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Abstract 

Problem & Purpose: Enteral nutrition is typically delivered through rate-based feeding (RBF) 

which predisposes patients to malnutrition by providing tube feeding (TF) at a fixed rate without 

compensating for feeding interruptions. Patients in a neurosciences critical care unit (NCCU) 

only meet their nutritional goals 63% of the time. Recent studies of volume-based feeding (VBF) 

have shown efficiency in meeting daily nutritional goals. To optimize TF delivery, this quality 

improvement (QI) project aims to integrate VBF into practice by involving nurse-driven TF-rate 

adjustments to compensate for feeding interruptions and to meet daily TF-volume goals. 

Methods: VBF was initiated within 48 hours for NCCU patients who meet the inclusion criteria. 

To facilitate compliance, the implementation team provided virtual in-services, online quiz 

competencies, and deployment of champions. Sustainability measures included policy adoption, 

creative posters, and regular quantitative feedback about the project's progress. The primary 

outcome was the percentage of TF-episodes with 80% of volume goal delivered. Each episode 

was measured as the number of TF days per patient in each week. Secondary outcomes were 

protocol compliance and feeding intolerance rates. 

Results: From a total of 104 patients (RBF=57, VBF=47), there were 194 episodes of tube 

feeding (RBF=97, VBF=97). The Mann-Whitney U test revealed VBF patients received a higher 

percentage of TF-days meeting the 80% volume goal than RBF (U=2672, p< 0.00001). The 

Mann-Whitney U test also showed no significant difference in feeding intolerance episodes 

between the two groups (U=46586, p=0.90). The average nursing compliance rate was 68%. The 

weekly compliance rate fluctuated and was threatened by staff turnover during the COVID-19 

pandemic, but it improved through sustained staff engagement and frequent training. 
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Conclusions: Implementation of VBF delivered more TF volume than the previous feeding 

modality with RBF. The QI project posed some sustainability challenges due to the competing 

unit priorities and staff turnover during the pandemic. However, implementing a policy, 

deploying champions, providing feedback, and employing frequent training may explain 

sustained nursing compliance rates. Additional studies may be needed to further optimize 

nutrition delivery, such as integrating VBF workflow processes in the electronic health record 

and minimizing preventable feeding interruptions.  
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Introduction 

Underfeeding is multifactorial and prevalent among critically ill patients, with rates 

ranging between 30 and 50% (Barker, Gout, & Crowe, 2011; Corkins et al., 2014; Tian et al., 

2018). Adverse outcomes, such as immune dysfunction, prolonged hospitalization, and increased 

mortality, are often the negative consequences (Corkins et al., 2014). Underfeeding is mainly 

caused by feeding interruptions from fasting for procedures, airway management, nursing care, 

enteral access issues, and feeding intolerance (Chapple et al., 2015; Heyland et al., 2015; Peev et 

al., 2015). Patients who receive less than 50% of their caloric requirements are predisposed to a 

substantial caloric deficit (Bartlett et al., 1982). A caloric deficit of more than 10,000 kcal is 

associated with a higher mortality risk ranging from 26.6% up to 76.4% (Bartlett et al., 1982). In 

order to mitigate the negative effects of underfeeding, patients should receive at least 80% of 

their nutritional goals to achieve clinical benefit (McClave et al., 2016b). 

The staff of the neurocritical care unit (NCCU) also recognized the issue of underfeeding 

their patients. In a chart review of 97 RBF episodes (n=57 patients), patients only met 80% of 

their daily tube feeding (TF) goals 63% at a given time. Similar to most critical care settings, 

NCCU nurses delivered tube feeding via rate-based feeding (RBF). When feeding interruptions 

occur, nurses resume the ordered fixed rate which predisposed patients to underfeeding. 

Emerging evidence demonstrates more significant TF volume delivered through volume-based 

feeding (VBF) than RBF (Fetterplace et al., 2018; Heyland et al., 2013; McClave et al., 2015). 

With this feeding modality, nurses could adjust the TF rate to compensate for FI and achieve the 

daily TF-volume goal with VBF. Therefore, this quality improvement project aims to implement 

a clinical pathway to integrate VBF in nursing practice. It is anticipated that this practice change 

will improve tube feeding delivery and decrease the incidence of underfeeding.  
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Literature Review 

 A synthesis of the evidence was completed to determine how VBF can affect the delivery 

of nutritional requirements to critically ill patients compared to the traditional practice with RBF. 

As summarized in Table 2, the common outcomes measured in these emerging studies were the 

proportion of TF volume, caloric and protein goals delivered, feeding intolerance, glucose, 

mechanical ventilation (MV) days, length of stay (LOS), mortality, and protocol compliance. 

These studies demonstrated a higher proportion of TF volume, caloric, and protein delivered than 

RBF; and there was no significant difference in the incidence of feeding intolerance, MV days, 

LOS, and mortality between feeding modalities (Heyland et al., 2013; Holyk et al., 2019; 

McClave et al., 2015). In terms of VBF protocol compliance, poor adherence was found in 2 

studies (McClave et al., 2015; Heyland et al., 2013). When nurses followed the protocol with 

frequent training, patients meet their nutritional requirements consistently (Heyland et al., 2015). 

  All studies allowed nurses to adjust the TF rate by following a protocol to compensate for 

feeding interruptions and achieve daily nutritional goals. A maximum TF rate of 150mL/hr was 

implemented across studies except for the groundbreaking work by McClave et al. (2015), who 

implemented different titration algorithms for gastric and jejunal feedings with maximum TF 

rates of 280 mL/hr and 150mL/hr respectively. Based on the safety profile and provider 

preferences, subsequent studies adopted the max rate of 150 mL/hr for both gastric and jejunal 

feedings (Fetterplace et al., 2018; Haskins et al., 2017; Holyk et al., 2019; Sachdev et al., 2019).  

Despite a common understanding of the effectiveness of nurse-driven TF rate 

adjustments, study protocols vary in defining and managing feeding intolerance. In addition to 

typical signs of nausea, vomiting, abdominal discomfort, and diarrhea, most studies had utilized 

gastric residual volume (GRV) as the main sign of feeding intolerance in the VBF algorithms. 
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However, a recent systematic review by Wang et al. (2019) suggested abolishing the practice of 

checking the GRV, which predisposes patients to less TF delivery and malnutrition. Management 

of feeding intolerance also differed across studies. Studies varied in the duration of pausing the 

TF, frequency of abdominal assessments, prokinetic agent use, post-pyloric insertion, and criteria 

for VBF discontinuation. The literature is unclear why these variations occur. Similar to any 

evidence translation, variations in patient characteristics, system processes, unit culture, and 

clinician preferences appear to have played a role (Heyland et al., 2015).  

 Clinical practice guidelines from prominent professional organizations support the use of 

VBF to improve the nutrition of critically ill patients. American College of Gastroenterology, 

Society of Critical Care Medicine, and American Society for Parenteral and Enteral Nutrition 

recommend feeding protocols such as implementing a VBF protocol (McClave et al., 2016a; 

McClave et al., 2016b). Moreover, these organizations advise early initiation of TF within 24 to 

48 hours of admission and cessation of GRV assessment to optimize enteral nutrition delivery. 

  In summary, there is an agreement in the evidence supporting VBF. As shown in Table 1, 

the strength of evidence ranges from level II to IV based on the Melnyk and Fineout-Overholt 

criteria (2014). The overall quality of evidence using Newhouse's (2006) rating system is good, 

wherein the evidence reasonably has consistent findings of higher nutritional goal delivery with 

VBF than RBF (Table 2). Although VBF had shown no effect on LOS, MV days, mortality, and 

feeding intolerance, it offered a more efficient process of nutrition delivery without a significant 

increase in adverse events compared to RBF (Bharal et al., 2019; Fetterplace et al., 2018; 

Haskins et al., 2017; Heyland et al., 2013; Holyk et al., 2019; McClave et al., 2015; McClave et 

al., 2016a; McClave et al., 2016b; Sachdev et al., 2019).   
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Theoretical Framework 

Lewin's Theory of Planned Change (TPC) is the theoretical framework used to guide this 

quality improvement (QI) project (Lewin, 1951). The TPC aids in identifying forces that explain 

how and why change occurs. These forces can be positive (drivers) or negative (resistors) that 

can be analyzed beforehand to understand complex relationships and to successfully develop a 

plan of instituting change (Lewin, 1951). As shown in Figure 1, Lewin's TPC also explains 3 

overlapping phases of unfreezing, moving, and refreezing to facilitate change. Unfreezing occurs 

when a practice problem is recognized and change agents realize that certain practice change 

needs to be made (Lewin, 1951). This is the period when NCCU staff recognized underfeeding 

occurs in their current feeding practices, realized its associated consequences, and then 

discovered VBF as a strategy to potentially address the clinical problem. The second phase is the 

moving phase which occurs when change is initiated based on a detailed plan of action (Lewin, 

1951). The creation of a unit-based policy, education, and training of staff were included in this 

phase. This phase also pertains to ongoing analysis of activities to increase driving forces and 

decrease resisting factors to facilitate the adoption of VBF into practice. The last phase is 

refreezing which occurs when the change has been sustained and incorporated into the existing 

system (Lewin, 1951). This phase will be observed in this QI project when VBF becomes 

embedded in the NCCU's usual clinical practice and unit culture when providing tube feedings to 

eligible patients. If practice change is not sustained in the future and nursing practice reverts to 

RBF, thereby potentially predisposing patients to underfeeding, another cycle of unfreezing, 

moving, and refreezing may be undertaken. Identification and analysis of positive and negative 

forces will be performed to effectively facilitate the adoption of the practice change at any time 

within these phases, as described in the TPC. 
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Methods 

 This QI project took place in a 24-bed NCCU for 12 weeks between September 2020 and 

December 2020. Patients who had enteral access and eligible to receive TF per the provider's 

clinical judgment were prescribed VBF within 48 hours. Patients with conditions of severe 

shock, complete bowel obstruction, acute abdomen, or situations requiring barbiturate coma, 

high vasopressors, or prone positioning were excluded (Bharal et al., 2019; Fetterplace et al., 

2018; Holyk et al., 2019; McClave et al., 2015; Sachdev et al., 2019). To protect human subjects, 

The University of Maryland Baltimore determined this project as a non-human subjects research.   

 Successful integration of VBF in the unit culture required careful structural changes by 

focusing on policy adoption, access to knowledge and information, and competency evaluation. 

After gaining leadership support, nursing staff collaborated with the interdisciplinary team to 

develop a unit-based policy to standardize the practice change (Appendix C). Project leaders 

conducted the delivery of knowledge and information about VBF in 30-minute virtual education 

sessions in the setting of the COVID-19 pandemic (Appendix F and G). Multimodal education 

was also provided through online modules, resource binders, and bulletin boards which covered 

the VBF algorithm, instructions for TF rate calculations, and suggested interventions to address 

feeding intolerance. To ensure an adequate understanding of the new practice change, nurses 

took a 5-item online quiz to demonstrate competency (Appendix H).  

 The VBF protocol focused on changing clinicians' behaviors and TF delivery processes. 

When patients met the inclusion criteria, providers prescribed VBF within 48 hours (Appendix 

D). The nurse would then slowly increase the TF rate at the day of initiation. When patients 

tolerated the TF, the nursing staff would adjust the TF rate to meet the daily volume goal 

(Appendix A). Based on nurses' feedback, required TF rate adjustments were downscaled to once 
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a day to minimize workload burden in anticipation of a possible surge of COVID-19 cases 

during the implementation period. Nurses were still encouraged (but were not required) to 

perform rate adjustments more than once, especially for patients who had multiple feeding 

interruptions. Additionally, nurses would seek interdisciplinary consultation to optimize TF 

delivery and minimize premature TF cessation when a patient developed feeding intolerance.  

Champions from various disciplines acted as resources at the point of care by providing 

just-in-time education sessions. When protocol compliance decreased five weeks after kickoff 

(Figure 2), creative posters and regular feedback through emails were sent about the unit's 

performance. Leadership personnel was encouraged to include VBF updates in their weekly 

emails for staff re-engagement. When compliance rates improved during weeks 5 to 7, staff 

received sweet treats as a form of a small celebration.   

 Structure, process, outcome, and balance measures were collected prospectively to assess 

the QI project performance. Data were collated in an audit tool (Appendix B) and securely stored 

in a hospital-issued virtual desktop. Order entries, provider's notes, and nursing documentation 

served as primary data sources. The structure measure was about nurse competency, measured as 

the percentage of nurses who obtained a score of at least 80% in the online quiz (Appendix H). 

Process measure focused on nurses' protocol compliance which was measured as the percentage 

of TF-days with appropriate TF rate adjustments by nursing staff. Ultimately, the outcome 

measure was the percentage of TF-days with 80% of volume goal met. To evaluate adverse 

events, the implementation team assessed the feeding intolerance episodes as the balance 

measure. Since these data points are continuous variables and have non-normal distributions 

(Table 5), the Mann-Whitney U test was used to evaluate statistical significance.  
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Results 

 A total of forty-seven (n=47) patients received VBF during the 12-week implementation 

period. The average age of the sample was 62.2+17 years. Thirty-three out of 47 patients were 

male, and most patients were admitted for cerebrovascular accidents (55.3%). In comparison to 

baseline patients (RBF, n=57), an independent t-test showed no difference in age (p=0.301). As 

shown in Table 4, patients' sex (𝛘2=1.69,  p=0.194) and admitting diagnoses (𝛘2=2.69, p=0.260) 

were not different between groups using chi-squared test at 0.05 level of significance. 

For staff training, seventy-four out of 80 nurses attended the virtual education sessions. 

Only 74% of the nursing staff had documented competency of the VBF protocol. During 12 

weeks of implementation, nurses had adjusted the tube feeding rates appropriately 68.4% of the 

time. Nurse compliance rates (NCR) varied weekly, especially during week 4 and week 8 of 

implementation (Figure 2). Despite these fluctuations, NCR had improved from week 9 to week 

12 after meaningful in-person reminders and weekly email updates. Based on the run chart trends 

in those weeks (Figure 2 and Figure 3), patients appear to have a higher percentage of TF-days 

meeting 80% of their tube feeding goal with improvement in NCR.  

For the results of the outcome and balance measures, there were 194 TF episodes during 

the implementation period. Each episode denotes at least a day of receiving TF in 7 days which 

were aligned with the weekly audits, and there were recurring patients in some episodes. In 

Table 6, a Mann-Whitney U test indicated that there was a significantly higher percentage of TF-

days meeting 80% of volume goal with VBF than RBF (U=2672, p <0.00001). Mann-Whitney U 

test also showed no significant difference in the percentage of TF-days with feeding intolerance 

(U=46586, p=0.90). Similar to RBF, the most commonly reported symptoms of feeding 

intolerance with VBF are diarrhea and abdominal distension (Table 7), and there were no 

reported serious adverse events. For lessons learned, nurse engagement appeared to be the 
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primary driver of this practice change. With leadership support and ensuring workflow 

compatibility, nurses were motivated to perform TF rate changes. Deploying champions and 

providing frequent education also appeared to have influenced NCR despite competing priorities. 

The implementation team also overcame multiple implementation challenges, such as the 

sporadic entry of VBF orders. When nurses received the VBF orders late, patients would require 

a high TF rate to meet the volume goal based on the algorithm. Providers had voiced concerns 

about the fast TF rate adjustments, especially for patients on VBF for the first time. After seeking 

consensus, nurses were instructed to slowly advance the TF rate on day 1 and then adjust the TF 

rate on day 2 to meet the daily volume goal based on the patient's feeding tolerance.  

Patients who underwent planned procedures or fasting for extubation had unnecessary 

feeding interruptions and may provide further avenues for optimizing nutritional delivery. The 

most common feeding interruptions were procedure- and extubation-related interventions. Other 

causes were hemodynamic instability, neurological emergencies, access issues, abdominal 

complications, and being discharged from the NCCU (Table 7). The implementation team 

mitigated this issue through reminders via email and posters to encourage timely resumption of 

enteral nutrition (Appendix I). Despite these efforts, the median duration of feeding interruption 

had not significantly changed (U=4004, p=0.07).  

Lastly, the COVID-19 pandemic caused an unprecedented staff turnover which affected 

protocol compliance. There was a significant influx of supplemental nurses to meet exponential 

staffing demands. To maintain unit operations, they received a shorter orientation period. The 

implementation team depended on champions who could provide just-in-time education. 

However, the increased workload from high patient acuity had constrained champions to educate 

new staff, possibly explaining the fluctuation in the protocol compliance. 
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Discussion 

 While early TF initiation is related to improved outcomes and has been widely adopted in 

critical care (McClave et al., 2016), reliable nutrition delivery is difficult to achieve due to 

patient acuity and feeding interruptions. This QI project established that VBF can mitigate this 

issue without the increased risk of feeding intolerance despite being perceived as more 

aggressive and less tolerated than RBF. The results of this QI project were consistent about 

VBF's benefit in delivering more percentage of TF-volume with an overall sample size of at least 

70 patients, which is sufficient to detect a significant difference between groups with 80% power 

and effect size of 0.7 based on prior studies (Bharal et al., 2019; Brierley-Hobson et al., 2019).  

Similar to other studies, the most significant barrier to implementation was nursing 

compliance (McClave et al., 2015; Sachdev et al., 2019). NCR appeared to affect the outcome 

measure based on run chart trends. Staff education about VBF and staff engagement were crucial 

to ensure protocol adherence. However, the enormous staff turnover during the COVID-19 

pandemic posed challenges. Frequent staff training, regular feedback, and modification of VBF 

processes to allow workflow compatibility helped alleviate the issue. These strategies seemed to 

work and gained nursing buy-in because the outcome measure grew overall by 19.4%, and the 

NCR had steadily increased from weeks 9 to 12. Based on these observations, similar to the 

multicenter QI study performed by Heyland et al. (2018), frequent education and sustained 

nursing staff engagement may explain the successful VBF integration into NCCU's practice. 

This QI project's unforeseen observation was the unchanged duration in preventable 

feeding interruptions. Minimizing feeding interruptions was not the focus of VBF protocol per se 

but demonstrated as the emerging issue that requires a logical practice change to further optimize 

nutrition delivery. However, the implementation team did not observe significant improvement 
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in this aspect despite frequent reminders. This is likely due to the various causes of feeding 

interruption (Table 7) that require complex solutions beyond the project's scope and timeline.  

This QI project's strengths were the extensive leadership support and its compatibility 

with the nursing workflow. Both medical and nursing directors showed overwhelming support to 

this project despite multiple competing priorities during the COVID-19 pandemic. These 

directors played pivotal roles in sustaining the practice change by sponsoring the VBF policy, 

sending email reminders, and disseminating audit reports to staff. The use of the human-factors 

approaches to hardwire behavioral changes may explain nurse's aid in this project (Granger, 

2020).  In contrast to other studies which were led by dietitians and providers (Heyland et al., 

2018), nurses designed this QI project by collaborating with the interdisciplinary team and 

ensuring workflow compatibility. Furthermore, the nurse's autonomy in changing the TF rate 

may explain the considerable nursing support. This may have empowered nurses by gaining 

control to perform efficient nursing care in delivering enteral nutrition.  

This QI project also has several limitations. The study sample was primary comprised of 

neuroscience patients who tend to tolerate TF and seemed to be more hemodynamically stable 

(Swiatlo et al., 2019), suggesting possible selection bias that can threaten generalizability. Errors 

in chart documentation may also limit the reliability of the results. Mistakes in TF rate 

adjustments were observed in a few cases, but there were no associated adverse events. The 

manual TF rate calculations and the lack of electronic health record integration may have 

predisposed nurses to cognitive fatigue and math errors. Although this project had reasonable 

process and outcome measures, nutritional status and patient acuity were not evaluated because 

of constrained timeline and project resources. Obtaining these clinical data points may help 

stratify patients and further quantify the significant effects of VBF on clinical outcomes.   
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Conclusion 

 The VBF protocol optimized the delivery of enteral nutrition to critically ill neuroscience 

patients. VBF allowed patients to have more days meeting at least 80% of their nutritional goals 

than RBF. As shown in previous studies, the intervention was not associated with higher feeding 

intolerance which many clinicians previously perceived. With patients receiving more consistent 

days of meeting their nutritional requirements, VBF reduces patients' risk of caloric deficit, 

potentially decreasing the odds of malnutrition and its related adverse outcomes during their 

critical illness. Additionally, VBF streamlined workflow processes that allowed interdisciplinary 

collaboration and empowered nurses to change tube feeding rates independently.  

 The ongoing COVID-19 pandemic posed challenges due to competing priorities and staff 

turnover, but implementation strategies mitigated these issues. Interdisciplinary collaboration 

with management and nursing support made this practice change achievable. Streamlining the 

practice change through policy and incorporating staff feedback ensured workflow compatibility. 

Furthermore, utilizing champions, celebrating milestones, issuing quantitative feedback about 

progress, and integrating humor through posters facilitated continuous staff engagement.  

Other acute care specialties may consider adopting VBF into their practice. This project's 

data adds knowledge about VBF's compatibility with neuroscience patients, which are not 

adequately represented in some studies. There are also potential areas of improvement for this QI 

project. Although VBF compensates for missed feeding opportunities, minimizing preventable 

feeding interruptions related to extubation and medical procedures are potential QI projects that 

may further optimize enteral nutrition delivery. Moreover, streamlining the VBF processes by 

implementing a flowsheet in the electronic health record with an automatic TF rate calculator can 

be considered to improve nurse compliance by alleviating cognitive fatigue and math errors.  
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Table 1 

 

Evidence review table 

 

Citation:  Bharal, M., Morgan, S., Husain, T., Hilari, K., Morawiec, C., Harrison, K., Bassett, P., & Culkin, A. (2019). Volume based 

feeding versus rate based feeding in the critically ill: A UK study. Journal of the Intensive Care Society, 20(4), 299-308. 
https://doi.org/10.1177/1751143719847321 

Level IV 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The study 

hypothesized 

that "volume-

based feeding 

(VBF) would 

improve 

energy and 

protein 

delivery 

without 

deleterious 
effects on 

glycaemic 

control or 

gastrointestinal 

(GI) tolerance 

and 

subsequently, 

may improve 

clinical 

outcome" (p. 

2). 

Single-center 

cohort study 

Sampling technique:  

Consecutive 

Eligible participants: 

Intubated adults (>18 years) 

requiring enteral nutrition 

(EN) for > 48 hours who are 

admitted in the medical and 

surgical intensive care unit 

(ICU) 

Excluded: contraindications 

to EN such as bowel 
obstruction, complex bowel 

surgery (except 

uncomplicated colonic 

resections), short bowel, 

bowel ischemia, or paralytic 

ileus; pre-existing GI 

intolerance [i.e., diarrhea, 

abdominal distension, nausea, 

vomiting, receiving parenteral 

nutrition, aspiration from 

feeds within 48 hours, gastric 
residual volume (GRV) > 

250); pregnancy 

Accepted: 82 patients. RBF 

patients were collected 

retrospectively from January 

to April 2015. VBF patients 

were collected consecutively 

between March 2016 and 

March 2017. 

Baseline: fixed tube 

feeding (TF) rate 

regardless of feeding 

interruption (FI).  

Intervention: A 24-hour 

TF volume goal was 

ordered. Nurses can 

calculate and adjust the 

TF rate (no more than 150 

mL/hr) to compensate for 

feeding interruptions by 
identifying the remaining 

volume to reach the 24-hr 

goal and infusing it in the 

remaining hours.  

Both groups: For both 

groups, GRV was 

assessed every 4-6 hours 

to assess for GI tolerance. 

If GRV was >250 mL 

more than once, the TF 

rate was initially reduced 
to previously tolerated 

and prokinetic agents 

were prescribed. TF was 

held if GRVs were 

excessive  

(i.e., GRV > 500mL) 

Intervention fidelity: 

Multiple education 

sessions before, during, or 

Primary outcome: enteral 

nutrition delivery  

Secondary outcomes: feeding 

intolerance, blood glucose, 

mechanical ventilation (MV) days, 

ICU and hospital length of stay 

(LOS), mortality rate for 60 days. 

Measures: Enteral nutrition 

delivery was measured as the 

percentage of energy and protein 

requirements delivered during the 
patients' ICU stay, including non-

enteral sources from medications 

such as Propofol. Feeding 

intolerance was measured based on 

the incidence of vomiting, 

 GRV>250 mL, diarrhea (i.e., at 

least 5 stools or 750mL in 24 

hours) and prokinetic use. Blood 

glucose is derived from the mean 

of the highest blood glucose and 

morning blood glucose daily. MV 
days are calculated from the 

duration of the MV until airway 

equipment was removed. ICU LOS 

is measured from day 1 of ICU 

admission, discharge or death 

whichever comes first. The 

mortality rate was measured based 

on the number of in-hospital deaths 

compared to the total number of 

Statistical tests:  

The study used 

multiple statistical 

tests but did not 

specify each result. It 

utilized X2, Fisher's, 

independent t-test, and 

Mann-Whitney U tests 

whenever appropriate. 

 

Results:  
VBF received more 

prescribed energy 

(81% vs 52%; 

p<0.001) and protein 

intake (40% vs 72%; 

p<0.001) compared to 

traditional rate-based 

feeding (RBF).  

 

There is no significant 

difference in MV days, 
mortality rate, hospital 

LOS, ICU LOS, 

glucose level, insulin 

usage, vomiting, and 

GRV. 
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Control: 27 patients 

Intervention: 55 patients 

Power analysis: 36 patients 

per group with 80% power, 

0.67 effect size 

Homogeneity: There was a 
difference in APACHE II 

score (RBF 23.4, VBF 19.4, 

p=0.002) and VBF group had 

more respiratory diagnosis 

than RBF group (p=0.004).  

after the study were 

provided by the unit 

dietitian.   

participants. Most of these 

outcomes were derived from 

extracted from the electronic 

medical record (EMR). There were 

no other instruments and inter-rater 

reliability mentioned in the study. 

Citation:  Brierley-Hobson, S., Clarke, G., & O'Keeffe, V. (2019). Safety and efficacy of volume-based feeding in critically ill, 

mechanically ventilated adults using the 'Protein & Energy Requirements Fed for Every Critically ill patient every Time' 

(PERFECT) protocol: a before-and-after study. Critical Care, 23(1), 105. https://doi.org/10.1186/s13054-019-2388-7 

Level IV 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The hypotheses 

of the study 

include 

"changing from 
RBF to VBF 

would 

significantly 

increase the 

percentage of 

prescribed feed 

volume, energy 

and protein 

delivered to 

adult critically 

ill patients, 

without 
altering feed 

tolerance"  

(p. 3) 

Single-center 

prospective 

before-and-

after quality 
improvement 

study 

Sampling technique: 

Consecutive 

Eligible participants: 

Age > 18 years, mechanically 
ventilated > 72 hours and 

received EN > 48 hours in a 

medical-surgical ICU 
Excluded: Pregnant or who 

received parenteral or oral 

nutrition 

Accepted: 92 patients. 

Baseline RBF data were 

collected prospectively from 

April to October 2016. The 

VBF group was selected 

consecutively from January to 
June 2017.  

Control: 46 patients 

Intervention: 46 patients 

Power analysis: A minimum 

sample of 37 patients per 

group achieves 80% power 

with effect sizes of 0.7 and 

Baseline (RBF): Fixed 

TF rate regardless of FI   

Intervention (VBF): A 

24-hour TF volume goal 
was ordered and allowed 

nurses to increase feed 

rates (max of 150 mL/hr) 

to compensate for FI and 

return to the initial goal 

rate at the beginning of 

the 24-hr period. 

Nasogastric tubes were 

upsized from 8-10Fr to 

12Fr tubes. For patients 

on gastric feeding, an 

allowable single end-of-
day feed bolus up to 

200mL was given to 

replace the remaining 

deficits. Boluses were not 

given to those with 

jejunal feedings.  

Both groups: GRV was 

checked every 4-6 hours 

Primary outcome: percentage of 

total energy and protein delivered, 

feeding  intolerance 

Secondary outcomes: ICU and 
60-day survival, MV weaning, and 

ICU LOS 

Measures: the percentage of total 

energy and protein delivered was 

derived from the portion of TF 

delivered compared to the 

prescribed goal. Feeding 

intolerance was measured from the 

total number of witnessed vomiting 

and regurgitation, and diarrhea. 

The survival rate was derived from 

the number of in-hospital deaths to 
the total number of patients 

enrolled in the study. ICU LOS 

was calculated from admission to 

"when ready for ICU discharge" to 

take into account delays in 

discharge. Data was collected for 

up to the first 7 days, ventilator 

liberation, death, or ICU discharge, 

Statistical tests: the 

study used multiple 

statistical tests but did 

not specify each result. 
It utilized X2, Fisher's 

two-sample t-test, Matt 

Whitney U, Kaplan-

Meier, and logistic 

regression whenever 

appropriate. 

Results: the delivery 

of prescribed feed 

volume (p<0.001), 

energy (p<0.001), and 

protein (p=0.02) had 

significantly increased 
in the VBF group 

compared to the RBF 

group. There is no 

significant difference 

in feeding intolerance, 

diarrhea, vomiting, 

insulin use, prokinetic 

use,  ICU LOS, and 
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0.4 for energy and protein 

delivery respectively. 

Homogeneity:  In table 1,  

most study group 

characteristics between 

groups are non-significant 
except for propofol use 

(288.9mL VBF, 221.6mL 

RBF, p=0.0025), percentage 

of patients with a BMI of 25-

35 (65.2% VBF, 43.5% RBF, 

p=0.036).   

 

with a threshold to 

intervene with prokinetics 

if GRV>500mL. 

Intervention fidelity: 

Nurse champions were 

trained in the unit. 
Together with dietitians, 

numerous one-to-one and 

group education sessions 

were conducted. Booklets 

of the project were also 

kept in all patient rooms.  

whichever came first.  Outcomes 

were extracted from the EMR. 

There were no other measures or 

reliability mentioned in the study 

mortality. Adjusted 

Cox regression 

showed the probability 

of being extubated is 

tripled when >90% 

protein goals are 
delivered in 

comparison to <80% 

(p =0.021).  

Citation: Fetterplace, K., Deane, A. M., Tierney, A., Beach, L. J., Knight, L. D., Presneill, J., Rechnitzer, T., Forsyth, A., Gill, B. M. 

T., Mourtzakis, M., & MacIsaac, C. (2018). Targeted full energy and protein delivery in critically ill patients: A pilot randomized 

controlled trial (FEED Trial). Journal of Parenteral and Enteral Nutrition, 42(8), 1252-1262. https://doi.org/10.1002/jpen.1166 

Level II 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The purpose of 

this study was 
"to determine 

whether a 

high-protein 
enteral feeding 

protocol using a 
volume target 

and protein 
supplementation 

delivered 
greater amounts 

of protein and 
energy to 

critically ill 
patients when 

compared 
with standard 

care" (p. 1253). 

Prospective 

randomized 
controlled 

trial 

Sampling technique: 

randomized 1:1 

Eligible participants: 

patients admitted in a 32-bed 

mixed medical-surgical-

trauma ICU with age > 18 

years old, mechanically 

ventilated for < 48 hours but 

expected to be ventilated for 

at least 72 hours. 

Excluded: any 

contraindication to enteral 

feeding, imminent death, 

futility of care, pregnancy, or 
clinician's discretion that the 

intervention was not in the 

patient's best interest 

Accepted: 60 patients were 

randomized between August 

2015 and August 2017 

Control: 30 patients 
Intervention: 30 patients 

Control: fixed TF rate 

regardless of FI 
Intervention: a 24-hour 

volume target was 

ordered with an hourly TF 

rate associated with 

instructions to deliver the 

volume target over 24 

hours. At 4:00 pm, 

nursing staff assess 

nutritional delivery and 

adjust the TF rate to meet 

the 24-hour volume target 

(max TF rate of 150 
mL/hr). Protein 

supplements were 

prescribed by study 

dietitians to achieve a 

protein goal of 1.5g/kg/d 

of protein. GRV was 

assessed according to 

standard unit protocols. If 

Primary outcomes: protein and 

energy provision 
Secondary outcomes: feeding 

intolerance, diarrhea, muscle mass, 

nutrition outcomes, weight change, 

mid-upper arm circumference, 

plasma albumin 

Measures: protein and energy 

provision were calculated from the 

mean daily protein and energy 

delivered over the 15-day study 

period. Feeding intolerance was 

calculated from the number of 

patients who at least had a GRV > 
300mL. The proportion of patients 

who had diarrhea was also 

obtained and determined by the 

number of patients who had more 

than 3 stools or greater than 

300mL of stool output in 24 hours. 

Muscle mass was assessed using 

portable ultrasound to assess the 

X2: feeding intolerance 

(p=0.77) and incidence 
of diarrhea (p=1.0) 

were not significantly 

different between 

groups. However, the 

number of 

malnourished patients 

upon ICU discharge is 

less in the intervention 

group (p=0.04) 

Paired t-test: The 

intervention was 

related to increased 
total protein delivery 

with a mean of 

37g/day (95% CI, 26-

47; p<0.001) and 

increased energy 

delivery with a mean 

increase of 2.8 kcal/kg 

(95% CI, 0.7-4.9; 
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Power analysis: Based on 

VALIDUM study, a sample 

size of 27 participants was 

sufficient to provide 80% 

power to detect a mean 

difference of 0.5 cm in 
quadriceps muscle layer 

thickness (QMLT) between 

groups 

Homogeneity: In table 1, 

baseline characteristics in 

both groups were similar.  

GRV > 300 mL, 

prokinetic drugs without 

cessation of EN were 

given. Post-pyloric 

feeding or supplemental 

parenteral nutrition was 
considered if severe 

feeding intolerance 

occurred.   

Intervention fidelity: 

Nursing team was 

provided with a detailed 

order in the EMR for the 

intervention.  

quadriceps muscle layer thickness 

(QMLT) which was measured by a 

single trained operator. QMLT was 

measured before randomization 

and upon ICU discharge, 15 days 

after initiation of TF, or 
discontinuation of TF orders, 

whichever came first. Nutrition 

outcomes were determined based 

on the change in weight, BMI, 

mid-upper circumference, 

subjective global assessment, and 

plasma albumin level obtained on 

admission and repeated at ICU 

discharge or day 15 whichever 

came first.  

p=0.01). There was 

also a significant 

increase in QMLT in 

the intervention group 

(95% CI, 0.06-0.38cm; 

p=0.01). There was no 
significant difference 

between the incidence 

of diarrhea (p=0.23), 

changes in weight 

(p=0.57), mid-upper 

arm circumference 

(p=0.50), and plasma 

albumin in both groups 

(p=0.76).  

Citation:  Haskins, I. N., Baginsky, M., Gamsky, N., Sedghi, K., Yi, S., Amdur, R. L., Gergely, M., & Sarani, B. (2017). Volume-

based enteral nutrition support regimen improves caloric delivery but may not affect clinical outcomes in critically ill patients. 

Journal of Parenteral and Enteral Nutrition, 41(4), 607-611. https://doi.org/10.1177/0148607115617441 

Level IV 

Purpose or 
hypothesis 

Design Sample Intervention Outcome Results 

The purpose of 

the study was 

"to investigate 

the effect of an 

RBF and VBF 

protocol on 

delivery of 

prescribed 

calories and 

clinical 

outcomes using 
data from a 

single institute" 

(p. 608). 

single-center 

prospective 

before-and-

after study 

Sampling technique: 

Consecutive 

Eligible participants: All 

patients admitted in a mixed 

medical-surgical ICU with 

age > 18 years who received 

continuous EN for at least 24 

hours at any point during 

their ICU stay 

Excluded: patients with age 

< 18 years, received any 
parenteral nutrition 

Accepted: 77 patients.  

Consecutive patients admitted 

from April 2013 to July 2013 

were included in the RBF 

group. Similarly, consecutive 

sampling from December 

Baseline (RBF): Fixed 

TF rate regardless of FI 

Intervention (VBF): a 

24-hour caloric goal was 

ordered. Nurses adjust the 

TF rate based on set 

algorithm and titration 

guidelines to compensate 

for FI with a maximum 

rate of no more than 150 

mL/hr. 
Intervention fidelity: 

The hospital's Department 

of Clinical Nutrition 

conducted in-services, 

problem-based cases, and 

one-on-one bedside 

teaching with ICU 

physicians and nursing 

Primary outcomes: percent goal 

calories delivered, ICU LOS, 

hospital LOS, and mortality 

Secondary outcomes: nosocomial 

infection rate, including ventilator-

associated pneumonia (VAP) and 

urinary tract infection (UTI) 

Measures: calories delivered were 

based on the total TF volume 

delivered (mL) multiplied by the 

calories per mL of the TF formula 
used. ICU and hospital LOS were 

measured from day 1 of ICU and 

hospital admission respectively 

until discharge, transfer, or death, 

whichever came first. Infection 

rates were identified based on the 

CDC's set of definitions. All 

outcomes were extracted from the 

Kruskal-Wallis test:  

The VBF group 

received significantly 

higher prescribed 

calories than the RBF 

group (74% vs 57%, 

p<0.001). Also, the 

VBF group had longer 

ICU LOS (14 vs 9, p = 

0.005) as well as MV 

days (9 vs 7, p = 0.04).  
Multivariate 

regression: when 

APACHE II scores 

were controlled, there 

was no difference in 

hospital LOS and 

mortality (p<0.05). In 

addition, there was no 
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2013 to February 2014 

comprised the VBF group.  

Control: 39 patients  

Intervention: 38 patients 

Power analysis: None 

Homogeneity:  In table 1, 
most study group 

characteristics between 

groups are non-significant 

except for APACHE II scores 

(17 VBF, 10 RBF, p=0.01).  

staff from August to 

November 2013.  

 

EMR. Additionally, there were no 

other measures, instruments, 

reliability or inter-rater reliability 

mentioned in the study.  

  

significant difference 

in infection rates 

between groups 

(p=0.16).  

Citation: Heyland, D., Murch, L., Cahill, N., McCall, M., Muscedere, J., Stelfox, H. T., Henry, T., Bray, T., Tanguay, T., Jiang, X., 

& Day, A. G. (2013). Enhanced protein-energy provision via the enteral route feeding protocol in critically ill patients: Results of a 

cluster randomized trial. Critical Care Medicine, 41(12), 2743-2753. https://doi.org/10.1097/CCM.0b013e31829efef5 

Level II 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The purpose of 

the study was 

"to determine 

the effect of 
the enhanced 

protein-energy 

provision via 

the enteral 

route feeding 

protocol, 

combined with 

a nursing 

educational 

intervention on 

nutritional 

intake, 
compared to 

usual care"  

(p. 2743). 

Prospective, 

cluster 

randomized 

trial 

Sampling technique:  

Randomized cluster (ICUs) 

Eligible participants: all 

adult patients with age > 18 
years old who were 

mechanically ventilated (MV) 

prior to admission or within 6 

hours of ICU admission and 

remained mechanically 

ventilated for > 72 hours.   

Excluded: patients who had 

enteral or parenteral nutrition 

prior to ICU admission, 

intubated  beyond 6 hours of 

ICU admission, or death 

within 48 hours of admission 
Accepted: 1059 patients from 

18 randomized ICUs which 

had patients with low levels 

of caloric intake (<50% of 

prescribed calories received). 

Randomization was 

performed using random 

permuted blocks within strata. 

Control: fixed TF rate 

regardless of FI 

Intervention: a 24-hour 

TF volume goal was 
prescribed, and nurses 

were given titration 

guidance to increase the 

hourly rate depending on 

how many hours were left 

in the day to make up for 

the  TF volume missed 

during feeding 

interruptions (FI). Semi-

elemental feeding 

solutions were used 

initially and changed to 
standard polymeric TF 

formula. Metoclopramide 

was also given around the 

clock at the same time TF 

was started with re-

evaluation for its 

necessity in the following 

days. GRV was assessed 

Primary outcomes: the proportion 

of the caloric and protein 

prescriptions delivered 

Secondary outcomes: prevalence 
of witnessed vomiting, 

regurgitation, macro-aspiration, 

ICU-acquired pneumonia, 60-day 

ICU mortality, ICU LOS, hospital 

LOS, MV days 

Measures: The proportion of total 

calories and protein delivered was 

derived from the amount (mL) of 

TF delivered multiplied by the 

calories per mL and grams of 

protein per mL of the TF formula 

used. Calories from medications 
were also accounted, such as from 

Propofol. Witnessed vomiting and 

regurgitation were accounted for if 

clinicians observed gastric contents 

located outside the mouth. Macro-

aspiration was accounted for if 

gastric contents were confirmed in 

the airway. ICU-acquired 

Statistical tests: The 

study used multiple 

statistical tests but did 

not specify on each 
result. It utilized 

descriptive statistics, 

analysis of covariance 

(ANCOVA) between 

groups from baseline 

to follow-up, and 

multivariate 

ANCOVA was used 

for nominal outcomes. 

Cox proportional 

hazards model to 

estimate hazard ratio 
was used for ICU 

LOS, hospital LOS, 

MV days, and 60-day 

ICU mortality rate 

Results: During the 

follow-up period, the 

intervention group 

received a larger 



IMPLEMENTING A VOLUME-BASED FEEDING PROTOCOL  25 

Eligible ICU patients were 

selected consecutively. 

Control: 9 ICUs (270 

baseline patients, 267 patients 

on follow-up) 

Intervention: 9 ICUs (270 
baseline patients, 267 patients 

on follow-up) 

Power analysis: None 

Homogeneity: In tables 1, 2, 

3, and 5, the study claimed 

that eligible ICUs and 

patients were "well balanced 

between two groups and two 

time periods with similar 

demographics" based on the 

descriptive statistics 

presented (p. 2750). 

routinely with a threshold 

of 250 to 300 mL based 

on unit practice. With 

high GRV, TF rate is 

reduced by 25 mL/hr and 

erythromycin could be 
added to metoclopramide 

as combination therapy.    

Intervention fidelity: 

numerous education 

sessions and bedside 

written materials were 

provided such as guides 

to initiate TF orders, 

flowchart, VBF schedule, 

daily monitoring 

checklist. Study 

information sheets, self-
learning modules, posters, 

frequently asked 

questions, electronic 

reminders, and monthly 

newsletters were also 

given to staff.  

pneumonia was defined based on 

CDC's definitions and diagnostic 

criteria. ICU mortality was 

measured from the number of 

deaths 60 days after ICU 

discharge. ICU and hospital LOS 
were measured from day 1 of ICU 

and hospital admission 

respectively until discharge, 

transfer, or death, whichever came 

first. The duration of MV was 

obtained based on the number of 

days an advanced airway was in 

place. The study's data collection 

was recorded for a maximum of 12 

days unless death or ICU discharge 

happened sooner. Six months later, 

after full implementation of the 
protocol, data collection was 

repeated in all participating ICUs. 

Additionally, there were no other 

measures, instruments, reliability 

to or inter-rater reliability 

mentioned in the study. 

proportion of 

prescribed protein 

(47% vs 34%, 

p=0.005) and calories 

(44% vs 32%, 

p=0.001) compared to 
baseline. There were 

no significant changes 

in the control group.  

 

Rates of vomiting, 

regurgitation, macro-

aspiration, ICU-

acquired pneumonia, 

ICU mortality 

(p=0.57), ICU LOS 

(p=0.35), hospital LOS 

(p=0.73), and MV 
days (p=0.57) were not 

significantly different 

in all groups.  

Citation:  Holyk, A., Belden, V., Sirimaturos, M., Chiles, K., Fontenot, N., Lista, A., Broadway, M., & Leon, R. S. (2019). Volume-

based feeding enhances enteral delivery by maximizing the optimal rate of enteral feeding (FEED MORE). Journal of Parenteral 

and Enteral Nutrition, 44(6), 1038-1046. https://doi.org/10.1002/jpen.1727 

Level III 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

"The objective 

of this study 

was to compare 
the efficacy of 

an RBF 

strategy to a 

VBF strategy 

regarding 

delivery of 

total energy 

and protein in 

Retrospective, 

single-center, 

quasi-
experimental 

study 

Sampling technique:  

Consecutive 

Eligible participants: ICU 
patients > 18 years old with a 

TF order and a feeding tube 

in place 

Excluded: patients receiving 

parenteral nutrition, EN 

duration or ICU length of stay 

(LOS)  < 24 hours 

Control: Fixed TF rate 

regardless of FI.  

Intervention: A 24-hour 
goal volume was ordered 

by a provider. A dietitian 

evaluation within 24 

hours was obtained to 

individualize formula and 

goal volumes. TF rate 

was started at 30 mL/hr 

and advanced to goal TF 

Primary outcome: mean 

percentage of total goal energy and 

protein delivered from EN 
initiation until 7 days, transfer 

from the ICU, removal of the 

feeding tube, or oral order 

placement 

Secondary outcomes: mean 

percentage of total goal protein, 

mortality, days of mechanical 

ventilation (MV), gastric residual 

Statistical tests: The 

study used multiple 

statistical tests but did 
not specify each result. 

It utilized X2, Fisher's, 

unpaired student's t-

test, Mann-Whitney U 

tests whenever 

appropriate. 
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the medical 

intensive care 

unit (MICU) 

and the 

neurosurgical 

intensive care 
unit (NSICU)"  

(p. 2). 

Accepted: 189 patients 

selected based on a 

retrospective review of the 

electronic medical record 

from Sept 2015 to Aug 2016 

Control: 100 patients 
Intervention: 89 patients 

Power analysis: more than 

200 patients will meet 80% 

power to detect a 10% 

difference in the caloric goal 

delivered.  

Homogeneity: In table 2,  

most study group 

characteristics between 

groups are non-significant 

except for mean BMI of 25.6 

and 27.8 between RBF and 
VBF groups respectively 

(p=0.048).   

rate after 4 hours as 

tolerated. Nurses 

calculated and adjusted 

the TF rate to compensate 

for FI and to reach the 24-

hour volume goal. The 
maximum gastric or 

jejunal TF rate was 150 

mL/hr. A scheduled daily 

"catch-up time" was also 

required each day that 

allowed nurses to adjust 

the TF rate to ensure the 

24-hr goal was achieved.  

Both groups: Abdominal 

assessment and GRVs 

were performed every 4 

hours. The GRV 
threshold to hold EN was 

> 400mL. Prokinetic and 

protein supplements were 

not routinely used. 

Intervention fidelity: 

Multiple educational 

sessions, in-services, 

instruction binders, 

frequently asked 

questions, and bedside 

tools were utilized. A 14-
day run-in period was 

performed but not 

included in study 

analysis. 

 

 

 

 

 

volume, hospital LOS, and ICU 

LOS 

Measures: percentage total energy 

and protein delivered is the portion 

of TF delivered compared to the 

prescribed goal. Mortality is the 
incidence of in-hospital death. MV 

days were accounted for from the 

first intubation only. The incidence 

of high GRV was accounted for if 

> 400mL. These outcomes were 

extracted from the EMR. The 

article did not mention who 

collected the data and elaborated 

inter-rater reliability.  

Results:  

Mean percentage of 

goal energy delivered 

(75% RBF, 102% 

VBF, p<0.001) and 

goal protein delivered 
(68% RBF, 87% VBF, 

p<0.001); no 

difference in MV days 

(p=0.939), mortality 

(p=0.76), and 

incidence of 

GRV>400 mL 

(p=0.563). There was 

no difference in ICU 

LOS (p=0.492), but 

RBF had slightly 

lesser hospital LOS 
compared to VBF 

(15.6 days RBF, 20 

days VBF, p=0.007). 
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Citation: McClave, S. A., Saad, M. A., Esterle, M., Anderson, M., Jotautas, A. E., Franklin, G. A., Heyland, D. A., & Hurt, R. T. 

(2015). Volume-based feeding in the critically ill patient. Journal of Parenteral and Enteral Nutrition, 39(6), 707-712. 

https://doi.org/10.1177/0148607114540004 

Level II 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The study 

hypothesized 

that volume-
based feeding 

(VBF) protocol 

"should 

provide a 

greater volume 

of enteral 

nutrition (EN) 

and thus better 

meet the 

caloric goals or 

requirements 

of critically ill 
patients than 

the more 

common rate-

based method 

(RBM)" 

(p. 708). 

prospective, 

randomized, 

single-center 
study 

Sampling technique:  

Randomized 

Eligible participants: 

Any intensive care unit (ICU) 

patient with the age of > 18 

years who requires tube 

feeding (TF) for > 3 days. 

Excluded: Pregnant, 

receiving any potion of 

parenteral nutrition, or any 

contraindication to TF such as 

intestinal ischemia, 

mechanical obstruction, 

evidence of perforation, or 

peritonitis. 
Accepted: 63 patients were 

enrolled in the medical ICU 

between 2007 and 2009.  

Block randomized sampling 

with concealed opaque 

envelopes was used, having a 

3:1 ratio of study to control 

patients due to problems with 

recruitment. Six patients were 

excluded due to early 

extubation. 
Control: 20 patients 

Intervention: 37 patients 

Power analysis: none 

Homogeneity: In table 1, the 

difference between study 

group characteristics is non-

significant.   

Control: 24-hour TF 

requirements were 

provided continuously at 
a fixed hourly rate. For 

feeding interruptions, TF 

was restarted at the same 

rate.   

Intervention: 24-hour TF 

requirements are provided 

with compensatory 

measures for feeding 

interruptions (FI). Nurses 

adjusted the TF infusion 

rate by using a titration 

table or calculating it 
manually by obtaining the 

remaining TF volume to 

reach the 24-hour TF goal 

and infusing it over the 

remaining hours. TF rates 

had a max infusion rate of 

280 mL/hr for gastric 

feeding and 150 mL/hr 

for small bowel feeding 

Intervention fidelity: A 

policy was put in place 
and introduced to staff by 

study coordinators who 

were also available during 

the entire study period. 

For both feeding 

protocols, GRV was 

checked every 4 hours. 

TF was stopped if 

GRV>400 mL in 2 

Primary outcome: mean 

percentage goal calories infused 

Secondary outcomes: incidence 
of feeding intolerance and nursing 

compliance  

Measures: the percentage of 

caloric infused was derived from 

the TF volume delivered, TF 

formula, and prescribed 24-hr 

caloric goals. Feeding intolerance 

was measured based on the 

incidence of nausea, vomiting, 

abdominal pain, and gastric 

residual > 250 mL during the study 

period. The nursing compliance 
rate was defined as the instances 

that nurses appropriately adjusted 

the TF rate when feeding was 

interrupted. Chart audits were 

performed by study coordinators 

and principal investigators (PI).  

 

t-test: the VBF group 

received greater mean 

percentage of caloric 
requirements of 77.6% 

+ 26.8% compared to 

control group which 

received 61.5% + 

32.5% (p = 0.001).  

 

There was no 

incidence of feeding 

intolerance.  

 

Nursing compliance 

on days with feeding 
interruption is only 

32.1%. When nurses 

were compliant, 

patients received 

96.2% + 14.4% of 

caloric goals versus 

69.0% + 26.8% if non-

compliant (p<0.05). 



IMPLEMENTING A VOLUME-BASED FEEDING PROTOCOL  28 

consecutive 4-hr checks. 

GRVs were repeatedly 

checked every 2 hours 

until GRV<400mL to 

resume TF.  

Citation:  Sachdev, G., Backes, K., Thomas, B. W., Sing, R. F., & Huynh, T. (2019). Volume-based protocol improves delivery of 

enteral nutrition in critically ill trauma patients. Journal of Parenteral and Enteral Nutrition, 44(5), 874-879. 
https://doi.org/10.1002/jpen.1711 

Level IV 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The study 

hypothesized 

that VBF 

"improves 

delivery of EN 

to trauma ICU 

patients 

without 

increasing 

feeding-related 
complications" 

(p. 2). 

Prospective 

cohort study 

 

Sampling technique:  

Consecutive 

Eligible participants: 

surgical trauma ICU patients 

age > 18 with expected ICU 

stay > 72 hours, 

hemodynamically stable, and 

expected to receive EN per 

ICU standard practice.  

Excluded: lack of enteral 
access, hemodynamic 

instability or vasopressor use, 

intra-abdominal injury, 

inability to raise the head of 

bed > 30o, non-invasive 

positive pressure ventilation, 

and ICU LOS < 72 hours.  

Accepted: 222 patients. RBF 

patients were collected 

retrospectively from 

September 2013 to June 

2014. VBF patients were 
collected prospectively 

between June 2014 to April 

2015.  

Control: 144 patients 

Intervention: 78 patients 

Power analysis: none 

Homogeneity: In table 1, 

there is no difference in 

Baseline (RBF): fixed TF 

rate 

Intervention (VBF): 

EN was initiated half the 

goal TF rate and 

increased to goal after 4 

hours as tolerated. When 

a patient reached the goal 

rate, nurses could titrate 

the TF rate to compensate 
for feeding interruptions 

and to reach the 24-hour 

TF volume goal with a TF 

rate of no more than 150 

mL/hr.  

Both groups: GRVs were 

checked every 4 hours for 

the first 24 hours, then 

every 12 hours for 

another 24 hours. After 

48 hours, GRVs were 

checked as needed. If 
GRV>500mL, TF was 

held. 

Intervention fidelity: 

Nurse educators and 

dietitians provided 

education, including 

didactic teaching, in-

services, morning huddle 

Primary outcome: enteral 

nutrition delivery 

Secondary outcomes: hospital 

LOS, ICU LOS, duration of MV, 

survival rate, diarrhea, airway tube 

dislodgment, and emesis 

Measures: enteral nutrition 

delivery was measured based on 

the percentage of TF volume goal 

delivered. Hospital and ICU LOS 
were the numbers of days from the 

day of admission to the hospital or 

ICU respectively until discharge, 

transfer, or death, whichever 

comes first. The survival rate was 

derived based on the number of 

participants who survived upon 

discharge from the hospital. 

Diarrhea, dislodgment, and emesis 

were measured based on the 

number of episodes while the 

patient is on TF. These outcomes 
were extracted and derived from 

the EMR. There were no other 

instruments, reliability, or inter-

rater reliability mentioned in the 

study. 

Statistical tests: The 

study used multiple 

statistical tests but did 

not specify on each 

result. It utilized X2, 

student t-test, and 

descriptive statistics 

whenever appropriate. 

Results: VBF patients 

received higher EN 
delivery than those on 

VBF (73.3% vs 65 %, 

p=0.0002). There was 

no significant 

difference in hospital 

LOS (p=0.28), ICU 

LOS (p=0.08), MV 

days (p=0.22), survival 

rate (p=0.49), diarrhea 

(p=0.29), and tube 

dislodgement 

(p=0.51). VBF had a 
lower incidence of 

emesis compared to 

RBF (p=0.006) 

 



IMPLEMENTING A VOLUME-BASED FEEDING PROTOCOL  29 

patient demographics in both 

groups. 

announcements, and even 

multiple-choice 

questionnaire to ensure 

the nurses' competence of 

the VBF protocol. A 

printed sheet with the 
guideline and titration 

chart was also posted in 

all patient rooms.  

Citation: Wang, Z., Ding, W., Fang, Q., Zhang, L., Liu, X., & Tang, Z. (2019). Effects of not monitoring gastric residual in intensive 

care patients: A meta-analysis. International Journal of Nursing Studies, 91, 86-93. https://doi.org/10.1016/j.ijnurstu.2018.11.005 

Level I 

Purpose or 

hypothesis 
Design Sample Intervention Outcome Results 

The purpose of 

this study is "to 

summarize and 

appraise the 

results of 

published 

research, to 
explore the 

effects of not 

monitoring 

gastric residual 

volume on 

vomiting, 

feeding 

intolerance, 

mortality, 

ventilator-

associated 

pneumonia 
(VAP), 

duration of 

mechanical 

ventilation and 

intensive care 

unit length of 

stay for 

critically ill 

Systematic 

review with 

meta-analysis 

Search strategy: A search 

was performed in Embase, 

PubMed, and Cochrane 

Library with combined free 

terms and MeSH terms, 

including "enteral nutrition", 

"stomach", "monitoring", 
"enteral feeding", "volume", 

"and "gastric residual 

volume."  

Eligible studies: studies were 

selected using PICOS criteria: 

ICU patients (participants); 

not monitoring GRV 

(intervention); monitoring 

GRV (comparator); vomiting, 

feeding intolerance rate, 

ventilator-associated 

pneumonia rate, mortality 
rate, MV days, ICU LOS, and 

nutritional intake (outcomes); 

cohort studies and 

randomized controlled trials 

(study design)  

Excluded: duplicate 

publications, review articles, 

case reports, insufficient 

Control: monitoring 

GRV. There is variation 

in the frequency of 

monitoring GRV (i.e., 

measured every 4, 6, or 8 

hours). GRV thresholds 

also differ (i.e., greater 
than 200mL, 250 mL, 

300mL, or 5mL/kg) 

Intervention: not 

monitoring GRV. There is 

a variation in the 

guidance on feeding 

intolerance (i.e., stopping 

TF, decreasing TF rate, 

maintaining the same TF 

rate, or administering 

prokinetic drugs) 

Quality assessment: data 
appraisal and data 

extraction were 

performed independently 

by two researchers and 

compared their results for 

reliability 

Dependent variables: vomiting, 

feeding intolerance, VAP, 

mortality, MV duration, ICU LOS, 

nutritional intake 

Measure: vomiting is the 

incidence of gastric contents 

expelled from the patient's mouth. 
Feeding intolerance is based on 

high GRV, abdominal distension, 

vomiting, regurgitation, or 

abdominal pain. VAP is based on 

the incidence of pneumonia among 

study participants on MV. 

Duration of MV is the length of 

time the patient requires 

mechanical ventilation. ICU LOS 

is measured from day 1 of ICU 

admission, discharge, transfer, or 

death, whichever comes first. 
There was a variation on the 

definition of nutritional intake such 

as caloric intake, caloric deficit, 

protein intake, or protein deficit.  

Statistical analyses: 

Review Manager 

Software version 5.3 

was used for all 

analyses. Studies with 

binary outcomes were 

pooled to estimate risk 
ratios. Heterogeneity 

assessment was 

performed using I2 and 

Chi-square. If 

heterogeneity was 

significant, random, or 

fixed-effect model was 

used.  

Results: Not 

monitoring GRV was 

associated with 

increased rate of 
vomiting (RR=1.43, 

95%CI 1.15-1.77, 

p=0.001) and 

decreased rate in 

feeding intolerance 

(RR=0.61, 95% 0.51-

0.72, p<0.001). There 

was no difference in 
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patients, in 

order to 

provide 

guidance for 

nurses in their 

daily 
management of 

enteral 

nutrition."  

(p. 87).  

information to extrapolate the 

data, or full text was not 

available 

Included: 3 randomized 

controlled trials, 1 before-

after study, and 1 
observational comparison 

study with a total of 998 

patients 

PRISMA: detailed study 

selection process was explicit 

based on provided 

illustrations.  

Publication bias: there was 

no obvious publication bias 

based on the provided funnel 

plots.  

likelihood to develop 

VAP (RR1.03, 95%CI 

0.74-1.44,p=0.85), 

mortality (RR=0.97, 

95%CI 0.73-1.29, 

p=0.84), MV duration 
[mean difference 

(MD) = 1.80, -2.45-

6.05, p=0.41], ICU 

LOS (MD=1.32, 

95%CI -3.43-6.07, 

p=0.59). There was 

significant 

heterogeneity on 

nutritional intake and 

meta-analysis could 

not be performed.  

Conclusion: Not 
monitoring GRV is not 

inferior to monitoring 

GRV in terms of the 

dependent variables 

measured. 

Note. Level of evidence adapted from "Rating system for hierarchy of evidence," by B. M. Melnyk & E. Fineout-Overholt, 2014, Evidence-based practice in 

nursing & healthcare: A guide to best practice (3rd ed.). New York: Lippincott, Williams & Wilkins.  

Level of the Evidence Type of the Evidence   

  I Evidence from systematic review, meta-analysis of randomized controlled trails (RCTs), or practice-guidelines based on systematic 

review of RCTs.  

 II  Evidence obtained from well-designed RCT  

 III  Evidence obtained from well-designed controlled trials without randomization 

 IV  Evidence from well-designed case-control and cohort studies  

 V  Evidence from systematic reviews of descriptive and qualitative studies  

 VI  Evidence from a single descriptive or qualitative study  

 VII  Evidence from the opinion of authorities and/or reports of expert committees 
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Table 2 

 

Synthesis table about volume-based feeding 

 

Evidence-based practice question (PICO): Do intensive care unit (ICU) patients who are receiving tube feeds (TF) meet more prescribed enteral nutritional 

requirements with volume-based feeding (VBF) compared to traditional rate-based feeding (RBF)? 

Level of 

evidence 

# of 

studies 
Summary of findings Overall quality 

II 

 

3  In the studies performed by Fetterplace et al. (2018), Heyland et al. (2013) and 

McClave et al. (2015), patients who received VBF were associated with significantly higher 

TF volume, calories, and protein delivered; and lesser caloric deficit compared to traditional 

rate-based feeding strategy. In any of these interventions, there was no significant difference 
in the incidence of vomiting, regurgitation, or feeding intolerance during the study period.  

In terms of the study protocol, all studies had: 

1. titration algorithms or tables to assist nursing staff in calculating adjusted TF rates 

to compensate FI. 

2. maximum titrated TF rate of 150 mL/hr with the exception on the study of 

McClave et al. (2013) in which titration is different on gastric (max rate of 280 

mL/hr) and jejunal feeding (max rate of 150 mL/hr).  

3. same measures to assess feeding intolerance (i.e., GRV, nausea, vomiting, 

abdominal pain, and diarrhea). 

4. poor nursing compliance except for the study by Fetterplace et al. (2018) in which 

this measure was not explored. 
The differences between these studies are the following: 

1. variation in GRV threshold 

2. treatment of high GRVs. Heyland et al. (2013) had prescriptive use of 

metoclopramide around-the-clock as soon as the TF was initiated, whereas the 

other 2 studies had prescribed this medication only as needed or the TF was 

stopped until the GRV was below the threshold.  

3. tube feeding formula. Heyland et al. (2013) had prescriptively utilized standardized 

semi-elemental feeding and then eventually transitioned to polymeric feedings. 

Conversely, Fetterplace et al. (2018) and McClave et al. (2015) had employed 

polymeric feeding throughout the study based on the provider or nutritionist's 

discretion.  

4. Catch-up time. The study protocol of Fetterplace et al. (2018) had designated 
catch-up time at 4:00 pm to perform a titration of tube feeds in order to meet the 

24-hr nutritional goals by midnight.  

B, McClave et al. (2015) study has a 

randomized controlled design that 

strengthens internal validity. 

Randomization was 3:1 to increase 
utilization of VBF. It has a small 

sample size with no power analysis 

that may subject to type II error. The 

measures and study results were 

consistent. 

 

B, Heyland et al. (2013) study had a 

randomized design that increases 

internal validity. It has a huge sample 

size (n=1059) but lacks power 

analysis. The results were consistent, 
and recommendations were clear. 

 

B, Fetterplace et al. (2018) study is a 

pilot trial with randomized design but 

not blinded due to the nature of the 

intervention. This is the only study 

that measured muscle mass for 

nutritional assessment. Although it 

had a powered sample to measure 

QMLT, it had no power analysis to 

assess the effect size of primary 

outcomes. Overall, the results were 
consistent and clear. 

III 1  The study of Holyk et al. (2019) had study findings that were no different from 

other studies, such as higher caloric and protein delivery with VBF strategy compared to 

usual practice. There was also no difference found in the measures of MV days, mortality, 

B, no randomization, control, and 

power analysis were utilized. It 

reasonably had consistent results and 
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ICU LOS, and GI intolerance except for hospital LOS which is slightly higher on VBF than 

RBF strategy. This study also differs on its intervention algorithm of incorporating a catch-

up time to titrate TF at a designated time regardless of a recent FI to reach the 24-hr TF 

goal. Holyk et al. (2019) also utilized a 14-day run-in period to ensure intervention fidelity 

among nurses.  

various measures to increase study 

reliability. Recommendations were 

geared at further research.  

IV 5  Bharal et al. (2019), Brierley-Hobson et al. (2019), Haskins et al. (2017), and 

Sachdev et al. (2019) had observed higher tube feeding volume and percentage of caloric 
and protein goals delivered on patients who received VBF strategy in comparison to RBF. 

The incidence of feeding intolerance (i.e., vomiting, regurgitation, GRV, prokinetic use), 

glucose level, survival rate, duration of mechanical ventilation, and length of stay were not 

significantly different on both feeding strategies.  

 The titration algorithm of TF in these four studies was similar and consistently 

applied. However, there are variations in GRV thresholds and management of GI 

intolerance across these studies. These studies also differ based on their study participants 

by including patients who were not mechanically ventilated. 

B, Bharal et al. (2019) and Brierley-

Hobson et al. (2019) studies had no 
randomization and control but had a 

powered sample for primary 

outcomes. Results were consistent and 

clear. Recommendations were aimed 

at further research.   

 

C, studies by Haskins et al. (2017) 

and Sachdev et al. (2019) had no 

randomization, control, and power 

analysis utilized. Results were 

consistent. Recommendations were 

aimed at further research.  

Note. The rating scale for quality of evidence is adapted from "Examining the support for evidence-based nursing practice," by R. P. Newhouse, 2006, Journal of 
Nursing Administration, 36(7-8), 339.  

High (A)  consistent results with sufficient sample, adequate control, and definitive conclusions; consistent recommendations  

based on extensive literature review that includes thoughtful reference to scientific literature 

Good (B) reasonably consistent results; sufficient sample, some control, with fairly definitive conclusions; reasonably consistent  

recommendations based on fairly comprehensive literature review that includes some reference to scientific evidence 

Low (C) little evidence with inconsistent results; insufficient sample size; conclusions cannot be drawn 
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Table 3  

 

Synthesis table about checking gastric residual volumes 

 

Evidence-based practice question (PICO): Do patients on tube feeding experience more adverse outcomes with the elimination of checking gastric residual 

volume (GRV) than the usual practice of checking GRV? 

Level of 

evidence 

# of 

studies 
Summary of findings Overall quality 

I 1  Wang et al. (2019) found that the elimination of checking GRV was non-inferior to 

the usual practice of checking GRV. Study results include an associated increase in the rate 

of vomiting, decreased incidence of feeding intolerance, and no significant difference in 

ventilator-associated pneumonia (VAP), mortality, and intensive care unit length of stay 
(ICU LOS). There was noted significant heterogeneity on nutritional outcomes. Hence, 

meta-analysis cannot be performed. However, some studies demonstrated a decreased 

cumulative caloric deficits and increased tube feeding volume delivered.  

B, the meta-analysis was a 

combination of RCTs, quasi-

experimental, and non-experimental 

studies. Search strategies and 
sensitivity analysis were 

comprehensive. It has a large sample 

size with definitive conclusions and 

reasonably consistent 

recommendations.   

Note. The rating scale for quality of evidence is adapted from "Examining the support for evidence-based nursing practice," by R. P. Newhouse, 2006, Journal of 

Nursing Administration, 36(7-8), 339.  

High (A)  consistent results with sufficient sample, adequate control, and definitive conclusions; consistent recommendations  

based on extensive literature review that includes thoughtful reference to scientific literature 

Good (B) reasonably consistent results; sufficient sample, some control, with fairly definitive conclusions; reasonably consistent  

recommendations based on fairly comprehensive literature review that includes some reference to scientific evidence 

Low (C) little evidence with inconsistent results; insufficient sample size; conclusions cannot be drawn 
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Table 4 

 

Patient demographics 

Note. CNS, central nervous system; NCCU, neurosciences critical care unit; RBF, rate-based 

feeding; VBF, volume-based feeding.  
a derived using independent t-test 
b derived using 𝛘2 statistic at α = 0.05. 
c  reflects both ischemic and hemorrhagic stroke 
d denotes either traumatic brain injury or spinal cord injury 
e indicates other diagnoses, including seizures, brain tumor, metabolic encephalopathy, 

neuromuscular disease, CNS infection, etc.  

  

Category 
RBF 

n=57 patients 

VBF 

n=47 patients 
p-value  

Age 58.6 62.2 0.301 a 

Sex   0.194 b 

 Male 33 33  

 Female 24 14  

NCCU admitting diagnosis   0.260 b 

 Stroke c 25 26  

 CNS trauma d 13 12  

 Other e 19 9  
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Table 5 

Summary of descriptive statistics and one-sample Kolmogorov-Smirnov test 

Note. D-value, the statistical value using the Kolmogorov-Smirnov test; SD, standard deviation; 

TF, tube feeding; RBF, rate-based feeding; VBF, volume-based feeding. 
a each episode denotes at least a day of receiving TF in a defined seven-day period. There were 

recurring patients in some episodes. 

* data has significant non-normal distribution per the Kolmogorov-Smirnov test of normality at 

0.05 level of significance. 

  

 RBF  (n=97 episodes a) VBF (n=97 episodes a) 

  D-value p-value  D-value p-value 

Percentage of TF-days meeting 80% volume goal 

Mean (SD) 

Median  

Kurtosis 

Skewness 

63 (29.59) 

67 

-0.33 

-0.61 

0.11 0.16 82 (27.56) 

100 

2.23 

-1.72 

0.30 <0.00001* 

Percentage of TF-days with feeding intolerance 

 Mean (SD) 

Median  

Kurtosis 

Skewness 

33 (29.38) 

33 

-0.22 

0.68 

0.16 0.02* 34 (32.44) 

29  

-0.49 

0.74 

0.17 0.01* 

Duration of feeding interruption in each week (hours) 

Mean (SD) 

Median  

Kurtosis 

Skewness 

39 (31.85) 

30 

0.33 

0.91 

0.14 0.04* 30 (27.89) 

25 

0.79 

1.08 

0.14 0.04* 

Number of TF-days in each week 

Mean (SD) 

Median  

Kurtosis 

Skewness 
 

4 (1.85) 

4 

-1.09 

0.07 

0.14 0.03* 4 (1.98) 

4 

-1.16 

0.07 

0.13 0.06 
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Table 6 

Summary of differences between RBF and VBF on Mann-Whitney U test 

 Note. IQR, interquartile range; SD, standard deviation; TF, tube feeding; RBF, rate-based 

feeding; VBF, volume-based feeding. 
 a each episode denotes at least a day of receiving TF in a defined seven-day period. There were 

recurring patients in some episodes. 
 

 

  

 RBF VBF 
 

 

Dependent variables n = 97 episodes a n = 97 episodes a U-value p-value 

Percentage of TF-days 

 meeting 80% volume goal 

  Median (IQR) 

  Mean rank 

 

 

67 (33) 

76.54 

 

 

100 (25) 

118.46 

 

 

2671.5 

 

 

<0.00001 

Percentage of TF-days with 

 feeding intolerance 

  Median (IQR) 

  Mean rank 

 

 

33 (50) 

97.97 

 

 

29 (50) 

97.03 

 

 

46585.5 

 

 

0.90 

Duration of feeding interruption 

 in each week (hours) 

  Median (IQR) 

  Mean rank 

 

 

30 (41) 

104.72 

 

 

25 (35) 

90.28 

 

 

4004 

 

 

0.07 

Number of TF-days in each 

 week 

  Median (IQR) 

  Mean rank 
=  

 

 

4 (3) 

97.16 

 

 

4 (4) 

97.84 

 

 

4672 

 

 

0.94 
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Table 7 

 

Feeding intolerance symptoms and reasons for tube feeding interruptions 

Note. NCCU, neurosciences critical care unit; RBF, rate-based feeding; TF, tube feeding; VBF, 

volume-based feeding 
a includes failed extubation trial 
b denotes procedures performed at the bedside, operating room, or interventional radiology 
c reflects discharge from the NCCU, transition to comfort care, or death 
d includes intracranial pressure crisis or seizures 
e includes radiologic imaging, flat head of the bed, or transition to oral diet 

 

 RBF VBF 

Feeding intolerance symptom n=121 TF-days n=119 TF-days 

 Abdominal distension 21 36 

 Abdominal firmness 22 13 

 Nausea and vomiting 12 16 

 Diarrhea 55 48 

 Abdominal discomfort 11 6 

Reason for feeding interruptions n=120 days n=79 days 

 Respiratory or hemodynamic compromise 11 14 

 Extubation or breathing trial a 31 14 

 Abdominal complications or access issues 19 9 

 Procedures b 31 23 

 Discharged from NCCU c 13 8 

 Neurological emergencies d 9 6 

 Other e 6 5 
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Figure 1 

Applying Lewin's Theory of Planned Change to the implementation of the VBF protocol in the NCCU. 
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Figure 2 

Weekly Nurse Compliance Rates 

 

Figure 3 

Weekly percentage of TF-days meeting at least 80% of nutritional goal 
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Figure 5 

Weekly percentage of TF-days with feeding intolerance 
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Date: _____________________ 
 

Room number: _____________ 

When to titrate 
AM shift: at least once a shift 
PM shift: reset to goal rate at MN 
Optional: as much as possible if 
time permits 

 

Appendix A 

 

Daily tube feeding (TF) titration worksheet  
 

TF rate adjustment 

 
 

Time  

 Example 
1130 

    

 Current TF rate 35mL/hr     

A 24-hr TF volume goal (mL) 840     

B 

TF volume already infused 
since midnight 
Clear feeding pump, 
document TF intake, and refer 
to I&O tab (24hr view) 

315     

C 

Remaining TF volume to be 
infused by midnight  
24-hr TF goal minus TF 
already infused 
(A minus B) 

525     

D 
Remaining # of hours until 
midnight  
Round to nearest hour 

12.50 ➔ 
13 

    

E 

New TF rate 
Rate no more than 150mL/hr 
Round to whole number 
(C ÷ D) 

525 ÷ 13 
= 40.38 
40mL/hr 

    

Feeding intolerance 

(please fill out this section once a shift) 

 Day Shift Night Shift 

1. Did the patient experience acute onset or 
worsening feeding intolerance (FI) this shift? 

Yes No Yes No 

2. If no in (1), proceed to (3). If yes in (1), what signs and symptoms of FI did the patient 
experience or you have observed?  

 Nausea/vomiting   

 Abdominal discomfort (pain, tenderness)   

 Abdominal distension   

 Overt aspiration (witnessed regurgitation of 
  abdominal contents in the airway 

  

 Diarrhea (at least 3 loose stools or stool 
  volume of at least 750 mL in 24 hrs) 

  

 Other (please specify) 
 

 
 

3. Was the tube feeding held OR order for 
VBF discontinued this shift? 

Yes No Yes No 

4. If yes in (3), please state the reason: 
 

 
 

Please DO NOT discard 
Please submit in Workstation 2 
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Appendix B 

VBF Audit Tool 

Instructions 

1. admit dx - admitting NCCU diagnosis 

2. VBF order date - VBF order entry date in EPIC (free text) 

3. eligible date - date that the patient deemed eligible for VBF (free text) 

4. VBF48h - put "1" if the VBF order is placed within 48hrs from TF eligible date, otherwise put "0" 

5. VBFDays - number of days that the patient received VBF in the past 7 days. Days of VBF initiation and discharged from NCCU are excluded 

6. VBF80 - number of VBFDays that the patient received at least 80% of 24-hr TF volume goal (free text, 1-7) 

7. VBFmet% - percentage of VBFDays that the patient received at least 80% of 24-TF goal (VBF80/VBFDays) 
8. NC# - number of days out of the VBF days that the  TF rate was adjusted appropriately (i.e., at least once a day, reset TF rate at midnight.  
 give non-compliance if TF intake in VBFDay is over 150cc of 24-hr goal) 

9. NCR (nurse compliance) -  percentage of VBF days that the  TF rate was adjusted appropriately (NC#/VBFDays) 
10. FI# - number of days out of the VBF days that the patient had at least 1 new onset/worsening of feeding intolerance  
 (new onset or worsening nausea, vomiting, diarrhea, distension, firmness, etc.) 

11. FI rate (feeding intolerance) - percentage of VBF days that the patient had a least 1 incidence of feeding intolerance (FI#/VBFDays) 

12. FI reason - kind of FI (free text) 

13. Glucose - number of days a patient had at least 1 blood glucose < 70 during VBF days 

14. GR - Glucose/VBF days 

15. DC - # of days that VBF order was discontinued for any reason during the week 

16. FINT - # of hours during VBF days the TF was held 

17. DCY - if yes in (12), reason VBF was discontinued (free text) + date 

18. # of hours held - # of hours TF is held/stopped regardless being on VBF/RBF or NPO for any reason 

19. Auditor - auditor initials 

Audit 
date 

Pseudo age sex 
admit 

dx 
order 
date 

eligible 
date 

VBF48h VBFDays VBF80 VBFmet% NC# NCR FI# 
FI 

rate 
FI 

reason 
Gluc GR DC FINT DCY 

# 
hours 
held 

Auditor 
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Appendix C 

The unit-based policy of the VBF protocol 
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Appendix D 

Volume-based feeding algorithm 
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Appendix E 

Job aid for volume-based feeding (VBF) order entry 

Step 1. How to put the order? 

There is no order set for the VBF protocol. Please use the usual continuous tube feeding order set. In 

addition to the required fields, please place more order information in the following sections, which are 

annotated in red in the photo below:  

1) Volume (24-hr tube feeding volume goal) 

2) Specific Instructions (Volume-based feeding) 

3) Deleting the free-text information in the Diet Comments section and leaving it blank. 

 

Step 2. Ensure the order is written correctly.  

If the order is written correctly, the signed order will appear like this: 
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Appendix F 

Table F1 

 

Lesson plan for nursing staff education 

 

 

 

 

 

Learning 

Objectives 
Content Outline 

Method of 

Instruction 

Time 

spent  

Method of 

Evaluation 

The nurse will 

be familiar with 

the indications 

and 

contraindications 

of volume-based 

feeding (VBF) 

1. Identifying inclusion and 

exclusion criteria of the VBF 

protocol 

2. Initiate discussion of starting VBF 

on patients with enteral access 

during morning and evening 

rounds 

PowerPoi

nt via 

Zoom 

(live) or 

Microsoft 

Teams 

(recorded) 

5 

mins 
Online quiz 

The nurse will 

be able to adjust 

the patient's tube 

feeding (TF) rate 

appropriately to 

meet the 

prescribed 24-hr 

TF volume goal.  

1. Learning to fill out the Daily Tube 

Feeding Worksheet 

2. Identifying the prescribed 24-hr 

TF volume goal. 

3. Documenting the TF volume 

already given for the patient 

4. Calculating the remaining TF 

volume to be infused to the patient 

5. Determining the remaining hours 

to infuse the TF 

6. Calculating the adjusted TF rate to 

reach the 24-hr TF volume goal 

PowerPoi

nt via 

Zoom 

(live) or 

Microsoft 

Teams 

(recorded) 

20 

mins 
Online quiz 

The nurse will 

be able to 

identify and 

manage feeding 

intolerance with 

the 

multidisciplinary 

team 

1. Identifying signs of feeding 

intolerance 

2. Documenting the occurrence of 

feeding intolerance in the Daily 

Tube Feeding Worksheet 

3. Collaborating with providers, 

pharmacists, and dietitians to 

address feeding intolerance 

4. Eliminating gastric residual 

volume checks in routine 

abdominal assessment 

Power 

Point via 

Zoom 

(live) or 

Microsoft 

Teams 

(recorded) 

5 

mins 
Online quiz 
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Appendix G 

Power point with audio for nursing staff education 
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Appendix H 

VBF Quiz 
Take this quiz only after you have reviewed the Volume-Based Feeding (VBF) PowerPoint. 

The PowerPoint can be accessed here: bit.ly/vbfpowerpoint (14 mins). Please have this 

handout with you while watching the PowerPoint: bit.ly/vbfpowerpointhandout. There is a 

maximum of 3 attempts to take this test. A passing score of 80% is required to demonstrate 

knowledge about the VBF protocol. If you have questions/concerns, please email 

gvallan1@jhmi.edu. Again, thank you for making this nurse-driven QI project possible!  

1.When a patient is on volume-based feeding (VBF) protocol, what is the maximum tube 

feeding rate can I give to the patient? (1 Point) 

o 75 mL/hr 

o 150 mL/hr 

o 200 mL/hr 

o None of the above 

2.When a patient is on VBF protocol, I should routinely check the gastric residual volume 

(GRV) to assess for feeding intolerance (FI). (1 Point) 

o True 

o False 

3.Which of the following are signs of feeding intolerance and warrant notification to the 

provider and/or nutritionist? (1 Point) 

o Nausea 

o Vomiting 

o New-onset or worsening abdominal pain 

o New-onset or worsening abdominal distension 

o Diarrhea (loose stools of at least 750 mL in 24 hours 

o All of the above 

4.When a patient is on VBF protocol and starts to c/o feeding intolerance (such as 

nausea, abdominal distension, or diarrhea), the tube feeding should be discontinued 

right away. (1 Point) 

o True 

o False 

5.Which of the following warrants to hold the VBF and notify the provider right away? 

Select all that apply. (5 Points) 

o Witnessed regurgitation of gastric contents to the patient's airway 

o High-dose vasopressors 

o Complete bowel obstruction 

o Prone positioning 

o Bowel perforation 

  

http://bit.ly/vbfpowerpoint
http://bit.ly/vbfpowerpointhandout
mailto:gvallan1@jhmi.edu


IMPLEMENTING A VOLUME-BASED FEEDING PROTOCOL  55 

Appendix I 

Implementation tools and aids 

 
Bulletin board of the VBF protocol in the NCCU's team room containing the salient points of 

the protocol, dashboard/run chart, policy, and frequently asked questions.  

 

VBF worksheet with a list of resources. Since all nurses are aware to use this on VBF patients, 

utilizing the back page to list VBF resources appears to be helpful. It contains the algorithm and 

step-by-step resources if nurses have questions–from how to access the unit-based policy in the 

hospital intranet, shortened link of the Microsoft Teams folder and FAQs, names of nurse 

champions who may be working in their shift, and contact information of the project leader. 

FRONT 

Page 

BACK 

Page 
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Microsoft Teams folder. This is the online resource folder for both nurses and providers. It 

contains all the information and tools used in the VBF protocol (i.e., VBF worksheet, policy, 

run charts, video about the VBF protocol and evidence table).  

 

 

Paper version of the Microsoft Teams folder. Some nurses preferred a paper version of the 

online resources. This VBF resource folder is also updated when changes are made in the 

Microsoft teams folder. 
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Letter-size announcement. In the first 2 weeks of implementation, there was no explicit 

guidance on adjusting the TF rate on the day of initiation. Diet orders were usually placed late 

in the afternoon, dictating a high TF rate to catch up and reach the prescribed daily TF volume 

goal. Many providers voiced concern this might be abrupt for critically ill patients. After 

reaching an interdisciplinary consensus, nursing will slowly advance TF rate on the first day to 

evaluate the patient's feeding tolerance. This announcement was placed in common areas in the 

unit, such as the bathrooms, breakrooms, VBF bulletin board, and phone rooms.  

 

Creative flyer. A creative flyer with some sense of humor was posted around the unit to 

motivate staff. This was posted five weeks after kickoff when nursing and provider compliance 

rates had decreased.  


