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ABSTRACT

Background: Malnutrition in children and young adults undergoing blood and marrow transplantation (BMT)
increases morbidity and mortality. Addressing this via optimization of enteral nutrition can potentially improve
outcomes.
Methods: This Quality Improvement project utilized pre-post-intervention design and post-intervention survey
to evaluate a novel program optimizing enteral nutrition support in children undergoing BMT. All patients
aged 0-18 who were admitted during the 16-week implementation period followed the Enteral Nutrition
Optimization Program from pre-BMT through discharge. Data on biometric indicators, complications, and post-
transplant milestone time markers were evaluated via Mann-Whitney U, Fisher's exact, and Chi-square tests as
indicated using SPSS™ Version 27. A separate sample of clinical providers completed a post-intervention survey
to evaluate the feasibility and acceptance of the intervention.
Findings: Six patients received the intervention, with 12 patients evaluated. There were no statistical differences
between groups on measured evaluations of weight loss (0.15 kg vs +0.4 kg, p = 0.39), malnutrition (2 vs 3,p =
0.545), graft-versus-host-disease (2 vs 2, p = 1), time to engraftment (platelets day 22 vs 20.5, p = 0.589), infec-
tions (p = 0.368), and length of stay (32.5 days vs 31 days, p = 1). The provider sample of 45 participants showed
overall feasibility and acceptance of the intervention (88.9% agreed or strongly agreed).
Discussion: Feasibility and acceptance were high, resulting in increased use of nasogastric and gastrostomy tubes.
Though no clinical significance, interpretation is limited due to the small sample size.
Practice implications: Implementing a novel nutritional support program resulted in a culture shift towards
enteral nutrition optimization. Further studies are needed to determine clinical impacts.

© 2023 Elsevier Inc. Al rights reserved.

Introduction

Background

nausea, vomiting, diarrhea, poor appetite, taste changes, mucositis
(Rogers, 2015), and increased catabolic demands (McMillen, Coghlin-
Dickson, & Adintori, 2020). Collectively, these clinical signs and
symptoms put a previously well-nourished child at risk for malnutrition

Nutrition is vital for children to grow and thrive. Nutrition is also
essential in children with conditions requiring blood and marrow
transplantation (BMT) who receive prolonged, intensive therapy
(Baumgartner et al.,, 2017). Malnutrition, used here as synonymous
with undernutrition, is an imbalance between nutrient intake and re-
quirement leading to energy, protein, and micronutrient deficiencies
(Mehta et al., 2013) and is common in BMT patients (Liu, Wang, Yan,
Cai, & Wang, 2016). The BMT preparative regimen is associated with
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or worsen malnutrition already present (Kog et al., 2017).

Global malnutrition rates in children with malignancies vary widely
and are estimated to be 5-10% in leukemia patients, 15-36% in solid
tumor patients, and up to 50% in high-risk neuroblastoma patients
(Brinksma et al., 2011). Malnutrition is also seen in children with
transfusion-dependent anemias (Goldberg, Neogi, Lal, Higa, & Fung,
2018) and primary immunodeficiencies (Zemrani et al., 2019). Among
BMT patients, malnutrition rates range from 1 to 47% before and
19-20% after BMT (Kog et al., 2017; Liu et al., 2016). Poor nutritional
status can have significant consequences. Chemotherapy metabolism
is altered, leading to delayed clearance (Rogers, 2015) and decreased
tolerance of treatment regimens (Brinksma et al., 2011), resulting in
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dose modifications and undertreatment. Moreover, health-related
quality of life in pediatric oncology patients and their parents is
negatively impacted by a child's poor nutritional status (Brinksma
etal, 2015). Malnutrition during BMT can increase morbidity and mor-
tality by enhancing the risk of acute graft-versus-host-disease (GVHD)
of the gut, infection, and non-relapse mortality survival (Hirose et al.,
2019; Kerby et al., 2018). Altered nutrition is also associated with
decreased progression-free survival (Hirose et al., 2019; Kerby et al.,
2018). Furthermore, complications can lead to prolonged hospitaliza-
tions and increased healthcare costs. Although the exact impact is un-
known, the cost of global disease-associated malnutrition exceeds
$15.5 billion annually in the United States (Goates, Du, Braunschweig,
& Arensberg, 2016).

When patients cannot meet their nutritional needs orally, support
via enteral nutrition (EN) or parenteral nutrition (PN) is considered.
The American Society for Parenteral and Enteral Nutrition (ASPEN)
recommends the use of EN over PN to “the greatest extent possible”
and reserves PN for cases of medical contraindication to EN (Becker
etal, 2015; Corkins et al,, 2013). Following BMT however, PN has histor-
ically been more frequently utilized when oral intake declines
(McMillen et al., 2020). The use of PN has been associated with in-
creased infection rates, electrolyte imbalances, and liver dysfunction
(Baumgartner et al., 2017). Absence of EN has been associated with a
loss of microbial biodiversity in the gut (Ralls, Miyasaka, & Teitelbaum,
2014). The use of algorithms to clearly state indications for EN and PN
has been suggested to increase the utilization of appropriate support
(Corkins et al., 2013; McMillen et al., 2020).

Data was reviewed for children and young adults who underwent
BMT at a children's academic hospital in the Mid-Atlantic area of the
US in 2019, and the incidence of malnutrition was 47% (medical chart
review via Epic, retrieved July 3, 2020). The diagnosis of “Inadequate
Oral Intake” was given to 81% of patients at some point during BMT ad-
mission; however, EN via tube feeding (TF) was only utilized in roughly
half (51%) of patients and four patients (9%) with a malnutrition diagno-
sis did not receive any nutritional support (medical chart, retrieved July
3,2020).

Problem statement

Many pediatric, adolescent, and young adults who undergo BMT
experience malnutrition, contributing to morbidity and mortality.
Moreover, standard-of-care measures are lacking to reduce these rates
and enhance nutritional support. Improvement in the nutritional status
of BMT recipients via optimization of enteral nutrition can potentially
decrease infection rates, graft-versus-host-disease, length of hospital
stay (LOS), and healthcare costs.

Purpose

This Quality Improvement (QI) project aimed to evaluate the impact
of an evidence-based, nutritional support program to optimize the use
of enteral nutrition for children and young adults undergoing BMT.
This project was implemented for patients aged 0-18 years within the
pediatric oncology division of an academic children's hospital over a
16-week period. Outcomes were compared to a similar group of BMT
patients before the implementation period.

Project aims

The four aims were to determine the impact of an enteral nutrition
program on (1) nutritional status through assessment of weight for
length z-score, weight loss, mid-upper arm circumference (MUAC),
and malnutrition rates; (2) rates of transplant-associated complications
(infection, GVHD); (3) patient outcomes post-transplant (time to plate-
let and neutrophil engraftment, LOS); and (4) to determine the
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feasibility and acceptance to establish the program as the standard
operating procedure (SOP) by measuring satisfaction scores of clinical
providers utilizing a post-intervention survey.

Review of the literature

ASPEN has advocated using EN as the first line of nutritional support
over PN for all children with malnutrition (Corkins et al., 2013). How-
ever, this has not been uniformly instituted in the pediatric BMT
population (McMillen et al., 2020). Barriers to implementation include
concerns for intolerance and perceived risks in the presence of neutro-
penia or mucositis despite the lack of solid evidence to support these
concerns (Andersen, Brown, Kennedy, & Banks, 2014).

A literature search for manuscripts on nutritional support during
pediatric BMT published within the previous ten years was performed
to support the proposed intervention. Enteral nutritional support via
nasogastric or gastrostomy tube placement was found to be feasible in
children undergoing BMT in several studies (Azarnoush et al., 2012;
Bicakli et al., 2012; Evans, Green, Connor, Lanigan, & Gibson, 2022;
Evans, Needle, & Hirani, 2019; Gonzales et al., 2018; Lewandowski,
Daudt, Jochims, Paz, & Mello, 2019; Zama et al., 2020; Zemrani et al.,
2019). The use of EN alone or in combination with PN in pediatric
BMT recipients was associated with decreased LOS (Azarnoush et al.,
2012; Evans, Hirani, & Needle, 2019; Gonzales et al., 2018; Zama et al,
2020; Zemrani et al., 2019), infection rates (Zama et al., 2020), incidence
and severity of acute GVHD (Azarnoush et al., 2012; Evans, Needle, &
Hirani, 2019), and incidence of sinusoidal obstructive syndrome
(Alsalamah et al., 2021) along with earlier platelet engraftment
(Alsalamah et al., 2021; Azarnoush et al., 2012; Gonzales et al., 2018)
and improved overall survival (Gonzales et al., 2018) when compared
to the use of PN alone.

Enteral support pathways to guide decisions related to nutritional
optimization have been described in the literature for pediatric oncol-
ogy patients (Steele, Salazar, & Rypkema, 2016) and adult BMT patients
(Andersen et al., 2014). Unfortunately, despite clear evidence of benefit,
adoption into pediatric BMT programs is lacking (McMillen et al., 2020).
As noted above, barriers include institutional culture regarding the
feasibility of NG placement/EN support and a lack of standardized algo-
rithms to optimize EN regimens (McMillen et al., 2020). Pediatric BMT
programs with successful, proactive NG placement strategies have
dedicated multidisciplinary support to this approach and provide early
counseling to patients and families to overcome these obstacles
(Evans et al., 2022).

Methods
Design

This quality improvement project utilized a pre-post intervention
design, a historical “usual practice” group, and an intervention group.
Outcomes of interest were defined above and included the project's im-
pact on nutritional markers, transplant-associated complications, and
patient outcomes. Using a post-intervention survey, the feasibility and
acceptability of the program was evaluated.

Setting

This project was implemented within the pediatric oncology
division of a children's hospital in a large, urban academic center in
the Mid-Atlantic area of the US from October 2021 to January 2022.
This division is comprised of nurses (RNs), advanced practice providers
(APPs), attending and fellowship-trainee physicians (MDs), overnight
resident physician coverage, registered dieticians (RDs), social workers
(SWs), and support staff. Approximately 50 BMTs are performed annu-
ally for patients with various diagnoses in patients under the age of 25.
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Sample

Participants in the intervention group included a convenience
sample of all children and young adults (ages 0 to 18 years) admitted
for BMT during the 16-week project implementation period. Patients
who already had feeding tubes on admission and those who refused
NG tube replacement initially were included, as it was anticipated that
EN use might be intermittent for some participants due to GI toxicities.
Exclusion criteria consisted of patients aged 19-24; even though these
patients are seen in the pediatric BMT division at this institution, results
from this age group would better correlate with adult data. Participants
who declined all tube feeding support throughout admission were
excluded from this project. Chart review was utilized to compare results
from enrolled patients to those of a paired sample of patients that un-
derwent a BMT within the two years before the intervention period
(usual practice group). Clinical providers (RNs, APPs, MDs, RDs, and
SWs) within the division were the sample for the fourth aim, with all
invited to participate.

Recruitment

During their pre-BMT evaluation clinic visits, BMT patient partici-
pants were engaged in the nutritional support program via face-to-
face communication with a BMT APP and RD. Recruitment of clinical
staff to complete an anonymous post-implementation survey occurred
via email, QR code postings displayed throughout the division, and
face-to-face recruitment.

Intervention/procedures

Before the initiation of this QI project, a 30-min information session
was held at a weekly BMT multidisciplinary meeting regarding the up-
coming project. Discussion points included the scope and significance
of malnutrition in pediatric BMT patients, the evidence behind the
project's interventions, and discussion of the algorithm to be used to
guide patient care decisions [see Fig. 1 for algorithm]. The presentation
was later recorded into a 10-min video and distributed via email to the
division. In addition, the BMT Enteral Nutrition Optimization Program
algorithm was uploaded into each patient's electronic medical record
(EMR), and a copy was kept at the nurse's station.

All upcoming BMT patients were referred to an RD during the
intervention period as part of their pre-BMT evaluations. At this ap-
pointment, patients underwent nutritional screening and received edu-
cation on anticipated post-BMT health effects, including but not limited
to the need for feeding tube placement. Before this project, an RD did
not see patients until admission, and feeding tube discussions and
placements were sporadic and provider dependent. Child life specialists,
child psychologists, and the patient's attending physician also discussed
the need for feeding tube placement and support surrounding this
approach at pre-BMT clinic visits and throughout their hospitalization,
which were all new interventions related to this project.

If patients were found to be malnourished at the RD visit, NG tube or
gastrostomy (G) tube placement and initiation of EN support before
admission was strongly advised to their primary team. Patients deemed
high nutritional risk (age < 1 year, underlying severe malnutrition, mul-
tiple myeloablative transplants planned, or patients with immunodefi-
ciencies) were referred to surgery for G-tube placement after
discussion with their primary team. If patients required central line
placement at the time of BMT admission, the recommendation was to
place an NG (or G) tube while in the operating room. Otherwise, an
NG tube was placed no later than one day following the completion of
their chemotherapy (typically Day —1 or Day +4, depending on their
preparative regimen).

Children's Oncology Group (COG)/ASPEN guidelines and literature
review were synthesized to create an enteral feeding algorithm
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(Fig. 1) which was verified by two content experts. This algorithm in-
cluded malnutrition criteria, indications to initiate or reduce feeds, feed-
ing tube tips, signs and symptoms of intolerance (and how to address
them), criteria to start TPN, and when to use trophic feeds, including
feeding contraindications. This algorithm was uploaded into the
patient's EMR via the media tab within Epic™. Daily progress notes in-
dicated that the patient was following the BMT Enteral Nutrition Opti-
mization Program, and an order was placed for bedside nurses to
notify the APP/resident if feeds needed to be held for more than two
hours. Upon NG tube dislodgement, the goal was immediate replace-
ment if clinically appropriate. Platelet transfusions were given before
replacement if the platelet count was below 20 x 10%/L, and replace-
ment of NG tubes was limited to two per nursing shift. If patients
were expected to be unable to tolerate EN for 7-10 days, PN would be
recommended, with trophic feeds encouraged unless contraindicated.
Nutrition was addressed daily during multidisciplinary rounds, and
RDs were readily available for consultation if not present at rounds.

Following the 16-week implementation period, a post-
implementation survey via Qualtrics™ was distributed to clinical staff
via email and QR codes posted around the unit to encourage
participation.

Instruments/measures & data collection

Chart review via Epic™ was utilized throughout the project. Data
was exported into a de-identified Excel spreadsheet and held in a
password-protected OneDrive account to organize and store collection
data. Patient demographics collected included age, sex, ethnicity, under-
lying diagnosis, and type of transplant (i.e., the intensity of chemother-
apy regimen, stem cell source, donor match, etc). A participant from
within the past two years with the same conditioning regimen intensity,
stem cell source, underlying diagnosis, who was close to the interven-
tion participant's age was selected for comparative data as a pre-
implementation participant to evaluate for clinical significance.

Various measurements entered by RNs and RDs into the patients'
EMRs were obtained to evaluate nutritional impacts. Weight at Pre-
BMT evaluation, upon admission, on Day 0, Day +7, Day +14, Day
+21, Day +30, or until the day of discharge was recorded in kilograms.
An RD performed MUAC at the same time points. Malnutrition (inci-
dence of and severity) was assessed at least twice weekly using the
guidelines outlined in the Academy/ASPEN Indicators Recommended
for the Identification and Documentation of Pediatric Malnutrition (Un-
dernutrition) (Becker et al., 2015) and World Health Organization's
Weight for length anthropometric z-scores as calculated via Epic™. Al-
though the Academy/ASPEN tool has no reliability or validity studies
to date, content experts view it as reliable. It is the sole nutritional
assessment tool utilized within the dietary division of this children's
hospital; therefore, it is incorporated within the EMR.

A chart review was utilized to evaluate rates of transplant-associated
complications and outcomes. Infection rates were quantified by
assessing the occurrence of bacteremia or culture-negative sepsis. Inci-
dence of GVHD was estimated with GVHD screening weekly starting
Day +7 utilizing the MAGIC Criteria (Harris et al., 2016), which is
deemed reliable via a position statement published by GVHD experts
from the European Society for Blood and Marrow Transplantation, the
National Institutes of Health, and the Center for International Blood
and Marrow Transplant Research (Schoemans et al., 2018). LOS was
quantified by calculating the days from admission, or start of chemo-
therapy preparative regimen if patients were admitted for reasons
other than planned BMT start, until discharge. Time to engraftment
was quantified using definitions from the Center for International
Blood and Marrow Transplant Research® (CIBMTR, 2022).

To evaluate the feasibility and acceptance by staff to integrate this
project as standard practice for the division, a survey for clinical pro-
viders was created and distributed via Qualtrics after the 16-week
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Fig. 1. Pediatric BMT enteral feeding optimization program algorithm,

implementation period, This survey consisted of five questions, utilizing
a 5-point Likert Scale to assess the subjective success of the project and
the desire to integrate this as the standard of care, Two content experts

validated the survey. The demographic of the provider role was also
collected.

Ethical review

Ethical review approval for this project was obtained from the Johns
Hopkins School of Nursing Project Ethical Review Committee (PERC)
and deemed QI: therefore, full [RB review was not required. Informed
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voluntary consent was gained by patients/caregivers allowing feeding
tube placement and formula rate adjustments, and patients and/or
their caregivers were able to request modifications to or refuse inter-
ventions at any time during this QI project.

Data analysis
Data analysis plan

Descriptive and frequency statistics were used to analyze participant
demographics, including age, gender, ethnicity, diagnosis requiring
BMT, type of preparative regimen, stem cell source and donor match,
and the occupation of clinical staff participants. Data were analyzed
using the [BM SPSS™ Version 27 statistical software program. Patient
data was evaluated between pre-and post-intervention groups for
aims 1-3 using various statistical measures to assess for significance.
Aim four, regarding feasibility and acceptance from post-intervention
survey results of clinical providers, was analyzed and compared using
descriptive statistics and frequencies.

For Aim one regarding nutritional biomarkers, change in weight
from admission to discharge was calculated and compared between
groups using a Mann-Whitney U test. The incidence of malnutrition
was evaluated using Fisher's exact test, and the maximum severity of
malnutrition was using a Chi-squared test. For Aim two regarding
post-transplant complications, the rates of infection and incidence of
GVHD were evaluated with a Fisher's exact test. The maximum severity
of GVHD was analyzed via the Mann-Whitney U test. Aim three regard-
ing post-transplant-related indicators, LOS, platelet engraftment, and
neutrophil engraftment was analyzed with a Mann-Whitney U test.

Results
Sample characteristics

There was an enrollment of 12 patients (6 receiving the interven-
tion) in this QI project, with a mean age in the pre-intervention group
of 5.4 years (IQR 2-11) and 7.6 years (IQR 1-15) in the intervention
group. Diagnoses included leukemia, solid tumors, brain tumors, and
immunodeficiencies. As noted, both groups were well matched with
respect to BMT type, donor match, stem cell source, and conditioning
regimen intensity (See Table 1). The provider sample included 45 par-
ticipants who completed the survey fully and were mostly nurses
(RNs) (n = 27, 42.9%), followed by attendings (n = 7, 11.1%), then
Advanced Practice Providers (APPs) (n = 5, 7.9%), fellows (n = 4,
6.3%), and other groups (See Table 2).

Outcomes
Aim 1: Health/Biometric Indicators

The overall change in weight for both groups combined was a
median of 0.25 kg gained from BMT admission to discharge (IQR-0.8-
0.95). For the pre-treatment group, the median was a loss of 0.15 kg
(Min —0.6 to Max +1), whereas for the post-implementation group,
the median was a gain of 0.40 kg (Min —2.3 to Max +2.2). Mann Whit-
ney U test to compare means was not statistically significant at p =
0.394. Cohen's D test was performed to evaluate clinical significance
and showed a small negative effect at —0.215. The incidence of malnu-
trition for all patients was 41.7% at the pre-BMT visit and 66.7% from
BMT admission to Day + 30 post-BMT. Incidence rates from BMT admis-
sion to the day of discharge were also compared between groups; three
patients (50%) in the pre-implementation group and five patients in the
post-implementation group (84%) met malnutrition criteria. Fisher's
exact test showed that these results were not statistically significant
‘0 = 0.545). Most patients with a malnutrition diagnosis during BMT
admission (33%) were noted to have severe, acute malnutrition. In the

65

Journal of Pediatric Nursing 74 (2024) 61-68

Table 1
Patient Sample Characteristics.
Pre-Implementation  Post-Intervention  p-value
(usual practice) sample,N = 6
sample, N = 6
Age in years, mean (SD) 54(5) 7.6(7.28) 0.35
Male, N (%) 2(33.3%) 3 (50%) 0.343
Female, N(%) 4(66.7%) 3 (50%)
Race, N (%) 0.878
White 3 (50%) 2 (33.3%)
Black 1(16.7%) 1(16.7%)
Hispanic 1(16.7%) 1(16.7%)
Asian 1(16.7%) 1(16.7%)
Bi-Racial 0(0%) 1(16.7%)
Underlying Diagnosis, 0
N (%)
Leukemia 2(33.3%) 2(33.3%)
Solid Tumor 1(16.7%) 1(16.7%)
(non-CNS)
Brain Tumor 1(16.7%) 1(16.7%)
Immunodeficiency 2(33.3%) 2(33.3%)
Type, N (%) 0
Autologous 2(33.3%) 2(33.3%)
Allogeneic 4 (66.7%) 4(66.7%)
Donor Match 1.333
Haploidentical 2(33.3%) 2(33.3%)
Matched Related 0(0%) 0(0%)
Matched Unrelated 2(33.3%) 1(16.7%)
Mismatched 0(0%) 1(16.7%)
Unrelated
N/A (autologous) 2(33.3%) 2 (33.3%)
Stem Cell Source, N (%) 0
Bone Marrow 2(33.3%) 2(33.3%)
Peripheral Blood 4(66.7%) 4(66.7%)

Intensity, N (%) 0

Myeloablative 3 (50%) 3 (50%)
Reduced-Intensity 2(33.3%) 2(33.3%)
Non-myeloablative 1(16.7%) 1(16.7%)

pre-implementation group, there was one patient each (25%) with
acute mild, moderate acute, severe acute, and severe chronic malnutri-
tion, based on Academy/ASPEN Indicators. For the post-implementation
group, two patients (40%) had severe acute, with one each (20%) with
mild acute, moderate acute, and severe chronic malnutrition. These dif-
ferences were not statistically significant using the Chi-square test for
analysis (P = 0.973).

Overall MUAC weight-for-length z-score for the post-
implementation group was 0.05 (SD 0.512), which would be classified
as well nourished. Unfortunately, we could not calculate a MUAC z-
score for the pre-implementation group as 100% of data was missing
due to the COVID-19 pandemic; dieticians worked remotely throughout
most of 2020-2021 and were not on-site to perform these evaluations.
This impact was, therefore, unable to be determined. The remainder of
the results are found in Table 3.

Aim 2: post-transplant related complications

Most patients (66.6%) had at least one infection during their initial
BMT hospitalization. In the pre-implementation group, one patient

Table 2
Provider Sample Characteristics.

Provider Sample, N = 45

RN, N (%) 27 (42.9%)
APP, N (%) 5(7.9%)
Fellow, N (%) 4(6.3%)
Attending, N (%) 7(11.1%)
SW,N (%) 0(0%)

RD, N (%) 1(1.6%)
Child Life, N (%) 0(0%)
Other, N (%) 1(1.6%)
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Table 3
Post-Transplant Biometrics, Complications, Indicators, and Outcomes.

Pre-Implementation ~ Post-Implementation p-value
Group (n = 6) Group (n = 6)

Biometrics
Change in weight, kg,
median (IQR)
Malnutrition
Incidence on admission,
n (%)
Incidence from BMT
admission to discharge, n
(%)
Maximum Severity
mild acute, n (% of
patients with malnutrition
during BMT admission)
moderate acute, n (%)
severe acute, n (%)
severe chronic, n (%)
Infection
Rates of infection
0 infections, n (%)
1 infection, n (%)
2 infections, n (%)
Acute GVHD
Incidence, n (% of allo
BMTs)
Acute GVHD Maximum
Severity
Grade I, n
Grade Il, n
Grade III, n
Grade IV, n
Engraftment
Platelet engraftment, day,
median (IQR)
Neutrophil engraftment,
day, median (IQR)
Length of stay
Days of hospitalization,
median (IQR)

—-0.15 (1.52). 04(1.72) 0.394

2(33.3%) 3 (50%) 1

3(50%) 5(83.3%) 0.545

1(25%) 1(20%) 0.973

1(25%)
1(25%)
1(25%)

1(20%)
2 (40%
1(20%)

0.368
3(50%)
1(16.7%)
3(333%)

1(16.7%)
3(50%)
2(333)
2(50%) 2 (50%) 1

0.667

ocowNn o
O = - O

22 (16) 20.5 (16) 0.589

14(7) 15,5 (6) 0.818

32.5(13) 31(21) 1

(16.7%) had one infection, and two patients (33.3) had two, compared
to the post-implementation group in which three patients (50%) had
at least one infection, and two patients (33.3%) had two. Although
there was a trend towards higher infection rates in the
post-implementation group, this was not statistically significant using
Chi-square analysis (p = 0.368).

Rates of GVHD for the eight patients who received allogeneic BMT
was 50% overall, and this was distributed evenly between the pre-and
post-implementation groups with the incidence of two patients (50%
of allogeneic patients) in each group. This was not statistically signifi-
cant with Fisher's exact test (p = 1.0). The severity of GVHD was pre-
dominantly grade 2. Both patients in the pre-implementation group
(n = 2,100%) had a grade of 2, with one patient with a grade of 2
(50%) and one with a grade 3 (50%) in the post-implementation
group. The difference between groups in GVHD severity was not statis-
tically significant via the Mann-Whitney U test (p = 0.667). See Table 3
for results.

Aim 3: post-transplant related indicators

The length of stay for all participants was found to have a median
of 31 days. The minimum stay was 19 days, and the maximum was
52 days (outlier). There was a slight variance between groups, with
a median of 32.5 days (Range 26-50) for the pre-implementation
group and a median of 31 days (Range 19-52) post-
implementation. This was not statistically significant (Mann-Whit-
neyU,p=1).
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Table 4
Participant Feasibility and Acceptability Rankings (n = 45),
Agreed or
Strongly
Agreed, N %
The BMT Enteral Nutrition Optimization Program (EN-Opt) was 41 (91.1%)
easy to follow
The BMT EN-Opt increased my focus on nutritional support for 43 (95.5%)
our patients
The BMT EN-Opt helped to increase enteral nutritional support 38 (84.5%)
during BMT
admissions
The BMT EN-Opt was beneficial to our patients 42 (93.4%)
The BMT EN-Opt should be adopted as the standard of care 40 (88.9%)

approach for our
patients

Time to count recovery was also not statistically different between
groups. For platelet engraftment recovery, defined as the first day of
three consecutive days of platelets >20 x 10%/L, untransfused for the
past seven days, the median was Day +20.5 (Range 12-29). The mini-
mum time was 12, with a maximum of 41. There were no missing
values, but 41 was an outlier. The median for the pre-implementation
group was Day +22 (Range 15-41), and the post-implementation
group was Day +20.5 (IQR 16), with Mann-Whitney U analysis of
P = 0.589. Neutrophil recovery, defined as the first of three consecutive
days of absolute neutrophil count 0.5 x 10°/L occurred at a median of
Day +15 (Minimum 10; maximum 25). The post-implementation
group had a slighter shorter time with a median Day +14 (Range
10-17) compared to Day +15.5 (Range 10-25) in the pre-
implementation group, but this was also not found to be significant
via Mann-Whitney U analysis (p=10818).

Aim 4: feasibility & acceptance

Out of a staff of approximately 100 BMT-focused providers, 45 com-
pleted the post-implementation survey (participation rate 45%). A total
score of 20 or higher indicated agree or strongly agree with survey
questions, and the median summary score of the post-implementation
survey evaluating provider acceptance of the QI project methods was
22.2 (out of 25; SD 3.32)—one’ outlier with a score of five self-
identified as an APP. However, there were only four APPs on staff, mak-
ing this data questionable. Further exploration revealed that the RD and
fellows gave the highest rankings with mean of 25 and 24 (SD 1.41), re-
spectively. All provider groups' mean total scores indicated agreement
except for the APP group. Subtracting the questionable outlier from
that group, the total score would indicate acceptance at a mean total
score of 22.2 (out of 25). At least 88.9% of all providers agreed or
strongly agreed with this project, indicating overall feasibility and
acceptability. See Table 4 for details,

Discussion

In this Quality Improvement ( Ql) project, a novel, evidence-based,
nutritional support program to optimize the use of enteral nutrition
for children undergoing BMT was created within a division that previ-
ously had no standardized nutrition support strategy. Malnutrition
during a BMT is a modifiable risk factor for poor outcomes (Kranjcec
et al,, 2020; McMillen et al,, 2020), and when clinically appropriate,
EN is recommended as first-line support over PN (Corkins et al., 2013:
Nava etal,, 2020). Similar enteral support pathways and decision guides
have been described in the literature for pediatric oncology patients
(Steele et al., 2016) and adult BMT patients (Andersen et al., 2014
Lazarow et al., 2020), but literature specifically on nutritional support
pathways within the pediatric BMT population is sparse. Azarnoush
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etal. (2012) discussed their program's standardized pre-BMT education
on NG tubes and universal tube placement on Day +1, with noted
feasibility and tolerance of support. This QI project also showed high
feasibility, although tolerance was not evaluated.

Findings were insignificant between pre-implementation and post-
implementation groups on biometric indicators, complications, and
outcome measures. This was primarily driven by the small sample size
in each group. However, the overall feasibility and acceptability of this
program was high. Parents, patients, and staff received increased educa-
tion on the importance of nutritional support and the means to address
this. Williams-Hooker et al. (2015) found that caregivers and healthcare
providers prefer to receive education about nutritional support and the
associated pros and cons of different strategies before implementation.
Without this information, many prefer PN due to ease of administration
(Williams-Hooker et al., 2015). Similar studies have documented utiliz-
ing pre-BMT interviews with patients and families to discuss EN and NG
tubes and found high levels of feasibility and acceptance of EN
(Azarnoush et al., 2012; Zama et al,, 2020). All patients admitted during
this project's 16-week implementation period had a feeding tube at
some point. Two patients, who were deemed high risk for prolonged
malnutrition, underwent prophylactic gastrostomy tube placement
prior to their BMT admission coupled with their surgery for central
line placement. The algorithm aided discussion and support for the
need for these surgical tubes. Importantly, the overall culture of the
division was noted to change during this implementation, which was
critical to the success of this project.

The increased use of surgically placed gastrostomy tubes was an
unexpected result of this QI project. Two patients from this project re-
fused NG tube replacement after repeated dislodgements, a problem
not experienced by those with g-tubes. ASPEN consensus guidelines
recommend surgical feeding tube placement for patients expected to
require EN support for longer than 4-6 weeks (Boullata et al., 2017).
With this information, all patients at the project site who require
tandem, myeloablative, autologous BMTs are now routinely referred
for prophylactic, surgically placed, feeding tubes. A survey of pediatric
BMT divisions in 2021 showed that only 42% of centers offered prophy-
lactic g-tube placement (Evans et al,, 2022). G-tube use within pediatric
BMT has been associated with less PN use (Evans, Needle, & Hirani,
2019). However, surgically placed G-tubes are not without risks, so de-
cisions for use should be patient-specific (Evans et al., 2021).

Limitations

There were several limitations in this study. Most notedly, this study
was underpowered to evaluate for efficacy significance due to the small
number of patients in each group. The overall admission rate during the
implementation of this project was markedly decreased due to the
COVID-19 pandemic, which limited travel for a large contingent of in-
ternational patients and directly limited research studies as well as
transplants for non-malignant disorders. The pandemic also affected
the ability to evaluate MUAC in the post-implementation group, which
would likely have been more accurate than weight gain to assess nutri-
tional status. Refusal of feeding tube replacement after repeated dis-
lodgements was noted. Hence, lack of secure NG tubes was a
limitation, and further investigation into the use of securement devices
for NG tubes in the pediatric BMT population is needed. While two
content experts reviewed the survey created for this project to evaluate
feasibility and acceptance, it was not previously assessed for validity
and reliability. Due to the small patient sample size, it was difficult to
see the impacts of this program on all of the outcome parameters.
Importantly, and despite these limitations, the nutritional support
program continued to have strong stakeholder buy-in post-
implementation, and its interventions have continued beyond the
completion of this project. Future studies will be done to evaluate the
impacts over 12 months and, therefore, on a larger sample size.
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Implications to practice

The importance of shifting the divisional culture towards the urgent,
unmet need to optimize nutritional support and using EN as the first
line cannot be understated. Before the start of this project, formal nutri-
tional screening rarely occurred pre-BMT, and the approach to address
weight loss and associated malnutrition varied on a day-to-day basis
depending on the treatment team. Evans et al. (2022) surveyed 12 pedi-
atric BMT centers to evaluate nutritional support practices and found
most (92%) provided nutritional counseling and nutritional screening
(83%) before admission. However, the majority (58%) did not have a
standardized guideline or protocol for monitoring or addressing nutri-
tional status. Following the implementation of this project, a standard-
ized operating procedure (SOP) was created at our institution and has
continued to remain in place. The need for multidisciplinary support
was vital for this project's support, which has been emphasized within
the literature (McMillen et al., 2020). Institutional culture, such as lack
of RD involvement within the interdisciplinary team and failure to ade-
quately educate patients, caregivers, and providers, are known barriers
to routine EN use (McMillen et al., 2020). Addressing these barriers
early and often helped the success of this project. As the largest and
most frontline group of providers, pediatric nurses are in a pivotal
position to develop and implement similar evidence-based nutritional
support pathways within their own unit.

Conclusion

This quality improvement project created a novel nutritional sup-
port program encompassing an algorithm widely supported by clini-
cal providers, and a culture shift towards enteral nutrition
optimization was the ultimate result. Malnutrition is a significant
problem for children and young adults who undergo BMT and is a
modifiable risk factor for poorer outcomes (Hirose et al., 2019:
Kerby et al., 2018). Yet clinical guidelines are lacking to reduce these
rates and optimize nutritional support, particularly with EN
(McMillen et al., 2020). Enteral nutrition is recommended as the
first line of nutritional support (Corkins et al., 2013); however, use
tends to vary by provider and patient (McMillen et al., 2020). Using
SOP guidelines and algorithms aids in systematizing nutritional sup-
port and provides at-bedside clinical decision support to ensure best
practices are followed (Corkins et al., 2013). While the results of this
QI project were not statistically significant, the feasibility and
acceptance were high and shifted divisional culture.
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