual gastric volume monitoring 

 

Mean serum albumin level difference between the intervention group (without residual gastric volume [RGV] monitoring) and 
the control group (with RGV monitoring): intention-to-treat population, -0.43; 90% confidence interval, -1.68 to 0.81; P=0.57; 
per-protocol population, -0.35; 90% confidence interval, -1.63 to 0.93; P=0.65. The figure shows the data in the intention-to-
treat population. 
Box height indicates the interquartile range (IQR) with the lower and upper edges of the box representing the 25th and 75th 
percentiles, respectively. The horizontal line across and near the middle of the box is the median. The lower whisker represents 
the 25th percentile minus 1.5 times the IQR and the upper whisker the 75th percentile plus 1.5 times the IQR. Values outside 
the whiskers are defined as outliers. 
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eFigure 4: Serum C-reactive protein (CRP) level changes during the first week 
of enteral nutrition in the groups with and without residual gastric volume 
monitoring 

 

Mean serum C-reactive protein (CRP) level difference between the intervention group (without residual gastric volume [RGV] 
monitoring) and the control group (with RGV monitoring): intention-to-treat population, -0.06; 90% confidence interval, -0.28 to 
0.15; P= 0.63; per-protocol population, -0.07; 90% confidence interval, -0.29 to 0.15; P=0.62. The figure shows the data in the 
intention-to-treat population. 
Box height indicates the interquartile range (IQR) with the lower and upper edges of the box representing the 25th and 75th 
percentiles, respectively. The horizontal line across and near the middle of the box is the median. The lower whisker represents 
the 25th percentile minus 1.5 times the IQR and the upper whisker the 75th percentile plus 1.5 times the IQR. Values outside 
the whiskers are defined as outliers. 
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eFigure 5: Intensive care unit mortality in the groups with and without residual 
gastric volume monitoring 

 

The cumulative incidence of ICU death did not differ significantly between the two modified intention-to-treat groups: hazard 

ratio for the group without residual gastric volume monitoring versus the group with residual gastric volume monitoring, 1.10; 

90% confidence interval, 0.81 to 1.48; P=0.62. Results were similar in the per-protocol population: hazard ratio, 1.03; 90% 

confidence interval, 0.75 to 1.42; P=0.87). Time was counted in days starting on the day of randomization.
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eTable 1: Total number of episodes of ventilator-associated pneumonia 

 Modified intention-to-treat analysis Per-protocol analysis 
 No-RGV group 

(N=227) 
RGV group 

(N=222) 
No-RGV group 

(N=208) 
RGV group 

(N=215) 
     
VAP episodes per patient     
0 - No. of patients (%) 189 (83.2) 187 (84.2) 171 (82.2) 180 (83.7) 
1 - No. of patients (%) 33 (14.5) 29 (13.0) 32 (15.3) 29 (13.4) 
2 - No. of patients (%) 5 (2.2) 5 (2.2) 5 (2.4) 5 (2.3) 
4 - No. of patients (%) 0 1 (0.4) 0 1 (0.4) 

OR (90%CI) 0.98 (0.66 to 1.43) 1.01 (0.68 to 1.49) 
P value 0.92 0.97 

 

RGV, residual gastric volume monitoring; OR, odds ratio; 90%CI, 90% confidence interval; VAP, ventilator-associated 
pneumonia. ORs were computed for absence of RGV monitoring versus RGV monitoring 
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eTable 2: Microorganisms responsible for ventilator-associated pneumonia 

 No RGV group 
(n=58) 

RGV group 
(n=58) 

Staphylococcus aureus   
No. (%) of pathogens 17 (29.3) 10 (17.2) 
Streptococcus species   
No. (%) of pathogens 8 (13.8) 6 (10.3) 
Enterobacteriaceae   
No. (%) of pathogens 21 (36.2) 23 (39.7) 
Pseudomonadaceae   
No. (%) of pathogens 9 (15.5) 12 (20.7) 
Other gram-negative bacteria  
No. (%) of pathogens 3 (5.2)  7 (12.1) 

 

RGV, residual gastric volume monitoring 
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eTable 3: Total number of vomiting episodes 

 Modified intention-to-treat analysis Per-protocol analysis 
 No-RGV group 

(N=227) 
RGV group 

(N=222) 
No-RGV group 

(N=208) 
RGV group 

(N=215) 
     
Vomiting episodes per 
patient 

    

0- No. of patients (%) 137 (60.3) 162 (73.0) 121 (58.2) 158 (73.5) 
1- No. of patients (%) 41 (18.1) 26 (11.7) 40 (19.2) 24 (11.2) 
2- No. of patients (%) 19 (8.4) 16 (7.2) 18 (8.6) 15 (7.0) 
3- No. of patients (%) 8 (3.5) 4 (1.8) 8 (3.8) 4 (1.9) 
4- No. of patients (%) 6 (2.6) 6 (2.7) 6 (2.9) 6 (2.8) 
5- No. of patients (%) 4 (1.8) 3 (1.3) 4 (1.9) 3 (1.4) 
6- No. of patients (%) 3 (1.3) 3 (1.3) 3 (1.4) 3 (1.4) 
7- No. of patients (%) 3 (1.3) 1 (0.4) 3 (1.4) 1 (0.5) 
8- No. of patients (%) 0 (0.0) 1 (0.4) 0 (0.0) 1 (0.5) 
9- No. of patients (%) 2 (0.9) 0 (0.0) 1 (0.5) 0 (0.0) 

14- No. of patients (%) 2 (0.9) 0 (0.0) 2 (1.0) 0 (0.0) 
17- No. of patients (%) 1 (0.4) 0 (0.0) 1 (0.5) 0 (0.0) 
21- No. of patients (%) 1 (0.4) 0 (0.0) 1 (0.5) 0 (0.0) 

OR (90%CI) 1.86 [1.32; 2.61] 1.93 [1.36; 2.75] 
P value 0.003 0.002 

 

RGV, residual gastric volume monitoring; OR, odds ratio; 90%CI, 90% confidence interval; ORs were computed for absence of 
residual gastric volume monitoring versus residual gastric volume monitoring 
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eTable 4: ICU-acquired infections 

 Modified intention-to-treat 
analysis 

Per-protocol analysis 

 No-RGV group 
(N=227) 

RGV group 
(N=222) 

No-RGV group 
(N=208) 

RGV group 
(N=215) 

     
Any ICU-acquired infection     
No. of patients (%) 60 (26.4) 60 (27.0) 58 (27.9) 58 (27.0) 
Percentage difference (90%CI) -0.6 (-7.5 to 6.3) 0.9 (-6.2 to 8.0) 
Ventilator-associated pneumonia    
No. of patients (%) 38 (16.7) 35 (15.8) 37 (17.8) 35 (16.3) 
Percentage difference (90%CI) 0.9 (-4.8 to 6.7) 1.5 (-4.5 to 7.5) 
Bloodstream infection     
No. of patients (%) 17 (7.5) 9 (4.1) 15 (7.2) 9 (4.2) 
Percentage difference (90%CI) 3.4 (-0.2 to 7.0) 3 (-0.7 to 6.7) 
Urinary tract infection     
No. of patients (%) 13 (5.7) 16 (7.2) 13 (6.3) 15 (7.0) 
Percentage difference (90%CI) -1.5 (-5.3 to 2.3) -0.7 (-4.7 to 3.2) 
Central venous catheter infection    
No. of patients (%) 15 (8.2) 18 (9.6) 14 (8.4) 18 (9.8) 
Percentage difference (90%CI) -1.4 (-6.3 to 3.5) -1.5 (-6.5 to 3.6) 
Other infection     
No. of patients (%) 7 (3.1) 11 (5.0) 7 (3.4) 9 (4.2) 
Percentage difference (90%CI) -1.9 (-4.9 to 1.2) -0.8 (-3.9 to 2.2) 

 
RGV, residual gastric volume monitoring; ICU, intensive care unit; 90%CI, 90% confidence interval. 
Episodes of ventilator-associated pneumonia were recorded until day 2 after extubation and other ICU-acquired infections until 
ICU discharge. 
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eTable 5: SOFA score  

 
0 1 2 3 4 

Respiration 
PaO2/FIO2 (mmHg) 

>400 <400 <300 <200 and MV <100 and MV 

Coagulation 
Platelets (103/mm3) 

>150 <150 <100 <50 <20 

Liver 
Bilirubin (mg/dL) 

<1.2 1.2–1.9 2.0–5.9 6.0–11.9 >12.0 

Cardiovascular 
 No 

hypotension
MAP <70 

Dopamine </=5 
or 

dobutamine 
(any) 

Dopamine >5 
or 

norepinephrine 
</=0.1 

Dopamine >15 
or 

norepinephrine 
>0.1 

Central nervous system 
Glasgow Coma Score 

15 13–14 10–12 6–9 <6 

Renal 
Creatinine (mg/dL) 
or urine output (mL/d) 

<1.2 1.2–1.9 2.0–3.4 
3.5–4.9 
or <500 

>5.0 
or <200 

 

MV, mechanical ventilation. MAP, mean arterial pressure. Doses of dopamine and norepinephrine are in μg/kg/min.
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