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Route 

• EN vs PN – summary of evidences 
oNo benefit in mortality.

o Significant increase in number of infectious 
complication with use of PN.

o EN associated with significant reduction in ICU days 
compared to PN.

oBut no difference in hospital length of stay or 
ventilator days

o EN associated with increased vomiting.     

CANADIAN CLINICAL PRACTICE GUIDELINE 2015



EN vs PN mortality

Canadian clinical practice  guideline 2015



Infectious complication EN vs PN

Canadian clinical practice guideline 2015



CALORIES trial –
[largest RCT on EN vs PN]

• Hypothesis -“parenteral route is superior to the enteral route for the 
delivery of early nutritional support in adults who had an unplanned 
admission to an intensive care unit (ICU) and who could be fed through 
either route.”

• Study design- pragmatic, open, multicenter, parallel-group, randomized, 
controlled trial. 

• Method- patients who could be fed through either the parenteral or the 
enteral route were assigned to a delivery route, with nutritional support 
initiated within 36 hours after admission and continued for up to 5 days.

• Primary outcome- all cause mortality at day 30.
• Result -no significant difference in 30-day mortality associated with the 

route of delivery of early nutritional support in critically ill adults was 
found.

NEJM october 30 , 2014





NUTRIREA 2- ongoing  RCT

• This is a multicenter, open-label, parallel-group, randomized controlled 
trial comparing early PN versus early EN in critically ill patients requiring 
IMV for an expected duration of at least 48 hours, combined with 
vasoactive drugs, for shock.

• It has completed recruitment but results are not published. 

NCT01802099



Timing 

• Early Enteral Nutrition when compared to 
delayed Enteral  Nutrition: 

 no effect on mortality

 no effect on ICU or hospital length of stay. 

 But improves overall nutritional intake

 And associated with a significant reduction in infectious 
complications.

Canadian clinical practice guideline 2015







Initiation of enteral feeding

• Trophic vs full feeding –
o had no effect on mortality in critically ill patient.

o had no effect on the incidence of VAP.

o may be associated with significant underfeeding but better 
gastrointestinal tolerance.

o may be associated with poorer functional outcome at 12 
months 

Canadian clinical practice guideline 2015



CANADIAN CLINICAL PRACTICE GUIDELINE 2015



EDEN study -2012

• Objective To determine if initial lower-volume trophic enteral feeding would increase 
ventilator-free days and decrease gastrointestinal intolerances compared with
initial full enteral feeding in  patients with ALI

• Design -randomized, open-label, multicenter trial conducted from January 2, 2008, 
through April 12, 2011

• Participants were adults within 48 hours of developing acute lung injury requiring 
mechanical ventilation whose physicians intended to start enteral nutrition

• Interventions Participants were randomized to receive either trophic or full enteral 
feeding for the first 6 days. After day 6, the care of all patients who were still receiving 
mechanical ventilation was managed according to the full feeding protocol.

• Main Outcome Measures Ventilator-free days to study day 28.
• Conclusion In patients with acute lung injury, compared with full enteral feeding, a 

strategy of initial trophic enteral feeding for up to 6 days did not improve ventilator free 
days, 60-day mortality, or infectious complications but was associated with less 
gastrointestinal intolerance.

JAMA. 2012;307(8):795-803







• Hypocaloric enteral nutrition: 
o Hypocaloric enteral nutrition vs full feeds not associated 

with any significant difference in mortality, ICU LOS, 
Hospital LOS 

o but associated with significantly less days on ventilator.

CANADIAN CLINICAL PRACTICE GUIDELINE 2015







PermiT trial –Arabi 2015 

• Hypothesis : permissive-underfeeding strategy that restricts nonprotein calories 
but preserves protein intake, as compared with a standard feeding strategy, would 
reduce 90-day mortality among critically ill adults.

• Study design -The Permissive Underfeeding versus Target Enteral Feeding in Adult 
Critically Ill Patients(PermiT) trial was an unblinded, pragmatic, randomized, 
controlled trial conducted at seven tertiary care centers in Saudi Arabia and 
Canada between November 2009 and September 2014.

• Method: At seven centers, 894 critically ill adults with a medical, surgical, or 
trauma admission category were randomly assigned to permissive underfeeding 
(40 to 60% of calculated caloric requirements) or standard enteral feeding (70 to 
100%) for upto 14 days while maintaining a similar protein intake in the two 
groups.

• The primary outcome was 90-day mortality.
• RESULTS - Enteral feeding to deliver a moderate amount of nonprotein calories to 

critically ill adults was not associated with lower mortality than that associated 
with planned delivery of a full amount of nonprotein calories. 

N Engl J Med June 18, 2015DOI: 10.1056/NEJMoa1502826

http://www.nejm.org/toc/nejm/372/25/


• Early enhanced nutrition compared to slower 
rate of advancement of EN :

o has no effect on mortality in the critically ill patient 

o has no effect on ICU LOS but is associated with a significant 
increase in hospital lengths of stay in the critically ill patient 

o associated with a significant reduction in the infection

o results in a significantly higher calorie and protein 
intake/lower calorie deficit in head injured patients and other 
critically ill patients.

CANADIAN CLINICAL PRACTICE GUIDELINE 2015











ACCEPT trial –Martin 2004

• Hypothesis -evidence-based algorithm for nutritional support in critically ill 
patients, accompanied by a multifaceted implementation strategy, would improve 
the provision of nutritional support and patient outcomes.

• Study design -prospective, cluster-randomized clinical trial.
• Method -Hospital ICUs were stratified by hospital type and randomized to the 

intervention or control arm. Patients at least 16 years of age with an expected ICU 
stay of at least 48 hours were enrolled in the study (n = 499). Evidence-based 
recommendations were introduced in the 7 intervention hospitals by means of in-
service education sessions, reminders (local dietitian, posters) and academic 
detailing that stressed early institution of nutritional support, preferably enteral.

• Result -Two hospitals crossed over and were excluded from the primary analysis. 
Compared with the patients in the control hospitals (n = 214), the patients in the 
intervention hospitals (n = 248) received significantly more days of enteral 
nutrition (6.7 v. 5.4 per 10 patient-days; p = 0.042), had a significantly shorter 
mean stay in hospital (25 v. 35 days; p = 0.003) and showed a trend toward 
reduced mortality (27% v. 37%; p = 0.058). The mean stay in the ICU did not differ 
between the control and intervention groups (10.9 v. 11.8 days; p = 0.7).

CMAJ • JAN. 20, 2004; 170(2)





INTACT trial – Braunschweig 2015

• Hypothesis: patients randomized to receive the intensive medical nutrition intervention 
(IMNT) would have fewer infections, shorter hospital and ICU lengths of stay (LOS) and lower 
mortality than those randomized to standard care (SC).

• Method - A prospective randomized trial was conducted evaluate the impact on outcomes of 
intensive medical nutrition therapy (IMNT; provision of >75% of estimated energy and 
protein needs per day via EN and adequate oral diet) from diagnosis of acute lung injury (ALI) 
to hospital discharge compared with standard nutrition support care (SNSC; standard EN and 
ad lib feeding). The primary outcome was infections; secondary outcomes included number 
of days on mechanical ventilation, in the ICU, and in the hospital and mortality.

• RESULTS: Overall, 78 patients (40 IMNT and 38 SNSC) were recruited. No significant 
differences between groups for age, body mass index, disease severity, white blood cell 
count, glucose, C-reactive protein, energy or protein needs occurred. The IMNT group 
received significantly higher percentage of estimated energy (84.7% vs 55.4%, P < .0001) and 
protein needs (76.1 vs 54.4%, P < .0001) per day compared with SNSC. No differences 
occurred in length of mechanical ventilation, hospital or ICU stay, or infections. The trial was 
stopped early because of significantly greater hospital mortality in IMNT vs SNSC (40% vs
16%, P = .02). Cox proportional hazards models indicated the hazard of death in the IMNT 
group was 5.67 times higher (P = .001) than in the SNSC group.

• CONCLUSIONS: Provision of IMNT from ALI diagnosis to hospital discharge increases 
mortality.

JPEN J Parenter Enteral Nutr. 2015 January ;. doi:10.1177/0148607114528541.





• Optimizing en:

Gastric residual volume
o Not checking GRV vs checking GRV with 250ml as threshold 

have no effect on mortality, infection or hospital/ICU stay 
but associated with significantly better calorie delivery.

o Monitoring GRV every 4 hrs vs every 8hrs have no effect on 
mortality, infection, or hospital or ICU stay but associated 
with less vomiting or regurgitation

o GRV 500 ml vs > 250ml has no effect on mortality, infection 
or LOS (ICU/Hospital) or gastrointestinal tolerance but 
associated with significantly better calorie delivery.

canadian clinical guideline 2015







REGANE study –Montejo 2010

• Hypothesis -if a higher limit is used to define ‘‘normal GRV,’’ the frequency of 
‘‘HGRV’’ is lessened and also the number of episodes of stopping the diet. So,as a 
consequence of this, patients could receive more diet and, consequently, the 
energy deficit would be prevented.

• Design –open prospective randomized study.
• Method -329 patients across 28 intensive care unit in Spain were recruited and 

randomly assigned to a study group ( GRV 500ml) and control group ( GRV 200ml). 
EN was administered through naso gastric tube and a protocol for management of 
EN related gastrointestinal management was used.

• outcome variables- Diet volume ratio (diet received/diet prescribed), incidence of 
gastrointestinal complications, ICU acquired pneumonia, days on mechanical 
ventilation and ICU length of stay were the study variables.

• Result and conclusion -Diet volume ratio of mechanically ventilated patients 
treated with enteral nutrition is not affected by increasing the limit in GRV. A limit 
of 500 ml is not associated with adverse effects in gastrointestinal complications or 
in outcome variables





• Hypothesis –variable gastric tube aspiration regimen would reduce frequency of gastric tube aspiration 
with no increase in the incidence of feed regurgitation or VAP (or pneumonia in nonventilated patients).

• Study design- nonblinded RCT using computer generated randomization

• Method -This randomized controlled trial (RCT)  enrolled patients who stayed in the intensive care unit 
(ICU) for >48 hours, had a gastric tube, and were likely to receive EN for 3 or more days. Patients were 
randomized (computer generated randomization) to either the control (every 4 hours) or intervention 
group (variable regimen).

• Outcome – primary - number of gastric tube aspirations per day from randomization until EN was ceased 
or up to 2 weeks post randomization. 

secondary -Secondary outcomes included incidence of 

1. vomiting or regurgitation, defined as the presence of feed in the  mouth or flowing out of the 
mouth; 

2. VAP or pneumonia in nonventilated patients (up to 16 days after enteral feeding 
commenced); 

3. attainment of target feeding volume each day.

• Result and conclusion -In the intention-to-treat analysis, the intervention group had fewer tube aspirations 
per day (3.4 versus 5.4 in the control group, P < .001). Vomiting/regurgitation was increased in the 
intervention group (2.1% versus 3.6%, P = .02). There were no other differences in complications noted.

journal of enteral and parenteral nutrition  September 2014





• Discarding GRV:

Refeeding GRV not associated with more gastrointestinal complication 

when compared to discarding GRV.

Canadian clinical practice guideline 2015





• Motility agent
oMotility agent have no effect on mortality or infectious 

complication in critically ill patient.

oMotility agent may decrease feeding intolerance and 
increase total calorie intake.







RCT comparing between motility 
agents 

• Objective: 
o to compare chronic administration of metoclopramide and

erythromycin in the management of feed intolerance; 
o to determine the effectiveness of “rescue” combination therapy in patients 

who fail monotherapy

• Design : The study was conducted as a two-way randomized, double-blind, parallel
group study.

• Participants : 
o One-hundred and seven consecutive mechanically ventilated patients who 

failed NG feeding were enrolled into the study over a 12-month period 
(August 2004 to August 2005). 

o Failure of feeding was defined  clinically as a 6-hourly gastric residual volume 
(GRV) 250 mL 6 hrs after commencing enteral feeding at  a rate of 40 mi/hr.                      

Crit Care Med 2007; 35:483–489



• Material and method:
o Patients received either metoclopramide 10 mg 

intravenously four times daily or erythromycin 200 mg 
intravenously twice a day in a double-blind, randomized 
fashion. 

o After the first dose, nasogastric feeding was commenced and 
6-hourly nasogastric aspirates were performed. If a gastric 
residual volume >250 mL recurred on treatment, open-label, 
combination therapy was given. Patients were studied for 7 
days. Successful feeding was defined as 6-hourly gastric 
residual volume <250 mL with a feeding rate >40 mL/hr





 Result 
 Monotherapies reduced the mean gastric residual volume 

(metoclopramide, 830 +/- 32 mL to 435 +/- 30 mL, p < .0001; 
erythromycin, 798 +/- 33 mL to 201 +/- 19 mL, p < .0001) and 
improved the proportion of patients with successful feeding 
(metoclopramide 62% and erythromycin 87%). 

 Treatment with erythromycin was more effective than 
metoclopramide, but the effectiveness of both treatments declined 
rapidly over time.

 In patients who failed monotherapy, rescue combination therapy was 
highly effective (day 1  92%) and maintained its effectiveness for the 
study duration (day 6  67%). 

 High pretreatment gastric residual volume was associated with poor 
response to prokinetic therapy.



• Small bowel vs intragastric feeding: 
o Small bowel feeding in comparison to intragastric feeding was 

associated with significant reduction in incidence of 
pneumonia.

o No difference in mortality or ventilator days between small 
bowel and intragastric feeding.

o Small bowel feeding associated with higher calorie and 
protein intake and is associated with less time taken to reach 
target rate of enteral nutrition.

Canadian clinical practice guideline 2015





• Hypothesis –the use of a jejunal tube does not reduce the incidence of nosocomial 
pneumonia.

• Design – pragmatic open randomized control trial.
• Method –Patients were randomly assigned to receive enteral feed via a gastric or jejunal 

tube. Jejunal tubes were inserted at bedside and placement was confirmed radiographically
• Outcome –The primary objective of this study is to evaluate the incidence of pneumonia 

throughout the stay in Intensive Care Unit (ICU) comparing gastric with jejunal nutrition. 
Secondarily, we evaluated the mortality rate in the ICU until the 28th day and other 
complications potentially related to enteral feeding

• Result - A total of 115 patients were enrolled, with 61 patients into the gastric tube group 
and 54 patients into the jejunal group tube. Baseline characteristics were similar. There was 
no difference in pneumonia or ICU mortality rates, ICU length of stay and ventilator days. 
Complications rates were similar.

• Conclusion - We conclude that the enteral nutrition through a jejunal tube does not reduce 
the rate of pneumonia in comparison to a gastric tube. In addition, we did not observe 
differences in rates of gastrointestinal complications or ICU mortality. The routine placement 
of a jejunal tube in critically ill patients cannot be recommended.

IJCCM February 2015





• Bolus vs. continuous feeding: 
o There are no differences in mortality, frequency of 

interrupted feeds, % goal feeds achieved or diarrhea 
between patients receiving enteral feeds via continuous 
vs. other methods of administration.

Canadian clinical practice guideline 2015



Bolus vs continuous feeding 

• Hypothesis -intermittent enteral feeding route would optimize caloric intake in the 
first 7 days of critical illness as compared with continuous tube feedings,.

• Design – prospective randomized trial.
• Method -A total of 164 trauma patients, were randomized to receive enteral 

nutrition via an intermittent feeding regimen versus a continuous feeding regimen. 
A single nutritionist calculated caloric and protein goals. 

• Result - A total of 164 patients were randomized and 139 reached their calculated 
nutritional goal within 7 days. There were no statistical differences in 
complications of tube feeding. The patients intermittently fed reached the goal 
faster and by day 7 had a higher probability of being at goal than did the patients 
fed continuously Intermittent patients maintained 100% of goal for 4 of 10 days 
per patient (95% CI  3.5–4.4) as compared with the drip arm goal for only 3 of 10 
days per patient (95%  CI  2.7–3.6).

• Conclusion - In a critically ill trauma population, patients fed an intermittent 
regimen received goal enteral nutrition more quickly and were more likely to 
remain at goal enteral caloric intake than were patients fed with continuous 
feeding regimens

J Trauma. 2007;63:57–61.





• Combined EN and PN in comparison to EN alone: 
o has no effect on mortality in critically ill patient
o has no effect on infectious complications in critically ill 

patients
o is associated with a significant reduction in hospital length of 

stay and a trend towards a reduction in ICU LOS in critically 
ill patients.

o has no effect on duration of ventilation in critically ill 
patients. 

o is associated with a higher cost.











RCT – Heidegger 2012

• Hypothesis - Delivery of 100% of the energy target from days 4 to 8 in the 
ICU with EN plus supplemental parenteral nutrition (SPN) could optimise
clinical outcome.

• Participants patients on day 3 of admission to the ICU who had received 
less than 60% of their energy target from EN, were expected to stay for 
longer than 5 days, and to survive for longer than 7 days were enrolled.

• Method Patients were  randomized to  receive either EN   or SPN. 153 
patients receive EN and 152 received PN. 

• The primary outcome was occurrence of nosocomial infection after 
cessation of intervention (day 8), measured until end of follow-up (day 
28), analysed by intention to treat.

• Result SPN group had a statistically significant reduction in nosocomial 
infection .[p=0.0248]

Lancet 2013; 381: 385–93



• Timing of supplemental PN
 Early vs late PN to supplement EN has no effect on mortality in critically 

ill patients.

 Early supplemental PN is associated with an increase in infectious 
complications in critically ill patients compared to late supplemental PN.

 Early supplemental PN is associated with significantly longer ICU and 
hospital length of stay in critically ill patients compared to late 
supplemental PN.

 Early supplemental PN is associated with an increase in duration of 
ventilation in critically ill patients compared to late supplemental PN.

Canadian clinical practice guideline 2015





EPaNIC trial

• Hypothesis: whether preventing a caloric deficit during critical illness by providing 
parenteral nutrition to supplement enteral nutrition early in the disease course would 
reduce the rate of complications or whether withholding parenteral nutrition for 1 week 
would be clinically superior

• Design –multicentric parallel group, randomized controlled trial.
• Method - 4640 patients with NRS score >/=3 were recruited and randomly assigned to one of 

the two categories of early (within 48 hrs) and late (not before day 8) initiation of 
supplemental parenteral nutrition. A protocol for the early initiation of enteral nutrition was 
applied to both groups, and insulin was infused to achieve normoglycemia

• Outcome – primary -ICU stay
secondary 

 number of patients with new infections; 
 the infection site the duration of antibiotic therapy; 
 the time to final weaning from mechanical ventilatory support and the need for 

tracheostomy; 
 the rate of incident acute kidney injury, 
 need for and duration of pharmacologic or mechanical hemodynamic support 
 status according to the distance walked in 6 minutes
 and the proportion of patients who were independent in all activities of daily living. with 

respect to the total incremental health care costs from randomization to hospital 
discharge







• Conclusion : 
Late initiation of parenteral nutrition was associated with faster recovery and 
fewer complications, as compared with early initiation.

NEJM August 11, 2011



• Indirect calorimetry vs predictive equation.
o has no effect on mortality. 

o but associated with a significant reduction in hospital 
mortality. 

o When used to supplement EN with PN may be associated 
with a higher incidence of infections. 

o When used as a guide to supplement EN with PN may be 
associated with a longer ICU length of stay, and duration of 
ventilation.

o The use of indirect calorimetry compared to predictive 
equations may result in improved nutritional intake





• High fat/low carbohydrate:
o A high fat, low CHO enteral formula ay be associated with a reduction in 

ventilator days in medical ICU patients with respiratoy failure and better 
glycemic control in patients with hyperglycemia.

o No difference in mortality, infections or LOS found between the critically 

ill patient receiving high fat/ low carbohydrate formula or standard.

Canadian clinical practice guideline 2015





• Low fat/high carbohydrate:
o low fat enteral feeding may be associated with lower 

incidence of pneumonia and trend towards a reduction 
in LOS in burn patients.    

Canadian clinical practice guideline 2015  



• High protein vs low protein
o High protein vs low protein has no effect on 

mortality in critically ill patient on CRRT.

o High protein vs low protein has no effect on ICU 
length of stay or duration of mechanical 
ventilation.

o Higher protein formula has no effect on mortality 
and infectious complications in head injured 
patients

Canadian clinical practice guideline 2015.





• Peptide vs polymeric protein 
oNo difference between mortality, infection or length of 

stay.

oNo difference in incidence of diarrhea

oNo difference in protein or energy intake.

Canadian clinical practice guideline 2015





• Probiotics with enteral nutrition 
o The addition of probiotics to enteral nutrition has no effect on ICU 

mortality.

o Overall probiotic with EN showed a significant reduction of infectious 
complication.

o Probiotics when added to enteral nutrition showed no significant 

reduction in hospital LOS, or ICU LOS.

Canadian clinical practice guideline 2015





• Hypothesis: administration of enteral synbiotics would significantly decrease the 
incidence of VAP in mechanically ventilated (MV) critically ill patients when 
compared to placebo.

• Design: Prospective, randomised, double blind, placebo controlled trial.
• Method: 259 enterally fed patients requiring mechanical ventilation for 48 h or 

more were enrolled. All patients were enterally fed as per a standard protocol and 
randomly assigned to receive either synbiotic 2000 FORTE (twice a day) or a 
cellulose based placebo for a maximum of 28 days.

• Outcome –primary –incidence  of VAP.
Secondary -variables were oropharyngeal flora, ventilator days, and 

VAP rates per  1,000 ventilator days, ICU length of stay, ICU mortality and hospital 
mortality 

.

.









Importance of feeding protocol in ICU

• Feeding protocols/algorithms with prokinetics, post-pyloric tubes may be 
associated with a trend towards a reduction in hospital mortality and a 
significant reduction in hospital length of stay. 

• Feeding protocols with prokinetics and a higher gastric residual volume 
threshold (250 mls) are associated with a trend towards a reduction in gastric 
residual aspirations and less time taken to reach goal feeding rate in the 
critically ill.

• Feeding protocols with higher target rates, volume based goals, use of a semi-
elemental formula, protein supplements, prophylactic use of motility agents 
and higher gastric residual volumes (300 mls) are associated with a 
significantly higher calorie and protein intake and a decreased time to start of 
enteral nutrition in critically ill patients.

Canadian clinical practice guideline 2015





PEP UP feeding algorithm chart





PEP u P studies

Nutrition in Clinical Practice Volume 31 Number 1
February 2016 68–79



Nutrition in ICU –PGI experience

• In a prospective cohort study conducted in RICU , PGIMER found that

o Calorie delivery increased from 55.1% (35.4–81.3%) of the recommended 
value on day 1 to 92.0% (35.7–124.6%) on day 28. Protein delivery improved 
from 46.7% (31.6–72.1%) of the recommended value on day 1 to 75.3% (54.3–
85.5%) on day 28. but none of them reached the goal. 

o Risk factors for hospital mortality identified were admission Sequential Organ-
Failure Assessment score(odds ratio 1.30, 95% confidence interval 1.03–1.63) 
and mean daily calorie delivery of < 50% of the recommended value

Respir Care 2009;54(12):1688–1696.



Take home message

• All ICUs should have feeding protocol.

• Early initiation of enteral feeding [preferably 
full] should be the first step in all such 
protocol.

• Volume based feeding and compensation for 
missed calories are something new and worth 
trying.

• Supplemental PN may be beneficial in 
selected patients.  


