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Intermittent and Continuous Enteral Nutrition in Critically Ill Dogs: A Prospective Randomized Trial 
M. Holahan, S. Abood, J. Hauptman, C. Koenigsknecht, and A. Brown 

Objective: To compare intermittent bolus and continuous rate infusion feeding in patients receiving naso-oesophageal or nasogastric feeding. 


Take home points:
· Data from this study indicated that both the continuous and intermittent methods of NE tube feeding can provide adequate nutrition within minimal complications.
· The use of a feeding algorithm led to a significant increase in the percentage of daily nutritional requirement being delivered in a human ICU.
· Proactive implementation of an algorithm or feeding protocol improved the average time from hospital admission to initiation of NE feedings from 4.5 to 1.8 days.
Previous studies: 
· Evidence that nutritional requirements in both dogs, cats and humans are not being met. 
· A recent prospective study of 25 patients founds that on average the patients received 91% of daily kilocalorie requirement.
· Increased gastric residual volume (GRV) in humans can lead to a decrease nutrient delivery, mainly due to suspension of the feeding protocol. 
· Randomized, controlled trials in human patients have failed to determine which feeding method is superior and which has the least complications.
· A pilot study evaluating continuous infusion and intermittent bolus feeding was performed in 10 healthy dogs with gastrotomy tubes. 
· The author found no difference in weight maintenance, GI adverse effects, g-glutamyl transpeptidase, nitrogen balance, or feed digestibility.
· A study of 37 dogs evaluating the % of PPND in dogs with naso-oesophageal feeding tubes. 
· PPND in these patients was not significantly different between continuous (98.1%) and intermittent (91.7%) delivery.

What don’t we know?
· There is no current evidence addressing GRV and nutrient delivery, which substrate is best, optimal timing of feeding, ideal route and what amount of nutritional support is best in our critically ill patients 

Materials and Methods:
Dogs admitted to the Critical Care Unit of the Michigan State University Veterinary Teaching Hospital (MSU-VTH) and requiring EN support via a NE tube (naso-oesophageal or nasogastric) were recruited from November 1, 2008 through October 31, 2009. 
Sixty-nine patients were initially enrolled. 
Fifteen patients were excluded due to the following;
· Exclusions: 
· If owner consent was not obtained
· If >50% of the intestine had been resected. 
· If placement of a feeding tube would be detrimental. 
· If the patient already had a feeding tube.
· If EN was discontinued within 24 hours.

· History obtained during treatment:
· Signalment
· Presenting complaint
· Length of time from last meal to tube placement
· Canine acute physiology (CAP) score
· Malnutrition score
· Number of episodes of vomiting
· Regurgitation or diarrhea within the previous 24 hours
· Body weight
· Body condition score (BCS) on a scale of 1–9. 

· After a clinical had determined that a NE or NG feeding tube was appropriate they selected from 8-12 French in diameter and 36-42cm in length. 
· NE tube placement was confirmed radiographically. 
· Patients were placed into two feeding groups by a computer generated spreadsheet:
· Continuous feeding (Group C)- 28 patients
· Intermittent bolus feeding (Group I) -26 patients
· Group I were feed over 30 minutes every 4 hours. Group C were fed their daily calories by a continuous rate infusion.
·  The food volume was confirmed every 4 hours for both groups. 
· Tubes were flushed with 5ml water before and after each feed.
· RER was calculated at the initiation of tube feeding by each patient’s current body weight (kg) with the following equation: 70 x BW(kg)0.75.
Rescue Protocol
If feeding intolerance was identified (vomiting/regurgitation > 2 times in a 24h period) the following protocol was followed;
· Discontinue Enteral feeding for 12 hours.
· If after 12 hours no further vomiting, then recommence feeding at last ml/hour if in Group C and give the last scheduled volume if in Group I. 
· If the patient vomited in the 12-hour period, then enteral feeding was discontinued for a further 12 hours.  When feeding restarted the patient was given 1/3rd RER. 
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· Data obtained at the end of treatment:
· Time to voluntary ingestion of food
· Body weight, BCS
· Time from hospital admission to initiation of NE feedings
· Total hour of EN
· Total days of hospitalization and patient outcome. 
Complications/what was recorded:
· Patients with NG tubes had GRV measured q 4 hours. 
· Episodes of vomiting, regurgitation and diarrhea were recorded.
· Technical complications:
· equipment issues
· erroneous rates on pumps  
· delivery interruptions- these were mainly as a result of treatments, owner visits, procedures, or if the patient walks took longer than 10 minutes.
Statistical Methods:
Tested for normality- D’Agostino & Pearson omnibus normality test
· A normality test is used to determine whether sample data has been drawn from a normally distributed population (within some tolerance). 
Data that was normally distributed- unpaired T-test. 
· To compare two population means
Data that was not normally distributed and original data- Mann-Whitney U-test. 
· Used to compare two population means from one population
Frequencies of complications - w2 or Fisher’s exact test and reported as a percentage. 
· Statistical significance test


Results:
· 69 dogs were enrolled
· Analysis was performed on 54 dogs- 28 group C and 26 group I
· 43 nasogastric tubed and 11 naso-oesophageal tubes. 
	No statistical significance
	Statistical significance

	· Age
· Sex
· Weight
· Change in weight
· Duration of hosp stay
· BCS
· Malnutrition score
· CAP score
· Time to initiation of EN
· Duration of N
· Days of hospitalization
· Outcome
· Number of days of anorexia
· Hours of NE tube feeding.
· Frequency of GI complications.
· GRV and occurrence of vomiting. 
· GRV and PPND.
· Mechanical complications.

	· PPND
· Group C 98.4%
· Group I 100%.
· Technical complications
· Group C 78.6%
· Group I 46%



Discussion:
· The method of administration of liquid nutrition (via NE tube) in critically ill dogs did have a statistically significant impact on PPND.
· In humans, one paper demonstrated that there was no difference in delivery method  by the third day of treatment. 
· In this study a difference in PPND occurred in days 1 and 2 however it may not be clinically relevant. 
· The use of a feeding algorithm in the human ICU led to a significant increase in the percentage of daily nutritional requirements that were given.
· This protocol for V/D/GRV may have prevented feeding being discontinued when it was not required to be. 
· Dogs fed intermittently had the opportunity to make up feedings by giving the feedings slightly off schedule. 
· The dogs fed continuously did not have their CRI rate altered to allow them to recover lost calories.  
· In a study of very low birth weight infants, delayed gastric emptying was defined as GRVs >5 mL/kg in any 4-hour period.
· Gastric aspirates 150–250mL within a four hour time frame are considered a marked of delayed gastric emptying. In people feeding is delayed at this number as there is a concern that an increase in GRV may lead to an increased risk of aspiration and the development of pneumonia however there is no consistent relationship between aspiration and GRVs. 
· Data from this study indicate that both the continuous and intermittent methods of NE tube feeding can facilitate adequate nutrient intake with minimal GI complications in critically ill dogs. 
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