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Abstract

Feeding protocols, which are guidelines for the initiation and advancement of
nutrition support to be used prior to dietitian initial assessment, have been associated in
some studies with earlier achievement of goal feeding rate, increased use of enteral over
parenteral nutrition, reduced risk of mortality, and fewer incidences of infection. This
retrospective chart review investigated nutrition-related outcomes before and after
implementation of a feeding protocol in the Doernbecher Pediatric Intensive Care Unit
(PICU) in 2013. Chart data on children aged 1 month through 18 years admitted to the
PICU during a 4-month period in 2012 (pre-implementation group) and 2017 (post-
implementation group) were screened for inclusion, and 50 total participants met
inclusion criteria. Primary outcomes for this study were time of enteral nutrition
initiation, percent of nutrition needs met from enteral and parenteral nutrition, duration of
mechanical ventilation, and length of stay (PICU and hospital). Cox proportional hazard
regression models were used to compare primary outcomes between groups. To
determine percentage of calories and protein needs obtained, each patient’s energy and
protein support was plotted against time and then summarized as the area between the
energy/protein profile over time and the energy/protein requirement set by the dietitian’s
initial assessment. There was a statistically significant difference in time to EN initiation
(p<0.05), with feeds starting around twice as quickly in 2017 (Hazard ratio (95% CI) =
2.12(1.13, 3.98)). There were no significant differences in calorie or protein provision,
duration of mechanical ventilation, or length of stay. Our research demonstrates that
feeding protocols may improve nutrition practices in the critical care setting, especially

with regard to routine early placement of feeding tubes and time to start enteral nutrition.



Chapter I: Introduction

Adequate nutrition provision during critical illness is associated with attenuation
of physiological stress and weight loss, reduction in cumulative energy and protein
deficits, lower risk of infections, improved immune function, and decreased length of
hospital stay.' ™ Early enteral nutrition (EN), typically defined as initiation of feeds <24-
48 hours from admission, is associated with decreased mortality and benefits to immune
function.>® Failure to provide nutrition, conversely, exacerbates weight loss and depletion
of bodily nutrient stores while increasing risk for morbidity and mortality.”® Nutrition is
especially important for critically ill children due to comparatively low bodily stores of
fat and protein and a high prevalence of malnutrition prior to pediatric intensive care unit
(PICU) admission.*” Children are at increased risk for impaired growth and development
if adequate nutrition is not provided. Unfortunately, nutrition provision in PICUs is often
delayed and inadequate to meet nutritional needs."

PICU clinicians have begun to implement feeding protocols in order to improve
and standardize nutrition practices. A feeding protocol is a guideline for the initiation
and advancement of nutrition support to be used by doctors, nurses, dietitians, and other
healthcare practitioners, along with clinical judgment. The content of feeding protocols
varies widely between institutions,'' but often includes the promotion of EN over
parenteral nutrition (PN) when possible, and encourages early initiation of EN. Feeding
protocols may also include guidelines for the following: formula selection, feeding start
rate, rate advancement, and goal rate; feeding tube termination site (gastric vs. post-
pyloric/trans-pyloric); management of gastrointestinal intolerance; and contraindications

for EN.'" A benefit of feeding protocols is that PICU staff are empowered to initiate EN



when a dietitian is not available to determine the nutrition prescription, which some
studies have shown reduces time to initiation and time to reach goal feeding rate.'® The
dietitian may then refine the EN order after a complete nutrition assessment. Feeding
protocols may also help to make evidence-based nutrition practices routine, while
educating the interdisciplinary team on current best practices for nutrition in critical care.
The effect of feeding protocols on nutrition-related outcomes in PICUs is a
relatively new topic, though a few notable studies regarding this subject have been

>10°14 Mehta et al. observed in a 2012 international,

performed over the past decade.
multicenter cohort study that PICUs using feeding protocols had a lower incidence of
infectious complications including ventilator-assisted pneumonia, bloodstream infections,
and urinary tract infections.” The current study will compare data collected prior to
implementation of a feeding protocol to current data in order to examine whether use of a
feeding protocol affected nutrition-related outcomes. Outcomes of interest in this study
were time to enteral feed initiation, percentage of prescribed energy and protein intake

obtained during ICU stay, length of ICU and hospital stay, time to wean from ventilation,

and prevalence of malnutrition at admission as classified by z-scores.



Chapter II: Specific Aims

Aim I will determine whether implementation of the PICU feeding protocol was
associated with a reduced time to initiate EN. We hypothesize that patients who
were admitted after the feeding protocol was implemented will have started EN

earlier than those who were admitted before it was implemented.

Aim 2 will examine whether the feeding protocol affected percentage of estimated
nutrient needs met during a stay up to 10 days in the PICU. We hypothesize that
patients admitted after the feeding protocol was implemented will have met a
higher percentage of their estimated energy and protein needs via nutrition

support during their hospital stay.

Aim 3 will explore health outcomes that have been associated with quality of
nutrition in pediatric critical care settings: Prevalence of infectious complications
(including blood stream and urinary tract infections), duration of mechanical
ventilation, and length of stay (PICU and hospital). We hypothesize that patients
admitted after the feeding protocol was implemented will have had decreased
infectious complications, a shorter time on mechanical ventilation, and a shorter

length of stay.



Chapter III: Background

Nutrition During Critical Illness

Infants and children have comparatively lower body fat and protein stores than
adults, and so are unable to forego nutrition for as long; they also have proportionally
higher metabolic demands due to body composition and growth. For example, a six
month old may require 80-100 calories per kilogram daily, compared to 25-30 calories
per kilogram for an adult."” Infants and children under two years of age admitted to
PICUs have been shown to be at greatest risk for worsening anthropometric
measurements during PICU stay. '®'” Catabolism associated with trauma or critical
illness can increase demands on nutrient stores,'® with muscle degradation accelerating in
order to supply amino acids for the synthesis of acute phase response proteins and for
gluconeogenesis. Lean body mass is also consumed for tissue repair and wound healing.
Glucose and glycogen stores are rapidly exhausted as energy demands rise, and fatty acid
oxidation accelerates, which may put infants and malnourished children at risk for
essential fatty acid deficiency.®'” This cascade of events during critical illness
necessitates timely and adequate nutrition provision to promote survival and recovery.

Inadequate nutrition provision during critical illness, which may be a result of
increased metabolism, inaccurately estimated nutrition requirements, or insufficient
nutrition infusion, is associated with higher morbidity and mortality, as well as increased
time to recovery.’ Research has demonstrated that inadequate nutrition during critical
illness affects health outcomes, but whether these deficits affect long-term growth
potential and development is still under investigation. The effect of critical illness on the

child’s ultimate growth potential depends on many variables including duration of



nutrition deficiency, protraction of illness, the child’s age, and underlying medical
condition. A study of 293 children (including preterm neonates, neonates, and older
children) showed that at six months after discharge, almost all children regained initial
hospital admission nutrition status (as measured by z-scores).'” Children with burn
injuries specifically, however, have been shown to experience declines in muscle mass
from nine to 12 months after injury and ongoing impaired growth for up to two years.?**!
Further investigation of growth and development outcomes in children with a history of

PICU admissions will help to clarify the long-term effects of critical illnesses requiring

PICU stays.

Malnutrition in the PICU
Children admitted to PICUs are more likely to be malnourished or at risk for
malnutrition compared to the general population, most often due to chronic disease

9,17,22
states.”

There are limited studies of the prevalence of malnutrition in PICUs, but past
estimates range from 15-30%.%'"** A US study of 71 critically ill children receiving EN
showed that at admission, 38% of the children were considered at risk for malnutrition
while 10% met established malnutrition criteria.'® On the first day of the study, 17% of
the study subjects had depleted protein stores, and 31% had depleted fat stores.
Researchers found that protein stores were associated with poor health outcomes; 37% of
those at risk for or with existing protein deficiencies developed multiple organ system
failure, compared to 23% of those without. Caloric repletion was associated with

survival. Malnourished children are even more susceptible to the metabolic demands of

critical illness than nourished children of similar ages, given that they have fewer
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endogenous nutrient stores available. Their immune response is impaired, = and they are
more vulnerable to infections, complications, longer duration of mechanical ventilation,

and lengthened hospital stays.****

In one study of 60 critically ill children, acute protein-
energy malnutrition was significantly associated with physiologic instability and
mortality.”®

There are diverse etiologies of malnutrition in the pediatric population. Diseases
that affect nutrient absorption and metabolism such as cystic fibrosis,*’ inflammatory
bowel disease,”® and other conditions increase risk for malnutrition and can impair
normal growth. Ongoing respiratory issues or feeding difficulties may cause chronic
inadequate weight gain or weight loss. Those with a history of prematurity are more
susceptible to inadequate weight gain®’ and may suffer from comorbidities affecting
nutrition status. Furthermore, it must not be ignored that socioeconomic issues influence
childhood nutrition - one in 10 households in the United States struggle with food
insecurity,’® which may further stress ongoing nutrition issues, especially in medically
complex children.

The lack of universally accepted parameters for diagnosing pediatric malnutrition
is a significant challenge to evaluating its prevalence. In a 2013 special report, the
American Society for Parenteral and Enteral Nutrition (ASPEN) defined malnutrition as
“an imbalance between nutrient requirement and intake, resulting in cumulative deficits
of energy, protein, or micronutrients that may negatively affect growth, development, and
other relevant outcomes.”' ASPEN’s classification of pediatric malnutrition considers

anthropometric measurements, duration of malnutrition (acute vs. chronic), etiology, and

developmental/functional outcomes. For clinical diagnosis of malnutrition, they



recommend use of standard deviations above and below the mean (z-scores) for weight
and weight-for-length/ BMI on WHO growth charts for ages 0-2, and on CDC growth
charts for ages 2-20. Weight loss and weight gain deceleration may also be taken into
account, among other factors.*” In literature, malnutrition is typically classified using z-
scores below -2. Standardization of the definition of pediatric malnutrition across
institutions and among researchers will help provide better estimates of its prevalence and
lead to improved understanding of the critically ill pediatric population.

Diagnosing malnutrition accurately in the critical care setting is challenging:
intravenous fluid use, medical equipment, and fluid status affect the validity of weight
measurements. Typical growth charts may not be accurate for children with conditions
such as cerebral palsy, spina bifida, quadriplegia, or other growth-affecting disorders,
although special growth charts for children with Down syndrome and cerebral palsy have
been developed. Validated condition-specific growth charts, nutrition-focused physical
examinations, and measures such as mid-upper-arm circumference and triceps skinfold

thickness measurements can help to evaluate nutrition status in these children.

Current Nutrition Practice Guidelines

Due to the limited data from which nutrition guidelines are drawn, current
recommendations are based on the best available evidence; large, prospective trials are
needed in order to strengthen and clarify recommendations for the critically ill pediatric
population. In 2017, ASPEN and the Society of Critical Care Medicine (SCCM) jointly
published updated clinical guidelines for nutrition care in critically ill children ages >1

months to <18 years.”> After analyzing 2,032 citations for relevance and quality, 16



randomized control trials (RCTs) and 37 cohort studies were selected to build evidence
for best clinical practice. Key recommendations include that all patients should be
screened for malnutrition or nutrition risk, EN should be initiated within 24-48 hours and
advanced stepwise, and at least two thirds of prescribed energy requirements should be
achieved by the end of the first week in the PICU. They also recommend, based in part
on the recent PEPaNIC trial,* that supplemental PN be delayed at least one week after
PICU admission in nourished children with low nutritional risk, although PN should be
considered sooner for children unable to receive EN in the first week and for those at
nutritional risk. The document emphasizes that due to the heterogeneity of patients
admitted to PICUs, these recommendations are to be used only as starting points for
individualized nutrition care.

EN is the first choice for nutrition support whenever possible as it is more
physiologic, and has been shown to be safe for critically ill children even with the use of

. . 34-37
some vasoactive medications.

It is important for preservation of gut mucosal integrity
because the intestinal villi atrophy without enterally-provided nutrition, resulting in a
barrier permeable to bacteria (increasing risk for bacterial translocation)* and
endotoxin.”® EN helps maintain the enteric immune system and gut microbial diversity,
and has been shown in animal models to have possible extra-intestinal immune benefits.
43941 Eurther, use of EN avoids complications associated with PN such as line infections
and thrombosis, hyperglycemia, liver complications, and gallbladder dysfunction, and is
less costly.>** A meta-analysis of 18 RCTs of adult ICU patients found EN was

associated with a reduction in infectious complications and ICU length of stay compared

to PN, though there was no difference in mortality between the groups.*



Evidence that PN should be used only when necessary in critically ill children is
building. In the PEPaNIC trial, a recent three-center randomized controlled trial including
1440 critically ill children for whom EN was contraindicated, researchers investigated
late PN provision (held for 1 week) versus early PN (provided within 24 hours). 33
Although mortality was similar between the two groups, children receiving early PN had
a significantly greater incidence of new infections, as well as a longer mean length of
PICU stay, regardless of age or severity of illness. Late PN was also associated with
shorter duration of mechanical ventilation and a higher likelihood of earlier live discharge
from the PICU. Based on the available evidence in pediatrics, EN provision is preferable
to PN when medically feasible.

Early provision of EN, typically classified in the literature as earlier than 24-48
hours of admission, has become a standard of practice due to accumulating evidence of
benefit to patients requiring nutrition support. Earlier initiation increases the likelihood
that feeds will advance to goal rate sooner, offsetting cumulative energy and protein
deficits. '° Early protein provision has been shown to improve plasma concentrations of
prealbumin and transferrin, with higher prealbumin levels associated with improved
survival.'® Early EN, started within 12 hours of admission, is well tolerated in critically
ill children; this refutes earlier conventions based on the assumption that impaired gastric
motility during critical illness would prevent feeding, and that children may go longer
than five to seven days without nutrition.'® In a 2014 retrospective multicenter study of
12 PICUs, researchers found early EN, defined here as meeting 25% of estimated
cumulative caloric needs within 48 hours, was associated with lower mortality.” A meta-

analysis of six RCTs showed a significant reduction in mortality and pneumonia in
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critically ill adults when EN was initiated within 24 hours of admit,' and a meta-analysis
of 15 RCTs comparing early versus delayed EN in 753 hospitalized adult postoperative,
trauma, burn, and medical ICU patients found early EN was associated with a lower
incidence of infections and reduced length of hospital stay.** Based on the available
evidence, consensus-based recommendations advise to initiate feeds within 24 hours of
admission when oral intake is unavailable.*’

Accurate determination of energy expenditure is important to prevent over and
underfeeding, and the 2017 ASPEN/SCCM guidelines recommend the use of indirect
calorimetry (IC) to predict nutrient requirements, or alternatively the Schofield or
FAO/WHO equations without stress factors when IC is not available. It has been shown
that children may not become hypermetabolic during critical illness in a similar manner
as adults.* IC is the gold standard because predictive equations were originally
developed to describe the resting energy expenditures of healthy children*® and have been
shown to lead to over or underfeeding compared to IC.*' These equations are not
appropriate for all children, for instance, for some medically complex or significantly
over or underweight children. Although IC is the most accurate measure of energy
expenditure, it is not readily available in the majority of PICUs. It is associated with
higher costs, and may not be indicated for mechanically ventilated patients with elevated
oxygen requirements or with >10% tube leakage."” Dietitians typically determine
estimated nutrition needs by comparing the results of several predictive equations, taking
into account additional information such as feeding and weight history. They monitor the
response to nutrition provision closely by evaluating weight trends and nutrition-related

laboratory tests, and fine-tune nutrition prescription accordingly. Until IC is routinely
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available, use of predictive equations is a limitation in clinical studies of the effects of
nutrition support therapy.

Provision of nutrition closer to estimated nutrition needs is associated with
desirable outcomes. Achieving predicted energy and protein goals via nutrition support is
associated with increased survival in critically ill children."® Adequate protein has been
associated with decreased 60-d mortality.*® Unfortunately, many patients fail to obtain
nutrition needs. Across several reports, children received only 30-70% of estimated

344951 I a retrospective chart review of 240

energy requirements during their PICU stay.
PICU patients, Kyle et al. found patients met on average only 75% of estimated energy
and 40% of estimated protein needs during the first 8 days of admission.’” In the complex
care environment of the PICU, nutrition may be overlooked as clinicians focus on the
acute illness at hand. Additionally, barriers such as fluid restrictions, delayed initiation,
interruptions due to intolerance, and fasting around procedures, may affect nutrition
provision. Nutrition therapy clinical guidelines, such as those published by
ASPEN/Society of Critical Care Medicine (SCCM)* and the European Society of
Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN),> have been

developed to address these issues, and should serve as the basis for clinician-developed

feeding protocols.

Barriers to Feeding
A 2003 study of nutrition support therapy in the PICU found fluid restriction was
the most prominent risk factor for not achieving estimated energy requirements, affecting

67% of PICU patients including 17 out of 18 infants undergoing cardiac surgery for a



12

median of four days of PICU stay.”® Fluids allotted for nutrition were the most likely to
be restricted first as opposed to fluids for medications, which affected cumulative energy
and protein provision. Other major barriers were interruptions of feeds for procedures or
extubation, which affected a similar number of patients (62%) but for a shorter duration
(median one day of PICU stay). After feeds were interrupted, it was more common for
staff to re-initiate feeds at a slower rate and advance gradually than to reinstate feeds at
the previously tolerated rate, which affected the percentage of estimated needs achieved.
Evidence of gastrointestinal intolerance, such as vomiting, high gastric residuals,
abdominal distension, and diarrhea, occurred on a median of one day of PICU stay,
affecting the energy intake of 57% of patients. Another study showed that delays to
initiation were associated with failure to meet nutrition goals.'® Issues associated with PN
such as lack of central lines, line occlusions, and line infections have also been shown to
affect nutrition provision.™

Though some of the aforementioned barriers are unavoidable, good clinical
practice, including feeding protocols, may limit their effects on nutrition provision.
Timely identification of nutritional risk within 24 hours of admission, early feeding tube
placement and feed initiation, attempting to reduce rate or adjust from bolus to
continuous rate instead of holding feeds, limiting periods of nil-by-mouth, and avoiding
holding feeds for gastric residuals or gastrointestinal symptoms unnecessarily, are all

tactics for optimizing nutrition therapy.*’*
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Feeding Protocols

Feeding protocols are designed to guide clinicians on the initiation, advancement,
and management of feeding, while standardizing nutrition care for PICU patients. In
several pediatric studies, they have been associated with earlier achievement of goal
feeding rate, increased use of EN over PN, and fewer incidences of infection, 1314
Researchers have also observed improved GI tolerance when enteral feeding protocols
were implemented, with decreased frequency of gastrointestinal bleeding and

. 12,24
diarrhea.

In a 2006 retrospective chart review comparing nutrition-related outcomes
in a single PICU before and after feeding protocol implementation, time to goal nutrition
decreased from 57.8 to 18.5 hours. Further, the percentage of patients who vomited
decreased from 20% to 11%, and constipation was reduced from 51% to 33%. Key
components of the protocol, according to the authors, were the initiation of feeds within
six hours of ICU admit unless contraindicated, and the institution of an aggressive bowel
regimen.'” In a similar study, after implementation of a feeding protocol, there was a
greater use of EN in medical patients, and a reduction of PN in both medical and surgical
patients.’® Finally, in a study published in 2009, prospective audits demonstrated patients
had an earlier initiation of EN and delivery of a greater percentage of estimated energy
needs after a feeding protocol was implemented. "

Although studies have shown improvements in nutrition-related outcomes in
PICUs with feeding protocols, they are not yet in widespread use, and studies have shown
they often do not adhere to current evidence-based guidelines. In an international cohort

study by Martinez et al.,'' of 31 participating PICUs, only nine reported use of detailed

feeding protocols. Of these, the content of protocols varied widely between institutions,
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and they did not consistently adhere to current best practice recommendations as
indicated by ASPEN/SCCM or ESPGHAN."" Only three protocols recommended
nutrition screening for all patients. Of the seven protocols recommending methods for
determining nutrition prescription, protocols suggested institutional tables, age/weight
indicators, and use of a predictive equation, while only one center recommended IC. All
nine protocols provided suggestions for feeding rate advancement, but recommendations
varied considerably. Seven out of nine indicated gastric residual volume of varying
amounts as a marker of feeding intolerance, even though it is a poor marker for gastric
emptying and may lead to unnecessary EN interruptions. In this study, adequacy of
nutrition provision was not associated with the use of feeding protocols, nor was it
associated with promotility agents or post-pyloric feeding. Optimal EN delivery (set at
>66.7 of estimated needs) occurred in less than a third of the cohort. The authors suggest
that feeding protocols and practices that follow consensus-based guidelines may help

better achieve nutrition goals in the PICU.

Summary

Providing appropriate nutrition to critically ill children is associated with better
health outcomes including lower risk for infection, reduction in energy and protein
deficits, and improved survival. Children are particularly vulnerable to the metabolic
demands of trauma and critical illness, and have a more immediate need for nutrition than
adults. Early initiation of enteral feeds and decreased feeding interruptions are key areas
for improvement, and feeding protocols have been studied as a way to improve nutrition

practices in the PICU and increase achievement of nutrition goals. Although use of



feeding protocols in PICUs is a relatively new practice, implementation provides an

opportunity to examine their efficacy and identify areas for improvement.

15
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Chapter IV: Materials and Methods

Study Design/Description of Study

This was a retrospective chart review comparing existing anthropometric and
nutrition-care related data from patients admitted to the Doernbecher PICU before and
after implementation of a feeding protocol. Study data were obtained by chart review of
patients during PICU and hospital admission, and included data obtained in the process of
routine clinical care and recorded in EPIC. The Oregon Health & Science University

(OHSU) Institutional Review Board (IRB) approved this study.

Setting and Study Populations

Chart data on consecutively admitted children aged one month through 18 years
admitted to the Doernbecher PICU during approximately a four month period in 2012
(pre-implementation group) as well as consecutively admitted children admitted during
approximately a four month period in 2017 (post-implementation group) were screened
for inclusion in this data-only chart review. 50 total participants met inclusion criteria for

this study (from both pre-implementation and post-implementation groups).

Inclusion and Exclusion Criteria

Inclusion criteria for this study were: 1) ages one month through 18 years, and 2)
admitted to the PICU and mechanically ventilated or on HFNC >5L within 48 hours of
admission and for longer than 48 hours duration. Exclusion criteria for this study were: 1)

children not mechanically ventilated within 48 hours of admission or for fewer than 48
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hours duration, 2) on compassionate care (end-of-life), and/or 3) patients achieving full

oral diet in fewer than three days of PICU admission.

Data Collection and Management

Data were collected by study personnel and were entered and stored using the
Research Electronic Data Capture (REDCap) data system, which is available through the
Oregon Clinical and Translational Research Institute (OCTRI). A de-identified Excel
dataset was exported from REDCap for data analysis and stored on password protected,
encrypted OHSU workstations, with access to all locations restricted to study personnel.

Individual data collected included: demographic data, including name, date of
birth, medical record number, sex, and age; anthropometric data including height or
length, weight, weight-for-length or BMI; and medical data including admission
diagnosis and other relevant diagnoses and timing of events of interest. Nutrition data
collected included estimated calorie and protein needs as determined by dietitian at initial
assessment; timing and placement of feeding tubes; nutritional content of enteral and
parenteral nutrition provision; formula type, volume and rate of feeding; mechanical
ventilation data; and length of stay in PICU and in hospital. The end point for nutritional
data collection was 10 days after admission or discharge from the PICU, whichever was

sooner. The end point for clinical outcomes was 60 days from admission.

Statistical Analysis
Primary outcomes for this study were time of EN initiation, percent of estimated

nutrient needs met from EN and/or PN, prevalence of infectious complications (including
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bloodstream, hospital-acquired pneumonia, and urinary tract infections), duration of
mechanical ventilation, and length of stay (PICU and hospital). Descriptive statistics
were used to describe patient characteristics including sex, age, anthropometrics, and
primary medical diagnosis. Categorical variables were reported as counts and
percentages, and continuous variables were summarized as means/standard deviations.
The prevalence of malnutrition was reported; malnutrition was diagnosed using
admission database anthropometrics and Doernbecher Children’s Hospital Criteria for
Diagnosing Pediatric Malnutrition Tool (see Appendix A). Length measurements were
deemed inaccurate based on clear discrepancy with previous length measurements and z-
score trends and clinical judgment. Statistical analysis was conducted using Stata version
15.1.

Hazard models (time-to-event analyses) were used to compare primary outcomes
between the pre-implementation and post-implementation groups. “Time of initiation”
was defined as the hour during which tube feeding of an enteral formula (not solely water
flushes or an electrolyte solution such as Pedialyte) commenced for each child. It was
recorded at any time from admission through 10th day of PICU stay. Only the first
initiation was recorded for each patient. If feeds were interrupted, the restart did not count
as a separate initiation. If a patient did not qualify for enteral feeds, or if PN only was
provided, this was censored. Time to wean from mechanical ventilation and length of
ICU and hospital stay were compared between the two groups. Outcome data were
collected until 60 days from admission.

Daily nutrition support through day 10 of PICU stay or transfer/discharge out of

PICU (whichever was sooner) was collected for each patient. Mode of delivery (EN, PN,
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or both) was recorded. Energy was defined as the total calories obtained from
carbohydrate, protein, and fat/lipids. Protein was defined as total grams of protein from
enteral formulas or amino acids. Dextrose as a component of fluid replacement was not
included in energy calculations, but scheduled (not one-time use for procedures) Propofol
was, as this is factored into the dietitian’s recommendations for nutrition provision. Each
patient’s energy and protein support was plotted against time and then summarized as the
area between the energy/protein profile over time and the energy/protein requirement set
by the dietitian’s initial assessment. Number of days over which this area was computed

was retained and used in models as a controlling covariate.



Chapter V: Results

Study Population Characteristics

Figure 1. Flow diagram for study inclusion
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Between September 1¥ and December 31% of 2012 and 2017, a total of 860
patients were admitted to the PICU and retrospectively screened for inclusion/exclusion
criteria (Figure 1). All patients admitted to the PICU during a pre-specified time period of
September through December were screened for study inclusion rather than collecting a
pre-determined number of patients in order to protect against over-representation of
seasonal illnesses such as respiratory syncytial virus and the flu in either of the groups.

Patients admitted with cardiac conditions were excluded because the PICU has a
separate cardiac feeding protocol. Patients were excluded from the study if respiratory
support was not started within 48 hours or sustained for 48 hours duration, diet was
advanced within three days of PICU admit, or were on end of life care. Further, patients
younger than one month or older than 18 years were excluded. Out of 860 patients
screened, 22 patients in the 2012 cohort and 28 patients in the 2017 cohort met all
inclusion criteria, for a total study population of 50 patients.

The groups were not significantly different from one another regarding home
feeding method (p=0.83, Fisher’s exact test), ICU enteral feeding method (p=0.50,
Fisher’s exact test), admission diagnosis (p=0.19, Fisher’s exact test), or ventilation type
in the ICU (p=0.12, Fisher’s exact test) (Table 1). Fisher’s exact tests were used in order
to examine values with small sample sizes in each category. Fifty percent of patients in
2012 and 36% of patients in 2017 were primarily fed orally at home, while the remainder
were tube fed at baseline. The difference in the number of patients who received
parenteral nutrition at any point during their admission trended toward significance
(p=0.07, Chi-squared test), with 36% of admitted patients receiving parenteral nutrition in

the 2012 cohort versus 14% of patients in the 2017 cohort.



Table 1. Nutritional and clinical characteristics

Feeding Method at Home

Oral

Nasogastric
Nasoduodenal/Nasojejunal
G-tube

J-tube/GJ-tube

ICU Enteral Feeding Method

Nasogastric
Nasoduodenal/Nasojejunal
G-tube

J-tube/GJ-tube

Received TPN/PPN at Any Point

Admission Diagnosis

Chronic Illness/Congenital &
Comorbidities
Gastrointestinal

Hematologic/Oncologic
Neurologic/Seizures

Respiratory/Pneumonia
Sepsis/Septic Shock/Infectious

Trauma

Ventilation in ICU

High Flow Nasal Cannula >5L
Intubation

Nasal intermittent positive pressure
ventilation

Tracheostomy & Vent

2012

n=22

11(50)
209)
1(5)
7(32)
1(5)

n=21
3(14)
11(52)

7(33)
0

n=8(36)

n=22

6(27)

1(5)

3(14)
0(0)

9(41)
1(5)
29)

n=22

3(14)
12(55)

1(5)
6(27)

2017

n=28
n (%)
10(36)
2(7)
1(4)
12(43)
3(11)

n=26

2(3)
12(48)
8(32)
3(12)

4(14)

n=28

6(21)

1(4)

0(0)
1(4)

10(36)
7(25)
3(11)

n=28

0
19(68)

4(14)
5(18)

p-value'

p=0.83(f)

p=0.50(f)

p=0.07 (¢)

p=0.19(f)

p=0.12(f)

" (f) = Fisher’s exact test (c)=Chi-squared test

22
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In both groups, respiratory issues were the most common PICU admission
diagnosis, comprising 41% of admission diagnoses in 2012 and 36% in 2017. Illnesses
related to a chronic or congenital condition were the second most common admission
diagnosis. In 2012, only one patient (5%) was admitted with an admission diagnosis of
shock/sepsis/infection, whereas 7 patients (25%) were admitted in this category in 2017.
Over half of all patients in each group were intubated as primary respiratory support
method during their ICU stay.

Age and sex of the subjects were not statistically different (Table 2). The average
age of patients in both groups was around late preschool to early school age (6.2 years in
2012 and 5.3 years in 2017). The median age at admission in 2012 was 1.9 years (IQR
0.4, 12.5), but in 2017 was 3.6 years (IQR 0.7, 8.3); slightly older. The percentage of
males was higher than the percentage of females in both groups. Anthropometrics were
similar between groups for weight, length, and weight for length or BMI, and associated
z-scores based on measures of central tendency. Mean z-scores for all parameters were
<1 standard deviation above or below the mean of the reference population (or the
50"%ile trend line for age). Z-scores were included for all patients using either WHO
growth charts for children ages 0-2, and CDC growth charts for children ages 2-18, and
corrected for gestational age when necessary. Z-scores were calculated for all patients
regardless of whether these growth charts (which were developed for typical children)
were applicable to the individual child’s condition. Length/height measurements of five
patients in the 2017 group were excluded due to being missing or appearing inaccurate;

this also resulted in incalculable weight-for-length/BMI measurements.
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Table 2. Demographic and anthropometric characteristics

2012 (n=22) 2017 (n=28) p-value'
Age (y)
Mean (SD) 6.2(6.7) 5.3(4.8) p=0.60(t)
Median (IQR) 1.9(0.4,12.5) 3.6(0.7,8.3)
Sex
Female (n%) 9(41) 13(46) p=0.70(c)
Male (n%) 13(59) 15(54)
Weight (kg)
Mean (SD) 20(18) 23.6(17) p=0.43(w)
Median (IQR) 14.6(6.4,33) 16(9.9,36.2)

Weight (z-score)
Mean (SD) -0.5(1.4) 0.8(1.6) p=0.36(w)
Median (IQR) -0.9(-1.5,0.62) -0.1(-0.8,0.9)

Length (cm)
Mean (SD) 97.7(38) 97.2(32)2 p=0.49(w)
Median (IQR) 92.7(63.5,134.6) 91(74,120.7)2

Length (z-score)
Mean (SD) -0.7(1.8) —0.6(1.9)2 p=0.52(w)
Median (IQR) -0.4(-1.9,0.7) -0.7(-1 .3,0.3)2

Weight for Length (z-score)
Mean (SD) 0.7(1.8) 0.7(1.6)° p=0.38(w)
Median (IQR) -0.2(-1.1,1.1) 0.7(-0.2,1.7)°
' (t) = Student’s t-test, (c)=Chi-squared test, (w)=Wilcoxon rank sum test
2
n=23

Time to Initiate Enteral Nutrition

A Cox proportional hazard regression model (time to event analysis) was used to
estimate and test whether hours from admission until start of EN differed between pre-

and post-feeding protocol groups (Table 3). There was a statistically significant
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difference in time to EN initiation (p=0.02, Chi-squared test) between the 2012 and 2017
groups, with feeds being initiated around twice as quickly in 2017 (Hazard ratio (95% CI)
=2.12(1.13, 3.98)). In 2017, 25% of patients had started EN by around hour 12 (95% CI
2.3,22.4), while in 2017 25% of patients starting EN by about 24 hours (95% CI 1.8-
28.6) (Table 3). Similarly, in 2017, 50% of patients had started EN by around hour 26

(95% CI 16.7, 35.4), versus around hour 33 in 2012 (95% CI 23.7, 55.5).

Table 3. Hours from admission to start of enteral nutrition.

25% (95 % CI) 50%(95%CI) 75% (95% CI) p-value'

2012(n=22) 23.7(1828.6)  332(23.7555) 66.6(424, p=0.02(c)
136.65)
2017(n=26) 12.2(23224)  256(16.7, 39.1(30.1,55.0)
35.4)

"(c)= Chi-squared test

Figure 2. Hours from admission until start of enteral nutrition
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Calorie and Protein Provision

Cumulative deficiencies in calories and protein over time as well as median
percentages of protein and calories delivered over stay were compared between groups.
The deficits were calculated using the difference in the area under the curve for calories
or protein actually provided compared to the amount prescribed for each day of ICU stay
until diet advance, discharge, or day 10 of ICU stay, whichever occurred first. For each
patient, the daily percentage of prescribed calories and protein was computed and the
median of these daily (calorie or protein) values was then computed within each patient.
Group differences were estimated and tested by considering the mean of these patient-
specific median values using t-tests, since initial inspection of the distribution of the
median values showed no overt violations (outliers or pronounced skewness). Results
were compared using Student’s t-tests.

Calorie provision, which included calories from both enteral and parenteral
nutrition, was not significantly different between the groups (Tables 4 and 5). The mean
cumulative caloric deficiency in the 2012 group was -2960 calories (SD=2077), and in
the 2017 group it was -3011 calories (SD=1769), for a difference of 51 calories (95% CI -
1043, 1146) (Table 4). Cumulative deficiency of protein was also similar between the
groups, with a mean deficit of 85g in 2012 and 86g in 2017, for a difference of <1g (95%
CI -50, 52) (Table 5). The average of the median calories each patient obtained during
their ICU stay was 62% (SD=35) of prescribed needs in 2012, and 66% (SD=25) in 2017

(Table 4). For protein, patients obtained 66% (SD=32) of their prescribed needs in 2012,



and 78% (SD=39) in 2017, which was improved, but this finding was not statistically

significant (Table 5).
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Table 4. T-test results comparing calorie provision between groups

Cumulative deficiency below prescribed calories over ICU stay (kcal) p-value'
Mean kcal (SD) 95% C1 p=0.92(t)
2012 (n=22) -2960(2077) -3881,-2039
2017 (n=28) -3011(1769) -3698,-2325
Difference 51(--) -1043, 1146
Median percentage of prescribes calories delivered during ICU stay
Mean % (SD) 95% C1 p=0.66(t)
2012 (n=22) 62(35) 46,78
2017 (n=28) 66(25) 56,76
Difference 4(--) -21,13
'(t) = Student’s t-test
Table 5. T-test results comparing protein provision between groups
Cumulative deficiency below prescribed protein over ICU stay (g) p-value'
Mean g (SD) 95% CI1
2012 -85(77) -119,-51 p=0.97(t)
2017 -86(98) -124,-48
Difference 0.88(--) -50,52
Median percentage of prescribed protein delivered during ICU stay
Mean % (SD) 95% CI p=0.25(t)
2012 66(32) 51,80
2017 78(39) 62,93
Difference -12(--) -33,9

'(t) = Student’s t-test
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Secondary Analyses of Anthropometrics, Time to Wean from EN, and Duration of
Intubation

Anthropometrics were compared between typically growing children and children
with non-nutrition related conditions affecting growth. When patients with both weight
and length measurements available (n=45) were sorted into groups based on whether
standard growth charts were appropriate (meaning, whether anatomical or growth
differences secondary to medical conditions such as severe cerebral palsy did or did not
invalidate the use of a growth chart developed using a reference population of typically
growing, well children), differences between z-scores for weight (p=0.15 (Wilcoxon
rank-sum test)) and length (p=0.08 Wilcoxon rank-sum test)) trended toward significance
(Table 6). Wilcoxon rank-sum tests were used to test the null hypothesis because data
were not normally distributed. Patients for whom standard growth charts were not
applicable (n=16) had a mean weight z-score of -1.2 (SD=0.9) and a mean length z-score
of -2.7 (SD=1.6) compared to typical children’s (n=34) z-scores, which were a mean of

7z=0.3 (SD=1.4) for weight and mean of z=0.2 (SD=1.5) for length.

Table 6. Anthropometrics by applicability of standard growth charts
Yes (n=34) No (n=16) p-value'
Weight (kg)
Mean (SD) 20.2 (17.1) 26.9 (17.6) p=0.61(w)
Median (IQR) 13.7 (7.3,30) 27.9(9.6,42.2)
Weight (z-score)
Mean (SD) 0.3 (1.4) -1.2(0.9) p=0.15(w)
Median (IQR) 0.6 (-0.4,1.1) -1.1(-1.6,-0.6)
Length (cm)
Mean (SD) 94.9 (34) 103.6 (38.1)° p=0.56(w)
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Length (z-score)

Table 6. Anthropometrics by applicability of standard growth charts (continued)
Median (IQR) 88.8 (64.9,115.5)

94 (72, 139)°

Mean (SD) 0.2 (1.5)° 2.7 (1.6)° p=0.08(w)
Median (IQR) 0 (-0.7, 1.3)° -3.3(-3.9,-1.36)
Weight for Length (z-score)
Mean (SD) 0.3 (1.7)* 0.6 (1.7)° p=0.55(w)
Median (IQR) 0.7 (-0.9, 1.6)° 0.7 (-0.7,1.3)°

! (w) = Wilcoxon rank-sum test
2

n=32
‘n=13

Around 18% of children in the 2012 cohort and around 7% in the 2017 cohort

were diagnosed with malnutrition using the Doernbecher Criteria for Pediatric

Malnutrition (Appendix A) (Table 7). In the total study population, 6% of children (n=3)

were considered at risk for/with mild malnutrition, and 6% (n=3) were diagnosed with

moderate to severe malnutrition, for a total of 12% of children with some type of

malnutrition diagnosis. There was not a significantly different number of children with

malnutrition diagnoses in the 2012 compared to the 2017 cohorts based on the Fisher’s

exact test, which was used to evaluate these categorical variables with small sample sizes.

Table 7. Malnutrition Diagnosis

Total (n=50)

None (n%) 44(88.0)
At Risk/Mild (n%) 3(6.0)
Moderate (n%) 2(4.0)
Severe (n%) 1(2.0)

2012 (n=22) 2017 (n=28) p-value'
18(81.8) 26(92.9) 0.69(f)
2(9.1) 1(3.6)

1(4.6) 1(3.6)

1(4.6) 0(0)

'p=0.69 (Fisher’s exact test)




30

Log rank tests and Cox proportional hazard models were used to evaluate days to
wean from EN and days to extubation between the 2012 and 2017 groups (Table 8). Time
to wean from EN trended toward significance between the groups (p=0.09, log rank test),
with a hazard ratio of 2.6 (95% CI 0.8,8.0) (Table 8), with weaning occurring more
quickly in 2017 (Figure 3). The total number of patients who weaned from EN (n=22)
was fewer than the total number whose enteral nutrition had been initiated (n=48)
because some patients were tube fed at home (meaning, this was their baseline feeding
method and therefore would not be weaned), or because they did not wean from enteral
nutrition prior to discharge from the PICU or within the 10 days of the study time period
and were therefore censored.

Time to extubation (or, total duration of intubation) was not significantly different
between the groups (p=0.69, log rank test) (Table 7). Patients spent a median of 3.8 days
(95% CI 3.2, 10.6) intubated in 2012 and 5.9 days intubated (95% CI 3.8, 7.4) in 2017.

There were fewer intubated patients in the 2012 group (n=12) than in 2017 (n=19).

Table 8. Survival analyses for nutrition-related clinical outcomes

25% (95 % CI) 50% (95 % CI) p-value1
Time to wean from EN (in days)
2012 (n=11) 4.0(2.3,14.9) 149(33.4.21) p=0.09(1)
2017 (n=11) 3.4(2.6,6.8) 6.8(2.9,-)
Time to extubation (in days)
2012 (n=12) 3.3(3.1,3.8) 3.8(3.2,10.6) p=0.69 (1)
2017 (n=19) 3.8(2.7,5.9) 593.8,74)

'(1)= Log-rank test




Figure 3. Days to wean from EN, as measured from time of EN initiation (Kaplan-Meier
survival curve)
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Log rank tests and hazard models were used to evaluate days to discharge from
the ICU and hospital (Table 9). Neither PICU nor hospital lengths of stay were
significantly different from 2012 to 2017 based on log rank tests. Based on the hazard

models patients did not tend to discharge earlier in 2012 than in 2017 (Figures 5 and 6).

Table 9. Survival analyses for length of stay

25% (95 % CI) 50% (95 % CI) p-value'

Time to discharge from ICU (in days)

2012 (n=22) 5.0(2.5,7.7) 10.4(5.1, 12.4) p=0.76(1)
2017 (n=28) 4.3(2.5,6.0) 7.1(5.1,9.9)

Time to discharge from hospital (in days)
2012 (n=22) 7.7(4.5,9.9) 104 (7.7,15.8)  p=0.95(1)
2017 (n=28) 6.4(3.6,10.8) 12.1(6.7,16.7)

'(1)= Log rank test

Figure 5. Time to discharge from PICU in days (Kaplan-Meier survival curve)
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Figure 6. Time to discharge from hospital in days (Kaplan-Meier survival curve)
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Chapter VI: Discussion

The Doernbecher PICU feeding protocol was designed to promote early and
adequate nutrition for critically ill children, and incorporates ASPEN practice
recommendations to optimize care in an evidence-based manner.” Feeding protocols are
becoming more widely used in hospital settings, but there have been limited studies
examining nutrition-related outcomes before and after feeding protocol implementation at
a single PICU. In our study, we demonstrated that EN was initiated almost twice as
quickly in 2017 compared to 2012, the year before the feeding protocol was
implemented. Despite this change, calorie and protein provision were about the same, and
nutrition-related outcomes of interest including duration of intubation and length of PICU
and hospital stay were unchanged. The results of the present study inform clinical
practices at Doernbecher Children’s Hospital, including areas for improvement and
further study, and add to the currently limited body of knowledge regarding feeding

protocols.

Time to Initiate Enteral Nutrition

The joint ASPEN and SCCM 2017 guidelines for nutrition care for critically ill
children states use of aggressive feeding protocols may reduce time to initiate EN and
reach goal rate of feeds, and reduce use of PN, but that more research (especially
randomized controlled trials) need to be performed to demonstrate whether they truly can
affect outcomes.*’ In our study, time to initiation of enteral nutrition decreased
dramatically over the 5 years in between study cohorts. The improvement in time to

initiate enteral nutrition (Table 3) suggests the feeding protocol has affected nutrition
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practices in the PICU, and is reflective of evidence that feeding protocols encourage the
habit of placing feeding tubes earlier and starting feeds more quickly.>"*” Given the
observational nature of this study, a causal association between the feeding protocol and
time to initiate EN cannot be established. However, given that the protocol encourages
clinicians to place feeding tubes and start EN prior to initial nutrition assessment by the
dietitian, and is now part of routine clinical practice in the PICU, it is hypothesized to
have played a role in this improvement. Other factors that may have influenced this
outcome are general changes in clinical practice over the 5-year period and increased
knowledge among clinicians of the importance of early and adequate nutrition for
pediatric patients. Decreased use of PN over the 5-year period fits with this pattern,
although a larger sample size in a future study would help to establish any statistical
significance.

Notably, in 2012 over half of patients had started enteral nutrition within 48
hours, but by 2017, that proportion increased to 75% (Table 3). The Doernbecher PICU
feeding protocol recommends feeds start within 24 hours of admission where oral intake
is unavailable, and to re-evaluate candidacy for enteral nutrition every 12 hours if it is
initially contraindicated (Appendix B). Various studies have defined early enteral
nutrition as starting before 24 hours®>~** 48-72 hours,*'*** or reaching a certain
percentage of nutrition needs by an early point in admission;™'**** early EN is
associated with improved clinical outcomes including decreased length of stay and
reduced infectious complications, reduced mortality, improved tolerance of feeds, and

5,6,10,13,35,41,58,60

lower hospital costs. This effect may be related to the trophic nature of

2,61

enteral feeds, and to delivery of energy and protein required for metabolism.””" Future
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research is needed to examine whether time to achieve goal rate, or provision of a certain
percentage of nutrition needs within an early period of time, is associated with improved

clinical outcomes.

Calorie and Protein Provision
In studies examining nutrition provision in pediatric critical care, earlier EN
initiation has been associated with an increase in the percentage of estimated nutrition

'%61 I the current study, however, this did not appear to be the case, refuting

needs met.
our hypothesis that nutrition needs would be better met in the 2017 group than in the
2012 group (Tables 4 and 5). This finding is unexpected considering that if nutrition is
provided earlier, there should be less of a cumulative deficit with goal feeding rate being
reached earlier, as has been found in similar studies.>'*7

There are several possibilities why this may have occurred. Firstly, since we were
primarily interested in how patient’s overall nutrition needs for calories and protein were
being met compared to estimated needs, PN was counted in addition to EN. In 2012,
there was a trend toward more patients having received PN at any time; (36% of patients
received PN in 2012, compared to 14% in 2017 (Table 1). This may have resulted in
patients who would otherwise have not been meeting nutrition needs via EN receiving a
larger percentage of their nutritional requirements via supplemental PN, affecting results.
That children were more likely to have been given parenteral nutrition (PN) in 2012 than
in 2017 may be reflective of changes in clinical practice, as awareness of cost, risk for

infection, and altered nutrition-related labs such as blood glucose and triglycerides when

PN is provided are more widely understood. Though the present study’s finding only



37

approached statistical significance, if the trend toward a decrease in the use of PN in this
study is reflective of actual changes in practice, it may be attributable to the feeding
protocol, increased awareness of the risks of parenteral nutrition in critically ill children,
or fewer clinical barriers to using enteral nutrition in 2017 versus 2012.

Secondly, interruptions of enteral nutrition (including periods of nil-by-mouth
around procedures, signs of gastrointestinal intolerance, fluid restrictions, and resuming
feeds at a slow rate instead of at previously tolerated rate after an interruption) may have
been more prevalent in one group than another, though these instances were not recorded
in the current study. The Doernbecher PICU feeding protocol recommends holding
nasogastric feeds six hours prior and postpyloric feeds two hours prior to extubation, with
the aim of minimizing the effect of this common procedure on nutrition provision. It also
provides guidance for signs of feeding intolerance, recommending that feeds be held for 2
hours, then reassessing whether feeds can be restarted. It also provides guidelines in the
case of constipation or diarrhea that do not include stopping enteral feeds. In a follow up
study, evaluating interruptions of enteral nutrition for intolerance and around procedures
in pre- and post- feeding protocol implementation groups would provide insight into how
these guidelines are being used in practice.

Finally, there may have been no actual change in nutrition provision between
2012 and 2017. We were not able to assess compliance with use of the feeding protocol
as this was a retrospective chart review, and though some studies have shown
improvement in nutrition provision when feeding protocols are implemented,>'*'*%* a

large multicenter study by Martinez et al. showed no change.”’
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In 2012, Mehta et al. demonstrated that meeting a higher percentage of goal
calories prescription from EN alone (defined by an increase from 33.3% to 66.6%, as an
average of daily percentage of estimated needs obtained) was associated with a
significant reduction in mortality, as was receiving EN alone instead of any PN.” Our
study used a somewhat different analysis for nutrition provision — we measured the
median of percentage of daily calories prescribed for each individual (as measured by the
area under the curve) to limit the effect of daily outliers, then, we evaluated the cohorts as
a whole using means as the resultant data were normally distributed (Tables 4 and 5).
Patients met around two-thirds of prescribed calories from both EN and PN in both
cohorts, with a higher percentage of protein provision in 2017, though no significant
difference between the groups was demonstrated. Follow up research is needed to
evaluate if measuring EN separately from PN would better illustrate how and by what
method nutrition needs are being met in the PICU, and whether we are meeting the goal
of two-thirds of calorie needs that has been associated with reduced mortality.

Our feeding protocol suggests goal rates for EN delivery based on weight and age,
but recent studies have explored the use of volume-based goals, with rates managed
primarily by clinical staff. In a single-center randomized prospective study of critically ill
adults, a volume-based feeding protocol better met calorie needs than did a rate-based
protocol (92.9% of needs compared to 80.9%, p=0.01).%* Research in pediatric critical
care on this topic is currently scarce. In one observational study of 40 patients by Bixia
et al., implementation of a volume-based feeding protocol in a PICU showed no

. . .. .. 64 .
improvement in nutrition provision. ~ A prospective study on volume-based goals
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compared to rate-based goals at our site would provide information on whether our

feeding goals are better achieved using goal volumes instead of rates.

Anthropometrics and Malnutrition

Overall, demographic and clinical characteristics showed the groups were without
significant differences that would affect the comparison’s validity. Though there were a
greater number of patients in the 2017 cohort than in the 2012 cohort, groups were
adequately comparable in size for the statistical analyses performed. Age and sex of the
cohort was similar to that of the international multicenter study of PICU feeding practices
by Mehta et al.,”> whose subjects were a mean age of 4.5 years and of whom 48% were
females.

Z-scores are used to assess deviation from the average weight, length, or weight-
for-length/BMI. However, though these measures of central tendency were useful for
ascertaining whether the groups were comparable overall, they are not as useful for
describing the nutrition status of the cohorts, because there are a large range of z-scores
among patients both above and below the mean. For this reason, a separate assessment of
malnutrition in the study population was performed. In order to make a valid diagnosis of
malnutrition, it is necessary to assess whether standard growth charts are actually
appropriate for the child in question, as children admitted to the PICU frequently have
non-nutrition related growth abnormalities, and cannot be reliably compared to growth
charts used for typical children. For example, anthropometrics of children with cerebral
palsy are plotted on disease-specific growth charts, which take into account mobility and

feeding method, and do not use z-scores. Some studies that have aimed to include
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information on malnutrition as determined by z-score have included all patients rather
than stratifying them by whether or not standard growth charts are appropriate.”*"”

In the present study, when patients were categorized according to whether or not
standard growth charts were applicable, trends in z-scores between the groups emerged.
Weight and length z-scores were lower in children for whom standard growth charts were
not valid, and the difference between groups trended toward statistical significance
(Table 6). The mean and median length z-scores observed for these children (which are
more likely primarily reflective of a growth-affecting disorder rather than nutritional
status) when seen in typical children would suggest nutrition-related stunting. We used
the Doernbecher Children’s Hospital Criteria for Pediatric Malnutrition to diagnose
malnutrition in our study population, which is designed for use with standard growth
charts and incorporates ASPEN guidelines. ASPEN guidelines incorporate categories for
point-in-time z-scores and address changes in z-scores over time, among other
parameters. Prevalence of malnutrition in our study was similar to results of a study of
children admitted to a single PICU performed by Pollack et al. in 1981, which excluded
children with growth-affecting diseases, and estimated that 15% of children admitted
were malnourished.'® There was a lower prevalence of malnutrition in our study
compared to the estimates of more recent studies that did include children with growth-
affecting diseases, which ranged from 24-48% of admissions, although differing
parameters were used in each study.”'"'*

A limitation of our method is that children with diseases related to congenital or

17,65,66

chromosomal abnormalities may be at greater risk for malnutrition, so it is possible

that by excluding children with growth-affecting disorders, some children who were
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actually malnourished were missed. On the other hand, many of these excluded children
were tube fed at home, and so would likely to have their nutritional requirements and
growth monitored by a dietitian or pediatrician (Table 6).

In order to more thoroughly assess the nutrition status of children admitted to the
PICU, a future study could screen every child admitted to the PICU for malnutrition, and
would include specific parameters that could be used to diagnose malnutrition objectively
in children with growth-affecting disorders. As of this time, however, such parameters
have not been developed due to the breadth of pediatric disorders and the diversity of
associated growth patterns. Potentially, such guidelines might include categories of
anthropometric measurements and weight trends along with supporting information such
as nutrition-focused physical examination and feeding history. Some pediatric assessment
tools, such as the STRONGKids score,” are currently used in these populations as they
incorporate subjective assessments of nutritional status that can be performed by trained
clinicians, but more objective measures are needed. Standardized methods for diagnosing
pediatric malnutrition that take into account diverse disease states and conditions would
help to better illustrate true prevalence of malnutrition in critically ill children admitted to

PICUs in future studies.

Other Exploratory Analyses

Nutrition-related clinical outcomes including infectious complications, duration of
mechanical ventilation, time to wean from enteral nutrition, and lengths of hospital and
PICU stay were collected for all patients. Only 1 patient in the entire study population

experienced infectious complications (both nosocomial pneumonia and a urinary tract
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infection), and so infectious outcomes were not further analyzed, and no patients passed
away in the PICU or before hospital discharge up until 60 days. In a large multicenter
study, receiving higher percentages of prescribed calories and protein from enteral
nutrition and early enteral nutrition initiation was associated with decreased risk for
infectious complications.” Duration of mechanical ventilation and length of stay, which in
some studies have been shown to be decrease when nutrition needs are better met,44 were
similar between groups (Tables 8 and 9). An effect would not necessarily be expected
here as calorie and protein provision were similar between 2012 and 2017, although it is
unclear what percentage of nutrition needs were met via EN.

There was not a significant difference in total length of time receiving EN in each
group as measured by a survival analysis (Table 8), though there was a trend toward a
shorter duration of EN in 2017. This may have been due to a shorter course of illness or
faster progression to oral diet. Since EN started significantly earlier in the 2017 group,
this information suggests that feeds may have both started and ended earlier in 2017. A
repeat study with a greater number of subjects would be needed to further investigate this
outcome.

Early EN, implementation of feeding protocols, and meeting a greater percentage
of estimated nutrition needs has been associated in some studies with decreased length of

- - agr o 46,67,68
stay and time on mechanical ventilation.™”"

In our study, patients met about the same
percentage of protein and calorie needs from both enteral and parenteral nutrition in both
the 2012 and 2017 cohorts (Table 4); and time to wean from mechanical ventilation

(Table 8) as well as PICU and hospital length of stay were about the same (Table 9). This

outcome is similar to findings from Petrillo-Albarano et al., who did not find a
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relationship between implementation of a feeding protocol and ICU length of stay,'® and
those of Mikhailov et al., who did not find a relationship between mechanical ventilation
or length of stay when early enteral nutrition was provided.” Whether there are any causal
factors between nutrition provision (including implementation of feeding protocols) and

these clinical outcomes continues to be investigated.

Strengths and Limitations

Strengths of our study included the completeness of information available in the
electronic medical record, despite over 5 years having passed since the earlier portion of
the information was entered. Minimal values for anthropometrics, nutrition records, and
timing of relevant events were missing, supporting the validity of the findings. Trained
pediatric clinical dietitians performed the nutrition assessments used to determine
estimated nutrition needs.

Limitations of the study included the small sample size, which lead to wide
confidence intervals. Energy needs, although performed by a clinical dietitian, were not
calculated using the gold standard of IC. However, IC is not readily available at most
sites; rather, predictive equations are generally used, which may result in an over or
underestimation of nutrition needs. Another limitation was that there may have been
differences between what was prescribed and recorded from what was actually provided,
which is a typical limitation of chart reviews. Another limitation was the validity of
anthropometric measurements — PICU weights may be inaccurate due to use of patient
reported or estimated weights (though these were not used in our study); altered fluid

status related to dehydration, intravenous fluid use, or dehydration; or use of bed weights,
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which are less accurate and may be falsely elevated if medical equipment is on the bed at
time of measurement. Lengths can be difficult to measure in the PICU, and may be

inaccurate due to inconsistent methods of measurement or bodily contractures.
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Chapter VII: Summary and Conclusions

The findings of our study suggest implementation of the PICU feeding protocol
resulted in a marked improvement in time to initiate enteral nutrition, but did not result in
an increased percentage of estimated nutrition needs being met, nor was it associated with
decreased duration of mechanical ventilation or length of stay. Our study also revealed
that malnutrition is a significant issue in our PICU, as a high percentage of patients were
found to be at risk for or with already present malnourishment.

Our research demonstrates that feeding protocols may improve nutrition practices
in the critical care setting, especially with regard to routine early placement of feeding
tubes and time to start EN, but that earlier EN was not associated with time on
mechanical ventilation or length of stay. A future study with a larger sample size and
separate comparisons of EN and PN use would help to illustrate whether there have been
changes in EN provision since the protocol was implemented. Additionally, a prospective
study comparing interventions such as volume-based goals with rate-based goals may
provide further insight into improving the percentage of prescribed calories and protein
that patients are provided. The findings of our study add to a limited body of information
on feeding protocols in PICUs, inform our clinical practice and the use of the feeding

protocol, and highlight areas where additional research is needed.
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Appendix 1
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Appendix 2 Doernbecher PICU Enteral Feeding Guidelines

+Goal- Place feeding tube and start enteral feedings within 24 hours of admission in patients where oral intake is unavailable.
- NJ feeds desirable, NG feeds will be considered in patients with low aspiration risk.

-Elevate head of bed 30-45° (unless contraindicated).

-If feedings are contraindicated, re-evaluate every 12 hours. Consider starting TPN.

Contraindications to Enteral Feeding

Intestinal obstruction High dose vasopressors

Ileus -Dopamine gtt >8mcg/kg/min

Impending procedure or intubation -Epinephrine/norepinephrine gtt > 0.05mcg/kg/min
Instability requiring fluid resuscitation or distress Vasopressin gtt for blood pressure (not DI)

Significant respiratory distress NJ feeds for NIPPV with escalating support or HFNC > 5L

Initial Formula Selection

Age Standard
Breast milk (20 cal/oz)
0-12 mouths Home Formula or Similac Advance (19-20 cal/oz)
1-10 years or < 35 kg Nutren Jr (30 cal/oz, 1 cal/ml)
> 10 years or > 35 kg Replete (30 cal/oz, 1 cal/ml)

-Allergies or intolerances to milk or dairy products should be verified with parents/care givers.
-If patient is formula fed at home, use usual formula. Please note that not all formulas are on the formulary.

Feeding Initiation and Advancement

Age Start Advancement Initial goal rate
0-3 months 0.5-1 mls/kg/hr 0.5-1 mls/kg/hr g 2 hrs 155 mls/kg/day (~6.5 mls/kg/hr)
4-6 months 0.5-1 mls/kg/hr 0.5-1 mls/kg/hr q 2 hrs 125 mls/kg/day (~5.2 mls/kg/hr)
7-12 months 0.5-1 mls/kg/hr 0.5-1 mls/kg/hr q 2 hrs 120 mls/kg/day (~5 mls/kg/hr)
1-10 years 10-20 mls/hr 5-10 mls/hr q 2 hrs 10-15 kg = 50-55 mls/kg/day (~2.2 mls/kg/hr)
or 16-25 kg = 45-50 mls/kg/day(~2 mls/kg/hr)

> 10 years and < 35 kg 26-35 kg = 40-45 mls/kg/day(~1.8 mls/kg/hr)
> 10 years and 35 kg 15-25 mls/hr 10-20 mis/hr q 2 hrs 35-50 kg = 35-45 mls/kg/day (~1.7 mls/kg/hr)
>50 kg = 25-35 mls/kg/day (~1.3 mls/kg/hr)

-The initial goal rate should provide the patients estimated basal metabolic rate.

-If the patient is tube fed at home, do not exceed the daily home feeding volume.

- Adjustments in the goal rate will be determined by the dietitian after a full nutrition assessment.
-Titrate IV fluids to enteral volumes

Monitoring
Feeding Intolerance Constipation Diarrhea
*Monitor for abdominal discomfort, *Senna-S or docusate BID on admit )
abdominal distention, emesis, or (unless contraindicated) +>4 loose stools in 24 hrs
bloody stools «If no stool after 2 days of full feeds, | "Discontinue laxatives, stool
*Consider holding feeds for 2 hrs and | start Miralax soﬁeflers, etc .
reassessing «If no stool after 2 days of Miralax 'RCV“’:W formula' and meds osmolarity
doses and feeds, consider suppository +Consider changing formula
or enema *Consider withdrawal from opioids or
«Refer to “Pediatric Bowel Protocol” | benzos
*Consider stool studies (C. difficle)

Extubation
-If patient passes ERT, hold NG feeds 6 hrs prior to extubation or hold NJ feeds 2 hrs prior to extubation
-Evaluate feeding status 2 hrs after extubation and restart feeds if respiratory status is stable 2b
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