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• EN is the preferred route of feeding over parenteral
nutrition for the critically ill patient who requires
nutrition support therapy.

• Enteral feeding should be started early within the first24-
48 hours following admission.



•30 patients treated with 
mechanical ventilation
•23 healthy volunteers

�Assessment of gastric 
emptying with a noninvasive 
breath test after intragastric 
infusion of a liquid meal labeled 
with 13C-octanoic acid

Gastric half emptying timeGastric emptying coefficient

Crit Care Med 2001

slow gastric emptying in 40% to 45% of the patients



-Prospective observational 
study
-153 patients
-Nasogastric feeding

70 (46%) patients intolerant 
to enteral nutrition

52% with increased GAV

54% with vomiting

79% with upper digestive 
intolerance

Crit Care Med 2001



Crit Care Med 2001

Digestive intolerance is a 
major cause of inadequate 
delivery of enteral nutrition

Causes of inadequate delivery of enteral nutrition in ICU

-Prospective cohort study
-51 patients
-Single ICU

Reasons for difference between prescription and delivery during enteral feeding

Mean daily wasted volume due to digestive intolerance = 641 ± 301 
mL



Upper digestive intolerance during enteral nutrition in critically ill patients: 
Frequency, risk factors, and complications Mentec Crit Care Med 2001

Intolerance to enteral nutrition and risk of nosocomial pneumonia

As compared to patients 
with normal GV, more 
patients with increased
GV had VAP.

As compared to patients 
without VAP, more patients 
with VAP vomited during
the survey.



Artinian Chest 2006.

4049 patients treated with mechanical ventilation
Retrospective analysis of a database
Comparison of early and late enteral feeding



Antral Hypomotility

Delayed gastric emptying

Increased gastric residual volume

Gastro-oesophageal reflux

Vomiting and/or aspiration

Mechanical ventilation 
associated pneumonia

From gastric hypomotility to nosocomial pneumonia

Monitoring of 
the residual 
gastric volume



Guidelines and residual gastric volume

« Chez l’adulte, à la phase initiale, la survenue d’une intolérance digestive haute doit 
être recherchée par la mesure du volume résiduel gastrique toutes les 4 à 6 h, sans 
nécessité d’interrompre la nutrition [A.faible]. Le seuil définissant l’intolérance 
gastrique, le plus souvent retenu « à dire d’expert » est de 150 à 300 ml [A.faible]».

Thuong. Recommandations des experts de la Société de Réanimation de Langue Française. Nutrition entérale en réanimation. 
Réanimation 2003

« Administration of metoclopramide or erythromycin should be considered in patients 
with intolerance to enteral feeding e.g. with high gastric residuals (C) ».

Kreyman. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clinical Nutrition 2006

« Gastric residual volumes in the range of 200-500 mL should raise concern and lead to 
the implementation of measures to reduce risk of aspiration, but automatic cessation of 
feeding should not occur for gastric residual volumes <500 mL in the absence of other 
signs of intolerance».

McClave. Guidelines for nutrition support therapy in the adult critically ill patient.
JPEN 2009



However …

Gary O. Zaloga, Crit Care Med 2005



The measurement of residual gastric volume is not 

standardized



Values of gastric residuals obtained may vary with:

– Properties of the tube (diameter, obstruction of the tube lumen, 
number of tube openings)

– Physical properties of the gastric fluid

– Level of aspiration

– Patients positioning

– The position of the tube in the stomach

– Training of the care giver performing the aspiration

The measurement of residual gastric volume is not 

standardized



GRVs obtained from large-diameter sump tubes are about 
1.5 times greater than those obtained from 10-Fr tubes.

Examination of accuracy in the assessment of gastric residual 
volume: a simulated, controlled study.

Bartlett Ellis, Journal of Parenteral and Enteral Nutrition, 2014

Journal of Parenteral and Enteral Nutrition, 2005

Comparisons of GRV measurements from 10-Fr tubes (n = 645) and 14-
Fr or 18-Fr sump tubes (n = 645) in 62 critically ill patients.

RGV were underestimated (19% average).
Values obtained varied with:
•Aspiration (level, continuous or intermittent…)
•Viscosity of the fluid
•Diameter of the tube



Acta Anaesthesiol Scand 2014

72 studies 43 different definitions of feeding intolerance. 

Definitions from 31 studies could be classified into four categories:
1.presence of GI symptoms and/or large GRV: 17 studies (3227 patients)
2.‘large’ gastric residual volumes (GRVs): 110 studies (3227 patients)
3.presence of GI symptoms (diarrhea or vomiting): 3 studies (322 patients)
4.inadequate delivery of EN (<80% of target or <750ml/24h): 2 studies (172 patients)

The median GRV threshold considered to be large was 
250 ml
More than 8 different threshold values: range 75 to 500 
ml.
No threshold values in 4 studies



No consensus on the RGV cut-off value

« Chez l’adulte, à la phase initiale, la survenue d’une intolérance digestive haute doit être 
recherchée par la mesure du volume résiduel gastrique toutes les 4 à 6 h, sans nécessité 
d’interrompre la nutrition [A.faible]. Le seuil définissant l’intolérance gastrique, le plus 
souvent retenu « à dire d’expert » est de 150 à 300 ml [A.faible]».

Thuong. Recommandations des experts de la Société de Réanimation de Langue Française. Nutrition entérale en réanimation.  
Réanimation 2003

« Administration of metoclopramide or erythromycin should be considered in patients with 
intolerance to enteral feeding e.g. with high gastric residuals(C) ».

Kreyman. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clinical Nutrition 2006

« Gastric residual volumes in the range of 200-500 mL should raise concern and lead to the 
implementation of measures to reduce risk of aspiration, but automatic cessation of feeding 
should not occur for gastric residual volumes <500 mL in the absence of other signs of 
intolerance».

McClave. Guidelines for nutrition support therapy in the adult critically ill patient. JPEN 2009



Residual gastric volume and risk of 

aspiration and/or VAP



Mc Clave Crit Care Med 2005
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Regurgitation (p=0.134)

Aspiration (p=0.412)

No correlation 
between RGV 
values and rates 
of aspiration or 
pneumonia.

40 patients treated with invasive mechanical ventilation receiving EN (25 kcal/kg/day)

EN solution labelled with yellow microscopic colorimetric microspheres

Regurgitation and aspiration assessed by evaluating pharyngeal and trachal samples by colorimetric fluorometry

RGV measured every 4 hrs during 3 days

There was no correlation between the incidence of pneumonia 
and the frequency of regurgitation or aspiration.



Mc Clave Crit Care Med 2005

� Extremely low sensitivity of RV to detect aspiration (not improved 

significantly by reducing the cutoff value from 400 to 150 mL).

� Poor positive predictive values.



Intensive Care Med 2009

� Multicenter RCT (28 ICU)
� GRV: 200 ml vs 500ml
� 322 patients with mechanical ventilation and 

indication for EN for at least 5 days 



The stomach is not the main reservoir 

for VAP pathogens

• Torres A. Gastric and pharyngeal flora in nosocomial pneumonia acquired 
during mechanical ventilation.Am Rev Respir Dis. 1993.

• Bonten MJ. The stomach is not a source for colonization of the upper respiratory 
tract and pneumonia in ICU patients. Chest. 1994.

• Pingleton SK. Enteral nutrition in patients receiving mechanical ventilation: multiple 
sources of tracheal colonizationinclude the stomach. Am J Med. 1986.

• M. Garrouste-Orgeas. Oropharyngeal or Gastric Colonization and Nosocomial 
Pneumonia in Adult Intensive Care Unit Patients A Prospective Study Based on 
Genomic DNA Analysis. Am J Respir Crit Care Med 1997.

• Bonten MJ. Ventilator-associated Pneumonia and the Gastropulmonary Route of 
Infection A Pendulum. Am J Respir Crit Care Med 2011



Residual gastric volume and risk of 

inadequate feeding



44 patients
339 days with enteral feeding

Enteral tube feeding in the intensive care unit: Factors impeding 
adequate delivery           McClave. Crit Care Med 1999 

An increased residual gastric volume was the first 
reason for cessation of enteral nutrition delivery

Increased gastric residual volume

Cessation of enteral feeding



Mentec. Crit Care Med 2001

Increased gastric residual volume

Cessation of enteral feeding

Decreased caloric intake



Monitoring of RGV = 38% increase in the risk of having a low
ratio of delivered/prescribed calories.

2010



Gary O. Zaloga, Crit Care Med 2005

Measurement not standardized
No validated cut off value (“normal” value ?)
Unreliable for predicting aspiration
No clear relationship between gastric colonization and 
VAP
Monitoring associated with decreased caloric intake
Increased work load

Clinical utility of residual gastric volume monitoring to 
prevent VAP ?



RGV monitoring No RGV



- Multicenter, noninferiority trial NUTRIREA 1

- To test the hypothesis that absence of residual gastric volume 
monitoring is not associated with an increased incidence of 
VAP compared with routine residual gastric volume monitoring 
in patients receiving invasive mechanical ventilation and early 
enteral nutrition.

JAMA 2013



Participants
Inclusion criteria:
• Adults (aged >18 years) 
• expected to require more than 48 hours of invasive mechanical ventilation
• started on enteral nutrition via a nasogastric tube within 36 hours after 

intubation.

Exclusion criteria:
• abdominal surgery within the past month
• history of esophageal, duodenal, pancreatic, or gastric surgery
• bleeding from the esophagus, stomach, or bowel
• contraindications to prokinetic agents
• enteral nutrition via a jejunostomy or gastrostomy
• pregnancy
• treatment-limitation decisions
• current inclusion in a trial of VAP prevention, enteral nutrition tolerance, or 

both.



Control group

= Measurement of RGV/6hrs

� Intolerance to EN based on:

• vomiting or regurgitation

• or RGV > 250ml/6 hrs

Intervention group

= No monitoring of RGV

� Intolerance to EN based on vomiting 

or regurgitation

Randomization

Primary outcome : Proportion of patients 

with at least one episode of VAP within 90 

days after randomization

• VAP assessed by an 

adjudication committee.

• 10% prestated non 

inferiority margin



Enteral nutrition protocol

• Enteral nutrition:

• initiated as soon as possible, within 36 hrs after intubation (inclusion criteria).

• delivered continuously over the 24-hour cycle

• started at the flow rate required to achieve 100% of the daily target on day 1

• injected into a 14F nasogastric tube (chest radiograph to check that the tip of the 
tube was in the stomach).

• Calorie targets: 20-25Kcal/Kg/day during the first week of mechanical ventilation 
and 25-30 Kcal/Kg/day thereafter.

• Polymeric, isosmotic and isocaloric enteral nutrition solution until day 7 (free 
thereafter).

• Patients positioned in semi-recumbent position (30° et 45°).



Management of intolerance to 
enteral nutrition

• Discard gastric aspirate and start gastric prokinetic drug (given for 48hours)

• If intolerance persists during the 48-h period, reduce EN flow rate by 
25ml/h.

• If EN flow rate <25 ml/h, stop EN and aspirate gastric content during 6 hrs.

Control group

� Intolerance to EN based on:

• vomiting or regurgitation

• or RGV > 250ml
(aspirates <250ml returned to the patient)

Intervention group

� Intolerance to EN based on vomiting or 

regurgitation





Baseline characteristics

Control group (RGV +)

(n=222)

Intervention group (RGV -)

(n=227)

Age (yrs) 62 ± 14 61 ± 15

Gender (male/female) 156/66 159/68

Weight (kg) 79±21.7 77.2±19.7

IMC (kg/m2) (mean+/- SD) 27.8±7.1 27.3±6.5

SAPS II (mean+/- SD) 51±16 49±17

SOFA at baseline (mean+/- SD) 8±3 8±4

Medical diagnosis at admission, n (%) 212 (95.5) 205 (90.3)

Diagnosis at ICU admission, n (%)

Cardiac arrest 16 (7.2) 14 (6.1)

Acute heart failure 16 (7.2) 7 (3)

Acute central nervous failure 40 (18) 27 (11.8)

Acute respiratory failure 101 (45.5) 116 (51.5)

Sepsis 22 (9.9) 33 (14.5)

Miscellaneous 27 (12.1) 30 (13.2)

Diabetes mellitus, n (%) 48 (21.6) 42 (18.5)

Treatments, n (%)

Vasoactive drugs 124 (55.8) 115 (50.6)

Sedative agents 192 (86.4) 188 (82.8)

Dialysis 12 (5.4) 8 (3.5)



Proportion of patients withat least one 
episode of VAP (primaryoutcome)
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No MVAP

15.8% 16.7%

Difference, 0.9%; 90% CI -4.8% to 6.7%

patients



Incidence of VAP

Total number of VAP episodes

Cumulative incidence of VAP
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RGV group No RGV group

At least one vomiting

No vomiting

Vomiting

27.0% 39.6%

N patients

1.86 [1.32; 2.61], p = 0.0030Difference, 12.6%; 90% CI 5.4% to 19.9%

Proportions of patients who vomited Vomiting episodes



Difference, -23.4% (IC à 90% (-31% ; -15.9%)
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RGV group No RGV group

Erythromycin

No Erythromycin

Patients treated with Erythromycin

Intolerance to EN

(patients) (patients)
62.6% 39.2%



Proportions of Patients Who Achieved Their 
Calorie Target During the First Week

OR, 4.13; 90% CI, 2.20-7.69; P<0.001

Control: with RGV monitoring

Intervention: without  RGV 
monitoring
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RGV group No RGV group

Nosocomial infection

No nosocomial infection

26.4%27.0%
(patients)

ICU-acquired infections

Difference, -0.6%; 90% CI -7.5% to 6.3%



ICU-acquired infections



Diarrhea

Control group (RGV +)
(n=222)

Intervention group 
(RGV -) (n=227)

% difference (90% 
CI)

Diarrhea 51 (23) 51 (22.5) -0.5 (-7.0 to 6.0)
Clostridium difficile 2 2

Diarrhea was defined as liquid stools exceeding 300 mL per day or more than 
four loose stools per day.



Other outcomes

Control group 
(RGV +)
(n=222)

Intervention group 
(RGV -)
(n=227)

% or Median 
Difference (90% CI)

Duration of MV (d) 7 (5-13) 7 (4-13) 0 (-1 to 0)

ICU length of stay (d) 10 (7-17) 10 (6-17) -1 (-2 to 0)

Hospital length of stay (d) 19 (10-32) 17 (9-31) -1 (-3to 1)



SOFA score

SOFA score variations during the 
first week of enteral nutrition

Mean SOFA score differences 
between the intervention group and 
the control group : -0.21; 90% CI, -
0.80 to 0.38; P=0.56. 



Mortality

Day 28:
• Control (n=222): 27.5% 

• Intervention (n=227): 27.8%
(Difference, 0.3%; 90% CI -6.7% to 7.2%)

Day 90:
• Control (n=222): 34.2% 

• Intervention (n=227): 36.3%
(Difference, 2.1%; 90% CI -5.4% to 9.5%)
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Gray test : p value= 0.614

No. at risk

without 227 37 11 2 0 0
with 222 40 14 6 4 2



Conclusion

• L’absence de surveillance du volume gastrique résiduel n’est pas
associée à un risque accru de PAVM.

• La surveillance du résidu gastrique prévient les vomissements au prix
d’une consommation accru de prokinétique et d’une réduction des
apports nutritionnels.

• Malgré une fréquence plus élevée de vomissements, l’absence de
surveillance du résidu gastrique n’est pas associée à un risque accru
d’infections nosocomiales, de défaillance d’organe, de décès ou
d’allongement du séjour en réanimation.

• La surveillance systématique du volume gastrique résiduel peut être 
retirée des recommandations et protocoles de nutrition entérale chez le 
patient ventilé.
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NON 

NON 

OUI 

OUI 

OUI 

NON Ière mesure 
 Débuter PROKINETIQUE sur 

prescription médicale jusqu’à 48h 
de tolérance au débit prescrit 

DIMINUER le débit  de 25 ml/h 

Dextro /h 
pendant 2h 

Prévenir Le 
Médecin 

Reprise au Débit 
prescrit 

VOMISSEMENTS 
REGURGITATIONS 

VOMISSEMENTS 
REGURGITATIONS 

 

IMPERATIF : 

Contrôle Radiologique de la position médiogastrique de la sonde avant 
chaque début d’alimentation entérale, puis systématiquement à chaque 
changement ou repositionnement de sonde. 

DEBUT DE NUTRITION ENTERALE  
Le plus précocement possible (<24 heures après l’intubation) 

Débit max d’emblée selon objectif prescrit  
 

ARRÊT Alimentation 
Pendant 6 Heures 

SNG mise en 
aspiration 

Débit ! 25 ml/h 

PATIENTS EN DV 

- Prokinetique systématique dès le 
1er DV sur prescription médicale 

- Arrêt 6h après dernier DV 

SURVEILLANCE DE LA 
TOLERANCE DIGESTIVE  

�VOMISSEMENTS/REGURGITATIONS  
Significatifs en dehors des soins et mobilisations 

SI INSULINOTHERAPIE 

Contrôle Glycémie capillaire 
/heure jusqu’à reprise de 

nutrition 

PRESCRIPTION MEDICALE 
DE LA NUTRITION 

ENTERALE 

IIème mesure 
Modification du débit de la 

nutrition entérale 

Protocole de nutrition entérale et gestion de l’intolérance digestive 



Je vous remercie pour votre attention


