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Effectiveness of enteral feeding protocol on clinical outcomes in
critically ill patients: a study protocol for before-and-after design
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Introduction: Enteral feed is an important component of nutritional therapy in critically ill patients and
underfeeding has been associated with adverse outcomes. The article developed an enteral feeding protocol and
planed a before-and-after comparative trial to explore whether implementation of enteral feeding protocol was able
to improve clinical outcomes.

Methods and analysis: The study will be conducted in intensive care units (ICUs) of ten tertiary care
academic centers. Critically ill patients expected to stay in ICU for over 3 days and require enteral nutrition (EN)
were potentially eligible. This is a before-and-after study comprising three phases: The first phase is the period
without enteral feeding protocol; the second phase involves four-week training program, and the last phase is to
perform the protocol in participating centers. We plan to enroll a total of 350 patients to provide an 80% power
and 0.05 error rate to detect a 15% reduction of mortality. The primary outcome is 28-day mortality.

Ethics and dissemination: Ethical approval to conduct the research has been obtained from all participating
centers. Additionally, the results will be published in peer-reviewed journal.

Trial registration: The study was registered at International Standard Registered Clinical/soCial sTudy
Number ISRCTN) registry ISRCTN10583582).
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Introduction

Nutrition therapy is of paramount importance for critically
ill patients, because critical illness is usually associated with
catabolic state that energy requirements are increased. The
term “nutrition support” has been changed to “nutrition
therapy”, indicating increased awareness of the importance
of nutrition for the critically ill in the medical community.
Nutrition can be delivered enterally or intravenously.
There is large body of evidence favoring enteral nutrition
(EN) to parenteral nutrition (PN) (1). PN is associated
with nosocomial infection and prolonged intensive care
length of stay, but not mortality (2,3). The most-updated
nutrition support guideline recommends that EN should
be started within 24 to 48 hours after admission, while PN
can be withheld for seven days depending on the risk of
malnutrition (4).

Despite the importance of early initiation of EN, it is
reported that energy requirements of critically ill patients
are far from being reached (5), mainly due to delayed
initiation of EN (6). Underfeeding is associated with
detrimental clinical outcomes including prolonged length of
stay, infection, financial cost, impaired wound healing, and
increased morbidity and mortality (5,7). Factors associated
inadequate enteral feeding include delayed initiation of
EN, slow advancement of infusion rate, gastrointestinal
dysfunction, underprescription, incomplete delivery of
prescribed nutrition, and frequent interruption of EN (5,8).
Some of these factors can be improved with enteral feeding
protocols, therefore preventing underfeeding of critically ill
patients. There was evidence that implementation of enteral
feeding protocol was associated with more EN intake alone,
and early initiation of EN (9-11). However, there is no
evidence suggesting the reduction of mortality or other
patient-important outcomes. The present study aimed to
investigate whether enteral feeding protocol was able to
improve patient important-outcomes.

Methods
Setting and study population

The study was conducted in intensive care units (ICUs) of
ten tertiary care academic centers. Patients admitted to ICU
and are expected to stay in ICU for over three days were
potentially eligible.

Exclusion criteria include:

(I)  Subjects receiving EN in previous 7 days;

(II) Contraindications for nasogastric or nasoenteric

tube placement;
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(III) Subjects who have already undergone percutaneous
endoscopic jejunostomy (PEJ), percutaneous
endoscopic gastrostomy (PEG) and surgical
jejunostomy;

(IV) Age younger than 18 years old;

(V) Women who are pregnant or undergo breast
feeding;

(VI) Burn patients.

Study design

A before-and-after study design was used, which comprised
three phases (12). The first phase is the period without
enteral feeding protocol. Participating centers were allowed
to deliver EN under the discretion of the treating physician.
The second phase was educational phase during which site
investigators were gathered and trained for implementation
of standardized EN feeding protocol (see below for details).
The training program lasts for four weeks and tests will be
performed to ensure the trainees can successfully perform
the protocol. The last phase is to perform the protocol
in participating centers. The site investigators comprised
nurses, fellow physicians and dietitians. Compliance to the
study protocol is monitored and promoted by a designated
investigator. The study was approved by ethics committee
of all participating centers (approval No. 2016JS001). The
study was registered at International Standard Registered
Clinical/soCial sTudy Number (ISRCTN) registry
(ISRCTN10583582).

Enteral feeding protocol

Patient evaluation

On ICU entry, subjects were evaluated for whether they
will stay in ICU for over 3 days and require nasogastric or
nasoenteric tube (Figure ). Subjects are excluded if either of
these two conditions is not met. Thereafter, hemodynamic
stability is evaluated by three items: (I) mean arterial
pressure (MAP) >65 mmHg; (II) serum lactate <4 mmol/L
and norepinephrine <12.5 mcg/min. Hemodynamic
resuscitation is instituted if the subject is unstable.
Hemodynamically stable subjects are then evaluated for the
gastrointestinal (GI) function. Normal GI function dictates
initiation of whole protein formula at rate of 25 mL/h. For
subjects with grade I to III acute gastrointestinal injury
(AGI), trophic feeding with predigested formula is delivered
at rate of 10-15 mL/h. If there are contraindications for EN
including bowel ischemia, bowel perforation/obstruction,
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[ Expected ICU stay >3 days and require EN

l Yes

No Volitional
intake

Hemodynamically stable? MAP >65 mmHg, Lac
<4 mmol/L, and NE <0.2 mcg/min/kg

Hemodynamic
resuscitation

Gut

| Hemodynamically stable |

function

Normal AGI grade Contraindications for
1-3 EN
D1: whole protein D1: predigested formula
formula at 25 mL/h at 10-15 ml/h Use PN

Figure 1 Patient screening for inclusion. EN, enteral nutrition; MAP, mean arterial pressure; AGI, acute gastrointestinal injury; PN,

parenteral nutrition.

Table 1 Descriptions and examples of acute gastrointestinal injury grade

Grade  Description Examples
| increased risk of developing Gl Postoperative nausea and/or vomiting during the first days after abdominal surgery,
dysfunction or failure postoperative absence of bowel sounds, diminished bowel motility in the early phase of
(a self-limiting condition) shock
Il Gl dysfunction (a condition that Gastroparesis with high gastric residuals or reflux, paralysis of the lower Gl tract,
requires interventions) diarrhoea, |IAH grade | (IAP 12-15 mmHg), visible blood in gastric content or stool. Feeding
intolerance is present if at least 20 kcal’kg BW/day via enteral route cannot be reached
within 72 h of feeding attempt
i Gl failure (Gl function cannot be Despite treatment, feeding intolerance is persisting—high gastric residuals, persisting Gl
restored with interventions) paralysis, occurrence or worsening of bowel dilatation, progression of IAH to grade Il (IAP
15-20 mmHg), low APP (below 60 mmHg). Feeding intolerance is present and possibly
associated with persistence or worsening of MODS
I\ Dramatically manifesting Gl failure =~ Bowel ischaemia with necrosis, Gl bleeding leading to haemorrhagic shock, Ogilvie’s

(a condition that is immediately
life-threatening)

syndrome, ACS requiring decompression

Gl, gastrointestinal; ACS, abdominal compartment syndrome; APP, abdominal perfusion pressure; MODS, multiple organ dysfunction
syndrome; IAH, intra-abdominal hypertension; IAP, intra-abdominal pressure; BW, body weight.

proximal fistula and AGI-IV, PN is initiated. Details of AGI
grading is shown in Table I (13).

Schematic progressive feeding protocol

Progressive feeding protocol is performed to target an energy
requirement of 25 to 30 kcal/kg/d (Figure 2) (4). Nasogastric
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tube can be used for those without contraindications.
However, for subjects with contraindications (e.g., acute
pancreatitis, gastroparesis, high risk of aspiration) to EN
administration via nasogastric tube, post-pyloric feeding
is considered (14-16). Subjects are then observed for the
presence of vomiting, abdominal pain and distension. If
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[ Progressive feeding protocol with target of 25-30 kcal/kg/d

—

v

[ Feeding via Gastric route ]

¥

v Acute pancreatitis
. . ~ . Gastroparesis
[ Feeding via post-pyloric route ] High risk of
| aspiration

No

v Vomiting, abdo. pain and distension within 4 h }<
es |

]4_

[ Half the feeding rate

No
[ Vomiting, abdo. distension within 2 h ]

v

Double feeding rate every 4 h
until target energy

|

[ Reaching target

)

Yes( Evaluate every 12 h for vomiting,

head elevation; warming of EN

I\
| )

Metoclopramide 10 mg iv. q6h; bed
[ Vomiting, abdo. distension within 4 h ]—

GRV >250 mL

abdo. pain and distension

Continue target feeding rate at
25-30 kcal/kg/d

| J

No

[ Transition to post-pyloric feeding ]

[ Vomiting, abdo. pain and distension ]

v

[ D/C EN, physical examination, CT scan ]

v

Trophic
feeding,
evaluate

repeatedly

[ Bowel ischemia and obstruction ]
l Yes
[ DICEN statPN |

Figure 2 Implementation of enteral nutrition feeding protocol. Abdo.

enteral nutrition; PN, parenteral nutrition.

present, feeding rate is reduced by 50% and the patient is
observed for another 2 hours. If the abdominal signs and
symptoms are still present, 10 mg metoclopramide is given
intravenously for every 6 hours with bed head elevation and
warning of EN. Gastric residual volume (GRV) is measured
for every 4 hours. Post-pyloric feeding is initiated if GVR is
greater than 250 mL. If abdominal symptoms persist despite
these measures, EN is discontinued and comprehensive
physical examination and computed tomography is ordered
for possible bowel ischemia and obstruction. The presence
of these severe conditions will preclude use of EN and PN
can be initiated. If GI function improves with intervention,
EN can be increased until energy requirement is reached.

Monitoring energy intake

Energy intake should be monitored in the management of
critically ill patients. The target is set at 25-30 kcal/kg/day
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No

, abdominal; GRYV, gastric residual volume; D/C, discontinuation; EN,

according to the most recent guideline (4). In the first 3-5 days,
if the actual calories intake does not reach 10-12.5 kcal/kg/day
and the patient is at high risk of malnutrition, PN can be
added to a total calorie of 25-30 kcal/kg/day. If calories
intake reaches 10-12.5 kcal/kg/day during the first 3-5 days
and 12-15 kcal/kg/day during 7-10 days, PN is not required
(Figure 3). NRS and NUTRIC scoring system is displayed
in Figure 4 and Table 2 (17-19).

Management of EN tolerance

The tolerance to EN is continuously monitored and
appropriate interventions are performed (Figure 5) (20). If
abdominal pain occurs during EN, physical examination
and CT scan will be performed to exclude bowel ischemia
and obstruction. The presence of bowel ischemia and
obstruction dictates discontinuation of EN. Otherwise,
trophic feeding continues and abdominal pain is observed.
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Progressive feeding protocol with
target of 25-30 kcal/kg/d

P
Actual caloric intake reaches No High risk of malnutrition (NRS =5
10-12.5 kcal/kg/d in 3-5 days or NUTRIC =5)

-

Yes No Yes
2 N
. Add PN to a total calorie of 25-30
Actual caloric intake reaches kcal/kg/d; progressively increasin
12-15 keal/kg/d in 7-10 days No 9/a; prog Y 9
from low dose
N J
Yes l
4 N\
] ] Chemistry profile (blood glucose,
Total EN/oral feeding with target of BUN, electrolytes, liver function)
25-30 keal/kg/d ) | and urine output on daily basis

Figure 3 Calories intake monitoring. ICU, intensive care unit; NE, norepinephrine; EN, enteral nutrition; MAP, mean arterial pressure; AGI,

acute gastrointestinal injury; Lac, lactate; PN, parenteral nutrition.

Any of the following?

Is BMI<20.5? No The patient is

Has the patient lost weight within last 3 months? _Screened at weekly
interval

Has the patient had a reduced dietary intake in the last week?

Is the patient severely ill?

Yes
Absence (score 0) | Mild (score 1) Moderate (score 2) Severe (score 3) Score Impaired nutritional status
Impaired Normal Weight loss>5% in 3 months Weight loss>5% in 2 months  Weight loss>5% in score +severity of disease sore
nutritional status ~ nutritional status  or food intake below 50-75%  or BMI 18.5-20.5 +impaired 1 month (>15% in
of normal requirement in general condition or food 3 months) or BMI<18.5+ Age-adjusted If >70 years: add 1 to total
preceding week intake 25-60% of normal impaired general condition or O score
requirement in preceding food intake 0-25% of normal
week requirement in preceding week Score3 The patient is at risk of
Severity of illness ~ Normal Hip fracture*, chronic Major abdominal surgery*, Head injury*, bone marrow ;. .
) . ™ . . N 5 . N . N malnutrition, and nutritional
(increase in nutritional patients, in particular with stroke*, severe pneumonia,  transplantation*, intensive care
requirements) requirements acute conditions: cirrhosis*, hematologic malignancy patients (APACHE>10) care plan is required
COPD¥*, chronic hemodialysis,
diabetes and oncology Score<3 Weekly screening of patients

Figure 4 NRS-2002 is based on an interpretation of available randomized clinical trials. *, indicates that a trial directly supports the
categorization of patients with that diagnosis. Diagnoses shown in italics are based on the prototypes given below. Nutritional risk is defined
by the present nutritional status and risk of impairment of present status, due to increased requirements caused by stress metabolism of the
clinical condition. A nutritional care plan is indicated in all patients who are (I) severely undernourished (score =3); or (I) severely ill (score
=3); or (IIT) moderately undernourished + mildly ill (score 2 +1); or (IV) mildly undernourished + moderately ill (score 1 +2). Prototypes for
severity of disease—score =1: a patient with chronic disease, admitted to hospital due to complications. The patient is weak but out of bed
regularly. Protein requirement is increased, but can be covered by oral diet or supplements in most cases; score =2: a patient confined to bed
due to illness, e.g., following major abdominal surgery. Protein requirement is substantially increased, but can be covered, although artificial
feeding is required in many cases; score =3: a patient in intensive care with assisted ventilation etc. Protein requirement is increased and

cannot be covered even by artificial feeding. Protein breakdown and nitrogen loss can be significantly attenuated.

© Annals of Translational Medicine. All rights reserved. atm.amegroups.com Ann Transl Med 2016;4(16):308



Page 6 of 10 Zhang et al. Enteral feeding protocol for the critically ill

Table 2 Nutrition Risk in Critically ill (NUTRIC) scoring system

Variables Points

0 1 2 3
Age, years <50 50-75 =75 -
APACHE I <15 15-20 20-28 >28
SOFA <6 6-10 >10 -
Comorbidities 0-1 2+ - _
Days from hospital to ICU admit 0-1 1+ - -
IL-6 0-400 400+ - -

APACHE II, Acute Physiology and Chronic Health Evaluation; IL, interleukin; SOFA, sequential organ failure assessment; ICU, intensive
care unit.

[ Progressive feeding protocol with target of 25-30 kcal/kg/d ]

v

M
—/

Monitoring tolerance
v \ v
[ Abdo. pain ] [ Diarrhea ] [ Vomiting, abdo. distension ]
v p v
e : a Differential diagnosis: disease, feeding and Bed head elevation 30-45°,
D/C EN, physical drug-related Metoclopramide 10 mg iv.
examination, CT scan L Q6h )
N J
v [ Feeding-related ] [ Disease-related ][ Drug-related ] p A4
( A i Exclude bowel obstruction
Presence of bowel ,
obstruction and/or . and give four doses of
) : Treat disease metoclopramide
ischemia N J
N J A v
Reduce feeding rate, ] ( Send stool routine for ] _
dilute formula consecutive 2-3 days No improvement
Yes |
g | | !
—
D/C EN, No _ _ -
use PN [ Negative ] [ Massive WBC ] [ Massive RBC ] Post-pyloric
¢ l feeding and D/C
prokinetic agents
Trophic Symptomatic No | Stool culture Stool culture, CD
feeding,evaluate treatment for 2-3 days, and CD examination and
repeatedly improvement? examination enteroscopy
[ CD infection confirmed ]

Metronidazole (po, 200-500 mg, g6h/po,
500-750 mg, g8h) or Vancomycin (po,
125-500 mg, g6h)

Figure 5 Management of tolerance. D/C, discontinuation; CD, Clostridium difficile; EN, enteral nutrition; PN, parenteral nutrition; RBC,
red blood cell; WBC, white blood cell.
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Differential diagnosis of diarrhea should be done. Common
causes of diarrhea in ICU include enteral feeds, diseases
and drugs (21). Feeding-related diarrhea can be managed
by reducing feeding rate and diluting nutrition formula.
Underlying diseases causing diarrhea should be treated.
Stool routine should be ordered for drug-related diarrhea. If
the test is negative, symptomatic treatment will be enough.
If the test shows massive white blood cell (WBC) and/or
red blood cell (RBC), further stool culture and examination
for Clostridium difficile (CD) will be performed. If CD
is confirmed, metronidazole (po, 200-500 mg, q6h/po,
500-750 mg, q8h) or vancomycin (po, 125-500 mg, q6h)
can be given (22).

Data collection

A custom-made case report form (CRF) is used for
data collection. Data on demographics, comorbidity,
organ function, physiological variables, vasopressor use,
mechanical ventilation, ventilator setting, AGI grade,
chemistry profile, blood routine, blood gas, inflammatory
biomarkers (C-reactive protein and procalcitonin), stool
routine and culture are recorded. These variables are
recorded for the first 7 days after ICU admission, until
death or ICU discharge.

Follow up and outcomes

Patients are followed up for 28 days after ICU entry. The
primary outcome is 28-day mortality. Secondary outcomes
include the proportion of patients with EN, PN and EN +
PN, The proportion EN initiation within 24 and 48 hours
after ICU entry, proportion of patients who have 60%
energy requirement via EN in 3 days, proportion of patients
who have 80% energy requirement via EN in 5 days,
ICU length of stay, duration of mechanical ventilation,
nutritional status and immunity on 7 and 28 days and
nosocomial infection.

Sample size calculation

Based on previous observation in participating centers,
we assume that the baseline mortality risk without enteral
feeding protocol is 50% (23,24). The enteral feeding
protocol is able to reduce the mortality by 15%. The study
design will provide 80% power and 2.5% (1-sided) type I
error. As a result, the fixed sample size is 339. To allow for
a small fraction of loss to follow-up, we plan to enroll 350
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patients, 175 for each of phases I and III.

Statistical analysis

Continuous data of normal distribution are expressed as
mean (+ standard deviation) and compared using t test.
Skewed data are expressed as median (interquartile range)
and compared using Wilcoxon-Mann-Whitney test (25).
Categorical variables will be expressed as the number and
percentage, and compared using chi-square test.

Because this is a non-randomization design, the
confounders cannot be fully controlled. Post hoc analysis
with multivariable regression model will be performed by
incorporating confounders such as the severity of illness,
age, organ dysfunction, and other relevant variables.
Initially, all variables will be included to build a full model.
Then stepwise backward elimination and forward selection
approach will be employed to retain only important
variables (26). However, the group variable (with or
without enteral feeding protocols) is retained in the model.
Subgroup analysis will be performed by restricting to
patients with mechanical ventilation. All statistical analysis
will be performed using R software (version 3.2.3). A two-
sided P<0.05 is considered statistically significant.

Discussion

Although enteral feeding is recommended by international
guidelines as the first choice of nutritional therapy for
critically ill patients (4,27,28), studies have shown that
the energy requirement achieved by EN is far from being
reached (29-31). In mechanically ventilated patients, about
66% of patients achieved 80% of caloric requirements
within 3 days (32). The figure varies depending on different
settings and study populations (33-35). Also, there is
large body of evidence showing that underfeeding is
associated with significantly increase risk of death (36-38).
Although some investigators propose the implementation
of permissive underfeeding in critically ill patients, the
guideline still recommend early initiation of EN feeding and
the goal of 25-30 kcal/kg/day should be achieved (4,39,40).
There are reasons that may interfere with the adequate
delivery of EN such as delayed initiation of EN, EN
cessation for procedures, gastric dysfunction, and diarrhea
(6,31,41,42). Therefore, an enteral feeding protocol is
mandatory to circumvent risks brought by underfeeding.
The study aims to provide a comprehensive enteral feeding
protocol that is adapted for ICUs in tertiary care centers in
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Zhejiang province. The study involves a four-week training
program and principal investigators from ten participating
centers will be trained. Enteral feeds and clinical outcomes
before and after implementation of the protocol will be
compared to see its effectiveness.

There are various enteral feeding protocols used in
clinical practices and researches. The protocol used in
Doig’s study repeatedly assessed whether the energy
requirement reached 80% of total goal (10). The goal was
not explicitly described and might be set differently by
participating centers. In our study we will use the simplistic
weight-based equation (25-30 kcal/kg/day) because this is
simple that compliance to the protocol can be improved.
Although indirect calorimetry (IC) is recommended to
determine energy requirement, not all participating centers
have equipped with IC (4). Furthermore, Goig’s study did
not assess risk of malnutrition, and PN was started if EN is
contraindicated. Because the use of PN may have different
consequences depending on baseline nutritional status,
our study uses NRS and NUTRIC to triage patients who
may benefit from PN (Figure 3). Heyland and colleagues
conducted an observational study comparing effectiveness
of enteral feeding protocol. Participating centers were
divided by the presence or absence of feeding protocol. No
implementation was performed. Details of feeding protocols
were not reported and might vary substantially across
participating centers (9). The same study group proposed
a feeding protocol called “The Enhanced Protein-Energy
Provision via the Enteral Route in Critically Ill Patients” (PEP
uP) protocol. The advantage of PEP uP protocol was that
it allows nurses to adjust the feeding rate to compensate for
procedural interruption. For example, a patient had received
400 mL of 1,500 mL total goal of a day, then feeds were
interrupted for several hours while the patient underwent
a procedure and there remained nine hours in the day, the
new rate would be (1,500-400) mL/9 hr =122 mL/hr for the
remaining 9 hr (43). In our protocol, the compensation for
procedural interruption is achieved by assessing abdominal
tolerance for every 6 hours, and feeding rate can be doubled
in the absence of vomiting, abdominal pain and distension.

In conclusion, the article proposes an enteral feeding
protocol that is developed according to international
practice guidelines and local practices. We plan to conduct
a province-wide training program. Participating centers
are all the leading medical centers in their cities. The
standardized program will bridge the gap between guideline
requirement and clinical practice. Furthermore, the study
will test the hypothesis that use of enteral feeding protocol
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is able to improve patient-important outcomes.
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