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Abstract 

Problem: Approximately 30 feeding intolerance events including aspiration, bradycardia, and 

desaturation occurred within the large metropolitan pediatric center over one year. The adverse 

feeding events were related to quantity-based feeding, incorrect nipple selection, and the staff's 

lack of awareness of stress signs during oral feedings. Interviews with nursing staff reveal 

limited knowledge and hesitancy to educate parents about feeding techniques. 

Purpose: The quality improvement initiative aimed to promote cue-based feeding and 

appropriate nipple selection to prevent adverse feeding events and improve consistency in infant 

feeding practices in a step-down pediatric cardiac unit. 

Methods:  A multidisciplinary team of stakeholders, including a lactation consultant, nurses, 

clinical nurse specialists, occupational therapists, speech-language pathologists, and nurse 

practitioners, was formed to improve feeding practices. An educational program including cue-

based feeding, nipple selection, and feeding techniques was provided to the nursing staff. The 

nursing staff received education to document feeding cues, feeding techniques, time to feed, and 

feeding intolerance under the General Infant Feeding Assessment (GIFA) in the electronic 

medical record. Individualized feeding guides were developed by speech-language pathologists 

and occupational therapists for use at the bedside by the nursing staff and family. Signs were 

placed around the unit to increase awareness of the practice change. 

Results: Documentation compliance and use of feeding resources were low throughout 

implementation. Infants with inconsistent feeding assessments or nipple selection documentation 

were found to have signs of vital sign instability with oral feedings.  

Conclusions: The educational program and documentation of feeding assessments may improve 

feeding practices when used consistently. 
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Improving Feeding Practices for Infants Transitioning to Oral Feeds 

 Pediatric Feeding Disorders (PFD) occurs due to the inability to consume an age-

appropriate diet orally (Kovacic et al., 2021). PFD can occur in infants who have impaired 

structure and function of the gastrointestinal, neurobehavioral, or cardiorespiratory systems 

(Kovacic et al., 2021). PFD can occur due to provider-driven, quantity-based feeding, and 

orogastric procedures (Fry et al., 2018 & Edwards et al., 2015. These negative feeding 

experiences contribute to feeding challenges leading to prolonged hospitalization, aspiration 

pneumonia, poor weight gain, and psychological distress (American Speech-Language-Hearing 

Association, n.d). Children who receive medical assistance in the United States have an 

estimated annual prevalence of PFD in 1 in 3 children (Kovacic et al., 2021). The estimated 

annual prevalence of PFD is 1 in 5 children with chronic diseases who have private insurance in 

the United States (Kovacic et al., 2021). 

Traditionally, in the neonatal intensive care unit (NICU), nutrition orders are placed to feed an 

infant a volume based upon their age or weight (Fry et al., 2018). This practice helps to promote 

volume-driven or scheduled feedings for growth and weight gain. However, infants may lack the 

feeding skills necessary to adapt to variable conditions while feeding (Fry et al., 2018). 

Cue-based feeding guides medical staff and parents to follow the infant’s developmental 

cues and physiological needs to support individualized feeding (Fry et al., 2018). Cue-based 

feeding promotes safe feeding practices while reducing negative feeding experiences in infants. 

Cue-based feeding has been adopted in NICUs worldwide but is limited in practice in pediatric 

units (Fry et al., 2018).  

 A large metropolitan pediatric center has expanded its cardiac program and developed a 

Pediatric Cardiac Intensive Care Unit (PCICU). The growth of the PCICU led to an increased 
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need for a step-down unit to provide post-operative, non-intensive care. The nursing staff, 

occupational therapists (OT), and speech-language pathologists (SLP) recognized the feeding 

complexities infants with cardiac conditions face when transitioning from nasogastric (NG) tube 

feedings to oral feeds. Nursing staff expressed discomfort when feeding the cardiac population 

due to limited knowledge of infant feeding techniques. Parents expressed a lack of guidance and 

parental confidence to feed their infant safely. In the current process at the institution, as shown 

in Figure 1, infants experience vital sign instability and feeding difficulties related to incorrect 

bottle nipple selection and quantity-based feedings. This project aimed to promote cue-based 

feeding, correct nipple selection, understanding milk flow rates, and feeding assessment 

documentation through a quality improvement (QI) project. The anticipated outcomes were 

decreased adverse events during feedings and improving consistency in infant feeding practices.   

Literature Review  

 The nine studies included in the review are three randomized control trials (RCT), two 

controlled trials without randomization, a retrospective study, a systematic review of QI  

initiatives, and two QI initiatives. Table 1 includes each article's analysis and level rating using 

The System for Hierarchy of Evidence adopted from Fineout-Overhault et al. (2010). Table 2 

includes the articles’ synthesis and quality of evidence using The Newhouse Rating of Quality of 

Evidence adopted from Newhouse et al. (2006).    

 Two RCTs, three QI initiatives, and a systematic review evaluated the impact cue-based 

feeding has on (1) the time to achieve full oral feedings, (2) weight, and (3) days to reach 

hospital discharge. Morag et al. (2019) also evaluated the effect feeding education has on 

parents’ involvement in feeding. Kamran et al. (2020) and Morag et al. (2019) are grade A, high 

quality, level I studies.  The three QI initiatives led by Chrupcala et al. (2015), Gelfer et al. 
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(2015), and Jadcherla et al. (2012) are grade B, good quality, level III studies.  Fry et al. (2018) 

is a grade C, low quality, level V study. All of the studies took place in NICU’s with preterm 

infants who were physiologically stable during oral feedings. Kamran et al. (2020) and Morag et 

al. (2019) conducted RCTs to compare cue-based feeding to traditional feeding (TF). Morag et 

al. (2019) relied on the Parental Guided Responsive Feeding (PGRF) program to educate parents 

on cue-based feedings. Whereas Chrupcala et al. (2015), Gelfer et al. (2015), and Jadcherla et al. 

(2012) conducted QI initiatives that developed a cue-based feeding algorithm or policy, provided 

education, and nurse champions to support the QI. Fry et al. (2018) conducted a systematic 

review of QI initiatives implementing cue-based feeding in the NICU setting for preterm infants.   

The results for Kamran et al. (2020), Morag et al. (2019), and Gelfer et al. (2015) showed 

that the intervention groups achieved full oral feeds earlier than the control group. Kamran et al. 

(2020), Morag et al. (2019), Chrupcala et al. (2015) found that the cue-based feeding groups 

were discharged earlier compared to the control groups. Fry et al. (2018) found fewer days to 

achieve full oral feedings and decreased length of hospitalization however, the results were not 

statistically significant. Kamran et al. (2020) found that weight gain was not statistically 

significant between the groups. Fry et al. (2018) found that low weight gain may have been 

related to poor compliance with the intervention, and infants who were discharged home had low 

weight gain. However, Morag et al. (2019) found that weight gain was initially slow but returned 

to baseline when the infants reached 35 weeks gestational age, compared to the TF group. 

Parental involvement in infant feeding in the intervention group was significantly more likely to 

occur than in the control group (Morag et al., 2019). Jadcherla et al. (2012) found that 

individualized feeding plans had positive short-term outcomes, such as higher feeding success 

seen at discharge and one year following the intervention. Additionally, infants who received the 
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individualized feeding plans had a decreased economic burden because the infants did not 

require gastrostomy tube placement for feeding (Jacherla et al., 2012).   

 Pados et al. (2018) and Pados et al. (2015) are grade A, high quality, level III studies. 

Pados et al. (2018) conducted a non-randomized control trial to test the milk flow rates of bottles 

used in the hospital compared to commercially available bottles. Pados et al. (2015) only tested 

bottles used in the hospital setting. Both studies used the same method. The results showed a 

wide variability of milk flow rates between different nipple types and brand of bottles used in the 

hospital and outpatient settings. Differences in milk flow rates can make feeding challenging for 

infants with complex medical conditions. This information is significant because clinicians can 

provide the same nipple brand and type with every feeding to ensure consistency in milk flow 

rates for safe feedings. The study identified incidental findings that clinicians can use to control 

milk flow rates when feeding an infant. Pados et al. (2015) had found that overfilling a bottle, 

overtightening the nipple collar onto a bottle, and vertical bottle holding can lead to increased 

pressure within the bottle and make oral feedings more challenging for infants with medically 

complex care needs. The incidental findings are significant because clinicians can prevent 

increased pressure within the bottle nipple to help support oral feedings.    

 Girgin et al. (2017) is a grade A, high quality, level I RCT. Girgin et al. (2017) conducted 

a study to determine the effect the semi-elevated supine position (ESU) or semi-elevated side-

lying position (ESL) had on vital sign stability and feeding performance. Infants in the ESL 

group had higher oxygen saturation rates and lower heart rates than in the ESU group.   

 The review of the evidence shows that cue-based feeding, understanding milk flow rates, 

and feeding positions positively impact feeding outcomes.     

Theoretical Framework 
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The Social Cognitive Theory (SCT) was used to understand the practice problem (see 

Figure 3). The SCT examines the interactions between personal factors, environmental 

influences, and behavior affecting health behavior change (Glanz et al., 2018). Examining the 

personal factors showed that experience and attitudes towards feeding influenced confidence and 

ability to feed safely. Environmental factors such as (1) the lack of a feeding policy, (2) the lack 

of visible feeding resources, and (3) invasive procedures have impacted safe feeding. The lack of 

a policy and visible feeding resources can lead to inconsistencies in feeding practices. Behaviors 

and quantity-based feeding culture can make feeding challenging and lead to PFD later in life. 

The practice change influenced the three factors through the provision of infant feeding 

education, increasing documentation compliance, and increasing visibility of feeding resources 

to leverage the practice change.  

The conceptual framework of complex innovation implementation was used to leverage 

practice change (see Figure 2). Assessing, analyzing, and incorporating the seven innovations 

contributed to the QI initiative's success. Management recognized the need to improve feeding 

practices and supported the change because minimal financial resources were needed for 

implementation, and the practice change was aligned with the organization's values and mission. 

The nursing staff was supportive and acted as champions to support the sustainability of the 

practice change. Assessment of the innovation's strengths and weaknesses helped determine the 

facilitators and barriers to implementation. This allowed for early interventions to increase the 

chances of a successful project (Helfrich et al., 2007). 

Methods 

The project was implemented on a 20-bed pediatric medical/surgical unit specializing in 

post-operative cardiac care, organ transplantation, genetic and metabolic disorders. One-third of 
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the patients hospitalized in this unit were recovering from cardiac surgery. The post-operative 

cardiac patient's age ranged from 38 weeks gestation to 2 months. The nurse-to-patient ratio is 

one to three. Forty-three staff nurses, seven OTs, and three SLPs were available for 

implementation. SLP evaluated and made feeding recommendations for all cardiac infants who 

were medically cleared to feed orally. Additional time and resources were provided to handle 

medical drains, devices, and artificial airways with care during feeding and therapies. Interpreter 

services were offered for non-English speaking. Infant feeding techniques and cue-based feeding 

hands-on education was provided to parents/guardians.    

The project was implemented from October 2021 to January 2022. A cue-based feeding 

educational program, see Figure 4, was developed and included information on cue-based 

feeding, considerations when feeding the fragile infant, and documentation of feeding 

assessments in the electronic health record (EHR). Resources and educational materials were 

created in collaboration with SLP, OT, a lactation consultant, and a pediatric nurse educator.   

Structure, process, outcome, and balancing measures were used to track implementation 

progress and impact. Structure measures used to track implementation include (1) the addition of 

the general infant feeding assessment (GIFA) in the EHR, (2) availability of standard flow and 

slow flow Nfant® bottle nipples, (3) staff education, and (4) laminated feeding guides. Process 

measures included the number of patients with documented feeding cues, feeding assessments, 

and bottle nipples used for feeding. Outcome measures included signs of feeding intolerance and 

vital sign instability during feeding. Unintended weight loss was the balancing measure. 

 Implementation strategies and tactics were used to support the measures. An Infant Feeding 

Group (IFG), including nurse champions, was created to provide feeding assistance and address 

staff concerns and questions. Incentives were offered to the staff throughout implementation. 
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Online education was provided through a Microsoft Office application, SWAY, and posted on 

the unit’s Facebook page dedicated to staff education (see Figure 4). Due to institutional time 

constraints, the GIFA could not be embedded in the EHR prior to implementation. The nursing 

staff was instructed to add the assessment to the patients' EHR. The GIFA includes the feeding 

cues, feeding techniques, time to feed, and feeding intolerance signs. 

 Pre-knowledge and post-knowledge assessments were used to assess and monitor 

education uptake. A resource binder containing fast facts and feeding education for the nursing 

staff and parents was provided to promote adaptability (See Figures 6 and 8). Chart audits were 

completed to provide monthly feedback. Inventory of the feeding equipment occurred weekly to 

ensure the availability of feeding supplies. Nipple conversion signs were posted in the nutrition 

rooms to help staff select the correct nipple as the supply switched from Enfamil to Nfant® 

nipples (see Figure 7). The individualized laminated feeding guides were posted at the bedside 

for nurses, OT, and SLP to complete (see Figure 5).  

Data was collected for the project measures. A chart audit was conducted to monitor 

documentation compliance (see Figure 12). Post-operative cardiac patients, age 38 weeks 

gestation to 2 months old, with active oral intake orders were selected for the audit. The Intake 

and Output flowsheet was reviewed for documentation of the GIFA, feeding cues, infant feeding 

intolerance, and correct nipples used for feeding. Signs of feeding intolerance include apnea, 

bradycardia, coughing/gagging, pacing, cyanosis, and dribbling.   The vital sign flow sheet was 

reviewed for signs of instability such as tachycardia, bradycardia, desaturations, tachypnea, and 

apnea at feeding times. Chart audits were used to track weight loss (see Figure 13). Weight loss 

was considered if there was a decrease in weight by ten percent.     
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 A staff completion checklist was used to ensure all staff completed the education and 

knowledge assessments (see Figures 11 and 10). The average and median scores of the pre-

knowledge and post-knowledge assessments were calculated to assess education uptake. Random 

observations were performed to collect data on the completion of the laminated feeding guides 

(see Figure 14).   

Patient identifiers such as names, diagnosis, and date of birth were not collected to 

protect privacy. Staff identifiers were removed from the data spreadsheets to maintain 

confidentiality. Staff and patient identifiers were replaced with a code key to record data on the 

spreadsheets. The data was accessed and stored using the Secure Analytic Frame Work 

Environment provided by the hospital. Privacy was maintained by providing implementation 

interventions within the patient’s room and documented in a password secure health information 

system, EPIC.  

Run charts were used to analyze the collected data. The run charts do not have any runs, 

shifts, or trends. Completion of the feeding education occurred throughout the process of 

implementation. Education completion by the nursing staff was low at the beginning of 

implementation. Three in-service events and daily reminders during huddle were provided to 

encourage education completion. Nurse champions provided in-person reminders and 

reeducation to improve documentation compliance of feeding cues (see Figure 17) and nipple 

selection (see Figure 16) at weeks seven and twelve. Email reminders were not used because it 

was not an effective form of communication. There was low compliance for completing the 

individualized feeding guides by the nursing staff throughout the implementation. Low 

documentation compliance may have occurred because there was a misunderstanding that SLP 

and OT were solely responsible for filling out the guides. The nursing staff was encouraged to 
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apply the knowledge obtained from the education and review the SLP and OT treatment notes to 

fill out the feeding guides, if they were not already completed by SLP or OT, for the individual 

infant feeding needs. Additional assistance was provided to help nurses fill out the feeding 

guides as needed.  

Results 

The pre-knowledge and post-knowledge assessment contained ten multiple-choice 

questions worth 100%. Seventy-seven percent of nurses completed the pre-knowledge 

assessment. The average score of the pre-knowledge assessment was 65%, and the median score 

was 70%. Sixty-seven percent of nurses completed the post-knowledge assessment. The average 

score of the post-knowledge assessment was 73%, and the median score was 80%. The slightly 

higher assessment scores may suggest that the nurses’ feeding knowledge increased after 

receiving education. 

The infants included in the initiative age ranged from one to two months. Trends, shifts, 

and runs were not identified from the data. Pre-implementation data was collected on three 

infants. Thirty-three percent of infants had some components of the GIFA documented in the 

EHR, including feeding cues and intolerance to feeding, as shown in Figures 17 and 18. None of 

the infants had any documentation of the nipple used for feeding, as shown in Figure 16. The 

documented intolerance to feeding was coughing and gagging, which led to early cessation of 

feeding. One-hundred percent of infants did not experience vital sign instability at feeding times 

(see Figure 19).  

Implementation data collection began at week four. Data collection did not occur during 

weeks 2-4, 9-11, and 13 because there were no infants who met the eligibility criteria. The 

number of infants included in the post-implementation data is seven. Documentation compliance 
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of the GIFA and feeding cues were 100% immediately following implementation however, 

compliance decreased over time, as shown in Figures 15 and 17. Documentation for the 

appropriate nipple selected for feeding was recorded at 100% for weeks five and six but, 

compliance decreased to 0% for the remainder of the implementation (see Figure 16). Feeding 

intolerance such as coughing requiring the pacing feeding technique was noted at weeks five and 

eight for 100% of infants (n=2), as shown in Figure 18. It is important to note that the infants 

(n=2) who experienced intolerance were fed with slow-paced nipples, had SLP and OT consults, 

were fed using feeding techniques, and had early cessation of oral feedings documented. For 

infants unable to complete the ordered feeding volume, the remainder of the ordered feeding was 

given through an NG tube.  

At week five, the infant who experienced feeding intolerance did not experience vital 

sign instability (see Figure 19). The lack of vital sign instability suggests that the nurse assessed 

the patient for feeding cues and provided appropriate interventions to make feeding safe. One 

infant fed at week seven (n=2) and one infant fed at week eight (n=1) were noted to have vital 

sign instability such as tachypnea; however, documentation compliance of the GIFA or feeding 

cues were low. Low documentation compliance may indicate that previous assessments were not 

reviewed before feeding or assessments of feeding cues did not occur before feeding. This may 

have resulted in the occurrence of vital sign instability. The occurrence of feeding intolerance 

appears to occur more following implementation. However, the documented feeding intolerance 

includes the nursing staff's feeding techniques, such as pacing, to improve feeding tolerance. The 

completion of the laminated feeding guides was poor throughout implementation. Weight loss 

did not occur during implementation.   
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The small patient population may have been a barrier that resulted in low compliance 

because the nursing staff used implementation materials infrequently. Competing projects may 

have contributed to staff fatigue resulting in low compliance over time.   

The short-term goals of the project were not met. Documentation compliance of cue-

based feeding and appropriate nipple selection did not occur at 100% following implementation. 

Vital sign instability did occur during implementation. The nursing staff is not consistently using 

cue-based feeding and documenting appropriate bottle nipples used during feedings.     

Discussion 

Patients with documentation of the GIFA and nipple used during feeding did not 

experience vital sign instability. Infants with incomplete GIFA had episodes of vital sign 

instability. Incomplete documentation may indicate inconsistencies in feeding practice and a lack 

of feeding cues/readiness assessments before feeding, leading to episodes of vital sign instability.   

The small patient population and limited data collection period provide limited insight into the 

project's impact on improving feeding consistency/standardizing feeding.   

The data is consistent with other publications involving feeding techniques and milk flow 

rates. Findings are consistent that cue-based feeding did not negatively affect weight during 

implementation. Patients with full documentation of the GIFA and consistently used feeding 

positions such as the semi-elevated side-lying and the semi-elevated supine position did not 

experience vital sign instability. The studies conducted by Pados et al. (2018) and Pados et al. 

(2015) identified implications for practice. Using a different nipple with each feeding can 

contribute to inconsistencies in milk flow rates that can make feeding challenging for infants 

with medically complex care needs (Pados et al., 2015; Pados et al., 2018). Infants who did not 

have bottle nipples documented with every feeding may have been fed with a different nipple. 
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Infants who did not have consistent documentation of the nipple used for feeding did experience 

vital sign instability or intolerance during feeding. The findings are consistent with the literature. 

The observed and anticipated outcomes are consistent. Cue-based feeding, feeding positions, and 

consistent nipple selection can improve feeding outcomes.      

The QI project has many limitations. The project was implemented at one facility over a 

short period in infants with a cardiac diagnosis. A short data collection period does not provide 

insight into the project's impact on feeding outcomes. Implementation during the COVD-19 

pandemic and other QI initiatives may have resulted in staff fatigue and low compliance. The 

inability to add the GIFA to the EHR in time for implementation may have influenced 

documentation compliance of overall feeding assessments, feeding cues, and intolerance to 

feeding. Inconsistent use of implementation resources may have occurred due to few infants 

meeting eligibility requirements, influencing low compliance. In-person and electronic reminders 

were used to minimize and adjust for low compliance. Chart audits were conducted to observe 

data retrospectively weekly. Chart audits were limited to hospitalized patients and did not 

include patients who may have met the eligibility criteria, were feeding on the unit and were 

discharged to home before data collection occurred.  

Conclusion 

 When used consistently, the cue-based feeding educational program and documentation 

may improve feeding practices. The organization is supportive of disseminating this project to 

other pediatric units. OTs and SLPs are now using the laminated feeding guides during patient 

encounters on other units. Stakeholders are working to provide standardized education during 

nursing orientation and annually for all pediatric units that provide care to feeding infants.  
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Future QI projects should ensure the addition of the GIFA to the EHR to potentially 

improve documentation compliance and encourage the consistent use of feeding techniques, 

identification of feeding cues, and nipple selection for every oral feeding. Pediatric units should 

consider adding cue-based feeding, feeding techniques, and milk flow rates education into new 

nursing orientation to promote safe feeding practices.  
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Tables  

Table 1  

Evidence Review Table for Improving Infant Feeding Practices for Infants Transitioning to Oral Feeds   

Citation: Fry, T.J., Marfurt, S., Wengier, S. (2018). Systematic review of quality improvement initiatives related to cue-based 

feeding in preterm infants. Nursing for Women’s Health, 22(5), 401-410. doi: 10.1016/j.nwh.2018.07.006 

Level (Melnyk): V 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“The purpose of this 

systematic review was 

to examine and 

synthesize the 

outcomes of QI 

initiatives related to 

cue-based feeding of 

preterm infants to 

facilitate 

implementation of 

findings to improve 

nursing practice”. 

 

 

 

Specialists within 

perinatal nursing and 

women’s health 

conducted a systematic 

review (SR) of quality 

improvement 

initiatives. 

Search Strategy: 

Searched the databases 

CINAHL Complete and 

PubMed with the 

assistance of a medical 

research librarian and 

an epidemiologist. The 

search terms used were 

“term feeding” and 

“bottle” or “breast” or 

“cue-based” or 

“demand” or “infant” or 

“neonate newborn” or 

“oral” or “responsive”. 

Articles were evaluated 

according to the 

inclusion and exclusion 

criteria.  

 

# Eligible: 41 Quality 

Improvement (QI) 

articles with humans as 

subjects focused on 

cue-based feeding and 

reported a minimum of 

one outcome.  

 

Control: Not explicitly 

stated. The QI’s were 

conducted in various 

care settings.   

  

Intervention: Cue-based 

feeding algorithm, 

protocol, or 

intervention was 

initiated in the articles 

included in the review. 

 

Intervention fidelity 

(describe the protocol): 

Not applicable  

DV: Evaluated the 

impact cue-based 

feeding has on hospital 

length of stay (LOS), 

infant weight gain, time 

to reach full-oral feeds. 

Measurement tool 

(reliability), time, 

procedure: Length of 

hospital admission, 

need for feeding tube at 

discharge, weight, age 

of full-oral feeds 

attainment, time to 

reach full-oral feeds.  

Level of Measurement: 

Used the valid and 

reliable Quality 

Improvement Minimum 

Quality Criteria Set 

(QI-MQCS) to evaluate 

the QI initiatives' 

quality. QI projects that 

received a score 

between 9-16 met the 

minimum quality 

standard. The articles 

included in the SR 

received scores of 13 

and higher.   

 

Outcome data retrieval: 

The authors of the 

studies stated the 

intervention outcomes 

and grouped them 

according to outcomes.  

 

Analysis: 

Hospital LOS: Five of 

the articles in the 

review reported a 

shorter LOS. Two of 
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# Excluded: 34 articles 

were excluded for (1) 

duplicates, (2) Baby-

Friendly Hospital 

Initiative, (3) enteral 

feeding focus, (4) 

feeding older children, 

(5), non-cue-based 

feeding, (6) irrelevance 

to the topic.  

 

# Included: 7 articles 

met the inclusion 

criteria. Inclusion 

criteria include (1) cue-

based feeding, (2) 

human subjects, (3) a 

minimum of one 

reported outcome.  

 

PRISMA: Included in 

the SR. The PRISMA 

includes the eligible 

articles, the number of 

articles 

included/excluded from 

the review according to 

the specified criteria. 

 

Power analysis: Not 

applicable to a SR.  

                                                                                   

the articles reviewed 

did not report data for 

the Hospital LOS. One 

article found that the 

length of stay was 

prolonged; however, 

the intervention group 

infants were discharged 

home without a feeding 

tube.  

 

Full oral feedings: 4 

articles within the 

review found a 

statistically significant 

reduction in the number 

of days or younger 

gestational age to reach 

full feeds.  

 

Weight gain: 3 authors 

reported data for weight 

gain. One of the articles 

reported increased 

weight gain in the 

intervention group. The 

other two articles had 

low reported weight 

gain. The authors of the 

two articles reported 

early discharge that 

may have contributed to 

low weight gains 

because the infants 

were no longer 

hospitalized to 

participate in the QI. In 

the second article, the 

authors reported low 

weight gains might 
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have resulted from non-

compliance concerns 

with the infant-feeding 

algorithm (compliance 

was not measured).  

 

Conclusion: 

Implementing a cue-

based feeding program 

can provide nursing 

staff with additional 

interventions for infants 

and their parents to 

improve feeding 

outcomes. The use of a 

multidisciplinary team 

is essential for the 

successful 

implementation of a 

cue-based feeding 

program. 

 

SR Bias Risk: Bias risk 

is low based upon the 

methodology used in 

the SR. 

 

Citation: Chrupcala, K.A., Edwards, T.M., Spatz, D.L. (2015). A continuous quality improvement project to implement infant-

driven feeding as a standard of practice in the newborn/infant intensive care unit. The Journal of Obstetric, Gynecologic, and 

Neonatal Nursing, 44, 654-664. doi: 10.1111/1552-6909.12727 

Level IV 

Purpose/ 

Hypothesis 

Design Sample Intervention Outcomes Results 

“To increase the 

number of neonates 

who were fed according 

to cues prior to 

discharge and 

potentially decrease 

length of stay.” 

Quality Improvement 

(QI) Initiative  

Sampling Technique: 

Convenience   

 

Eligible: (1) Infants 

older than 32 weeks 

postconceptual age, (2) 

Medically stable 

without mechanical 

Control: Gathered 

baseline data on the 

mean gestational age, 

percentage of neonates 

discharged from the 

unit exclusively feeding 

orally, and LOS from a 

chart review of 

DV: Attainment of full 

oral feeds (breast or 

bottle) and LOS  

 

Measurement tool 

(reliability), time, 

procedure: 

 

Statistical Procedures(s) 

and Results: 

 

Statistical procedures 

were not shared in this 

QI.  
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ventilation for 24 hours, 

(continuous positive 

airway pressure 

(CPAP), high flow 

nasal cannula (HFNC)) 

(3) have a suck and gag 

reflex, (4) tolerate 

gavage feeding for a 1 

hour  

 

# Accepted: 150 

neonates admitted to 

the neonatal/infant 

intensive care unit 

(median age 36 5/7 

weeks) meeting the 

eligibility criteria 

 

# Control: 20 neonates 

admitted to the 

neonatal/infant 

intensive care unit 

(median age 36 4/6 

weeks) 

 

# Intervention: 150 

neonates admitted to 

the neonatal/infant 

intensive care unit 

(median age 36 5/7 

weeks) meeting the 

eligibility criteria 

 

Power analysis: Not 

reported, increased risk 

for type I error.  

 

Group homogeneity: p-

values were not 

provided to determine 

neonates receiving 

standard infant feeding   

  

Intervention: Infant 

driven feeding protocol  

 

Intervention fidelity 

(describe the protocol): 

 

Formed an IDF 

champion group 

consisting of nurses 

who ensured education 

regarding infant-driven 

feeding (IDF) was 

completed and served 

as a resource during 

implementation. 

 

Formed a 

multidisciplinary team 

(IDF champions, 

Speech Language 

Pathology (SLP), 

lactation consultants, 

and other front-line 

providers). 

 

Developed 

documentation tool/care 

plan to document the 

intervention and 

monitor goals progress. 

 

Provided initial and 

ongoing staff education 

and provided education 

material to families  

 

Chart auditing was used 

to measure the 

outcomes for 1-year 

post-implementation. 

Chart audits of the time 

it takes to reach full 

oral feeds and LOS was 

collected. It is unclear if 

a tool or procedure was 

used to gather data. 

There is a lack of 

reliability of the data.  

The control group had a 

LOS of 43 days. The 

intervention group had 

a LOS of 36.4 days. 

 

IFD can positively 

impact infants' health 

and decrease 

comorbidities 

associated with feeding 

difficulties and 

prolonged 

hospitalization.   
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group homogeneity. 

However, the median 

ages of the control and 

intervention groups are 

similar. Also, the 

population within the 

QI had medically 

complex diagnoses 

impacting the cardiac, 

respiratory, and 

gastrointestinal 

systems. 

The front-line provider 

placed IDF protocol 

orders for infants who 

were medically cleared 

to receive oral feeds. 

Nurses were 

responsible for adding 

the appropriate care 

plan/documentation for 

the infant. Goals for 

feeding/swallowing 

were developed based 

upon feeding cues. 

Nursing staff worked 

with the 

interdisciplinary team 

to work on the feeding 

plan's set goals and 

documented the 

patients' progress. 

Citation: Pados, B.F., Park, J., Dodrill, P. (2018). Know the flow: Milk flow rates from bottle nipples used in the hospital and after 

discharge. Advances in Neonatal Care, 19(1), 32-41. DOI: 10.1097/ANC.0000000000000538 

Level III 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“The purpose of this 

study was to test the 

milk flow rates and 

variability in flow from 

bottle nipples used in 

the hospital and after 

hospital discharge.” 

Controlled-trial without 

randomization 

Sampling Technique: 

Purposive   

 

Eligible:  Bottle nipples 

commonly used in the 

hospital setting. Wanted 

to test bottle nipples 

that are found in large 

retail stores in the 

United States. 

Commercially available 

nipples included in the 

study must be marketed 

for infants in the first 

three months of life 

Control: No control 

  

Intervention: 

Standardized suction 

 

Intervention fidelity 

(describe the protocol):   

 

The bottle nipples were 

attached to the bottle 

containers they were 

sold with. Researchers 

were mindful of not 

over-tightening the 

bottle nipples to the 

DV: Nipple flow rates 

(amount of milk 

expressed in one 

minute). 

  

Measurement tool 

(reliability), time, 

procedure: 

 

Ensured internal 

consistency by using a 

scale to measure the 

amount of milk 

expressed in one 

minute. The scale was 

Statistical Procedures(s) 

and Results: 

 

Descriptive statistics 

and coefficient of 

variation (CV) were 

used to calculate the 

milk flow rate 

(mL/min) of each bottle 

nipple type. There were 

statistically significant 

differences between the 

flow rates of the bottle 

nipples within the 

brand, hospital, and 
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sold at 3/6 major 

retailers identified.   

 

# Accepted: 375 bottle 

nipples. 

   

# Control: Was not 

used in this study.   

 

Intervention Group 1: 

n=225 commercially 

available bottle nipples. 

15 bottle nipples 

available for 

commercial use (15 of 

each bottle nipple were 

tested). 

 

Intervention group 2:  

n=150 hospital bottle 

nipples. 10 bottle 

nipples used in the 

hospital setting (15 of 

each bottle nipple were 

tested).   

 

Power analysis: 375 

nipples were needed to 

meet 80% Beta, 0.05 

Alpha. Power analysis 

met, decreasing the risk 

for type I error.  

   

Group homogeneity: 

Not applicable 

bottles or overfilling the 

bottles. Each bottle 

nipple was tested with a 

medela pump 

programmed at 

maximum suctioning 

for one minute. The 

bottles were held in a 

device at a 30-degree 

angle.  

calibrated daily with a 

500-g weight. Internal 

consistency was 

ensured by video 

recording the amount of 

formula expressed in 

one minute to get an 

accurate count on the 

exact amount of 

formula expressed. 

Test-retest reliability 

was met by retesting 

one of the 25 types of 

bottle nipples used. 

commercially available 

bottle nipples. Milk 

flow rates ranged from 

0.86 to 37.61 mL/min, 

and the CV ranged from 

0.03 to 0.35).  

 

Conclusion: There are 

variabilities between 

bottle nipples used in 

the hospital and 

community setting. 

Healthcare providers 

should pay attention to 

nipple flow rates and 

variability when 

recommending a bottle 

nipple brand when 

discharging an infant 

with feeding 

challenges. Health care 

professionals should be 

mindful of using a 

consistent nipple for 

feeding and avoid 

overfilling the bottle to 

support external pacing 

of feeding and decrease 

hydrostatic pressure 

within the bottle.  

 

 

Citation: Pados, B.F., Park, J., Thoyre, S.M., Estrem, H., Nix, W.B. (2015). Milk flow rates from bottle nipples used for feeding 

infants who are hospitalized. American Journal of Speech-Language Pathology, 24, 671-679. DOI: 10.1044/2015_AJSLP-15-0011 

Level III 

Purpose/Hypothesis Design Sample Intervention Outcomes  Results 
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“This comparative, 

descriptive study tested 

the milk flow rates and 

variability of nipples 

used for bottle-feeding 

infants who are 

hospitalized.” 

Controlled-trial without 

randomization 

Sampling Technique:  

Purposive 

 

# Eligible: Surveys 

were sent to clinicians 

in the United States, the 

Neverlands, and 

Australia to identify the 

most commonly used 

bottle nipples in the 

hospital setting.  

 

# Accepted: 29 Bottle 

nipples. 

 

# Control: None 

 

# Intervention: 290 

bottle nipples 

commonly used within 

the hospital setting 

 

Power analysis: 290 

bottle nipples were 

required to meet a 80% 

Beta, 0.05 Alpha to 

reduce a type I error. 

Power analysis were 

met. 

 

Group homogeneity: 

N/A 

Control: None 

  

Intervention: Nipple 

flow rate (amount of 

milk expressed in one 

minute) 

 

Intervention fidelity 

(describe the protocol): 

 

Twenty-nine bottle 

nipples were tested for 

the formula flow rate 

per minute. 

Standardized suction 

was applied to all of the 

bottle nipples with a 

medela brand breast-

pump. A scale was used 

to measure the amount 

of formula expressed in 

one minute. A video 

recorder was used to 

determine the exact 

amount of formula 

expressed in one 

minute. The same 

formula was used for all 

of the bottles, and the 

formula was changed 

out every 10 test. 

DV: Amount of 

formula expressed 

through the bottle 

nipples in one minute. 

 

Measurement tool 

(reliability), time, 

procedure: 

 

Ensured internal 

consistency by using a 

scale to measure the 

amount of formula 

expressed in one 

minute. Internal 

consistency was 

ensured by video 

recording the amount of 

formula expressed in 

one minute to 

accurately count the 

exact amount of 

formula expressed.   

Statistical Procedures(s) 

and Results: 

 

Calculated milk flow 

rate and standard 

deviation for each 

nipple type. Non 

parametric one-way 

analysis (ANOVA) was 

used to compare 

differences between 

nipple brand and 

category for flow.  

Bottle nipple flow rates 

varied from 2.10 

mL/min to 85.34 

ml/min. Variabilities 

were found amongst the 

different brands, bottle 

nipples within the same 

brand/category.   

 

Conclusion: Clinicians 

can use their judgment 

to select bottle nipples 

appropriate for fragile 

infants.   

 

 

Citation: Jadcherla, S.R., Peng, J., Moore, R., Saavedra, J., Sheperd. E., Fernandez, S., Erdman, S.H., DiLorenzo, C. (2012). Impact 

of personalized feeding program in 100 nicu infants: Pathophysiology-based approach for better outcomes. Journal of Pediatric 

Gastroenterology Nutrition, 54(1), 62-70. doi:10.1097/MPG.0b013e3182288766. 

Level IV 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 
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“In the present study 

we tested the 

hypothesis that clinical 

and neuromotor 

motility correlates 

differed between 

successful and 

unsuccessful oral 

feeders at discharge.” 

Retrospective study  Sampling Technique: 

Convenience 

 

# Eligible:  

100 Infants admitted in 

the NICU at 

Nationwide Children’s 

hospital, feeding 

challenges (feeding-

related bradycardia, 

desaturation, coughing, 

gagging, arching, 

refusing to feed, poor 

nippling, aversion). 

 

# Accepted:  

All eligible infants, 

n=100.  

 

# Control: a chart 

review was performed 

from December 2002 to 

August 2008 to gather 

data from 50 infants 

who received care in 

the NICU  

 

# Intervention: All 

eligible infants, n=100. 

 

Power analysis: Not 

included in the study. 

Potential risk for type I 

error. 

                                                                                      

Group Homogeneity: 

There is a lack of group 

homogeneity. There is a 

statistically significant 

difference between the 

Control: Received 

conventional treatments 

ordered by the 

physician 

  

Intervention: Cue-based 

feeding, nonnutritive 

sucking, sucrose 

application to a pacifier, 

optimal 

positioning/posture 

during feeding.   

 

Intervention fidelity 

(describe the protocol): 

Five to ten milliliters of 

milk or formula was 

given to the infants for 

their first feeding. 

Feeding volume 

increased for infants 

who were 

asymptomatic 

(respiratory rate less 

than 60 breaths per 

minute). Symptomatic 

infants received 

frequent breaks/pauses 

in oral intake. Feeding 

sessions lasted 20 to 30 

minutes. Infants who 

received continuous 

tube feeds had their 

feeding schedule 

adjusted to allow 

hunger cues to develop. 

DV: Achieved full oral 

feeding ability by the 

date of discharge, 

length of 

hospitalization, 

esophageal infusion 

(deglutition apnea).  

 

Measurement tool 

(reliability), time, 

procedure: The 

dependent variables 

were measured by 

recording symptom 

markers of feeding 

challenges (coughing, 

stridor, gagging, 

dysphagia, arching, 

bradycardia, straining 

etc.). Collected length 

of hospitalization from 

the medical record and 

feeding outcomes after 

1 year from receiving 

the intervention were 

documented. No inter-

rater reliability for 

evaluating symptom 

challenges. The level of 

training the therapist 

received to perform the 

interventions are 

unclear. Pharyngeal 

manometry was used to 

evaluate deglutition 

apnea.  

Statistical Procedures(s) 

and Results: 

 

X² test or Fisher exact 

test was used to 

compare discrete 

variables between the 

groups. Analyzed 

intergroup differences 

using 2-sample t-tests. 

Examined the relation 

between confounding 

variables against 

feeding success and 

failures by using 

logistic regression.   

 

The intervention group 

achieved full oral 

feeding at discharge 

compared to the control 

group (P<0.001). The 

swallow frequency and 

esophageal peristalsis 

velocity was not 

statistically different 

between the two groups 

(p=0.1). Results also 

showed that the 

younger the gestational 

age, there is a high 

chance of feeding 

success (p<0.008). 

Unable to evaluate 

outcomes at 1-year 

post-feeding 

intervention due to a 

lack of data. 

Modification of feeding 

outcomes aided in the 
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two groups gestational 

age, birth weight, sex, 

bronchopulmonary 

disease diagnosis based 

on the p-vales listed in 

table 1.  

improvement feeding 

success. Changing 

continuous feeds to 

bolus feeds achieved an 

(N=30, 66.7%) success 

in feeding. Changing 

nipple flow rates using 

slow-flow nipples leads 

to an (N= 24, 79.2%) 

feeding success. 

Occupational 

therapeutic maneuvers 

(swaddling and cue-

based feeding approach, 

allowing swallowing 

time, and 

pharmacological 

management of 

comorbidities) achieved 

(N= 43, 45.3%) feeding 

success. Forty-five 

percent of subjects in 

the intervention group 

did not require a 

gastrostomy, saving 

$2.1 million in one 

year. 84.3% of 

participants in the 

intervention group 

achieved full oral feeds 

after 1-year of the 

program. 

Citation: Gelfer, P., McCarthy, A., Spruill, C.T. (2015). Infant driven feeding for preterm infants: Learning through experience, 

Newborn & Infant Nursing Reviews, 15. 64-67. https://doi.org/10.1053/j.nainr.2015.04.004 

Level IV 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

about:blank
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“The goals of this 

project were: 1) 

incorporate the Infant-

Driven Feeding Scales 

© into our NICU 

practice, 2) develop a 

process to identify 

which infants are ready 

to begin IDF, 3) 

develop a process to 

safely advance oral 

feedings, 4) assess the 

effect of the IDF 

method of feeding on 

post conceptual (PCA) 

age at initiation of oral 

feedings, at ad libitum, 

and at discharge.” 

Quality Improvement 

Initiative 

Sampling Technique: 

Convenience  

 

# Eligible: >30 weeks’ 

gestational age, healthy, 

infants receiving care in 

the level II NICU 

 

# Accepted: 124 infants 

meeting the inclusion 

criteria for eligibility. 

 

# Control: 64 infants 

 

# Intervention: 60 

infants 

 

Power analysis: Not 

completed for a QI 

project. Risk for type I 

error.  

                                                                                      

Group Homogeneity: 

Authors stated that the 

gestational ages and 

birth weight were 

similar for the two 

groups. 

Control: Received 

standard care 

  

Intervention: infant 

driven feeding 

algorithm  

 

Intervention fidelity 

(describe the protocol): 

Nursing attended 

education sessions that 

included education 

surrounding 

neurodevelopmental 

approaches to feeding, 

nipple feeding, infant-

driven feeding 

(behavioral cues). An 

infant-driven feeding 

algorithm was 

developed based upon a 

literature review, unit 

discussions, and expert 

opinions. The algorithm 

was initiated in infants 

who were cleared to 

feed orally.   

DV: Achievement of all 

oral feeding events, 

increase in weight, need 

for a feeding therapist 

consultation 

 

Measurement tool 

(reliability), time, 

procedure:  Dependent 

variable data was 

gathered from a chart 

audit. Reliability 

measures were 

documented. The Infant 

Driven Feeding Scale, a 

valid tool, was used by 

nursing to evaluate oral 

feedings. Nursing 

received education 

regarding infant feeding 

best practices and used 

a standardized 

algorithm, increasing 

inter-rater reliability.   

Statistical Procedures(s) 

and Results:  

T-test and used 95% 

confidence interval to 

identify differences. 

 

Results: The 

intervention group 

achieved statistically 

significant early ad 

libitum without causing 

negative affecting 

weight gain (35.0 ±1.1 

vs. 35.6 ± 1.1 weeks’ 

PCA, p=0.008). The 

Infant driven algorithm 

did not statistically 

significantly lower the 

post-conceptual age 

(PCA) initiation of oral 

feedings (33.6 ±0.9 vs. 

33.8 ± 0.6 weeks’ PCA, 

95% CL -0.1 to 0.4, 

p=0.33) or at the time 

of discharge (36.3 ±1.2 

vs. 36.6 ±1.1 weeks 

PCA, 95% CL -0.1 to 

0.7,p=0.15). Earlier 

hospital discharge (26.5 

days vs. 28.2 days) and 

fewer feeding (8.3% vs. 

18.8%) consults were 

noted in the 

intervention group. 

However, the results 

were statistically 

insignificant.  
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Citation: Kamran, F., Khatoonabadi, A., Aghajazadeh, Ebadi, A., Faryadras, & Y., Sagheb, S. (2020). Effectiveness of cue-based 

feeding versus scheduled feeding in preterm infants using comprehensive feeding assessment scales: A randomized clinical trial. 

Iranian Journal of Pediatrics, 30(6). doi: 10.5812/ijp.107475 

Level I 

Purpose/Hypothesis Design Sample Intervention Outcomes Results 

“The present study 

aimed at investigating 

the effectiveness of 

cue-based feeding in 

preterm infants.” 

Randomized Control 

Trial  

Sampling Technique: 

Block randomization 

technique 

 

# Eligible: ≤ 34 

gestational age, lacked 

the ability of oral 

feeding, without 

significant disorders or 

anomalies of the 

gastrointestinal, 

cardiovascular, and 

neurological system 

 

# Accepted: 40 

 

# Control: 19 infants 

 

# Intervention: 18 

infants 

 

Power Analysis: 40 

infants (20 in each 

group) is required to 

meet an alpha of 0.05 

and power of 0.8. 

Power analysis was not 

met, increasing the risk 

for type I error. 

 

Group homogeneity: 

The groups were 

homogenous in gender, 

gestational age, birth 

weight, Apgar scores, 

Control: Scheduled 

feeding 

 

Intervention: cue-based 

feeding 

 

Intervention Fidelity 

(describe the protocol):  

 

The infants were 

evaluated 15 minutes 

before feeding using 

The Preterm Infant Oral 

Feeding Readiness 

Assessment Scale 

(PIOFRAS). Infants 

who received a score of 

30 and above were 

ordered for an oral 

feeding readiness 

before oral feeding 

occured. Infants who 

received an oral feeding 

quality scale score of 1 

or 2 were fed and 

evaluated by a speech-

language pathologist 

(SLP) to assess the 

quality of feeding. 

Feedings were 

discontinued if distress 

cues or vital sign 

instability (oxygen 

saturation levels, 

uncoordinated suck-

DV: Number of days to 

achieve full oral 

feeding, numbers of 

days until discharge 

from the hospital and 

weight. 

 

Measurement tool 

(reliability), time, 

procedure: Used the 

PIOFRAS (valid and 

reliable) to assess infant 

feeding readiness. The 

Early Feeding Skills 

(EFS) tool was used to 

measure scores (1) 

before feeding, (2) 

during feeding, (3) oral-

motor skills 

organization, (4) 

swallowing 

coordination, (5) 

physiological stability, 

(6) after feeding. The 

EFS tool has content 

validity. The SLP were 

not blinded to the 

groups. 

 

 

Statistical Procedure(s) 

and Results: Used the 

Statistical Package for 

the Social Sciences 

(SPSS) version 23 to 

analyze the data. 

Normalization of 

distribution occurred 

with the use of Chi-

square and Shapiro-

Wilk test. An 

Independent t-test was 

used to analyze the 

difference between the 

two groups. Mann 

Whitney test was used 

for milk volume 

analysis between the 

two groups. 

 

Results: cue-based 

group achieved full oral 

feeding an average of 

3.13 days sooner than 

the scheduled feeding 

group (3.55 ± 1.24 vs. 

6.68 ± 2.00). The cue-

based group infants 

were discharged an 

average 11.55 days 

sooner than the control 

group (15.55 ± 5.38 vs. 

27.10 ± 7.90). Weight 

was not statistically 

significantly different 

about:blank
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and diet (breastmilk or 

formula). 

swallow-breathing 

pattern, heart rate, 

respiratory rate) 

occurred. The 

remaining volume not 

consumed during 

feedings was gavaged. 

between the two groups 

(P >0.05).  

Citation: Girgin, B., Gozen, D. & Karatekin. (2017). Effects of two different feeding positions on physiological characteristics and 

feeding performance of preterm infants: A randomized control trial. Journal for Specialist in Pediatric Nursing, 30. 

http://doi.org/10.1111/jspn.12214 

Level: I  

Purpose/Hypothesis Design Sample Interventions Outcome  Results:  

“This study was 

designed as randomized 

controlled experimental 

in order to determine 

the effect of ESL and 

ESU positions, use in 

bottle feeding of 

preterm infants, on their 

physiological 

characteristics and 

feeding performances.” 

Randomized Control 

Trial 

Sampling Technique: 

Urn randomization 

method 

 

# Eligible: 80 

Physiologically stable, 

mean postmenstrual age 

32-33 weeks. 

 

#Accepted: born 

between 26 and 31+6 

gestational weeks, 

transitioning from 

orogastric to oral 

feeding, ready for oral 

feeding according to the 

cue-based feeding 

approach. 

 

# Control: 42 infants 

 

# Intervention: 38 

infants 

 

Power analysis: 72 

infants is the 

determined minimum to 

achieve a power of 80% 

Control: Semi-elevated 

supine position (ESU) 

 

Intervention: Semi-

elevated side-lying 

position (ESL) 

 

Intervention Fidelity 

(describe the protocol):  

 

The infants in both 

groups were loosely 

swaddled and placed on 

a pulse oximeter to 

begin recording heart 

rate and oxygen 

saturation. The infants 

in both groups were fed 

breastmilk. The infants 

were fed in the position 

based upon their 

intervention group. The 

infants were evaluated 

for physiological and 

behavioral stress during 

the feedings. The 

infants were monitored 

DV: The primary 

outcome includes 

physiological 

characteristics (oxygen 

saturation and heart 

rate). The primary 

outcome feeding 

performance includes 

duration of feeding, 

feeding efficiency, and 

the percent of food 

intake. 

 

Measurement tool 

(reliability), time, 

procedure: A pulse 

oximeter was used to 

measure heart rate and 

oxygen saturation two 

minutes before feeding, 

during feeding, and 30 

minutes after feeding. 

Forms including infant 

characteristics and 

feedings evaluations 

were used to document 

outcomes. All infants 

were fed with the same 

Statistical Procedure(s) 

and Results: 

 

IBM SPSS Statistics 20 

was used to analyze the 

data. Students t-test was 

used for normally 

distributed variables. 

The Mann Whitney U 

test was used for 

nonnormally distributed 

variables. Friedman test 

was used to analyze 

oxygen saturation and 

heart rate. 

 

Results: Infants fed in 

the elevated side-lying 

position had 

statistically significant 

lower heart rates (ESL: 

155.87 ± 11.18; ESU: 

164.35 ± 6.00) and 

higher oxygen 

saturation (ESL: 164.35 

± 2.51; ESU: 93.48 ± 

5.63) than the semi-
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and reliability of 95%. 

The power analysis was 

met.  

 

Group homogeneity: 

The groups were 

homogenous in 

gestational age, birth 

weight, postmenstrual 

age, body weight, and 

gender.  

30 minutes following 

the feeding.     

bottle type and pacifier. 

Video recordings were 

used to assess the 

duration of feeding. The 

neonatal nurse 

specialist and first 

author of the study were 

blinded to the sample 

groups to eliminate bias 

while reviewing the 

videos.   

elevated supine 

position.   

 

Citation: Morag, I. Hendel, Y., Karol, D., Geva, R. & Tzipi, S. (2019). Transition from nasogastric tube to oral feeding: The role of 

parental guided responsive feeding. Frontiers in Pediatrics, 7(190). doi: 10.3389/fped.2019.00190 

Level: I 

Purpose/Hypothesis Design Sample Interventions Outcome Results: 

“The study objective 

was to evaluate the 

effect of parental 

guided responsive 

feeding (PGRF) on this 

transition” 

Randomized Control 

Trial 

Sampling technique:  

 

# Eligible: Preterm 

infants ≤ 33 weeks 

gestational age with an 

informed consent 

signed by a parent. 

Infants with a birth 

weight <10th percentile, 

periventricular 

leukomalacia, grade 3 

intraventricular 

hemorrhage, stage  ≥ 2 

necrotizing 

enterocolitis, postnatal 

steroids, oxygen 

support, suspected or 

proven chronic disease 

not related to 

prematurity. 

 

#Accepted: 75 infants 

 

# Control: 38 infants 

Control: Traditional 

feeding (TF) 

 

Intervention: Parental 

guided responsive 

feeding (PGRF) 

includes cue-based 

feeding, feeding in 

intervals, and gavage 

feedings when 

minimum feeding 

volumes are not 

consumed.   

 

Intervention Fidelity 

(describe the protocol):  

The parents participated 

in a 60-minute 

workshop to learn about 

PGRF. Parents were 

encouraged to assess 

for signs of hunger cues 

before feeding. If 

feeding cues were not 

DV: Number of days to 

reach full oral feeds, 

weight, date of 

discharge, apnea, and 

bradycardia events. 

 

Measurement tool 

(reliability), time, 

procedure: 

The nurses, providers 

and parents were not 

blinded to the sample 

groups. The study did 

not explicitly state 

methods used to 

measure the dependent 

variable outcomes. The 

study protocol and 

intervention were 

shared with the medical 

providers and nurses. 

The protocol and 

measurement tools are 

included in a separate 

Statistical Procedure(s) 

and Results: 

 

Data was analyzed 

using the SPSS 

statistical software, 

version 25. Independent 

t-test were used to 

compare PGRF and TF. 

Continuous variables 

were analyzed using 

Mann Whitney test and 

chi-square test analyzed 

categorical variables. 

Prediction of days to 

full oral feedings and 

age at discharge was 

assessd using multiple 

linear regressions.  

 

Results: 

The PGRF group 

achieved full oral 

feedings in fewer days 
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# Intervention: 37 

infants 

 

Power analysis: 30 

infants are required in 

each sample group to 

achieve a power of 

90%. The power was 

met. 

 

Group homogeneity: 

The groups are 

homogenous in 

maternal and infant 

characteristics. 

present within four 

hours of the last 

feeding, a volume 

determined by the 

provider was given to 

the infant via 

nasogastric tube. When 

parents were not 

present, the nursing 

staff would feed the 

infant according to the 

intervention protocol.  

 

 

 

document from the 

study. 

compared to the TF 

group (median 2 vs. 8 

days, p = 0.001). The 

PGRF group weight 

gain returned to 

baseline at 35 weeks 

compared to the TF 

group (1.77 ± 0.70 vs. 

1.25 ± 0.63 g/kg/day, p 

= 0.001). The PGRF 

group date of discharge 

was less than the TF 

group (36.34 ± 0.6 vs. 

36.86 ± 0.9 weeks, p = 

0.001). Infants in the 

PGRF group were more 

likely to be fed by their 

parents than the TF 

group (p < 0.001).  Less 

apnea and bradycardia 

events occurred in the 

PGRF compared to the 

TF group (median 3.5 

vs. 9 per week p = 

0.047).  

Note. The table includes the critical appraisal of existing literature to support a quality improvement initiative to improve infant feeding practices. The articles 

included in the table received a level rating using The System for Hierarchy of Evidence adopted from Fineout-Overhault et al. (2010). The articles in the table 

aimed to address the PICO question: Will the use of cue-based feeding and feeding techniques in medically complex infants improve feeding outcomes?   
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Table 2 

Infant Feeding Synthesis Table 

Evidence-Based Practice Question (PICO):   Will the use of cue-based feeding and feeding techniques in medically complex infants improve feeding outcomes for infants 

experiencing feeding challenges?   

Level of 

Evidence 

# of 

Studies 
Summary of Findings Overall Quality 

I 3 

Kamran et al. (2020) evaluated the effect cue-based feeding 

will have on the infant’s ability to achieve full oral feedings, 

weight, and the number of days until discharge. Similar to 

Kamran et al. (2020), Morag et al. (2019) evaluated a Parental 

Guided Responsive Feeding (PGRF) program’s impact on cue-

based feeding/parental education on an infant’s ability to 

achieve full oral feedings, weight, and the number of days until 

discharge. Kamran et al. (2020) found that days to achieve full 

oral feedings and the number of days until discharge were 

shorter than the control group. However, weight gains were not 

statistically significantly different (p >0.05). Morag et al. 

(2019) found the PGRF group had (1) fewer days to reach full 

oral feeds, (2) fewer days until discharge, (3) return to baseline 

weight by 35 weeks, and (4) fewer bradycardia/apnea events 

compared to the control group. Additionally, parents were 

statistically significantly more likely to feed their infants 

compared to the control group.  

 

Girgin et al. (2017) evaluated the effect the semi-elevated 

supine position (ESU) and semi-elevated side-lying position 

(ESL) will have on physiological stability and feeding 

performance. Girgin et al. (2017) found that ESL had 

statistically significant higher oxygen saturation levels (ESL: 

164.35 ± 2.51; ESU: 93.48 ± 5.63) and lowered heart rates 

(ESL: 155.87 ± 11.18; ESU: 164.35 ± 6.00) than the ESU 

group. 

 

A, Kamran et al. (2020) and Morag et al. (2019) were adequately powered, 

randomized control trials. Kamran et al. (2020) had a rigorous protocol that 

strengthens internal validity. Morag et al. (2019) protocol was not explicitly 

stated, weakening internal validity. Low gestational age for both studies may 

decrease generalizability to infants 33 weeks gestational age and older. The 

results and measures are consistent between the studies. Kamran et al. (2020) 

recommend further research. Morag et al. (2019) identify clinical implications. 

The clinical implication identified emphasizes that the parental guide cue-based 

care can increase parents’ confidence and competence when feeding their 

infant.  

 

 

 

 

 

 

 

 

 

A, An adequately powered, randomized control trial with a rigorous protocol 

strengthens internal validity. The limited gestational age window can decrease 

generalizability to older infants. The reviewers within the study were blinded, 

decreasing the risk for bias. The results of the study were analyzed using 

appropriate statistical procedures. The use of the ESL and cue-based feeding 

principles are recommended for use in the NICU.  

IIIr 2 

Pados et al. (2018) evaluated milk flow rates from bottle 

nipples used in the hospital and after discharge. Pados et al. 

(2015) measured the bottle nipple flow rates of various bottle 

A, An adequately powered, non-randomized controlled trial, rigorous protocol 

strengthens internal validity. The methods used to identify the most commonly 

used bottle nipples in the hospital and outpatient setting increase 
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nipples available during hospitalization. Both studies had found 

that bottle nipples used within the hospital and outpatient 

setting had variability in flow rates. Flow rates varied within 

the  

nipple brand and nipples marketed for a specific population (ex. 

ultra preemie, premature).   Incidental findings suggest that 

overtightening the nipples to the bottles can increase negative 

pressure, and overfilling the bottles can increase hydrostatic 

pressure. Clinicians can use this evidence to educate parents on 

different factors that can make feeding more challenging for 

infants experiencing feeding challenges.       

generalizability. The technique used to evaluate nipple flow rates does not 

mimic the variability of infants' suck and swallow abilities may reduce 

generalizability to medically fragile infants. The studies' finding suggests that 

clinicians can use the evidence to identify the most appropriate nipple for the 

infant’s feeding abilities and make recommendations for nipples used after 

discharge. Further research is suggested to evaluate differences in flow rates for 

breastmilk and formula with varying caloric densities.   

IV 3 

Chrupcala et al. (2015) found a decreased LOS for preterm 

infants who received the cue-based feeding intervention. Gelfer 

et al. (2015) found a statistically significant earlier achievement 

of ad libitum feedings, without negatively impacting weight, in 

preterm infants who received the cue-based feeding 

intervention (p=0.008). Jadcherla et al. (2012) found that 

individualized feeding plans for neonates with complex needs 

had statistically significant occurrences of positive short-term 

outcomes.   

B, The articles were not adequately powered (QI), participants and healthcare 

providers were not blinded, and a controlled-design was not used, weakening 

internal validity. The three studies relied on convenience sampling, further 

reducing generalizability. The three studies implemented an evidence-based 

intervention (Infant-driven feeding/cue-based feeding, documentation, and 

individualized interventions) to improve infant feeding outcomes. Despite the 

weakened internal validity and reduced generalizability, the results were 

consistent.   Chrupcala et al. (2015) recommendations are clear.  Gelfer et al. 

(2015) and Jadcherla et al. (2012) recommends further research.       

V 1 

Fry et al. (2018) found decreased hospital length of stay in 5 of 

the articles reviewed. However, hospital LOS was not 

statistically significantly reduced by the interventions. Two 

articles within the review reported increased weight gain. One 

article reported greater weight velocity in the cue-based feeding 

group. The infants with greater weight velocity were 

discharged at a younger age because the infants achieved full 

oral feeds at a younger age compared to the control group, 

resulting in low reported weight gains. Also, one article 

reported low weight gain potentially related to low compliance. 

Five articles reported a decrease in the amount of time to 

achieve full oral feedings but, the results were not statistically 

significant.    

C, The articles within the systematic review were not adequately powered, were 

QI initiatives, weakening the internal validity.   There are inconsistencies within 

the evidence found in the SR. The lack of a power analysis reduces 

generalizability. Despite the weakness of the QI initiatives’ design, clear 

recommendations were made.   

Note. The synthesis table summarizes the evidence by evaluating the articles' similarities and differences in the evidence review. The articles included in the table received a 

grade rating using The Newhouse Rating of Quality of Evidence (Newhouse et al., 2006). 
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Figures 

Figure 1  

Current Process Flow Map 

Starting  

Point 

 

Physicians/ 

Nurse 

Practitioner 

 

OT/SLP  

Nursing  

Patient 

Outcomes 

 

 

Note. The process chart reflects the current workflow for infant feeding practices. 

Infants meet 

criteria to begin 

oral feedings 

Orders are 

placed to begin 

oral feedings 

Consult OT/SLP before 

feeding the cardiac infant  

NPO orders are placed.  

Order IV hydration or NG 

feeds 

Notify 

provider 

regarding 

infant feeding 

challenges 

Re-evaluate the patient feeding 

readiness using SLP/OT.  Attempt 

to incorporate recommendations 

into feeding (order supplies for 

feeding).  Use an alternative 

equipment until recommend item 

arrives. 

Monitor patient’s 

progress 

Progress with oral 

feeding? Weight 

loss? Vital sign 

instability? Other 

adverse events?  

 

Consider 

surgical 

feeding 

device 

Nursing 

review OT/SLP 

recommendati

ons written in 

note 

Attempt to feed using 

nipple and other 

recommendations 

included in the note 

Continue to feed without 

documenting the feeding 

assessment/recognize 

stress signs during 

feeding.  
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Figure 2 

Conceptual Framework of Complex Innovation Implementation Diagram 

 

Note. The conceptual framework of complex innovation implementation will be used to leverage practice change 

adopted from Helfrich et al. (2007).  
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Figure 3 

Social Cognitive Theory Diagram  

 

Note. The Social Cognitive theory (SCT) examines the interactions between personal factors, environmental 

influences, and behavior affecting health behavior change (Glanz et al., 2018). The SCT was used to evaluate factors 

contributing to the lack of evidence-based feeding techniques for infants. The diagram was adopted from Hashim 

(n.d). 
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Appendices 

Figure 4 

Infant Feeding Education 

 
Note. The image is a screenshot of the first two pages of the infant feeding education. The table of contents is listed. 

The education was produced using the Microsoft application Sway. The education includes images and YouTube 

videos to make the education interactive and easy to review.  
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Figure 5 

Laminated Feeding Guide 

 
Note. The image includes a screenshot of the laminated feeding guides posted in the patient rooms. Nursing, SLP, 

and OT staff are responsible for completing the guide sections and updating the information. Images of feeding 

positions are included as a reference for parents to view when feeding their infant.  
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Figure 6 

Parent Education on Feeding Cues 

 
Note. Resource nurses can distribute to parents when educating them on feeding cues.  
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Figure 7 

Nipple Selection Resource 

 
Note. Nipple selection guides were posted in the nutrition rooms for nurses to reference when selecting a nipple.   
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Figure 8 

Infant Feeding Fast Facts 
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IMPROVING FEEDING PRACTICES  44 

 

 
Note. Infant feeding “fast facts” were posted in a binder on the unit, and the first page of the “fast facts” was posted in the 

nutrition room to serve as a reminder of the educational program roll-out. 
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Figure 9 

Implementation Reminder Sign   

 
Note. The reminders included the implementation date and a QR code linking to the education for staff to review on their 

smartphone as needed.  

 

 

 

 

 

 

 

 

 



IMPROVING FEEDING PRACTICES  46 

 

Figure 10 

Pre-Knowledge and Post-Knowledge Sign-off List 

Note. The checklist was used to track the nursing staff's compliance with completing the pre-education and post-education 

knowledge assessments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Staff Education Completion Sign-off List 

Name Pre-education Survey Signature Post-education Survey 
Signature 
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Figure 11 

Staff Education Completion Sign-off List 

Staff Education Completion Sign-off List 

Name Reviewed Infant Feeding Education 

    

    

    

    

Note. The checklist was used to track compliance for completing the nursing staff's pre-education and post-education 

knowledge assessments. 
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Figure 12 

General Infant Feeding Assessment Documentation Chart Audit 

General Infant Feeding Assessment Documentation Chart Audit 

Date Patient 
Code 

General 
Infant 
Feeding 
Assessment 
documented? 

Nipple used is 
appropriate 

Feeding 
Cues 
Documented? 

Intolerance 
to feeding 
occurred? 

Vital sign 
instability? 

       

Note. The General Infant Feeding Assessment Documentation Chart Audit tool was used to collect data for the 

documentation of feeding assessments, correct nipple used for feeding, intolerance to feeding, and vital sign instability.   
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Figure 13 

Unintended Weight Loss 

Unintended Weight Loss 

Patient Code Week of Implementation Weight gain, loss or stable? 

   

Note. The unintended weight loss tool was used in Excel to collect data to ensure that the implementation did not affect 

patients' weight. 
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Figure 14 

Availability and Completion of Laminated Feeding Guide 

Availability and Completion of Laminated Feeding Guide 

Room Yes  No  

Are the guides posted and  
filled-out? 

  

Note. The tool was used in Excel to collect data for the availability and completion of the laminated feeding guide. 
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Figure 15 

Documentation Compliance of the General Infant Feeding Assessment 

 

 Note The run chart includes the data for the percentage of infants with documented feeding assessments. The first 

three weeks include the data collected during the pre-implementation phase. During week one, 33% of infants had a 

feeding assessment documented under the General Infant Feeding Assessment (GIFA) in the I/O flowsheet. No 

infants met eligibility criteria during weeks 2-4, 9-11, and 13. There are no runs, trends, or shifts to report. Two 

weeks following implementation, documentation compliance improved to 100%. The median is set at 60%, showing 

a decrease in documentation compliance as the project progressed. The data shows that the project did not contribute 

to a positive change.   

 

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8 9 10 11 12 13

C
o

m
p

lia
n

ce
 P

er
ce

n
ta

ge

Week 

Documented Feeding Assessments

Documentation Complian Median GoalPreimplementation



IMPROVING FEEDING PRACTICES  52 

 

 

 

Figure 16 

Documentation Compliance of the Correct Nipple Used for Feeding 

 

Note The run chart includes the data collected for the percentage of infants that have the nipple used for feeding 

documented. The first three weeks include the data collected during the pre-implementation phase. Weeks four 

through thirteen include post-implementation data. No infants met eligibility criteria during weeks 2-4, 9-11, and 13. 

There are no runs, trends, or shifts to report. There was a small improvement in nipple used for feeding 

documentation following implementation. Documentation compliance decreased over time. However, few data 

points demonstrate a true improvement in documentation over time.  
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Figure 17 

Documentation Compliance of the Feeding Cues Identified During Feedings 

 

Note The run chart includes data for the percentage of infants with documentation of feeding cues. The feeding cues 

are a component of the General Infant Feeding Assessment (GIFA). This process outcome measure was collected to 

measure whether nurses assess feeding cues. The first three weeks include the data collected during the pre-

implementation phase. During week one, 33% of infants had documented feeding cues under the GIFA in the I/O 

flowsheet. No infants met eligibility criteria during weeks 2-4, 9-11, and 13. There are no runs, trends, or shifts to 

report. There was a documentation improvement following implementation; however, improvements decreased to 

0% as the project continued. 
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Figure 18 

Presence of Feeding Intolerance 

 
Note The run chart includes the data for the percentage of infants who experienced intolerance to feeding. 

Intolerance to feeding includes apnea, bradycardia, coughing/gagging, required pacing, cyanosis, and dribbling. The 

first three weeks include the data collected during the pre-implementation phase. During week one, 33% of infants 

experienced feeding intolerance. No infants met eligibility criteria during weeks 2-4, 9-11, and 13. There are no 

runs, trends, or shifts to report. There are two astronomical data points above the median of 0%. Weeks five and 

eight show that 100% of infants had documentation of feeding intolerance. The documented feeding intolerance 

included coughing for week five and pacing during week eight. During weeks 5 and 8, there was only one infant fed 

during that week. It is important to state that infants who experienced intolerance were fed with slow-paced nipples, 

had SLP and OT consults, and early cessation of feedings due to feeding intolerance were also documented.    
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Figure 19 

Occurrence of Vital Sign Instability 

 

Note The run chart includes the percentage of infants who did not experience vital sign instability during the project. 

Vital sign instability includes tachycardia or bradycardia, desaturations, tachypnea, and apnea. The first three weeks 

include the data collected during the pre-implementation phase.  100% of infants did not experience vital sign 

instability. No infants met eligibility criteria during weeks 2-4, 9-11 and 13. There are no runs, trends or shifts to 

report. 100% of infants did not experience vital sign instability during weeks five and six. However, vital sign 

instability was experienced during week seven and eight. The vital sign instability experienced included tachypnea 

following feeds. Vital sign instability did not increase after implementation.  
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Figure 20 

Completion of the Laminated Feeding Guides by the Staff  

 

Note. This table shows the data for the staff's completion of the laminated feeding guides.   
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