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Abstract

Background This study aims to provide an updated assessment of the efficacy of optimized enteral nutrition (EN)
delivery by implementing the volume-based feeding (VBF) protocol in critically ill patients.

Methods We updated our previous literature retrieval with no language restrictions. The inclusion criteria were:1)
Participants: Critically ill patients (Patients who was admitted in ICU; 2) Intervention: The VBF protocol was adopted for
EN administration; 3) Comparison: The rate-based feeding (RBF) protocol was adopted for EN administration; 4) Major
outcomes: EN nutrition delivery. The exclusion criteria included participants aged < 18 years, duplicated literature,
animal and cellular experiments, and studies lacking any of the outcomes mentioned in the inclusion criteria. The
databases included MEDLINE (through PubMed), Web of Science, Cochrane Library, Chinese Biomedical Literature Ser-
vice System (SinoMed), Wanfang Data Knowledge Service Platform, and China National Knowledge Infrastructure.

Result Sixteen studies involving a total of 2896 critically ill patients are included in the updated meta-analysis. Com-
pared with the previous meta-analysis, nine new studies were added that included 2205 more patients. The VBF pro-
tocol significantly improved energy (MD=15.41%, 95% Cl: [10.68, 20.14], p < 0.00001) and protein (MD=22.05%, 95%
Cl:[10.89, 33.22], p=0.0001) delivery. The patients in the VBF group stayed in the ICU for a shorter time (MD=0.78,
95% CI: [0.01, 1.56], p=0.05). The VBF protocol did not increase the risk of death (RR=1.03, 95% Cl: [0.85, 1.24], p=0.76)
or prolong the mechanical ventilation duration (MD=10.81, 95% Cl: [-0.30,1.92], p=0.15). In addition, the VBF protocol
did not affect EN complications, such as diarrhea (RR=0.91, 95% Cl: [0.73, 1.15], p=0.43), emesis (RR=1.23, 95% Cl:
[0.76,1.99], p=0.41), feeding intolerance (RR=1.14, 95% CI: [0.63, 2.09], p=0.66), and gastric retention (RR=0.45, 95%
Cl:[0.16,1.30], p=0.14).

Conclusion Our study revealed that the VBF protocol significantly improved calorie and protein delivery in critically il
patients with no additional risk.
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Background

Since the late 1990s, clinical practitioners have focused on
enteral nutritional (EN) support for critically ill patients.
However, delivery efficiency has not received equal atten-
tion [1, 2]. Underfeeding is a major challenge during EN
therapy in critically ill patients. Researchers have revealed
that elective stoppage of procedures in EN is one of the
most important factors preventing the delivery of feeding
[3]. Recent studies found that almost 70% of patients expe-
rienced EN interruption (ENI) in the intensive care unit
(ICU), and the proportion of energy delivery was reduced
by 19% per day compared with those without ENI [4]. Clin-
ical evidence has demonstrated that longer the ENI time,
higher the caloric inadequacy in critically ill patients [5].
However, there remains a lack of international consensus
on how to reduce nutritional inadequacy in critically ill
patients. Heyland et al. (2010) established a volume-based
feeding (VBF) protocol which provided a solution for the
under-delivery caused by ENI [6, 7]. This protocol targets
the total amount of nutrient solution actually ingested
by the patient. When a ENI occurs and enteral nutrition
needs to be initiated again, the infusion rate is adjusted
according to the remaining time and the remaining feed-
ing volume to compensate for the underfeeding caused by
the feeding interruption. Recently, the VBF protocol has
gradually gained widespread attention, and related stud-
ies have been conducted. In 2021, we published the first
systematic review and meta-analysis that evaluated the
efficacy of the VBF protocol, and the results showed that
the VBF protocol significantly improved the success rate of
EN in critically ill patients [8]. After this systematic review
was published, several well-designed, large-scale studies
emerged. Therefore, the results of our meta-analysis need
be updated. Here, we conducted a new systematic review
and meta-analysis to evaluate the efficacy of optimizing EN
delivery by implementing the VBF protocol for critically ill
patients.

Materials and methods

Protocol registration and reporting format

This systematic review and meta-analysis followed the rec-
ommendations of the Joanna Briggs Institute Reviewers’
Manual and the Preferred Reporting Items for Systematic
Reviews and Meta-analyses Statement [9, 10]. The protocol
of this systematic review was registered in the PROSPERO
database (identification number: CRD42022366084) [11].

Eligibility criteria

Inclusion criteria

We defined the following inclusion criteria based on the
participants, intervention, comparison, outcomes, and
study design, i.e., PICOS method:
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1) Participants: Critically ill patients hospitalized in the
ICU

2) Intervention: The VBF protocol adopted for EN
administration

3) Comparison: The rate-based feeding (RBF) protocol
was adopted for EN administration

4) Outcome: D Major outcomes: EN nutrition delivery,
® Secondary outcome: overall mortality including
60-day mortality, 28-day mortality, 7-day mortality,
hospital mortality, and ICU mortality (when multiple
mortality endpoints were reported in a trial, we pri-
oritized the data as described before), length of ICU
stays, length of hospital stays, mechanical ventilation
duration, and incidence of adverse reactions such
as emesis, diarrhea, feeding intolerance, and gastric
retention

5) Study design: Randomized controlled trial (RCT) and
cohort studies

Exclusion criteria

1) Age<18years

2) Duplicated literature

3) Animal experiments

4) Cellular experiments

5) Studies lacking any of the outcomes mentioned above

Data sources and search strategy

We updated our previous literature retrieval (date of
search, November 30, 2022) with no language restric-
tions. The databases included MEDLINE (through
PubMed), Web of Science, Cochrane Library, Chinese
Biomedical Literature Service System (SinoMed), Wan-
fang Data Knowledge Service Platform, and China
National Knowledge Infrastructure. Moreover, we also
retrieved from the Chinese Clinical Trial Registry (www.
chictr.org.cn) and Clinicaltrials.gov. The following search
terms were used for all databases: critical care, inten-
sive care units, critical illness, volume-based feeding,
Enhanced Protein-Energy Provision via the Enteral Route
Feeding, nutrition support, and enteral nutrition, which
were cross-referenced to the outcome terms. The com-
plete search strategy used for all databases is presented
in Additional file 1: Table S1. We also reviewed the refer-
ence lists of the relevant articles [12, 13].

Data extraction

The data from the updated literature were indepen-
dently extracted by two authors (Lu Wang and Hua-Xin
Li) and merged with the previous data by Wang Lu after
cross-checking. In addition, the reference lists of relevant
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literature were searched manually to identify any addi-
tional studies. Disagreements between the two review-
ers were resolved by consensus or arbitration by a third
reviewer (Hua Jiang).

Assessment of study quality

We applied three different strategies to evaluate the qual-
ity of the literature, and this study was accomplished by
two researchers (Lu Wang and Hua-Xin Li). The modi-
fied Jadad Scores Scale and revised Cochrane risk-of-bias
tool for randomized trials were applied to RCTs, while
the Newcastle—Ottawa Scale (NOS) was used for cohort
studies [14—16]. A high-quality study was defined as an
RCT that scored>3 on the modified Jadad scale or a
cohort study with a score of >5 on the NOS. The strength
of evidence for each outcome was evaluated using the
GRADEpro online website tool, which is used to create
Summary of Findings table [17].

Statistical method

RevMan 5.4 was chosen as the meta-analysis tool for
this study. For continuous variables, standardized mean
difference or weighted mean difference deviations were
used. For dichotomous variables, 95% confidence inter-
vals (CI) consistent with the rate ratios (RR) were used.

Heterogeneity analysis

We assessed the heterogeneity of the combined data
using the following steps: First, we used an I> measure
to assess whether there was any heterogeneity between
the combined literature. I>>75% showed high hetero-
geneity, 50% <I><75% showed moderate heterogeneity,
and 25 <1?<50% showed low heterogeneity. If I>=0, we
used the fixed-effect model for data analysis; otherwise,
the random-effect model was used [18]. If there was any
heterogeneity among the combined data, we conducted
a sensitivity analysis or subgroup analysis to analyze the
source of heterogeneity.

Results

The results of literature retrieval

The literature search process is illustrated in Fig. 1. Fol-
lowing the removal of duplicates and unrelated stud-
ies, 53 records were screened based on their titles and
abstract [8, 12, 13, 19-68]. The full-text assessment was
performed on 17 articles. According to the inclusion cri-
teria above, there were 17 studies, including qualitative
synthesis and quantitative synthesis. According to the
results of the quality assessment shown in Additional
files 2-4: Tables s2-s4), only 1 study was assessed as being
of low quality among all enrolled studies, and 8 studies
were of high quality.
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Data extraction result

A unified data extraction table was developed to extract
the characteristics of the included studies. The charac-
teristics of the included trials are presented in Tables 1,
2. Among the 17 studies, the majority reported the pro-
portion of calorie delivery (16 studies), ICU length of stay
(10 studies), mechanical ventilation duration (9 studies),
and mortality (10 studies). Compared with the previous
study, we found that more recent studies reported the
incidence of complications such as diarrhea, emesis, and
gastric retention.

Results of meta-analysis

The efficacy of EN delivery

Energy delivery

As shown in Fig. 3a, 7 studies reported daily actual calo-
rie intake, involving 1019 patients in total. There was high
heterogeneity in daily actual calorie intake (I>=97%). The
results indicated that the daily actual calorie intake was
significantly higher in the VBF group than the RBF group
(mean difference [MD]=2386.61 kcal/d, 95% CI: [180.32,
592.91], p=0.0002); thus, we selected the proportion of
calorie delivery and completion of 80% energy delivery to
evaluate the efficacy of energy delivery of EN treatment
in the ICU.

Proportion of calorie delivery

Compared with the prior study, 11 studies reported the
proportion of calorie delivery involving 1699 patients,
and 6 of them were new studies. As shown in Fig. 3b,
there was high heterogeneity among the enrolled stud-
ies (I’=81%). However, the size effect was higher on
improvement in the VBF group for the efficacy of energy
delivery in the random-effect model (MD =15.41%, 95%
CI: [10.68, 20.14], p <0.00001).

We also performed a subgroup analysis. We compared
the proportions of calorie delivery between patients who
received mechanical ventilation and those who were crit-
ically ill. As shown in (Fig. 2), there was no significant dif-
ference between the two subgroups [p=0.28, I*=13.8%).

Completion of 80% energy delivery

This was one additional assessment metric in this
updated systematic review compared with the previous
one of 2021. One study by Prest et al. also reported these
metrics; however, they calculated the target days based
on the total number of hospitalized days for all patients
rather than the target population in the total popula-
tion. Therefore, this study was excluded. Three studies
involved 899 samples, 500 of which received the VBF
protocol. We used a fixed-effect model because there was
no heterogeneity between the enrolled studies (I*=0%),



Wang et al. Critical Care (2023) 27:173

P Conference thesis(n=5)[31-35]
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Records excluded(n=21):
Comment(n=1)[19]
Guideline(n=2)[20-21]

Study protocol(n=3)[22-23]
Literature review(n=7)[8,12-13,24-27]
Graduation dissertation(n=3)[28-30]

Fundamental research(n=1)[36]

Full text articles excluded(n=15):
Before-and-after studies(n=3)[37-39]

S

)

= Records identified through database
Z researching

S

B (n=111)

e

]

S
M) Y

records after duplicates and unrelated

2 research removed

= (n=53)

[

o

O

)
— Records screened
— (n=32)

2

=) Full-text articles assessed for
] eligibility

(n=17)

) )

3

= Studies included in qualitative
T and quantitative synthesis
= (n=17)

Fig. 1 The literature research process

and the VBF protocol achieved significantly higher
completion of energy delivery for critically ill patients
(OR=2.84, 95% CI: [2.13, 3.78], p <0.00001) (Fig. 3c).

Protein delivery

Two metrics were reported to measure protein delivery:
daily actual protein intake and proportion of protein
delivery. Three of the six studies reported both metrics.
In summary, 842 patients were included in the analy-
sis of daily actual protein intake, and 770 patients were
included in the analysis of the proportion of protein deliv-
ery. There was high heterogeneity among the enrolled
studies. The daily actual protein intake (MD=231.44 g/d,
95% CI: [9.48, 53.4], p=0.005, *=97%) and the propor-
tion of protein delivery (MD=22.05%, 95% CI: [10.89,
33.22], p=0.0001, 1?=90%) in the VBF group were sig-
nificantly higher than those in the RBF group (Fig. 4).

Outcomes
Mortality
Nine studies involving 1441 patients reported mortal-
ity. Compared with the previous study, four studies with
863 patients were included. According to the analysis,

B Non-Adult researches(n=5)[40-44]
Outcome not reported(n=2)[45-46]
Not meeting the inclusion criteria(n=>5)[47-51]

there was no heterogeneity between the enrolled studies;
therefore, the fixed-effect model was applied. The pooled
results indicated that the mortality rate of the VBF group
was not significantly different from that of the RBF group
(rate ratio [RR]=1.03, 95% CI: [0.85, 1.24], p=0.76)
(Fig. 5a).

The length of ICU stays

Four studies (one new study) reported the length of ICU
stays, involving 511 patients, 224 of whom belonged to
the VBF group. We used a fixed-effect model in the meta-
analysis of the length of ICU stays (I>=0%). According
to the results, the length of ICU stays in the VBF group
was significantly reduced compared with the RBF group
(MD=0.78, 95% CI: [0.01, 1.56], p=0.05) (Fig. 5b).

Mechanical ventilation duration

We used a random-effect model for mechanical ventila-
tion duration (I*=18%). In contrast to the previous study,
we did not find a significant difference in mechanical
ventilation duration between the VBF and RBF groups
(MD =0.81, 95% CI: [-0.30,1.92], p=0.15) (Fig. 50).
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Volume-based group Rate-based group Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD__Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.17.1 Patients with mechanical ventilation
Daren K Heyland 2013 436 321 252 336 295 267 107% 10.00[4.69,1531] Tl
Guiyan Qi 2020 77.4 138 60 536 133 60 11.0% 23.80[18.95, 28.65) S
Mina Bharal 2019 77.8 13.4 55 461 197 27 9.0% 31.70[23.47,39.93) T
Shuangshuang Yang 2022 93 24 61 82 18 60 9.4% 11.00([3.45,18.55) — =k
Subtotal (95% CI) 428 414  40.2% 18.97 [9.40, 28.54] e
Heterogeneity: Tau®= 84.04; Chi*= 28.08, df= 3 (P < 0.00001); F=89%
Test for overall effect: Z=3.89 (P = 0.0001)
1.17.2 Other critically ill patients
Gaurav Sachdev 2019 733 133 78 65 153 144 115% 8.30(4.43,1217] = 2
JaNae Kinikin, 2019 809 135 35 665 24 35 85% 14.40(5.28, 23.52)
Kate Fetterplace 2018 84 21 30 73 1 30 89% 11.00([2.52,19.48) T
Stephen A McClave 2014 929 16.8 37 809 1849 20 8.0% 12.00(2.10,21.90)
Susan Roberts, 2018 79.6 14.5 56 676 178 53 10.3% 12.00(5.89,18.11] =
Travis Swiatlo 2019 931 1.3 77 713 358 206 106% 21.80([16.30,27.30] T
Yanxia Lu 2020 92 80 28 84 10 28 21% 8.00[-21.86, 37.86)
Subtotal (95% CI) 341 516 59.8% 13.14[8.53, 17.74] >
Heterogeneity: Tau®= 21.01; Chi*=15.92, df=6 (P = 0.01); F=62%
Test for overall effect: Z=5.59 (P < 0.00001)
Total (95% Cl) 769 930 100.0% 15.41[10.68, 20.14] >
i 2 - Chiz= = R= + + + +
Heterogeneity: Tau®= 46.98; Chi*= 52.68, df= 10 (P < 0.00001); F=81% 20 10 0 10 20

Test for overall effect: Z= 6.38 (P < 0.00001)
Testfor subaroun differences: Chi*=1.16.df=1 (P =0.28). F=13.8%

Favours [control] Favours [experimental]

Fig. 2 Forest plot of meta-analysis of proportion of calorie delivery in two subgroups, including critical patients and trauma critical patients and the

patients with mechanical ventilation

Complications

Emesis and diarrhea

Two recent studies reported the incidence of diarrhea
and emesis in 486 patients. We used fixed-effect models
because there were no heterogeneities in either analy-
sis (I =0%). According to the results, we found that the
incidence of diarrhea (RR=0.91, 95% CI: [0.73, 1.15],
p=0.43) and emesis (RR=1.23, 95% CI: [0.76, 1.99],
p=0.41) in the VBF group did not increase significantly
compared with that in the RBF group (Fig. 6a and b).

Feeding intolerance

Five studies reported the incidence of feeding intoler-
ance involving 482 patients. According to the hetero-
geneity analysis, the random-effect model was used
for the analysis of feeding intolerance (I>=46%). The
results showed that the incidence of feeding intolerance
in the VBF group was not significantly different from
that in the RBF group (RR=1.14, 95% CI: [0.63, 2.09],
p=0.66) (Fig. 6¢).

Gastric retention

A recent study reported the incidence of gastric
retention, which was the proportion of patients who
reached the extreme boundary of gastric residual vol-
ume (GRV). Three studies involving 370 patients were
included in the analysis. We used the fixed-effect
model to analyze the data because the value of I> was
0%. According to the results, the difference between

the two groups was not significant (RR=0.45, 95% CI:
[0.16, 1.30], p=0.14) (Fig. 6d).

Sensitivity analysis

For meta-analysis with heterogeneity (I>+0), we con-
ducted a sensitivity analysis to explore the source of
heterogeneity. We divided the analysis into the follow-
ing two parts: 1) comparing each study and determining
the possible sources that may cause the heterogeneity of
the meta-analysis; 2) excluding the related literature and
observing the value of I2. If the value was reduced to zero,
the heterogeneity was removed. Meanwhile, the excluded
studies were identified as sources of heterogeneity.

Delivery of calorie and protein

Three studies reported the proportion of calorie delivery
and did not report the daily actual calorie intake, includ-
ing studies by Qi et al., Kinikin et al., and McClave et al.
We realized that the value of the study by Qi et al. was
significantly different from that of the others. Moreover, a
study by Bharal et al. adjusted for Acute Physiology And
Chronic Health Evaluation II(APACHE II) score, admis-
sion type, method of estimated energy requirement, and
time to start EN. In addition, the differences in numbers
between the two groups in the study by Swiatlo et al. were
too large. Thus, we excluded the above studies, and the
value of I> was reduced from 81 to 0%. The proportion
of calorie delivery in the VBF group was still significantly
higher than that in the RBF group (MD =10.23%, 95% CI:
[7.9, 12.56], p <0.00001) (Additional file 5: Figure S1a).
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a.  Daily actual calorie intake(kcal)
Volume-based group Rate-based group Mean Difference Mean Difference
Study or Subgroup Mean SD __ Total Mean SD__Total Weight IV, Random, 95% CI IV, Random, 95% CI
Elizabeth D. Krebs 2018 1,604 78 50 1,356 68 49 150% 248.00(219.19, 276.81] b
Kate Fetterplace 2018 1,646 447 30 1,398 308 30 133% 248.00[53.75, 442.29] o
Mina Bharal 2019 1,308 239 55 737 282 27 143% 571.00([447.29,694.71] S
Phillip J. Prest 2020 13104 6244 295 3474 4764 197 14.5% 963.00(865.52, 1060.48] i 2
Shuangshuang Yang 2022  1,715.59 246.26 61 1,47261 25823 60 146% 242.98([153.04,332.92) S =
Susan Roberts, 2018 13117 3238 56 11099 3782 53 14.2% 201.80[69.29, 334.31) RS TR
Yanxia Lu 2020 171536 24424 28 1,496.57 251.14 28 142%  218.79(89.03, 348.55] =8
Total (95% CI) 575 444 100.0% 386.61[180.32, 592.91] i
Heterogeneity: Tau®= 73710.70; Chi*= 214.00, df= 6 (P < 0.00001); *= 97% 00 500 5 300 000

Test for overall effect: Z= 3.67 (P = 0.0002)

b.  Proportion of calorie delivery (%)

Volume-based group Rate-based group

Mean Difference

Favours [control] Favours [experimental)

Mean Difference

Study or Subgroup Mean SD __ Total Mean SD__Total Weight IV, Random, 95% CI IV, Random, 95% CI

Daren KHeyland 2013 436 321 252 336 295 267 10.7% 10.00([4.69,15.31] .

Gaurav Sachdev 2019 733 133 78 65 153 144 11.5% 8.30[4.43,1217) =

Guiyan Qi 2020 774 138 60 536 133 60 11.0% 23.80[18.95, 28.65) 8
JaNae Kinikin, 2019 809 135 35 665 24 35 85% 14.40([5.28, 23.52]

Kate Fetterplace 2018 84 2 30 73 1" 30 89% 11.00([252,19.48] AR B
Mina Bharal 2019 778 134 55 461 197 27 9.0% 31.70(23.47,39.93]

Shuangshuang Yang 2022 93 24 61 82 18 60 9.4% 11.00(3.45, 18.55] R SR
Stephen A. McClave 2014 929 16.8 37 809 189 20 8.0% 12.00([2.10,21.90]

Susan Roberts, 2018 796 145 56 676 178 53 10.3% 12.00(5.89,18.11] e
Travis Swiatlo 2019 931 1.3 77 713 358 206 10.6% 21.80[16.30, 27.30] —% o
Yanxia Lu 2020 92 80 28 84 10 28 21% 8.00[-21.86, 37.86)

Total (95% Cl) 769 930 100.0% 15.41[10.68, 20.14] ’
Heterogeneity: Tau®= 46.98; Chi*= 52.68, df= 10 (P < 0.00001); F= 81% =0 @0 0 10 20

Test for overall effect: Z= 6.38 (P < 0.00001)

c.  Completion of 80% energy delivery(%)

Favours [control] Favours [experimental)

Volume-based group  Rate-based group Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Amanda Holyk, 2019 63 89 42 100 20.8% 3.35[1.83,6.13) 3
Gaurav Sachdey 2019 25 78 24 144 206% 2.36[1.24, 4.50) —
Jason McCartt 2022 167 232 122 256 58.5% 2.82[1.94,4.11) —i—

otal (95% CI) .0% 8 .13, 3.
Total (95% CI 399 500 100.0° 2.84[2.13,3.78] <
Total events 255 188
Heterogeneity: Chi*= 0.60, df= 2 (P = 0.74); F= 0% 01'2 0;5 ] 2 5

Test for overall effect: Z=7.13 (P < 0.00001)

Fig. 3 Forest plot of meta-analysis of energy delivery in the two groups

After screening the literature, we found that Prest et al.
used a different procedure to calculate the average daily
calorie and protein intake. This study calculated related
metrics for EN delivery by considering the EN dura-
tion (days) of the included patients as the denomina-
tor, while the others considered the population (patient
count). Moreover, as mentioned, the values in the study
by Bharal et al. were adjusted for the APACHE II score,
admission type, method of estimated energy require-
ment, and time to start EN. After excluding the above
studies, there was no heterogeneity between the remain-
ing studies (I*>=0) on the outcome of daily calorie intake.
However, there was still heterogeneity in the outcomes
of daily actual protein intake. In the study by Fetterplace
et al., we found that patients in the two groups received
different doses of protein. Thus, we excluded the study
from the meta-analysis of both daily actual protein intake

Favours [control] Favours [experimental

and proportion of protein delivery, and the heterogene-
ity was diminished (I?=0). The results showed that the
daily actual calorie intake (MD =244.61 kcal/d, 95% CI:
[218.54, 270.68], p <0.00001), daily actual protein intake
(MD=11.88 g/d, 95% CI: [5.63, 18.12], p=0.0002), and
proportion of protein delivery (MD=12.18%, 95% CI:
[8.19, 16.16], p<0.00001) in the VBF group were signifi-
cantly higher than those in the RBF group (Additional
file 5: Figures S1b, Slc, S1d).

Mechanical ventilation duration

Qi et al. enrolled only critical patients with ventilation,
which may have affected the distribution of samples in
this part of the analysis. Thus, we excluded this study,
and the heterogeneity was diminished (I>=0). The results
showed no significant difference between the two groups
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a.  Daily actual protein intake(g)
Volume-based group Rate-based group Mean Difference Mean Difference
Study or Subgroup Mean SD __ Total Mean SD__Total Weight [V, Random, 95% CI IV, Random, 95% CI
Elizabeth D. Krebs 2018 11.2 30 50 997 335 49 19.4% 11.50[-1.04, 24.04) =%
Kate Fetterplace 2018 94 27 30 58 12 30 19.7% 36.00([25.43, 46.57) .
Mina Bharal 2019 64.7 15 55 334 141 27 20.3% 31.30[24.67,37.93) =
Phillip J. Prest 2020 83.6 403 295 182 258 197 204% 65.40[59.56,71.24] -
Susan Roberts, 2018 70 196 56 58 188 53 20.2% 12.00(4.79,19.21] I
Total (95% Cl) 486 356 100.0% 31.44 [9.48, 53.40] —gn—
Heterogeneity: Tau®= 607.03; Chi*= 155,64, df = 4 (P < 0.00001); F= 97% PR ; o .
Testfor overall effect: Z= 2.81 (P = 0.005) Favours [control] Favours [experimental]
b.  Proportion of protein delivery (%)

Volume-based group Rate-based group Mean Difference Mean Difference
Study or Subgroup Mean SD __ Total Mean SD__Total Weight [V, Random, 95% CI IV, Random, 95% CI
Daren KHeyland 2013 47.4 347 252 338 299 267 26.2% 13.60(8.01,19.19] %
Kate Fetterplace 2018 90 25 30 57 8 30 23.4% 33.00([23.61,42.39) s
Mina Bharal 2019 729 15 55 401 189 27 24.4% 32.80([24.64, 40.96) R
Susan Roberts, 2018 793 13.7 56 686 164 53 261% 10.70(5.01,16.39] =
Total (95% Cl) 393 377 100.0% 22.05[10.89, 33.22] —ecaiiiien—
Heterogeneity: Tau®= 115.93; Chi*= 31.12, df = 3 (P < 0.00001); I*= 90% 40 40 0 90 0
Testfor overall effect Z= 3.87 (P = 0.0001) Favours [control] Favours [experimental]

Fig. 4 Forest plot of meta-analysis of protein delivery in the two groups

(MD=-0.10, 95% CI: [-1.87, 1.68], p=0.91) (Additional
file 5: Figure Sle).

Feeding intolerance

While screening the relevant literature, we found that the
studies by Krebs et al. and Bharal et al. were both cohort
studies, and the others were all RCTs. We excluded
cohort studies, and there was no heterogeneity among
the remaining studies (I*=0). The two groups showed
no significant difference in terms of incidence of feed-
ing intolerance (MD =0.73, 95% CI: [0.43, 1.23], p=0.24)
(Additional file 5: Figure S1f).

Discussion
Our previous systematic review enrolled only 7 studies
involving 691 patients. In the current updated system-
atic review, study number and sample size were signifi-
cantly increased (10 new studies enrolling 2488 patients).
Moreover, many more types of patients (or clinical condi-
tions) receiving VBF have been evaluated, such as trauma
patients and patients with mechanical ventilation.
Sufficient delivery of energy and protein is crucial for
critically ill patients receiving EN. Critically ill patients
always face an extremely high risk of malnutrition, and
severe malnutrition leads to worse clinical outcomes
and even increases mortality [69, 70]. In addition, grow-
ing evidence suggests that the gastrointestinal tract plays
an important role in maintaining balance during health
and disease [71, 72]. For critically ill patients, EN is a
cornerstone of therapy for maintaining gastrointesti-
nal function and avoiding microbial translocation in the

gastrointestinal tract [73]. Inadequate enteral feeding is
a widespread problem in ICUs and can cause patients to
be in a highly catabolic condition with inadequate nutri-
tional support [74]. However, ENI is still underappreci-
ated as one of the major causes of inadequate delivery of
EN [75]. A recent study indicated that only 26% of ENI
were deemed “avoidable” [76], and ENI always led to
11.5% of the average daily calorie deficit. However, more
than 80% of interruptions lack clear written instructions
[77]. Therefore, clinicians should pay more attention to
the delivery of EN, especially the incidence of ENI in crit-
ically ill patients.

Our study revealed that the VBF protocol significantly
improved calorie and protein delivery for critically ill
patients with no additional risk, which also minimized
the disturbance of ENI to EN delivery. Heyland et al.
introduced the VBF protocol in 2010 and conducted sev-
eral clinical trials to demonstrate its efficacy in improv-
ing energy and protein deliveries. [6, 38, 45]. Since then,
many researchers have focused on this protocol and
applied it to critically ill patients. In addition to the RCTs
and cohort studies included in this meta-analysis, there
are some before-and-after studies in critically ill patients
and other studies in non-severely ill patients [27, 37, 39].
These studies found that the VBF protocol performs bet-
ter than the RBF protocol. Notably, although some stud-
ies did not report the clinical outcomes of VBE, they
applied VBF protocols as a method of quality control for
EN management [48, 49]. They found that the VBF pro-
tocol is easy to implement for clinical staff and helpful in
ensuring that the participants receive equal amounts of
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a.  Mortality (%)
Rate-based group  Volume-based group Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Amanda Holyk, 2019 12 100 12 89  7.9% 0.89(0.42,1.88]

Angela Bonomo 2021 5 10 17 63 29% 1.85(0.88, 3.89) =

Daren K Heyland 2013 63 267 68 252 435% 0.87 [0.65,1.18] ——

Elizabeth D. Krebs 2018 6 49 3 50 1.8% 2.04[0.54,7.71)

Gaurav Sachdev 2019 25 144 10 78 81% 1.35(0.69, 2.67] =

Guiyan Qi 2020 6 60 4 60  25% 1.50 [0.45, 5.05)

Ivy N. Haskins 2015 5 38 4 39 25% 1.28(0.37,4.42)

Kate Fetterplace 2018 5 30 4 30 25% 1.25(0.37,4.21)

Mina Bharal 2019 6 27 12 55  49% 1.02[0.43,2.42)

Travis Swiatlo 2019 68 206 26 77 235% 0.98 [0.68, 1.41] I T

Total (95% CI) 931 793 100.0%  1.03[0.85, 1.24]

Total events 201 160

Heterogeneity: Chi*=6.04, df=9 (P=0.74), F=0% 042 055 . é é

Testfor overall effect Z=0.31 (P = 0.76) Favours [control] Favours [experimental)
b.  The length of ICU stays (d)

Rate-based group Volume-based group Mean Difference Mean Difference

Study or Subgroup Mean SD _Total Mean SD___ Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Gauray Sachdev 2019 14 76 144 13 6.2 78 17.6% 1.00[-0.85,2.85) S ) TR

Guiyan Qi 2020 9 28 60 8.1 22 60 744% 0.90[-0.00,1.80] ——

Kate Fetterplace 2018 91 55 30 10.6 83 30 4.8% -1.50[-5.06, 2.06]

Susan Roberts, 2018 141 129 53 138 97 56  3.3% 0.30[-4.00,4.60]

Total (95% Cl) 287 224 100.0% 0.78[0.01, 1.56] -

Heterogeneity: Chi*=1.74, df= 3 (P = 0.63); F= 0% ’4 ‘2 ) é i

Testfor overall effect: Z=1.98 (P = 0.05) Favours [control] Favours [experimental)
c.  Mechanical ventilation duration(d)

Rate-based group Volume-based group Mean Difference Mean Difference

Study or Subgroup Mean SD__Total Mean SD___ Total Weight IV, Random, 95% Cl IV, Random, 95% CI

Gaurav Sachdev 2019 14 113 144 13 7.7 78 16.3% 1.00[-1.52,3.52) [—

Guiyan Qi 2020 7.9 23 60 6.6 22 60 65.9% 1.30(0.49, 2.11] —

Kate Fetterplace 2018 7 5 30 8.7 75 30 106% -1.70[-4.93,153]

Susan Roberts, 2018 11 114 53 1.4 95 56 7.3% -0.40[-4.35, 3.55]

Total (95% Cl) 287 224 100.0% 0.81[-0.30, 1.92] ‘-

Heterogeneity: Tau®= 0.32; Chi*= 3.68, df= 3 (P = 0.30); F= 18% VR 5 $ :

Testfor overall effect Z=1.43 (P =0.15) Favours [control] Favours [experimental]

Fig. 5 Forest plot of meta-analysis of outcomes in the two groups

EN support in their studies. These studies provide fur-
ther validation of the efficacy of the VBF protocol. Our
study summarizes the current VBF research and proves
that the VBF protocol is beneficial for patients with EN.
According to the evaluation using the GRADEpro tool in
Additional file 6: Table S5, the certainty of meta-analysis
for EN delivery was significantly elevated compared with
previous systematic reviews and meta-analyses. This cur-
rent systematic review and meta-analysis provide clearer
guidance to clinical practitioners.

Most published studies did not report the incidence
of gastric retention, and we emphasized the importance
of monitoring GRVs in our prior study. Although the
extreme boundary of GRV varies in different enrolled
studies, we did not find any evidence indicating that
the VBF protocol would increase the GRV for criti-
cally ill patients. This conclusion confirms that the VBF

protocol is safe for optimizing EN delivery. Several stud-
ies have questioned the efficacy of GRV in monitoring
gastrointestinal function in critically ill patients [78]. A
recent meta-analysis indicated that not monitoring GRV
decreased the rate of feeding intolerance in critically ill
patients and did not result in an increase in the mortality
rate compared with monitoring of GRV [79]. For safety
consideration, we still suggest that GRV is still an irre-
placeable indicator in related studies to assess the more
accurate value of daily actual intake of enteral nutrition
for critically ill patients, although it does not reflect the
gastrointestinal function very precisely..

Our study had several limitations. First, the EN for-
mulation varied in different studies, and some of them
did not mention the main formulation in their litera-
ture. Thus, it is difficult to measure the bias towards
different EN protocols. And different studies follow
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a.  Diarrhea (%)

Rate-based group  Volume-based group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H. Fixed. 95% CI
Elizabeth D. Krebs 2018 26 49 32 50 331% 0.83[0.59,1.186) —
Gaurav Sachdey 2019 [ 144 4 78 54% 0.81[0.24,2.79)
Kate Fetterplace 2018 16 30 16 30 16.7% 1.00[062,1.61) SR
Shuangshuang Yang 2022 14 60 17 61 17.6% 0.84 [0.45,1.54) — T
Travis Swiatlo 2019 31 206 9 77 13.7% 1.29(0.64, 2.58] =
Yanxia Lu 2020 10 28 13 28 13.6% 0.77 [0.41,1.45) i
Total (95% ClI) 517 324 100.0%  0.91[0.73, 1.15]
Total events 103 91
Heterogeneity. Chi*=1.79, df= 5 (P = 0.88); F= 0% 0:2 u’s ;i 2 5

Test for overall effect: Z=0.78 (P =0.43) Favours [control] Favours [experimental)

b.  Emesis (%)
Rate-based group  Volume-based group Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H. Fixed. 95% CI
Elizabeth D. Krebs 2018 7 49 6 50 22.3% 1.19(0.43,3.29) [
Gaurav Sachdey 2019 2 144 1 78  49% 1.08(0.10,11.76)
Shuangshuang Yang 2022 ] 60 12 61 448%  0.76(0.35, 1.69) ——
Travis Swiatlo 2019 13 206 1 77 55% 4.86(0.65, 36.52)
Yanxia Lu 2020 8 28 6 28 226% 1.33[0.53, 3.35) —
Total (95% Cl) 487 294 100.0% 1.23[0.76, 1.99]
Total events 39 26
Heterogeneity: Chi*= 3.24, df= 4 (P = 0.52), F= 0% t t 1 t t
i s 0.02 0.1 1 10 50
Test for overall effect: Z=0.83 (P = 0.41) Favours [control] Favours [experimental]
c.  Feeding intolerance (%)
Rate-based group  Volume-based group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Elizaheth D. Krebs 2018 15 49 9 50 21.2% 2.01(0.78,5.16) T
Guiyan Qi 2020 23 60 27 B0 269% 0.76 [0.37,1.57) —
Kate Fetterplace 2018 8 30 9 30 17.4% 0.85[0.28, 2.61) ———
Mina Bharal 2019 7 27 5 55 15.1% 3.50(0.99,12.33) |
Shuangshuang Yang 2022 7 60 11 61 19.4% 0.60[0.22,1.67) —
Total (95% Cl) 226 256 100.0% 1.14[0.63, 2.09]
2
Total events 60 61
Heterogeneity Tau?= 0.21, Chi*=7.35, df = 4 (P = 0.12), F= 46% 0 02 01‘1 150 50*
Testfor overall effsct. Z=0.44 (P = 0.66) Favours [control] Favours [experimental)
d.  Gastric retention (%)
Rate-based group  Volume-bhased group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Amanda Holyk, 2019 2 100 3 89 27.6% 0.59(0.10,3.58) — ]
Elizabeth D. Krebs 2018 1 49 4 50 34.5% 0.24[0.03,2.22) =
Mina Bharal 2019 2 27 7 55 37.9% 0.55(0.11, 2.84] I —
Total (95% Cl) 176 194 100.0%  0.45[0.16, 1.30] -
Total events 5 14
ity: Chi*= =2(P= (P= ; + + |
Heterogeneity: Chi*=0.44, df=2 (P=0.80); F=0% 0.01 01 ] 10 100

Testfor overall effect 2= 1.47 (P = 0.14) Favours [control] Favours [experimental]

Fig. 6 Forest plot of meta-analysis of adverse reactions in the two groups

inadequate study reporting the occurrence of infectious
complications.

Compared with prior studies, ours provides more evi-
dence to validate the efficacy of optimized delivery in
implementing the VBF protocol for critically ill patients.
In addition, we confirmed that the VBF protocol did not
increase the risk of poor prognosis or complications.

different criteria in proportion of calorie and protein
delivery for patients, which may also bias the results.
In addition, the definition of complications, such as
diarrhea, emesis, and feeding intolerance, was still not
uniform in our study. Finally, it was regrettable that we
were unable to conduct a meta-analysis of the infec-
tious complications in our studies because there were
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Conclusion

Our study provides strong evidence to validate the effi-
cacy and safety of optimized delivery by implement-
ing the VBF protocol and also provides an important
rationale for the application of VBF protocols in clinical
settings.
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