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Background and Objectives: We aim to evaluate the efficacy and safety of VBF on critically ill patients. Meth-
ods and Study Design: We systematically retrieved the related literature from January 1, 2000, to March 30, 
2021, sources include MEDLINE, Wed of Science, Cochrane Library and China National Knowledge Infrastruc-
ture. Randomized controlled trials or cohort studies of enteral nutrition based on VBF versus rate-based feeding 
(RBF) in critically illness of adult participants were selected. Results: After screening, seven studies involving 
691 patients were finally included. Six of them were high quality. The percentage of goal energy received in the 
VBF group was significantly high-er than that in the RBF group [MD=9.11, 95% CI (5.82, 12.41), p<0.001]. ICU 
length of stay in the VBF group [MD=-0.8, 95% CI (-1.59, -0.01), p=0.05], mechanical ventilation length [MD=-
1.27, 95% CI (-2.04, -0.51), p=0.001] were significantly shorter in the VBF group, but hospital length of stay 
[MD=0.62, 95% CI (-4.46, 5.69), p=0.81] was not significantly different. Our study shows that VBF has some 
non-significant advantages in reducing mortality [RR=0.70, 95% CI (0.44, 1.11), p=0.13]. The rates of adverse 
reactions, such as diarrhea RR=1.17, 95% CI (0.91, 1.50), p=0.23), emesis (RR=0.80, 95% CI (0.42, 1.55), 
p=0.51), feeding intolerance [RR=0.97, 95% CI (0.64, 1.48), p=0.90) were not significantly different between the 
two groups. Conclusions: The VBF protocol significantly improves the successive rate of enteral nutrition in crit-
ically ill patients. 
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INTRODUCTION 
Intensive care unit (ICU) patients face high nutritional 
risks. Enteral nutrition is one of the most important treat-
ments for these patients.1 Unfortunately, many studies 
have found most of these patients are not administered 
sufficient enteral nutritional products.2,3 During the past 
decade, researchers have been well aware that consistent 
energy and protein deficits caused energy and protein 
debts that lead to poor prognosis, such as longer length of  
ICU stay, higher infection rate and higher mortality.4-6 To 
improve nutritional product delivery, Heyland et al pro-
posed a new strategy of enteral feeding, which is called 
VBF protocol. It is also named as Enhanced Protein-
Energy Provision via the Enteral Route Feeding (PEP-uP) 
in 2013.7 Compared with ordinary EN delivery protocol 
RBF, VBF focuses on accomplishing the feeding goal set 
by physician/dietitian. In VBF protocol, the interruption  

 
 
of feeding is considered such that un-feed volume during 
the interruption shall be added to the rest of the day. 
Hence, VBF is expected to significantly increase the ac-
tual administration both in energy and protein for indi-
viduals admitted to the ICU. However, clinical studies 
have not reached consensus on the efficacy and safety of  
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VBF, and most are small sample studies. In this work, we 
conducted a systematic review and meta-analysis to as-
sess the efficacy and safety of VBF, to provide compre-
hensive evidence for clinical practitioners and researchers. 
 
METHODS 
Inclusion and exclusion criteria 
The study inclusion and exclusion criteria were deter-
mined using the PICOS methods. Listed below are the 
PICOS (P: participants; I: intervention; C: comparison; O: 
outcomes; S: study design): 

 
Inclusion criteria 
1. Participants: Adult patients in ICU (≥18 years) regard-

less of race, nationality, and region. 
2. Interventions: The experimental group received enteral 

nutrition support with VBF proto-coll. 
Comparisons: The control group received enteral nutri-
tion support with RBF protocol. 
 
Outcomes 
Major outcome: Percentage of goal energy received. 

Secondary outcome: mortality: length of ICU stays, 
length of hospital stays, mechanical ventilation duration, 
incidences of adverse reactions such as emesis, diarrhea 
and feeding intolerance. 

Study design 
RCTs and cohort studies. 

 
Exclusion criteria 
1. Duplicated literature. 
2. Animal experiment. 
3. Patient’s age ˂18 years. 
4. Studies not reporting the outcomes mentioned above. 

 
Literature retrieval strategy 
We systematically searched the literature related to VBF 
from January 1, 2000, to March 30, 2021, sources include 
MEDLINE (through PubMed), Wed of Science, 
Cochrane Library and China National Knowledge Infra-
structure (CNKI). Detailed search strategy for each data-
base is listed in Table 1. In addition, we searched the 
Chinese Clinical Trial Registry (www.chictr.org.cn). 
Whenever necessary, we consulted relevant principal in-
vestigators and experts in this field. 

 
Literature screening and data extraction 
Literature screening and data extraction are conducted by 
two authors (Lu Wang and Yu Wang) independently fol-
lowing the inclusion and exclusion criteria, then cross-
checked. If there were any disagreements between these 
two authors, a senior author (Hua Jiang) is asked to de-

 
Table 1. Literature research strategy, databases and key words 
 
Databases Strategy 
PubMed ((volume-based [Title/Abstract]) OR (Enhanced Protein-Energy Provision via the Enteral Route 

Feeding [Title/Abstract]) OR (PEP uP [Title/Abstract])) AND (rate-based [Title/Abstract])) AND 
((enteral nutrition [Title/Abstract]) OR (nutrition [Title/Abstract])) AND ((critical [Title/Abstract]) 
OR (intensive care [Title/Abstract])) 

Web of Science #1:TS=(volume-based)  
#2:TS=(Enhanced Protein-Energy Provision via the Enteral Route Feeding)   

#3:TS= (PEP uP)   
#4:TS= Rate-based   
#5:TS= (enteral nutrition) 
#6:TS= (enteral nutrition)  
#7:TS= (critical) 
#8:TS= (intensive care) 
#9: #1 OR #2 OR #3   
#10: #5 OR #6  
#11: #7 IR #8 
#12: #9 AND #10 and #11 
time span:2000.01.01-2021.01.31. Index: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, 
BKCI-S, BKCI-SSH, ESCI, CCR-EXPANDED, IC. 

Cochrane Library #1:TS= volume-based  
#2:TS= Enhanced Protein-Energy Provision via the Enteral Route Feeding  

#3:TS= PEP uP  
#4:TS= Rate-based   
#5:TS= enteral nutrition 
#6:TS= enteral nutrition 
#7:TS= critical 
#8:TS= intensive care 
#9: #1 OR #2 OR #3   
#10: #5 OR #6  
#11: #7 IR #8 
#12: #9 AND #10 and #11 

SINOMED ("Ji Yu Rong Liang"[Abstract: Intelligent] OR “Tong Guo Chang Dao Tu Jing Zeng Qiang Dan Bai 
Zhi-Neng Liang Gong Ying” [Abstract: Intelligent]) AND "Ji Yu Su Lv"[Abstract: Intelligent] 
AND "Chang Nei Ying Yang"[Abstract: Intelligent] AND "Zhong Zheng"[Abstract: Intelligent] 

CNKI Search Condition: (((Abstract = Ji Yu Rong Liang) OR (Abstract = Tong Guo Chang Dao Tu Jing 
Zeng Qiang Dan Bai Zhi-Neng Liang Gong Ying)) AND (Abstract = Ji Yu Su Lv) AND (Abstract 
= Chang Nei Ying Yang) AND (Abstract = Zhong Zheng)) and dateline between (2000-01-01,2021-
01-31)  
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cide. Follow information is extracted: 
A. General information: author and publishing years, 

study type, samples of each group; demographics da-
ta of patient (age, gender, major diagnosis, etc.)  

B. Nutritional treatment information: percentage of goal 
energy received, numbers of patients who received 
80% or more of goal energy requirement, days <50% 
goal Kcals, percentage of goal protein received, 
numbers of patients who received 50% or more of 
protein requirement, days <50% goal protein: inci-
dences of adverse reactions: emesis, diarrhea, feeding 
intolerance, tube dis-lodgement and GRV;  

C. Outcome information. 
 

Quality assessment 
Our study is based on two diverse types of literatures, 
RCTs and cohort trials. Therefore, we adopted two differ-
ent scales to assess the study quality. Modified Jadad 
Scores Scale was employed to assess RCTs.9-10 The max-
imum score is 7, and 1-3 is low quality while 4-7 is high 
quality. Newcastle-Ottawa Scale (NOS) was employed to 
assess Cohort trials. Literature got more than 5 scores of 
high quality. 

 
Statistical method 
Dichotomous variables were shown in relative risk (RR) 
and 95% confidence interval (CI). Continuous variables 
were shown in weighted mean difference (WMD) (statis-

tics were unit-consistent) or standardized mean differ-
ences (SMDs) (statistics were unit-inconsistent) with 95% 
CI. The Mantel-Haenszel test was used to calculate 
Pooled RRs, and the inverse variance approach was used 
to estimate WMDs. The variances for the Mantel-
Haenszel and inverse variance estimations were estimate 
using the random-effects model of DerSimonian and 
Laird. I2 value was used to assess the heterogeneity of the 
combined data: I2 ≥75% is high, 50%≤ I2 <75% moderate, 
and 25≤I2<50% low heterogeneity. When I2=0, we use 
the fixed effect model for data analysis and when I2≠0, 
the random effects model was used. In addition, further 
sensitivity analysis or subgroup analysis were necessary 
to analyze the source of heterogeneity. RevMan 5.3 was 
used as meta-analysis tool. 
 
RESULTS 
The results of literature retrieval 
A total of sixty-nine relevant studies were considered 
after initial screening. During the exclusion process (the 
reason for exclusion is listed in Figure 1), fifty-seven 
studies were eliminated with 12 remaining. After reading 
the full text, 7 were finally included, of which 6 were 
high quality (Table 2). 
 
Data extraction result 
We developed a unified data extraction table to extract 
the characteristics of included literature. The characteris-

 

 
 
Figure 1. Literature search and selection. 
 
 
Table 2. Modified Jadad’s Scores Scale for RCTs and Newcastle-Ottawa Scale (NOS) for cohort studies 
 
 Modified Jadad’s Scores Scale for RCTs 
 Randomization Concealment Blinded With or drop-out Total 
McClave S,2014 2 2 0 1 5 
Fetterplace K,2018 2 2 0 1 5 
Lu Y,2020 2 1 0 0 3 
Qi G,2020 2 1 2 0 5 
      

Newcastle-Ottawa Scale (NOS) for cohort studies   
 Selection Comparability Outcome Total 

1 2 3 4 5 6 7 8  
Haskins LN, 2015         ****** 
Krebs E, 2018         ********* 
Sachdev G, 2019         ******* 
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tics of included trials are listed in Table 3. We found the 
per-centage of goal energy received of VBF group in eve-
ry enrolled study is higher than RBF group. In addition, 
four trials report at least one type of adverse reaction on 
EN administration.  
 
Results of meta-analysis 
Percentage of goal energy received 
Five studies involving 515 patients reported the percent-
age of goal energy received, of whom 233 received 
VBF.11,14-17 There was high heterogeneity between the 
studies (p<0.001, I2=84%), and random effects model was 
employed to pool data. The result showed that the per-
centage of goal energy received in the VBF group was 
significantly higher than that in the RBF group 
[MD=13.59, 95% CI (5.33, 21.85), p=0.001] (Figure 2). 
To explore the source of heterogeneity, we conducted 
sensitivity analysis. Firstly, we excluded the low-quality 
study, there was no significant change in the heterogenei-
ty of relevant data analysis results (p<0.001, I2=85%). 
Then we pooled these high-quality studies by using ran-
dom effect model. Percentage of goal energy received in 
the VBF group was still significantly higher than that in 
the RBF group [MD=13.94, 95% CI (5.20, 22.68), 
p=0.002], which shows the study with low quality did not 
significantly influence the effect size. Then we analyzed 
the included data and found that patient type of the study 
by Qi G was different from the rest of the studies. This 
study enrolled mechanic ventilation patients, who are 
more severe than patients from the other studies. And as 
is well known, mechanically ventilated patients suffering 
from significantly higher chest and abdomen pressure 
may impede EN delivery. We therefore excluded this 
study and found no heterogeneity among the remaining 
studies (p=0.88, I2=0%). We pooled these studies by us-
ing fixed model, the result showed that the percentage of 
goal energy received of VBF group was significantly 
higher than that of RBF group [MD=9.11, 95% CI (5.82, 

12.41), p<0.001]. 
 
Numbers of patients who received 80% or more of 
goal energy requirement 
Only one study mentioned the numbers of patients who 
received 80% or more of goal energy requirement (32% 
vs 17%).15 According to the result, the VBF protocol may 
improve energy intake of patients. 
 
Percentage of goal protein received 
Two studies mentioned percentage of goal protein re-
ceived, that of Krebs E (86.2% vs 77.4%, p=0.005) and 
McClave S (90% vs 57%, 95% CI 24-43, p=0.02).11,13 
According to the results reported, the VBF protocol may 
improve percentage of goal protein received. 
 
Numbers of patients who received 50% or more of 
goal protein requirement 
Only one study (Krebs E) mentioned the numbers of pa-
tients who received 50% or more of goal protein require-
ment (1% vs 1%, p=0.07).13 According to the result, the 
VBF protocol did not show superiority in improving ade-
quate protein intake of patients. 
 
Mortality 
Five studies involving 578 patients reported mortali-
ty,11,13-15.17 257 of the patients received VBF. There is 
no heterogeneity between the studies (p=0.98, I2＝0), and 
we analyzed the merged data with the fixed effects model 
(Figure 3). The meta-analysis result indicated a reduction 
trend of mortality in VBF group. [RR=0.70, 95% CI (0.44, 
1.11), p=0.13].  
 
ICU length of stay 
Three studies involving 402 patients reported ICU length 
of stay,14,15,17 169 patients received VBF. There was no 
heterogeneity between the studies (p=0.43, I2=0), and we  
analyzed the merged data with the fixed effects model.

 

 
Figure 2. Forest plot of meta-analysis of percentage of goal energy received in the two groups. 
 
 

 
Figure 3. Forest plot of meta-analysis of meta-analysis of mortality in the two groups. 
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Table 3. Basic information of included studies 
 

Author, year Type P.T. N.O.P 
(ITT) 

Percentage of goal energy 
received (%) 

Feeding intolerance 
(n/N)  

Emesis  
(n/N)  

Diarrhea  
(n/N) 

Hospital length of stay  
(d) 

VBF RBF VBF RBF VBF RBF VBF RBF VBF RBF 
McClave S 
201411 

RCT Critical patients 57 
(37vs20) 

92.9 
(±16.8) 

80.9 
(±18.9) 

NR NR NR NR NR NR NR NR 

Haskins LN 
201512 

Cohort trials Critical patients 77 
(39vs38) 

74.01  57.02  NR NR NR NR NR NR 25 
(16-29) 

19  
(9-29)  

Krebs E 
201813 

Cohort trials Trauma, burn and 
surgical critical  
patients 

99 
(50vs49) 

84.5 
(67.5-91.9) 

73.4 
(58.6-83.6)  

9/50 15/49 6/50 7/49 32/50 26/49 27.5 
(19.0-46.0)  

23 
(17.0-33.0)  

Fetterplace K 
201814 

RCT Critical patients 60 
(30vs30) 

84 
(±21) 

73 
(±11) 

9/30 8/30 NR NR 16/30 16/30  27.4 
(±19.0) 

 18.8 
(±10.9) 

Sachdev G 
201915 

Cohort trials Trauma critical  
patients 

222 
(78vs144) 

73.3 
(±13.3) 

65 
(±15.3) 

NR NR 1/78 2/144 4/78 6/144 23 
(±14.8) 

25 
(±19.4) 

Lu Y 
202016 

RCT Critical patients 56 
(28vs28) 

92 
(± 80) 

84 
(±10) 

NR NR 6/28 8/28 13/28 10/28 NR NR 

Qi G 
202017 

RCT Critical patients with 
ventilation 

120 
(60vs60) 

77.4 
(±13.8) 

53.6 
(±13.3) 

27/60 23/60 NR NR NR NR 18.2 
(±10.9) 

19.8 
(±10.1) 

 
 

Author, year ICU length of stay(d) Mechanical ventilation  
duration (d) Mortality (n/N) 

VBF RBF VBF RBF VBF RBF 
McClave S 
201411 

NR NR NR NR NR NR 

Haskins LN 
201512 

14 
(10-21) 

9 
(5-19) 

9  
(7-16) 

 5  
(3-12)  

4/39 5/38 

Krebs E 
201813 

14 
(10.0-23.0)  

15 
(11.0-22.0)  

NR NR 3/50 6/49 

Fetterplace K 
201814 

10.6 
(±8.3) 

9.1 
(±5.5) 

 8.7  
(±7.5) 

7.0 
(±5.0) 

4/30 5/30 

Sachdev G 
201915 

13 
(±6.2) 

14 
(±7.6) 

13 
(±7.7) 

14 
(±11.3) 

10/78 25/144 

Lu Y 
202016 

NR NR NR NR NR NR 

Qi G 
202017 

8.1 
(±2.2) 

9.0 
(±2.8) 

6.6 
(±2.2) 

7.9 
(± 2.3) 

4/60 6/60 
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Meta-analysis result showed that ICU length of stay in 
VBF group was significantly reduced than that in RBF 
group [MD=-0.8, 95% CI (-1.59, -0.01), p=0.05] (Figure 
4). 
 
Hospital length of stay 
Three studies involving 402 patients reported hospital 
length of stay,14,15,17 169 patients received VBF. There 
was moderate heterogeneity between the studies (p=0.05, 
I2=66%), and we analyzed the merging data with the ran-
dom effects model. Meta-analysis result showed that 
there was no significant difference in length of hospital 
stay between the two groups [MD=0.62, 95% CI (-4.46, 
5.69), p=0.81] (Figure 5). To explore the source of heter-
ogeneity, we analyzed the included data and found that 
the patients in different studies are of different ages. The 
age of patients in Qi G are 61.1±12.2 in for the VBF 
group and 60.2±12.0 for the RBF group, 55±13 vs 57±16 
in Fetterplace K and 44.3±18.6 vs 44.9±17.9 in Sachdev 
G. 
 
Mechanical ventilation duration 
Three studies involving 402 patients reported mechanical 
ventilation duration,14,15,17 169 patients received VBF. 
There was low heterogeneity between studies (p=0.21, 
I2=36%), and the random effects model was used to pool 
data. The meta-analysis result showed that the mechanical 
ventilation in the VBF group was significant when com-
pared to that of the RBF group [MD=-1.11, 95% CI (-
1.86, -0.37), p=0.003] (Figure 6). To explore the source 
of heterogeneity, we analyzed the including data and 
found that the patients in Fetterplace K had lower 

APACHE II scores and higher BMI than the other studies. 
After exclusion, there was no heterogeneity among the 
studies (p=0.82, I2=0%), and the results showed that the 
mechanical ventilation duration of the VBF group was 
significantly reduced compared to that of the RBF group 
[MD=-1.27, 95% CI (-2.04, -0.51), p=0.001]. 
 
Diarrhea 
Four studies involving 437 patients reported the incidence 
of diarrhea,13-16 186 patients received VBF. There was no 
heterogeneity between the studies (p=0.90, I2=0), and we 
analyzed the merged data with the fixed effects model 
(Figure 7). The meta-analysis result showed that there 
was not significant difference in the incidence of diar-
rhea between the two groups [RR=1.17, 95% CI (0.91, 
1.50), p=0.23]. 
 
Emesis 
Three studies involving 377 patients reported the inci-
dence of emesis,13,15,16 156 patients received VBF. There 
was no heterogeneity between the studies (p＝0.98, I2＝
0), and we analyzed the merged data with the fixed ef-
fects model (Figure 8). The meta-analysis result showed 
that there was no significant difference in the incidence of 
emesis between two groups [RR=0.80, 95% CI (0.42, 
1.55), p=0.51]. 
 
Feeding intolerance 
Three studies involving 279 patients reported the inci-
dence of feeding intolerance,13,14,17 140 patients received 
VBF. There was low heterogeneity be-tween the studies 
(p=0.26, I2=26%), and we analyzed the merged data with 

 

 
Figure 4. Forest plot of meta-analysis of ICU length of stay in the two groups. 
 
 

 
Figure 5. Forest plot of meta-analysis of length of hospital stay in the two groups. 
 
 

 
Figure 6. Forest plot of meta-analysis of mechanical ventilation duration in the two groups. 
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the random effects model (Figure 9). The meta-analysis 
result showed that there was no significant difference in 
the incidence of feeding intolerance between the two 
groups [RR=0.97, 95% CI (0.64, 1.48), p=0.90]. To ex-
plore the source of heterogeneity, we analyze the included 
data and found that the APACHE II scores of patients in 
Krebs E are much lower than that of the other studies, and 
the BMI of patients in QI G are lower than the other stud-
ies. The heterogeneity may be caused by varying severity 
of patients in different studies. 
 
DISCUSSION 
Our work demonstrated that VBF can improve the suc-
cess of enteral nutrition for critically ill patients in the 
ICU. We systematically retrieved the literature related to 
VBF from January 1, 2000 to March 30, 2021, sources 
include MEDLINE (through PubMed), Wed of Science, 
Cochrane Library and China National Knowledge Infra-
structure (CNKI). Randomized con-trolled trials or cohort 
studies of enteral nutrition based on VBF versus RBF in 
critically illness of adult participants were selected. After 
screening, seven studies involving 691 patients were fi-
nally included, 322 patients received enteral nutrition 
based on VBF. Six studies were high-quality from quality 
assessment. The results of our study indicated that the 
percentage of goal energy received in the VBF groups 
was significantly higher than that in the RBF group 
[MD=9.11, 95% CI (5.82, 12.41), p<0.001]. The length of 
ICU stays [MD= -0.8, 95% CI (-1.59, -0.01), p=0.05] and 
mechanical ventilation duration (MD=-1.27, 95% CI (-

2.04, -0.51), p=0.001) in the VBF group were also signif-
icantly reduced. Meanwhile, we found that the side ef-
fects are similar with the two feeding protocols, e.g., diar-
rhea (RR=1.17, 95% CI (0.91, 1.50), p=0.23), emesis 
(RR=0.80, 95% CI (0.42, 1.55), p=0.51). Feeding intoler-
ance (RR = 0.97, 95% CI (0.64, 1.48), p=0.90) was not 
significantly different either. And our study indicated that 
VBF may be associated with decreased death risk, alt-
hough it is not a significantly (RR=0.70, 95% CI (0.44, 
1.11), p=0.13). It is likely because of the small sample 
size of the current trials. 

  According to the survey, more than 80% of the criti-
cally ill patients face an elevated risk of malnutrition due 
to the stress catabolism state predisposion.18 Therefore, it 
is particularly important to provide adequate nutrition to 
ICU patients. Unfortunately, underfeeding is still com-
mon.19,20 Up to 2009, only 47.7% of the critically ill pa-
tients achieved 80% of prescribed energy and protein 
goals.21 In addition, researchers found that the increase of 
cumulative energy loss and energy debt is associated with 
poor clinical outcomes. In addition, inadequate nutrition 
provision is associated with the increasing incidence of 
ARDS, sepsis, renal failure, and even significantly in-
creased the operative rate.22,23 Therefore, inadequate en-
ergy-protein supplementation becomes a vitally challenge 
for ICU patients and it is critical for clinical practitioners 
to take notice. In 2013 Daren K Heyland et al introduced 
a new enteral nutrition protocol - PEPuP protocol. Its 
purpose was to overcome the main obstacles to provide 

 
Figure 7. Forest plot of meta-analysis of diarrhea in the two groups. 
 
 

 
Figure 8. Forest plot of meta-analysis of emesis in the two groups. 
 
 

 
Figure 9. Forest plot of meta-analysis of patients with feeding intolerance in the two groups. 
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ad-equate energy by refocus the consideration from rate-
based to volume-based feeding.24  

Based on existing evidence, we conducted this meta-
analysis and systematic review to verify the efficacy and 
safety of the VBF protocol. We found that VBF have sig-
nificant advantages in improving energy and protein in-
take for critically ill patients than the RBF protocol. VBF 
protocol focused on minimizing the impact of feeding 
interruptions on energy delivery. In EN practicing, feed-
ing interruptions is one of the main factors of underfeed-
ing, especially with “early enteral nutrition.” There are a 
variety of reasons for prolonged interruptions such as 
increased gastric residual volumes, weaning because of 
additional examinations, and so on, and it is difficult to 
address these one by one.25 The VBF protocol provides a 
new strategy for solving the problem of insufficient feed-
ing. In 2009, Sue Brierley-Hobson conducted a before-
and-after study that showed volume (p≤0.001), energy 
(p≤0.001) and protein (p=0.02), and patients meeting 
>90% of energy and protein requirements in the VBF 
group nearly doubled (p≤0.02)  from the RBF group.26 
Holyk A et al conducted a research called FEED MORE 
which showed that VBF demonstrated a significant in-
crease in energy (75% RBF, 102% VBF; p<0.001) and 
protein (68% RBF, 87% VBF; p<0.001).27 It was worth 
mentioning that the GRV (gastric residual volume) is a 
strong factor in reducing actual energy intake. The study 
conducted by Heyland et al posited that the VBF protocol 
can raise the threshold of GRVVBF can also potentially 
prevent the excessive accumulation of GRV by including 
prokinetic agents as part of the bundle treatment. Meto-
clopramide was used as a second line prokinetic agent 
due to its strong extra-vertebral system effect. Daren K 
Heyland et al conducted an RCT that compared 
ulimorelin and metoclopramide in the treatment of criti-
cally ill patients with enteral feeding intolerance showing 
similar rates of feeding success and no safety differences 
(median [Q1, Q3]: 82.9% [38.4%, 100.2%] and 82.3% 
[65.6%, 100.2%], respectively, p=0.49).28 

For clinical outcomes, we found the VBF protocol is 
associated with shorter length of ICU stay and mechani-
cal ventilation. Although there is no significant difference 
in mortality, there was still a slight reduction in the VBF 
group. Researchers have found that the calorie debt may 
reach 5000-9000 kcal during the first week of ICU admis-
sion, and this debt is very difficult to replenish at the later 
stage of hospitalization.29 Mortality rate could reach 85% 
while cumulative energy loss reached 10,000 kcal during 
the whole of ICU stay.30 As we can see, a large amount of 
energy debt will lead to the high mortality directly. It is 
rational to conclude that the VBF protocol likely provides 
survival benefit to patients.  

We observed that adverse events did not increase in pa-
tients receiving VBF. It is consistent with the evidence 
from surgical patients who received VBF intervention.31 

And we noticed that ACG (American College of Gastro-
enterology) has published clinical guidelines for nutrition 
therapy in adults (2016) recommending the VBF protocol 
as a validated protocol should be used to provide ade-
quate EN.32  

There are some limitations to our current study. First, 
we found the energy and protein targets are different be-

tween enrolled studies that produced a measurement bias. 
Second, the percentage of goal energy received is calcu-
lated manually and the accuracy is not guaranteed. We 
found only one study that reported the numbers of pa-
tients who received 80% or more of goal energy require-
ment, and only two studies reported the protein intake of 
patients. It is well known that protein intake is closely 
related to the immune system, and adequate protein intake 
will improve clinical outcomes. We suggest that for fu-
ture studies, the researchers pay more attention to the 
intake of protein. In summary, although our study has 
observed the benefit of VBF on the clinical outcomes, 
further large sample and rigorous designed randomized 
control trials are still urgent needed.  

        
Conclusion 
The VBF protocol significantly improves the successive 
rate of enteral nutrition in critically ill patients while 
shortening the length of ICU stay and mechanical ventila-
tion. 
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