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ABSTRACT

Enteral nutrition (EN) has host of benefits to offer to critically ill patients and is the preferred route of feeding over parenteral nutrition. But along
with the many outcome benefits of enteral feeding come the potential for adverse effects that includes gastrointestinal (Gl) disturbances mainly
attributed to contaminated feeds. Currently, EN is practiced using blenderized/kitchen prepared feeds or scientifically developed commercial
feeds. Commercial feeds based on their formulation may be divided as ready-to-mix powder formulas or ready-to-hang sterile liquid formulas. A
holistic view on potential sterility of EN from preparation to patient delivery would be looked upon. These sterility issues may potentially result
in clinical complications, and hence process-related errors need to be eliminated in hospital practice, since immunocompromised intensive care
unit patients are at high risk of infection. This review intends to discuss the various EN practices, risk of contamination, and ways to overcome
the same for better nutrition delivery to the patients. Among the various types of enteral formulas and delivery methods, this article tries to

summarize several benefits and risks associated with each delivery system using the currently available literature.
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INTRODUCTION

Enteral nutrition (EN) is the provision of nutrients via the gastrointestinal
tract (through a feeding tube, catheter or stoma) and is the preferred
route in patients who cannot meet their nutritional needs through
voluntary oral intake.! Unless there is any contraindication for enteral
nutrition, EN is the preferred route of feeding over parenteral nutrition
(PN) for the critically ill patients who require nutrition therapy as
supported by current international guideline recommendations.?”
Comparedto PN, ENis associated with fewer infectious complications,
reduced cost, earlier gut function, and reduced length of stay.
Patients in the intensive care unit are at high risk of developing
nosocomial infections. Studies suggest contaminated EN solutions
represent a significant cause of nosocomial infections.”® Moreover,
gastrointestinal disturbances are another frequently encountered
complication that has been associated with bacterial contamination
of the feed.’ Therefore, it is important to minimize bacterial
contamination of enteral feeding to improve patient outcomes.

EN feeds are currently available as:

« Blenderized or kitchen prepared feeds

- Scientifically developed commercial feeds. These are mainly
of 2 types:
« Powdered form that needs to be reconstituted
- Liquid or ready-to-hang

EN delivery systems are of 2 types:

+  Open system (OS):This includes ready-to-use cans and powdered
or sterilized formulas that require reconstitution with water. This
system involves many manipulations, in terms of selection of
ingredients, reconstitution of the mixture with water, storage
or transport of the feed, transfer to the container, assembly
of the feeding system, and finally administration of the feed.
Recommended hang time for these mixtures is 4 hours.
This system consumes more nursing time.
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+ Closed system (CS) or ready-to-hang (RTH) system: This is a
completely closed non-air-dependent collapsible bag system
requiring minimal handling and minimal manipulations, with
a recommended hang time of 24-48 hours. The ease of use
associated with this system reduces nursing time and is also
safe due to a minimal risk of contamination.'

This article will focus on the safety of currently used EN
preparations and delivery methods.

MATERIALS AND METHODS

Comprehensive, structured literature searches were conducted in
PubMed and Google Scholar using key words enteral nutrition,
blenderized feed, ready-to-hang feeds, and open and closed
system enteral feeding. Subsequently, the relevant papers
published till the year 2019 were fully reviewed, and their findings
were noted.
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Fig. 1: Potential points for contamination during EN feeding process

EnNTERAL FEED FORMULATION AND
MicroBloLoGICAL ASPECTS

Microbial contamination is one of the mostimportant parameters
for assessing the superiority of one type of EN over another.
Blenderized tube feeding (BTF) formulais prepared in the kitchen
by blending food or meals into a liquid feed. Hospital-prepared
blenderized feedings made from natural foods show high levels
of contamination. Maintaining the microbial quality of hospital-
prepared blenderized feeds within the published standards
of safety is difficult. Various factors responsible for bacterial
contamination of handmade formulations include unhygienic
original food items, food-making process and devices, blenders,
hygiene of the floor and air-conditioning, environment of
kitchen, negligence by kitchen staff/nurses, and food carriage
process to the wards in a hot and humid conditions."”? While
liquid enteral formulas are sterile since they undergo heat
sterilization, powder formulas may not be sterile when packaged.
Moreover, even if the powder formulas are manufactured in
sterile conditions, extrinsic contamination may occur at the
hands of the preparer or caregiver due to use of contaminated
utensils, equipment, water and/or hands for manipulation, and
preparation of the feed.'”' Therefore, bacterial contamination
of such prepared feeds from powder formulas tend to be
cumulative, since it is related to the many manipulations of
the feed and feeding systems between preparation and the
end of administration. Compared to hospital-prepared feeds,
ready-to-hang (RTH) formulas offer far fewer opportunities
for contamination. When handled correctly, RTH formulas are
virtually contamination free (Fig. 1).'%'3

A randomized study analyzed quantitative factors, such as
preparation time, waste, and contamination, associated with
three different feeding systems for peptide-based diets: sterile
closed system containers (CS) infused for more than 24 hours,
open systems decanted from cans (OS-Can), and open systems
mixed from powder (OS-Powder). Samples were taken for culture
during preparation and after infusion. The study noted that
preparation time was significantly shorter for CS than for OS-Can
or for OS-Powder (2 minutes vs 7.5 minutes vs 13.0 minutes) and
that bacterial contamination was the highest in the open delivery

710

Indian Journal of Critical Care Medicine, Volume 24 Issue 8 (August 2020) lg\
s

system. At baseline, 40% of the OS was significantly contaminated
(>10,000 cfu/mL), while the CS showed no microbial growth. On
final culture, significant contamination occurred in only 2% of
the CS compared with 83% of the 0S."* As per an in vitro study,
when open and closed systems were compared in two long-term
care facilities, high contamination (>10,000 cfu/mL) was found
in 78% open samples compared with 39% from closed system
(p value <0.05)."”

Closed system provides host of benefits that include reduced
risk of contamination and infection. However, even with closed
system, certain protocols need to be followed. When handling
closed system, it is important that the nurse wears sterile gloves,
as contaminated hands could be a source of contamination.'®
Closed systems tend to become contaminated, especially when
manufacturer’s instructions are not followed."”

Hanging time is another factor on which safety of enteral
feeding depends. The length of time an enteral formula is
considered safe for delivery to the patient beginning with the time
the formula has either been reconstituted, warmed, and decanted
or has had the original package seal broken. Hang time for BTF
needs to be limited to 2 hours. Powder formulas once prepared
should be ideally used within 4 hours of preparation.’ Sterile
liquid RTH formulas offer increased hang times of up to 48 hours.
However, most closed containers are discarded after 24 hours
due to current manufacturer recommendations to change enteral
feeding sets every 24 hours and to spike each closed container
only once. Besides the feed, even the feeding delivery sets can be
a source of contamination. Hence, they also need to be replaced
every 24 hours (Table 1).'®

ENTERAL FEED FORMULATION AND CLINICAL
RELEVANCE

Adequate nutrition plays a key role in the care of critically ill patients.
In this regard, a study assessed the nutritional adequacy of EN feeds
delivered via OS and CS in terms of the volume of feeds received
by patients. The study noted that patients receiving formula
through OS received an average of 74% of ordered volume and
that patients receiving formula through CS received an average of
84% of ordered volume.'
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Table 1: Comparison of various EN formulations

Concern Blenderized/kitchen prepared feeds

Ready-to-mix powder formulas Ready-to-hang liquid formulas

Contamination Likely

No

Time consuming, need to procure
ingredients prior to preparing
Hard to make high-density nutri-
tion

Consistent nutrient delivery
Preparation time

Suitability for volume-sensitive
patients

Feeding tube flow Poor with gravity feeding; difficult
with pump propulsion; sieve to
lessen problems

To be used within 2 hours once

prepared

Hang time limits

Possible Unlikely

Depending on manipulation Yes

Less time consuming than blend-
erized feeds

Least time consuming, saves
quality nursing time
Available at high-calorie densi- Available at high-calorie densities
ties but need to be mixed as per

instructions

Few or no flow problems Few or no flow problems

To be used within 4 hours of
powder mixed in water

Can be used up to 24 hours once
opened

Contaminated enteral feeds is one of the factors that increase
nosocomial infections and Gl complications.”” Since closed system
effectively reduces feed contamination, it does have an advantage
over powder formulas in reducing infections.

Diarrhea and aspiration are two important and controversial
complications in patients receiving enteral nutrition. There was
significant association observed between the extent of bacterial
contamination of enteral feeds and the incidence of diarrhea.?’
Therefore, closed system would reduce the incidence of diarrhea.
With regard to the risk of aspiration, rather than the type of EN
formula being used, rate of feeding and feeding pattern is more
important. Bolus feeds should be avoided. As such, closed system
enteral feeds are hypercaloric formulas and are designed to be
given by continuous feeding method.

Metabolic and electrolyte imbalances are another common
complication associated with enteral feeding. Since RTH formulas
are mostly hypercaloric, they tend to cause hypernatremia. This
can be avoided by adjusting free water deficit and switching to
distilled water from normal saline for flushing. Hyperglycemia
may occur in critically ill patients if fed with high-calorie bolus
feeds in addition to inappropriately low insulin or medication
supplementation. All these clinical complications of enteral feeding
including refeeding syndrome can be effectively managed provided
our feeding method, rate, and pattern is appropriate. Often there is
compromise on the way enteral feeding is administered, and then
the EN formulas become the scapegoat.

EnTERAL FEED FORMULATIONS AND COST AND
NursinGg TIME

Management of OS system of EN consumed almost twice as much
nursing time daily as CS.?' A factor that needs to be considered
would be the additional cost in changing over from the current
formulations to RTH and closed systems. In the Western setting,
studies have shown the cost of RTH formulas to be comparable to
powder formulas when the cost of nursing time is factored in.??
However, we need to have such data from Indian perspective as
well. In a scenario where healthcare expenditures are on the rise,
cost might be a deterrent in widespread implementation of these
systems, despite the definite advantages of enhanced nutrition
delivery, decreased contamination risks, ease of use, longer
hanging time, and saving nursing time. As experience with these
RTH systems increase, there is likely to be a culture change in the
prescription patterns of physicians, and the benefits these systems
offer will definitely prove its worth.
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GUIDELINE RECOMMENDATION ON ENTERAL
FeEep FORMULATIONS

All major guidelines including ASPEN and Indian Practice Guidelines
recommend use of commercially produced, prefilled RTH feeds
to be used wherever possible, as these are least likely to become
contaminated during preparation and use.""'® The guidelines
highlight the benefit of using closed system formulations over open
system and blenderized feeds.

SUMMARY

Contaminated enteral feeding systems may contribute to the
etiology of nosocomial infections and Gl disturbances. Since
hospitalized patients and even critically ill patients receive these
nutritional formulations, it may add to their morbidity. Appropriate
measures during manipulation of enteral feeding that reduce the
risk of contamination need to be adopted as a quality improvement
initiative in order to make this intervention safe. EN formulas
prepared in a kitchen or in a patient care unit are at higher risks
of contamination. Therefore, nutritionally appropriate sterile RTH
formulas should gradually replace powdered formulas because of
superior benefits and better sterility and safety attributes.
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