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Abstract 

Problem The rate of malnutrition in pediatric oncology patients receiving chemotherapy is as 

high as 50% without nutritional support. The consequences of malnutrition are severe and can 

include reduced survival rates. The Children’s Oncology Group recommends these children 

receive nutrition screening at diagnosis and throughout treatment. Nutritional management and 

support for oncology patients in an academic, tertiary care pediatric unit was inconsistent and 

lacked a standardized policy. 

Purpose The purpose of this quality improvement project was to implement a nutritional 

management algorithm for pediatric oncology patients admitted to an inpatient unit to improve 

early recognition of malnutrition and early nutritional interventions. 

Methods: The Mobilize Assess Plan Implementation Track framework was used to develop and 

implement a novel nutritional management algorithm over a 14-week period. Multifaceted 

education strategies were used and project leader attended multidisciplinary rounds. Patients 

were assessed daily for changes in weight/BMI or weight for length. Patients experiencing a loss 

of 1 z-score in BMI/weight for length or ³5% weight loss from diagnosis, prompted referencing 

an algorithm for nutritional interventions. Chart audits were conducted to track outcome 

measures. Run charts were used to track compliance. Baseline comparison data were patients 

admitted 14-weeks prior to implementation.   

Results: Twenty-one patients with over 50 admissions met eligibility criteria. Compliance in 

daily weights improved from 72% to 88%. 96% of patients received a nutrition consult 

compared to 32% pre-implementation. 100% of patients had a nutrition consult during their 

diagnosis admission vs. 56% pre-implementation. 100% of patients had weight/BMI/weight for 

length tracked during every admission. 
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Conclusion Implementation of a nutrition management algorithm can improve early recognition 

of malnutrition and early nutritional interventions in hospitalized pediatric oncology patients. 

Standardizing the nutrition assessment with electronic prompts for calculation and evaluation of 

anthropometric indices improved overall staff compliance. This project may have future 

application to the outpatient nutritional management of pediatric oncology patients undergoing 

chemotherapy treatment. 
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Introduction 

Children diagnosed with cancer often struggle to maintain adequate nutritional intake and 

can become malnourished. The cause of their poor nutritional intake is multifactorial, but is most 

often a consequence of chemotherapy side effects (Co-Reyes et al., 2012; Zimmerman et al., 

2012). Without clinical nutritional support, the rate of malnutrition in pediatric oncology patients 

can be as high as 50% during their treatment course (Co-Reyes et al., 2012; Zimmerman et al., 

2012). The consequences of malnutrition in this population can be severe and include decreased 

treatment tolerance, increased treatment toxicity, increased infection risk, reduced survival rates 

and reduced event-free survival time (Co-Reyes et al., 2012; Sajeev et al., 2017). The Children’s 

Oncology Group (COG) recommended children with cancer receive a nutritional screening at 

diagnosis and throughout treatment. At the facility targeted for this quality improvement (QI) 

project, only 56% of pediatric oncology patients received a nutrition consult during their 

diagnosis admission and 40% received a nutrition consult during the course of their cancer 

treatment. No policy existed for the nutritional management of pediatric oncology patients. 

Nutritional management was largely provider preference and residents did not routinely report 

nutritional indicators during rounds.  

The purpose of this QI project was to implement a nutritional management algorithm for 

pediatric oncology patients admitted to the inpatient pediatric unit to improve early recognition 

of malnutrition and early nutritional interventions. 

Evidence Review 

 The evidence provides a synthesis of literature supporting the use of a nutritional 

algorithm for use in pediatric oncology patients receiving treatment (Appendix A and B). The 

review includes studies supporting the use of a decision support tool for nutritional intervention 

in children being treated for serious illnesses in the hospital setting (Garófolo et al., 2019; 
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Gentles et al., 2014; Wong et al., 2014; Ziembe et al., 2019; Hamilton et al., 2014). The review 

also supports requiring a nutritional assessment ordered at diagnosis and throughout treatment as 

part of the nutritional management (Robinson et al, 2012). 

 Four of the studies examined in this evidence review utilized a decision support tool for 

nutritional intervention for children receiving care for serious illnesses in the hospital setting 

(Garófolo et al., 2019; Gentles et al., 2014; Wong et al., 2014; Ziemba et al., 2019). Only 

Garófolo et al. (2019), implemented a nutritional assessment tool for pediatric oncology patients 

specifically, and found that those receiving tube feeding had statistically significant positive 

nutritional outcomes. The authors also noted that the longer the patient received tube feedings, 

the higher the increase in nutritional adequacy. Gentles et al. (2014), Wong et al. (2014), and 

Ziemba et al. (2019), reported that implementing a decision support tool in the pediatric 

intensive care unit (PICU) resulted in patients receiving enteral nutrition faster. Gentles et al. 

(2014), Hamilton et al. (2014), and Ziemba et al. (2019) reported the use of a decision support 

tool resulted in improvements in PICU patients’ nutritional indices and amount of daily calories 

received. Robinson et al. (2012), showed that pediatric oncology patients receiving treatment, 

that also underwent nutritional assessments at diagnosis and throughout their course of 

treatment, were more likely to receive nutritional intervention compared to those that had not 

received nutritional assessment. 

 Of the 5 studies examined for this evidence review, 1 was level III, 3 were level IV and 1 

was level V. The quality of evidence was overall a B because the studies had fairly consistent 

results and sample sizes. Limitations included lack of randomization, lack of multiple institution 

sites and only Garófolo et al. (2019) had a true control group.  

Theoretical Framework  
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The Theory of Symptom Management (TSM) was created for the purpose of improving 

symptom research and clinical practice in an organized way that considers the concepts of 

symptom experience, management and the outcomes of symptom management (Humphreys et 

al., 2014, p. 142). This theory was chosen because it provided an understanding of the 

continuous interaction that occurs between the symptoms that pediatric oncology patient’s 

experience, the outcomes of those symptoms and management of those symptoms. TSM also 

addressed the three domains of nursing and how these personal characteristics, environment and 

health/illness continuously influence the three concepts (Humphreys et al., 2014, p. 143). 

This theory serves in the understanding of how patients experience symptoms, for 

example those caused by chemotherapy treatment, that can result in negative outcomes such as 

reduced nutritional intake or malnutrition. It also depicts how not receiving an intervention, 

because it is too demanding or inconsistently applied, can affect symptom management and the 

symptom experience itself. The TSM can guide identifying gaps in care to explain how the 

problem is occurring; for example, nurses not weighing a patient daily or the lack of a clear 

definition of malnutrition to guide interventions. TSM can also be used as a framework for how 

the implementation of a nutritional protocol can improve the symptom outcomes and increase 

adherence to management strategies by both nursing and provider staff.  

Methods 

The setting for implementation was a 46-bed pediatric inpatient care unit at a large, 

academic, tertiary medical center. The patient population targeted was oncology patients 

admitted at their initial diagnosis and/or for chemotherapy treatment. Depending on the severity 

of the cancer diagnosis and treatment regimen, patients may spend days to months in the hospital 

undergoing evaluation and treatment. Eligible patients were oncologic children 0- to 21 years of 

age receiving chemotherapy.  
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The implementation team included a project faculty adviser, clinical site representative 

(oncology attending), clinic site sponsor (Director of Pediatrics), Children’s Hospital nursing 

director, inpatient unit’s nurse manager, Chief of Pediatrics, 5 change champions (staff nurses), 

2 nurse practitioners (NPs), 3 attendings and 2 registered dieticians (RDs). The nutrition 

algorithm was developed from a published algorithm (Bowman, 1998), and modified to best 

meet the needs of the specific unit and patient population (see Appendix I for algorithm). The 

project was approved by the Institution Review Board’s Human Research Protection Office and 

designated as not human subject research.  

The nutritional algorithm was implemented over a 14-week period. The algorithm 

required eligible patients to receive a nutrition consult, admission height and weight measured 

on two consecutive shifts, daily weights, weekly heights and strict intake and output documented 

every four hours. Residents were required to document changes in BMI (body mass index) 

/weight for length (if under 2 years) and weight from diagnosis in daily progress notes and 

present the information during medical rounds weekly or as needed. BMI/weight for length is 

endorsed by the World Health Organization (WHO) and the Centers for Disease Control and 

Prevention (CDC) as a means of expressing a child’s weight adjusted for height (Mehta et al., 

2013). If a loss of 1 z-score in BMI/weight for length or a weight loss ³5% had occurred, the 

resident referenced the algorithm for nutritional management.  

 To assess implementation progress and impact, structures, processes and outcome 

measures were tracked weekly using chart audits and observations (see Appendix C-F). Structure 

measures comprised of dissemination of multifaceted education. Process measures included the 

use of electronic smart phrases, nutrition consults ordered and completion percentages of daily 

weights and height/weight x2 on admission. Outcome measures tracked included weight and 

BMI/weight for length changes from baseline and characteristics of nutritional intervention used. 
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Data was analyzed using run charts to track trends in orders and completed interventions by 

clinicians and nursing staff.  

Implementation strategies to improve compliance with nursing led interventions included 

education using huddles (Appendix G), fliers (Appendix H), one-on-one education and chart 

audits with individualized feedback. Zoom meetings and in-person training was used to educate 

the pediatric oncology team and residents throughout implementation. The algorithm (Appendix 

I), instructions for use (Appendix J) and quick reference card (Appendix K) were displayed in 

the resident team room. The project lead tracked oncology admissions and progress notes daily, 

attended medical rounds every Monday, met with the residents for questions and gave feedback 

to ensure orders were placed in entirety and correctly. The project lead created a frequently 

updated database of diagnosis BMI/weight for lengths and weights (Appendix L) for reference. 

Smart Phrases (Appendix M) were created for residents to use in daily progress notes that 

included a checklist of orders for completion and space that pulled current nutritional indices 

from the EHR for easy calculation of changes.  

Patient data was safeguarded by deidentifying collection sheets to conceal any protected 

health information. Information stored on the computer was password protected in a locked 

office on the inpatient unit. 

Results 

Demographics 

 The sample included 21 patients (n=9 pre-, n=11 post-implementation). Patients were 

followed over 25 admissions pre- and 25 admissions post-implementation (Table 1). The mean 

patient age was 11.1 years pre- (SD= 6.3) and 8.1 years (SD = 8.1) post-implementation.  Most 

of the patients were female both pre- (n=5, 56%) and post-implementation (n=11, 92%). The 
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majority (33%) of patients pre-implementation were African-American/Black (n=3). Post-

implementation, 33% of patients were African-American/Black (n=4) and White (n=4). Mean 

length of hospital stay was 9.6 days (SD = 12.7) pre- and 6.5 days (SD = 8.3) post-

implementation. Most patients both pre- (n=5, 56%) and post-implementation (n=6, 50%) were 

receiving treatment for leukemia. 

Structure, Process and Outcome Measures 

 All nursing staff, resident staff, RDs, attending’s and NPs were trained prior to and 

during implementation. After week 2 of the project, a modification was made to include smart 

phrases as an additional reference for daily progress notes. Residents reported this addition kept 

them mindful of management orders required and made calculation of nutritional indices easier.  

Residents driven tasks improved post-implementation. A total of 96% of admissions 

(n=24) had a nutrition consult ordered post-implementation, compared to 32% (n=8) prior 

(Median pre- 0% post- 100%, UL 100%, LL 0%) (Figure 9). All eligible patients (n=5) received 

a nutrition consult during their initial diagnosis admission vs. 56% (n=5) pre-implementation. 

All patients had their weight/BMI/weight for length tracked by the medical team from baseline 

during every admission (Table 2). 

The completion rate of nurse driven tasks improved overall. Mean daily weight 

completions increased from 72% (SD = 27) to 88% (SD = 17), an overall compliance 

improvement of 16% (Median pre- 68%, post- 84%, UL 100%, LL 24%) (Table 5 and Figure 

10). Height and weight measured twice on admission was not routine practice prior to 

implementation. This nurse-driven measurement was completed on 85% of admissions (Median 

100%, UL 100%, LL 50%). Some patients were limited in their ability to walk or stand on a 

scale, reducing the ability of nursing to be 100% compliant in obtaining daily weights or 

additional height measurements.  
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Weight and BMI/weight for length of patients improved after implementation of the 

nutritional management algorithm (Table 3). Pre-implementation, patient’s weight improved an 

average of 0.4% (SD = 12) and BMI declined 1% (SD=52). Post-implementation weight 

increased an average of 3% (SD =11) and BMI increased an average of 8% (SD =39). The 

number of patients receiving nutritional interventions more than doubled (n= 3 pre- vs. n= 8 

post). The majority (75%, n=9) of patients receiving nutrition consults pre-implementation also 

received nutritional interventions, but post-implementation all (100%, n=10) of the patients who 

received nutritional interventions also had a nutrition consult. Enteral nutrition (EN) was ordered 

on 12 (48%) admissions pre- and 10 (40%) admissions post-implementation, while parenteral 

nutrition (PN) was ordered on 3 (12%) admissions pre- and 1 (4%) admission post-

implementation. All of the patients that received PN during their admission also received EN 

during that same admission. The time to start nutritional intervention increased from an average 

of 1.1 days (SD = 3.2) to 2.4 days (SD = 2.6) post-implementation (Table 4). 

The project length was too short to make inferences about the effect of the algorithm’s 

implementation on nutritional indices or intervention used. Some patients received both enteral 

and parenteral nutrition in one admission. Other patients had nutritional intervention regimens in 

place prior to data collection because of previously noted malnutrition. During implementation, 

one of the three infant scales required maintenance and was taken out of use for 1 month. The 

unit’s single standing scale was found to lack height measurement under 2 feet. The unit’s 

assistance management purchased an inexpensive sticker that was applied to the scale to make it 

easier for use in younger children that wouldn’t be still on the infant scale. 

Discussion 

 The purpose of this QI project was to establish a standard of practice to improve the 

recognition and management of declining nutritional indices in pediatric oncology patients. The 
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results of this project suggest that standardizing nutritional management practices helped 

improve overall compliance with nutritional interventions by nursing and resident staff. 

Educating multidisciplinary staff and rotating residents on all elements of the project was 

feasible. The goal of educating 100% of nursing staff wasn’t met until week 6, as several nurses 

returned from maternity leave at that time. All resident staff received education as a group prior 

to project implementation, but required monthly in-house reminder sessions as residents changed 

between medical services. The goal of 100% of patients receiving daily weights and height and 

weights was not met, but this crucial compliance-based measurement improved significantly 

after implementation strategies were employed. The resident driven goal of 100% of patients 

ordered a nutrition consult during their admission was met in nearly all admissions and improved 

markedly from the pre-implementation period. The residents also met the goal of tracking 100% 

of patient’s nutritional indices from baseline during all admissions. One of the mid-term goals of 

the project was to create a standard nutritional order set, but this was not met due to the delay in 

EHR additions as a result of the pandemic. The final mid-term goal of nutritional indices being 

tracked from diagnosis and throughout the entire treatment course could not be completed due to 

the short project time frame.  

While Gentles et al. (2014), Hamilton et al. (2014), and Ziemba et al. (2019) all found 

that initiating a protocol for nutritional management improved the speed in which nutritional 

intervention was started, this project conversely saw a decline in time to starting nutritional 

intervention. This may have been due to a majority of patient’s during the pre-implementation 

period with existing nutritional interventions in place prior to admission, as compared to only a 

few patients had existing interventions in place prior to admission during the implementation 

period. Similar to Robinson et al. (2012), this project found it was more likely for patients to 

receive nutritional intervention if they also received a nutrition consult.   
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The creation of the smart phrases and database of baseline nutritional metrics as an 

adjunct to the algorithm improved compliance in tracking weight/BMI/weight for length changes 

and management decision making. The required orders increased nutrition consults and 

consistent collaboration with RDs.  

Limitations 

 While the data collected is not generalizable to all pediatric patients or pediatric oncology 

patients, it could be applicable to other pediatric settings, such as pediatric oncology clinics or 

units with patient’s undergoing chemotherapy. This project’s limitations included the short 

project study period and a small sample size. The study period limited the evaluation of whether 

the management algorithm had an effect on patient changes in nutritional metrics. Other 

limitations included unreliable or unavailable technology (scales/tape measures) for accurate 

measurements.  

Conclusion 

The implementation of a nutrition management algorithm improved early recognition of 

malnutrition and early nutritional interventions in hospitalized pediatric oncology patients. By 

standardizing nutrition practices, overall compliance by residents and nursing improved. This 

compliance also helped to ensure collaboration occurred between the RDs and medical team.  

Findings from this QI project may be used to aid in future development of a standardized 

nutrition order set in the EHR, which may also aid in ensuring sustainability. In the interim, the 

strength of utilizing an EHR smart phrases and updated database created for this project will 

help to sustain future use by easing calculation of nutritional changes and ensuring required 

orders are placed with the visual cue of the checklist. Many pediatric cancer treatments do not 

require inpatient admission for chemotherapy or may only require admissions during some 

periods of their treatment. The remainder of patients are instead seen in outpatient specialty 
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clinics for their chemotherapy. This project could be applicable to the outpatient nutritional 

management of these patients. Future steps should include collecting data over a longer period of 

time and tracking patients from diagnosis through completion of treatment to assess whether the 

nutritional management algorithm has long-term effects on nutritional metrics.  
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Table 1 

Demographics of Patients  

 Category n Percentage (%) n Percentage (%) 
  Pre-implementation Pre-implementation Implementation Implementation 

Patients 9  12  
Admissions followed 25  25  
Age (avg. in years) 11.1 (SD = 6.3)  8.1 (SD= 5.8)  
Length of Stay (days) 9.6 (SD = 12.7)  6.5 (SD = 8.3)  
Gender        

Female 5 56 11 92 
Male 4  44 1 8 

Race         
Asian 2  22 3  25 
White 

Hispanic 
African American/Black  

Other 

1  
2  
3  
1  

11 
22 
33 
11 

4 
0  
4 
1 

33 
0 

33 
8 

Diagnosis         
Leukemia 5  56 6 50 

Wilm’s Tumor 1  11 3 25 
Osteosarcoma 2  22 1 8 

Lymphoma 1  11 1 8 
Neuroblastoma 0  0 2 17 

s 
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Table 2 

Resident Driven Compliance Data 

 

 

 

 

 

 

 

 

 

 

Category n       Percentage (%) n Percentage (%) 
 Pre-implementation (n=25) Implementation (n=25) 

Nutrition Consult Ordered 8 32 24 96 
Patients ordered for consult during initial diagnosis 5 56 5 100 
Patients whose nutritional indices were tracked every 
admission 

0 0 12 100 
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Table 3 

Nutritional Intervention Data  

 

 

 

 

 

Category n  Percent (%) n  Percent (%) 
 Pre-implementation (n=25) Implementation (n=25) 

# admissions ordered any supplemental nutrition 12  48 10  40 
# admissions getting enteral nutrition 12  48 10  40 
# admissions getting parenteral nutrition 3  12 1  4 
# admissions receiving supplemental nutrition prior to admission 10  83 3 30 
# patients receiving supplemental nutrition during admission 3 33 8 67 
# patients receiving supplemental nutrition pre-admission  2 67 2  25 
# admission ordered for consult and intervention 9  75 10  100 
Mean days from admission until intervention 1.1 

SD=3.2 
n/a 2.4 

SD=2.6 
n/a 
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Table 4 

Changes in Nutritional Indices  

 

  

 

 

 

  

   

 

 

Category Percent (%)  SD Percent (%) SD 

 Pre-implementation Implementation 
Mean change in BMI/weight for length - 1   52 + 8  39 
Mean change in weight + 0.4  12 +3  11 
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Figure 1 

Run Chart of Percentage of Patients Ordered Nutrition Consults by Residents 
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Figure 2 

Run Chart of Percentage of Daily Weights Compliance by Nursing 
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Appendix A 

Evidence Review Table 

 

Citation:  
Garófolo, A., Petrilli, A. S., & Ancona-Lopez, F. (2019). Outcomes of an enteral feeding protocol in pediatric 

cancer patients: A non-randomized clinical trial. Hospice and Palliative Medicine International Journal, 
3(3), 103–111. doi: 10.15406/hpmij.2019.03.00161 

 
Level III 

Purpose/ Hypothesis Design 
 

Sample Intervention Outcomes Results 

 “The aim was to 
study the refusal 
and impact of the 
tube feeding on 
nutritional status in 
pediatric cancer 
patients, through 
applying a protocol 
that was based in an 
algorithm for 
nutritional support 
decision-making, 
already published 
previously 
(reference cited in 
supplementary 
document). The 
mean hypothesis 
was that supplement 
intake by TF 
improves nutritional 
status in pediatric 
cancer patients”.  

Controlled, non-
randomized, 
prospective clinical 
trial  

Sampling Technique:  
Convenience  
Eligible: 141 pediatric 
patients with cancer    
Inclusion: Receiving 
chemotherapy, over 1 
year old, malnutrition 
was present (defined by 
weight for height 
(W/H) Z-scores or 
body mass index 
(BMI). 
Exclusion: Receiving 
corticosteroids or 
hormonal therapy, 
swallowing 
abnormalities, early or 
exclusive parenteral 
nutrition, previous or 
current use of tube 
feeding support, 
palliative care and 
presence of non-cancer 
related disease. 
Accepted: 42 patients 
Intervention:  
23 Tube feeding (TF) 

Intervention: 
Protocol using an 
algorithm for 
nutritional support 
decisions for 
outpatient and 
inpatient (if 
hospitalized) 
pediatric cancer 
patients. 
Intervention 
fidelity: 
Patients met 
weekly for 
nutritional 
counseling and 
supplementation 
advice. Enteral 
tube feeding (TF) 
was offered 
according to the 
energy 
requirements for 
this population, 
starting at 50% of 
recommended 
energy intake 

DV: 

Nutritional status  

Measure: 

DV was measured 
during 9 weeks, 
three weeks per 
period: OS before 
TF (period 1), on 
TF (period 2), after 
TF discontinued and 
maintained on OS 
(period 3).  

Triceps skin fold 
thickness (TSFT), 

mid-upper arm 
circumference 
(MUAC) and 

arm muscle 
circumference 
(AMC) were used as 
nutritional 
assessment tools. 

Statistical 
Procedures(s) 
and Results: 
Paired student test 
found statistically 
significant difference 
between supplement 
intake relative to total 
energy expenditure 
(TEE) for the OS and 
TF group (24% for OS 
versus 63% for TF, p = 
0.000). 

 
Statistically significant 
positive nutritional 
outcomes (TSFT, 
MUAC and AMC) were 
seen during the TF 
period only (TSFT: p = 
0.012; MUAC: p = 
0.002; AMC: p = 
0.002). 

 
Multiple regression 
analysis was used and 
found the longer the 
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group 
19 Oral 
supplementation (OS) 
group 
Power analysis:  
Effect of 20% 
calculated, using 
α=0.05, β=0.20 and a 
test power of 80% for 
the 27 patients in the 
TF regimen nutritional 
outcome between 
periods 1 and 2. 
Group Homogeneity: 
Chi-squared test 
showed non-
statistically significant 
differences between OS 
and TF demographics.  

 

(REI), then 
increasing to 75% 
over 3 days, 
reaching 100% in 
five days if 
tolerated. 
TF was delivered 
via nasogastric 
tube (NGT) as 
continuous or 
intermittent in the 
hospital, and only 
intermittent (not 
overnight) when 
home. 
In hospital, data 
was collected 
using EHR. 
At home, TF was 
recorded weekly 
(seven-day recall), 
and relied on 
parents’ 
memories.  

 

TSFT, MUAC and 
AMC were 
measured using 
scientific caliper 
(Harpenden model; 
Cescorf).  

No data on 
reliability or 
validity of tool or 
data collector was 
available.  

patient was on TF, the 
higher the increase in 
nutritional adequacy 
when adjusting for 
diagnosis, age and 
educational level of 
caregiver. 

 
TF patients did have 
higher leukocytes and 
platelets, but the 
difference was not 
statistically significant. 
Statistically higher 
hemoglobin was found 
with TF group 
compared to OS group 
(p = 0.047) 

Citation:  
Hamilton, S., Mcaleer, D. M., Ariagno, K., Barrett, M., Stenquist, N., Duggan, C. P., & Mehta, N. M. (2014). A 

stepwise enteral nutrition algorithm for critically ill children helps achieve nutrient delivery goals. 
Pediatric Critical Care Medicine, 15(7), 583–589. doi: 10.1097/pcc.0000000000000179 

 
Level IV 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 

“To evaluate the 
impact of 
implementing an 
enteral nutrition 
(EN) algorithm on 
achieving optimal 
EN delivery in the 
Pediatric Intensive 

Prospective pre/post 
implementation audit  

Sampling Technique:  
Convenience  
Eligible: 118 
consecutive patient 
admissions from pre-
implementation phase. 
Control (Pre-
implementation 

Control: Pre-
intervention 
baseline practices. 
Intervention: 
Introduction of 
EN algorithm. 
Intervention 
fidelity: 

DV: Total and 
avoidable EN 
interruptions, time 
to initiate EN after 
PICU admission, 
time to reach energy 
goals and parenteral 

Statistical 
Procedures(s) 
and Results: 
Kaplan Meier curves 
were used in comparing 
the two cohorts for 
proportion of patients 
receiving full energy 
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Care Unit (PICU)”.  
 
 

 

cohort): 80 patients  
Eligible: 150 patients 
admitted during the 
audit that received EN 
and stayed in the PICU 
for more than 24 hours. 
Intervention: 80 
patients  
Power analysis:  Not 
presented by the 
authors of this study.  

                                                                                      
Group Homogeneity: 
Authors reported no 
statistically significant 
differences between 
two cohort groups in 
age, gender, need for 
mechanical ventilation 
and length of PICU 
stay. 
 

Multidisciplinary 
team created a 
stepwise, 
evidence-based 
algorithm for EN 
in critically ill 
children. 
Implemented over 
a 4-week period to 
consecutive 
patients meeting 
eligibility.  

nutrition use.  

Measurement tool 
(reliability), time, 
procedure: 

Audit of bedside 
practices during 4-
weeks: before and 
post-implementation 
period. Data was 
collected from 
EHR. No data was 
presented by the 
authors for 
reliability. No tool 
or instrument was 
used.   

Schofield equation 
or WHO equation 
was used for energy 
predictions.  

Schofield equation 
considers stress 
factors, but if used 
on patients with 
only estimated 
weight can produce 
bias. 

goals during PICU stay. 
Logrank sum test and 
hazards ratio was used 
to test significant of 
difference between the 
two cohorts. 
Time to reach energy 
goal was significantly 
decreased (1 vs. 4 days, 
p < 0.05) and a higher 
number of patients 
reached this goal (99% 
vs. 61%, p = 0.01). 
Cumulative proportion 
of patients that reached 
their energy goals on 
sequential days after 
PICU admission was 
statistically significant 
between the 2 cohorts (p 
< 0.0001: hazard ratio 
(CI) of 0.29 (0.16 to 
0.52). 
Post intervention group 
also reached energy 
goal earlier in 
admission. 

 

Citation: 

Robinson, D. L., Loman, D. G., Balakas, K., & Flowers, M. (2012). Nutritional screening and early intervention in 
children, adolescents, and young adults with cancer. Journal of Pediatric Oncology Nursing, 29(6), 346–
355. doi: 10.1177/1043454212460921 

Level IV 

Purpose/ 
Hypothesis 

Design Sample Intervention Outcomes Results 
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“Based on the 
recommendations 
in the pediatric 
oncology 
literature and 
clinical published 
guidelines, this 
study 
evaluated 
nutritional 
screening in a 
population of 
children, 
adolescents, and 
young adults to 
assess the risk of 
malnutrition 
during active 
treatment for 
cancer. In 
addition, 
the study explored 
the types of 
interventions that 
occurred once the 
risk of 
malnutrition was 
identified.” 

Exploratory/descriptive 
study using retrospective 
data 

Sampling 
technique: 
Department list of 
cancer patients 
(n=104) 

Inclusion criteria: 
Children, 
adolescents, and 
young adults, ages 
1-22. 

Exclusion criteria: 
Infants under 1-
year-old or received 
less than 6 months 
of treatment. 

Eligible: 79 
patients 

Power analysis: 
Not performed by 
authors.  

Group 
Homogeneity: The 
sample used was 
half females and 
half males, whom 
most received 
similar treatment. 

Intervention: 
Nutrition screening 
tool created by 
principle 
investigator  

Intervention 
Fidelity: Principle 
investigator (PI) 
reviewed charts at 
baseline and 
monthly for 6 
months using the 
screening tool PI 
developed from 
current literature 
recommendations.  

Dependent 
variable: 

All patients: Weight, 
height, percent of 
weight loss from 
baseline and serum 
albumin.  

Positive screen only: 
Current symptoms or 
risk factors present, 
source and 
timeliness of any 
nutrition referral and 
medical or 
nutritional 
interventions at the 
time of the identified 
risk for malnutrition.  

Measurement: 
Charts were 
reviewed at baseline 
and monthly for 6 
months. If patient 
had positive screen, 
additional data was 
collected as noted 
above. Nutritional 
referrals were 
received for 
recommendation and 
plan. 

Statistical 
Procedures(s) and 
Results: 
49 had positive 
nutritional screen and at 
every point during 6 
months, 1 or more 
patient had weight loss 
exceeding 15%.  
Pearson x2 test analysis 
showed those with 
progressive disease 
were more likely to 
have positive nutritional 
screen. 
Pearson x2 test analysis 
also showed all risk 
factors except mucositis 
significantly associated 
with a nutrition referral. 
38 received timely 
nutritional intervention 
after risk for 
malnutrition was 
identified (78%) and 6 
had delayed or no 
intervention.  

Citation:  
Wong, J. J.-M., Ong, C., Han, W. M., & Lee, J. H. (2014). Protocol-driven enteral nutrition in critically ill 

children: A systematic review . Journal of Parenteral and Enteral Nutrition, 38(1), 29–39. doi: 
10.1177/0148607113502811 

 
Level V 

Purpose/ Hypothesis Design Sample Intervention Outcomes Results 
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 “We conducted a 
systematic review 
with the aim of 
assessing the effect 
of EN protocols on 
important clinical 
outcomes in these 
children”. 

 

Systematic review  Search strategy: 
Two authors 
independently 
conducted a search via 
MEDLINE, Cochrane 
Database, Embase and 
CINAHL using 
predetermined 
keywords “EN”, 
“feeding”, “nutrition 
support”, “protocol”, 
“algorithm”, 
“guideline”, “pediatric 
intensive care unit 
(PICU)”, and “critical 
illness”. Results were 
screened for relevance 
through title and 
abstract. Included 
studies were 
independently decided 
on and disagreements 
were resolved with 
discussion after article 
was reexamined in 
detail. Researchers 
were not blinded too 
article attributes. Data 
extraction was done 
using standardized 
forms and all of the 
forms were 
counterchecked for 
accuracy. 876 abstracts 
identified and screened 
for inclusion/exclusion 
criteria. 121 citations 
were retrieved after 
title/abstract was 
screened. 

Control: If any 
were present in 
the studies, were 
patients on 
existing feeding 
practices or 
standard of care 
before protocol 
introduced. 
Intervention:  
Patients on an EN 
protocol. It was 
noted that the 
protocol followed 
and route used 
may differ 
between studies. 
Protocols were 
considered 
collectively as the 
intervention of 
interest.  

DV:  

Articles selected 
had the outcomes of 
PICU length of stay 
(LOS), hospital 
LOS, PICU 
mortality and 
hospital mortality, 
duration of 
mechanical 
ventilation, GI 
complication, 
infective 
complications, time 
to initiate feeds and 
time to achieve goal 
feeds or calories. 

Measurement tool: 
Grading of 
Recommendations 
Assessment, 
Development and 
Evaluation 
(GRADE) was used 
for determine 
evidence quality for 
outcomes. GRADE 
considers bias risk, 
directness of 
evidence, 
heterogeneity, 
precision of effect 
and publication bias 
risk. Validated and 
recommended 
method to uniformly 
rate evidence. 

Studies collected 

Statistical 
Procedures(s) and 
Results: 
GRADE 
recommendation: 
Initiating an EN 
protocol improves time 
to initiate feeds and 
achieve goal feeds, but 
level of evidence was 
low. 
Conclusion: There is 
evidence that shows the 
use of EN protocol 
reduces time to initiate 
feeds and time to 
achieve goal feeds, but 
it is low level of 
evidence. 
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Eligible Studies: 
Randomized control 
trials and observational 
studies that involved 
feeding protocols for 
enteral nutrition in 
children (ages 1 day to 
16 years old) admitted 
to PICU. 

 
Excluded: Studies with 
primarily premature 
infants in NICU (36), 
did not have feeding 
protocols or outcomes 
on interest (21) or were 
questionnaires/surveys, 
reviews, clinical 
practice guidelines, 
letters or commentaries 
or teaching modules 
(46). 
Included: 9 studies: 1 
RCT and 8 
observational studies 
with an intervention of 
a feeding protocols for 
enteral nutrition in 
children (ages 1 day to 
16 years old) admitted 
to PICU. 
PRISMA: Included 
and detailed reasoning 
of articles chosen. 

                                                                                      
Power analysis: Not 
applicable in SR 

 

data through chart 
review 
retrospectively or 
prospectively. 
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Citation:  
Ziemba, K. J., Kumar, R., Nuss, K., Estrada, M., Lin, A., & Ayad, O. (2019). Clinical decision support tools and a 

standardized order set enhances early enteral nutrition in critically ill children. Nutrition in Clinical 
Practice, 34(6), 916–921. doi: 10.1002/ncp.10272 

Level IV 

Purpose/ Hypothesis Design Sample Intervention Outcomes Results 

“The purpose of this 
initiative was to 
implement an 
enteral nutrition 
(EN) algorithm in a 
tertiary care PICU 
utilizing clinical 
decision support 
tools (CDSTs) and a 
standardized order 
set within an 
electronic health 
record”. 

 
 

Quality improvement 
initiative using 
retrospective and 
prospective data 
gathering 

Sampling Technique:  
Convenience  
Eligible participants: 
Patients were admitted 
to the PICU for 
respiratory illness 
requiring positive 
pressure ventilation <1-
year-old  
Excluded: Admitted 
under surgical service 
or already had a 
gastrostomy tube. 
Accepted: 647 Patients 
Control (Historical 
Cohort): 375 patients  
Intervention cohort: 
272 patients 

 
Power analysis: Not 
given by authors.                                                                               
Group Homogeneity: 
Groups studied were 
homogenous based on 
non-significant p 
values for 
demographics and 
PRISM score. Weight 
was significant (p = 
0.01). 
 

Control: 
Historical cohort 
receiving baseline 
practices 
  
Intervention: 
Ordering and 
administering EN 
feeding protocol 

 
Intervention 
fidelity: 

Providers placing 
orders for patients 
that met the 
inclusion criteria 
would be 
prompted about a 
best practice 
advisory (BPA) 
with the order set 
link containing 
standardized 
comprehensive 
EN initiation 
using age specific 
nutritional 
supplements and 
assessments of 
feeding tolerance. 
Nurses were 
reeducated to use 
existing EHR 

DV:Time to 
initiation of EN 
from time of 
admission to the 
PICU, time to goal 
EN met, time of 
admission to PICU, 
length of stay (LOS) 
from admission to 
discharge, LOS in 
PICU 

Measurement: 

SNOMED concept 
diagnoses group 
created for 
identification of 
target population in 
EHR that evaluated 
for age, location, 
hospital service and 
time from admission 
to the PICU location 
and service. No data 
on reliability of was 
available. No 
instrument or tool 
used. 

Data collection: 

Historical cohort: 
January 2013 to 

Statistical 
Procedures(s) and 
Results: 
Continuous data 
analyzed with Mann-
Whitney test and 
confirmed with Shapiro-
Wilk normality test (P < 
0.01). 
EN started within 48 
hours of PICU 
admission in 81% 
(221/272) of 
intervention cohort 
compared to 63% 
(236/375) of historical 
cohort (P < 0.01). 
Goal EN achieved 
sooner with intervention 
cohort (2.2 vs. 2.8 days, 
P < 0.01). 
Percentage of children 
receiving goal EN in 
first 48 hours of 
admission increased 
from 18% to 38% (P < 
0.01). 
Patients admitted in 
intervention cohort had 
median weight gain of 
140 g during admission 
vs 80 g in historical (P = 
0.001). 
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flowsheets to 
improve 
interventions 
documentation. 

November 2015 

Intervention cohort: 
December 2015 to 
February 2017 
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Appendix B 

Evidence Synthesis Table 

 

Evidence Based Practice Question (PICO):  
Does implementing an enteral nutrition protocol improve the recognition of undernutrition and decrease the time to intervention for newly 
diagnosed pediatric oncology patients (ages 1 to 21) being treated inpatient on a general pediatric floor for initial and subsequent 
chemotherapy compared to those being treated before an enteral nutrition protocol was introduced?  

Level of 
Evidence 

# of 
Studies Summary of Findings Overall Quality 

III 
 1 

Garófolo et al. (2019), found that 
patients that received enteral 
nutrition (EN) has better nutritional 
intake and higher amount of intake 
compared to those on oral 
supplementation alone. Nutritional 
assessment was measured using 
triceps skinfold thickness, mid-upper 
arm circumference and arm muscle 
circumference, and all three 
significantly improved by the last 
week of the patients receiving EN 
compared to the first week receiving 
EN.  

B The study was not randomized, but was controlled, strengthening 
its internal validity. Power analysis indicates the adequacy of the 
sample size studied. Limitations were variability in sample 
(diagnosis, age, degree of malnutrition) and lack of oral supplement 
analysis. Results were consistent, but the authors noted that limited 
time period may not have been enough time to influence change in 
the patients. The authors recommendations were for future research 
studies.  

IV 3 

Hamilton et al. (2014), found that 
after introducing the protocol, 
median days to reach energy goal 
decreased from 4 days to 1 day. Also 
found that more patients reached 
energy goals in the post 
implementation group. Results and 
measures similar to the other studies 
in this review.  
 
Robinson et al. (2012) found that 

C The study was not randomized and did not have a true control. 
Did have a pre-intervention cohort. No power analysis was 
presented by the authors. Large study group, increasing 
generalizability. Results were consistent.  
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62% of children and young adults 
receiving chemotherapy were at risk 
for malnutrition during the first six 
months of their treatment. Those 
patients that received nutritional 
assessment were more likely to 
receive interventional  
 
Wong et al. (2014), systematic 
review found that low-level of 
evidence that using EN protocols 
shortens time to initiation of feeds 
and time to achievement of goal 
feeds. Results of the SR are 
consistent with data found from the 
other studies in this review. 

C The study had no randomization or control group. Data was 
collected from only one institution and the sample size that was 
positive was small (n=49). Confounding factors were present in 
weight gain that included fluid retention and overload. Study did not 
continue for entire treatment phase for most patients, and 
malnutrition may have occurred after 6 months.  
 
 
 
 
B The systematic review found low-level of evidence, but low risk 
of harm with EN. The studies looked at were 1 RCT, 4 before-and-
after studies, 1 cohort, 1 prospective descriptive study and 2 audits. 
Authors recommendations were for future studies. 

V 1 

Ziemba et al., (2019), found after 
implementing an EN feeding 
protocol more critically ill children 
admitted started EN faster (within 
48 hours) and achieved goal rates 
sooner when compared to children 
admitted before the protocol was 
implemented. Measures and findings 
similar to other studies in this 
review. 

C No randomization or true control used. Used pre-intervention as 
“control”. No power analysis reported.  Large number of patients 
studied. Study was limited to patients under 1 year old with 
respiratory illnesses, decreasing generalizability. Results consistent.  
Recommendations aimed at future studies. 
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Appendix C 

Demographic Data Collection Tool  

 
 

Patient 
Identifier  

Admission 
date 

Age Sex Diagnosis # of Days 
Inpatient 

Received 
Nutritional 
Consult (Y/N) 

Risk 
Factors 
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Appendix D 

Implementation Data Collection Processes and Outcomes 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Patient 
Identifier 

Received 
Nutritional 
Consult  
(Y/N)? 

Received 
Supplemental 
Nutrition (Y/N)? 

Admit 
Date 

Date 
Started 

Number of 
Days from 
Admission to 
Nutritional 
Intervention  

Route Type Indication for Nutritional 
Intervention (BMI%, Weight 
%, presence of risk factors) 
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Appendix E 

Weight/BMI Data Collection Tool 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient 
Identifier 

Baseline BMI/z-
score 

Lowest BMI 
during 
admission 

Change in 
BMI During 
Admission 

Baseline 
Weight  

Lowest 
Weight (kg) 
during 
admission 

Weight 
Change % 
During 
Admission 
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Appendix F 

Compliance Tracking Tool  

 
 

 
 
 

Patient 
Identifier 

Number of 
Days 
Admitted  

Number 
of Daily 
Weights 

% of Daily 
Weights 
Performed  

Admission 
Height/Weight 
Completed x 2 
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Appendix G  

Nurses Huddle 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

August Huddle for PPCU 
 
The Pediatric Oncology Nutritional Algorithm will go live September 7th!  
 
This project aim is to prompt the early recognition and intervention of weight 
loss by health care providers (aka the new residents/interns that recently joined 
us). 
 
Nursing plays a huge role in ensuring this project’s implementation is successful!  
From August 31st forward, all oncology patients admitted to the PPCU are required to 
have: 
 

1. Admission height/weight x 2 must be completed (is it acceptable to 
complete over 2 consecutive shifts or have 2 different people on the same shift 
perform the measurement; i.e. AM shift does one then PM does the second) 

2. Daily weights are really important to the whole project, please ensure they are 
performed at a consistent hour (i.e. 12 PM every day) and on the same scale, 
either with similar type of clothing or naked for infants 

3. Strict intake/Outputs need to be documented thoroughly every shift  
 
I will be auditing charts starting in August through December, but when I am not there 
please be an advocate for your patient and ensure that every admission they have 
a nutritional consult, daily weights, admission height/weight x 2 and strict intake/output 
ordered! 
 
 
A copy of the algorithm is attached, let me know if you have any questions or feedback. 
 
 
Thank you all for your time! 
Ricki 
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Appendix H  

Flier for Nurses Stations 
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Appendix I  

PONA Resident Room Post  
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Appendix J  

Instructions for Residents 

 

 
Beginning September 7th, 2020 Please reference the algorithm 
prior to rounds beginning  

o BMI or % in weight loss from diagnosis must be 
calculated daily 

§ If the patients change in weight percentage is > 
than 5% from diagnosis or decline of 1 z-
score (BMI) please address during rounds! 

§ If the above criteria is not met, please report % of 
weight change every Monday with rounds  

o Orders to place for oncology admission (for chemo 
admissions or new diagnosis’ only) 

§ Nutritional consult 
§ Height and weight (please put in comment box: 

Measure to be completed twice by two different 
people over 2 consecutive shifts) 

§ Daily Weights (please put in comment box: At 
same time of day on same scale in similar 
clothing)  

§ Strict intake/output  
§ Q Sunday height  

 
Contact: 
Ricki Weisbrot (Doc Halo)  
RLinkoff@umaryland.edu  
(443) 794-7249 
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Appendix K  

Quick Reference Card for Resident Computers 

 

 

 

 

 

Quick Reference for PONA: 
Admitting a patient at initial cancer diagnosis or for chemotherapy? 
Add these orders on admission: 
-Height/length x 2 (type into comment box: on 2 consecutive shifts) 
- QSunday height/length  
- Qday weight (type into comment box: at same time of day on same scale with similar clothing) 
- Consult to nutrition (reason can be new onc dx or patient currently receiving chemo)  
- Strict I/O Q4 
 
For your daily progress notes, insert dot phrase according to patients age and calculate the 
change in BMI and weight from diagnosis: 
( (Final – Initial) / Initial) x 100 
à For patients 0-2 years use dot phraseà .PONAUNDER2YEARS 
à For patients 2-20 years use dot phrase à .PONA2to20YEARS 
 
Every Monday and if below criteria are met:  
-Address their weight/BMI/weight for length change during rounds  
-If daily change is a loss ³ 5% from diagnosis in weight or decline of 1 z-score (BMI), high risk 
for malnutrition:  Intervene à follow the algorithm and nutrition recs  
-if change reaches 10% malnourished and at risk for lots of complications! 
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Appendix L 

Database of All BMI/Weight for Length/Weights a Diagnosis 

 
Patient Identifier Baseline BMI/z-score Baseline 

Weight  
 Chaudhri, Sarah 61st % 

Z=0.27 
 40.1 kg 

 Jarvis, Adellah  54th % 
Z=0.11 

 7.107 kg 

 Brown, Garrett   30th % 
Z=-0.52 

38 kg  

 Mansey, Amy  56th % 
z=0.14 

32.4 kg 

 Wells, Anastasia  94th % 
Z=1.58 

42.2 kg 

 Zavala, Gerard0  4th % 
Z=-1.7 

42.5 kg  

 Chan, Liam  92nd % 
Z=1.42 

 81.8 kg 

Harrison, Kristianarman 92nd % 
Z=1.43 

91.4 kg 

Brandt, Xavier 87th % 
Z=1.11 

33.6 kg 

Balderes Flores, Allen 25th % 

Z=-0.67  
16 kg 

Ruiz Ramirez, Bryant 97th % 
Z=1.92 

96.8 kg 

Slowe, Aleyah 49th % 
Z=-0.03 

43.5 kg 

Rivera, Castiel 6th % 
Z=-1.55 

20.1 kg 

Wilson, Kenzley Wt for length: 
63rd % 
Z=0.34 

6.01 kg 

Hillsgrove, Ricky 100th % 
Z=4.21 

24.7 kg 

Hager, Iris 33% 
Z=-0.43 

14.5 kg 

Randall, Marcia 30th % 
Z=-0.54 

49.7 kg 

Jenkins, Adalynn 89th % 
Z=1.24 

24.5 kg 

Korri Uboegbu 99th % 
Z=2.45 
(with renal mass) 

28.6 kg (with 
renal mass) 

Hassou, Derya Wt for length: 29th % 
Z=-0.55 

8.25 kg 
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Appendix M 

PONA Smart Phrase for Patients Under 2        PONA Smart Phrase for Patients 2-20 
 

 

 

 

 

 

 


