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BACKGROUND: In intensive care units (ICUs), both continuous and intermittent feeding are commonly used for early enteral
nutrition (EN). However, whether continuous feeding is a preferable feeding modality compared to intermittent feeding remains
unclear. Therefore, this meta-analysis assessed the clinical efficacy of both EN feeding modalities in critically ill patients.
METHODS: The PubMed, Embase, and Cochrane Library databases were searched from their inception dates to December 29, 2022.
The search did not involve language restrictions (PROSPERO CRD42022371756). Randomized controlled trials (RCTs) comparing the
clinical efficacy and safety of continuous feeding and intermittent feeding in critically ill patients in ICUs were included.
RESULTS: We included 13 RCTs involving 785 patients. Compared with intermittent feeding, continuous feeding was associated
with a lower mortality rate (relative risk [RR], 0.68; 95% confidence interval [Cl], 0.47, 0.98; p = 0.04) but a higher risk of constipation
(RR, 1.57; 95% Cl, 1.02, 2.43; p = 0.04). Trial sequential analysis (TSA) for mortality rate presented a cumulative Z-curve crossing the
traditional boundary, but the curve did not cross the TSA boundary for benefit. No significant differences were found in the
aspiration/pneumonia rate (RR, 1.19; 95% Cl, 0.51, 2.75; p = 0.69), diarrhea rate (RR, 0.82; 95% Cl, 0.58, 1.16; p = 0.26), or increased
gastric residual volumes (RR, 1.05; 95% Cl, 0.58, 1.90; p = 0.86) between the groups.

CONCLUSION: Despite the low certainty of evidence, compared with intermittent feeding, continuous feeding may reduce the
mortality rate in critically ill patients in ICU. Additional studies are needed to provide more evidence and validate the findings.

European Journal of Clinical Nutrition (2023) 77:1026-1033; https://doi.org/10.1038/s41430-023-01313-8

INTRODUCTION
In the intensive care units (ICUs), critically ill patients are stressed
by metabolic and hormonal derangements, which leads to
malnutrition along with macronutrient and micronutrient defi-
ciencies [1]. Early enteral nutrition (EN) feeding is recommended
for most critically ill patients to mitigate the catabolic state and
prevent intestinal villous atrophy, enterocyte apoptosis, inflam-
matory infiltration, dysbiosis, and gut immune function disorders
[2, 3]. Multiple studies have demonstrated that the infection rate
was lower in critically ill patients receiving early EN [2, 4, 5].
Although EN is an acknowledged feeding modality, the optimal
EN feeding modality remains unknown.

Both continuous feeding and intermittent feeding modalities
are commonly applied for critically ill patients. Continuous feeding
delivers nutrients hourly via a feeding pump, whereas intermittent

feeding provides a large volume of food over 20-60 min every
4-6 h through gravity assist [6]. Clinical guidelines have recom-
mended continuous feeding for critically ill patients because of its
advantages in reducing the rate of diarrhea and increasing
feeding volume [2, 4].

Continuous feeding is provided throughout the day, which may
lead to decreased gastrointestinal hormone secretion, insulin
resistance, and hyperglycemia. By contrast, intermittent feeding is
more suitable for our bodies because of the intermittent ingestion
of nutrients a few times a day, which might theoretically provide
metabolic and physiological benefits, making it superior to
continuous feeding in critically ill patients [7, 8]. Yet, intermittent
feeding is associated with higher rate of diarrhea, feeding
intolerance, and aspiration pneumonia, according to a previous
study [2].
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Several meta-analyses [9-12] have compared the clinical
efficacy and safety of continuous and intermittent feeding in
ICU patients. A recent study by Heffernan et al. found an increased
risk of constipation in patients receiving continuous feeding in
ICUs, whereas no significant differences in other outcomes,
including mortality, diarrhea, pneumonia, and increased gastric
residuals, were observed [12]. However, another study by Ma et al.
demonstrated that patients receiving intermittent feeding had a
significantly higher occurrence of feeding intolerance than with
continuous feeding [10]. Because of the heterogeneity of the
findings, the clinical efficacy and safety of continuous feeding
compared relative to intermittent feeding remains controversial.
With new randomized controlled trials (RCTs) available, we
conducted this systematic review and meta-analysis, which is
the latest study composed entirely of RCTs. To verify the strength
of the current conclusion, we perform additional trial sequential
analysis (TSA), which were not included in the previous SRMA.
Similar to the ASPEN and ESPEN guidelines, we also refer to
GRADE to assess the certainty of evidence for each outcome,
which enables clinical practitioners to view the results more
objectively. This study aims to provide updated information and
clear evidence on the effects of different enteral feeding
modalities in critically ill patients.

MATERIALS AND METHODS

This systematic review and meta-analysis was registered in PROSPERO
(registration number ID: CRD42022371756) and conducted in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [13].

Inclusion criteria and exclusion criteria

We included RCTs that met the following criteria: (1) including patients
aged =18 years; (2) including patients admitted to the ICUs with any
diagnosis; (3) comparing the efficacy and safety between continuous and
intermittent feeding in an ICU; and (4) applying an RCT design.

We excluded studies that met the following criteria: (1) being letters,
study protocols, phase | or Il studies, animal studies, redundant and
unrelated publications, studies in non-ICU settings, or case reports; and (2)
including literature with ineligible outcomes. These studies were excluded
after reading the titles and abstracts, and the full texts of the remainder
were obtained for quality assessment and data synthesis. In addition,
individual journals and conference proceedings, reference lists of related
studies, and systematic reviews and meta-analyses were manually
examined to identify any additional publications relevant to our topic.

Search strategy

The PubMed, Embase, and Cochrane Library databases were searched from
their inception dates to December 29, 2022. A combination of controlled
vocabulary, free-text words and synonyms as keywords were employed,
with no limitations on language or publication date. We also utilized
Boolean search to ensure an exhaustive search. The search strategy is
detailed in Table S1.

Study selection

Two investigators (JYW and THL) independently screened the titles and
abstracts of the articles collected using the aforementioned search
strategies to identify and assess potentially eligible studies. Disagreements
were resolved by input from a third investigator (CCL). Full-text copies of
potentially relevant articles were also obtained and reviewed for eligibility.
No limitations were imposed regarding language, age, sex, race, or ethnicity.

Data extraction

We extracted the baseline characteristics and outcomes of patients in the
included studies. The following information was extracted: author,
publication year, study participants, number of participants, gender, age,
APACHE I score, feeding program, and outcomes. The primary outcome
was mortality rate. Secondary outcomes of interest were risk of aspiration/
pneumonia, diarrhea, constipation, and increased gastric residual volumes
(GRV). In situations with a lack of available data in the published articles,
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we proactively reached out to the corresponding authors to acquire the
original data.

Assessment of risk of bias

The Cochrane risk of bias 2.0 tool was used to assess the risk of bias in the
included RCTs [14]; this was done by two investigators (JYW and PYH). Six
domains of bias were evaluated (allocation, performance, attrition,
detection, reporting, and overall bias) and were coded as having a low,
some, or high risk of bias.

Statistical analysis

The data were synthesized using the Mantel-Haenszel and inverse-
variance-weighted random-effects models to estimate the overall pooled
effect, which is expressed as relative risk (RR) with 95% confidence interval
(Cl). Statistical analyses were performed using Review Manager Version
5.4.1 and the “metafor” package in the R software 4.2.1. p <0.05 was
considered statistically significant, except for the statistical test for
heterogeneity, where 0.1 was used.

The levels of heterogeneity among the included studies were
determined using Hedge's I tests. Moreover, > < 25% was considered to
indicate low heterogeneity, 25% < I> <75% was considered to indicate
moderate heterogeneity, and /> >75% was considered to indicate high
heterogeneity [15]. As moderate to high heterogeneity was detected
among the included trials, we conducted the “leave-one-out” sensitivity
analysis and Baujat plot to assess the contribution of each study on the
unexplained heterogeneity [15-17]. Funnel plot was used to examine the
potential publication bias for primary outcome [18].

Trial sequential analysis

Trial sequential analysis (TSA) is a method for evaluating the statistical
significance of the results of a clinical trial or meta-analysis and provides a
more accurate assessment of results’ reliability [19]. For primary outcomes,
we performed TSA with an overall type | error of 5%, type Il error of 20%,
and RR reduction of 20%. TSA was conducted by using TSA version 0.9.5.10
beta (Copenhagen Trial Unit, Center for Clinical Intervention Research,
Rigshospitalet, Copenhagen, Denmark).

Certainty of evidence

The certainty of evidence for each outcome was assessed independently
by two reviewers (JYW and PYH) using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach, which has
five domains (risk of bias, inconsistency, indirectness, imprecision, and
publication bias). Each domain is graded as having “very low,” “low,”
“moderate,” or “high certainty of evidence” [17] by using GRADEpro GDT
software (Available at gradepro.org).

RESULTS

Description of included studies

The flowchart of the literature search process is shown in Fig. 1. We
identified 1368 studies in our initial search, and eight additional
studies were retrieved after screening reference lists of related
articles. Subsequently, a total of 13 RCTs involving 785 patients were
included in this meta-analysis [20-32] (Fig. 1). Among the included
patients, their age ranged from 35 to 69 years, and their APACHE II
scores ranged from 12 to 28. Regarding the enrolled patients,
patients in five studies were in the surgical ICU [23, 26, 27, 29, 30],
patients in three studies were in the medical ICU [20-22], patients in
one study were in the neurology ICU [32], and patients in four studies
were in a mixed ICU [24, 25, 28, 31]. Continuous feeding was defined
as delivery of EN at a constant speed for 18-24 h via a nutritional
pump. Three studies mentioned an initial feeding rate of 20-25 ml/h
[20, 27, 30]. Intermittent feeding was defined as the delivery of EN
multiple times, generally 4-6 times/day for 60 min. Six studies
mentioned bolus feeding; however, the bolus feeding technique is
similar to intermittent feeding [21, 22, 24, 26, 28, 30] (Table 1).

Risk of bias assessment

The specific experimental design did not achieve the criteria of
“low risk of bias” in the domains of allocation concealment and
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Identification of studies via databases and registers

Records identified through
database searching
(n=1368)

Additional records identified
through other sources

(n=8)

Records identified (n=1376)

Duplicated records excluded (n=1244)

Records after duplicates

removed (n=132)

2
2
2
b

Studies included in

Excluded by title and abstract (n=106)

Full-text articles assessed
for eligibility (n=26)

Articles excluded (n=13)
Non-critically ill adult patients (n=10)
No data on interesting outcome (n=3)

qualitative synthesis (n=13)

Studies included in

meta-analysis (n=13)

Fig. 1 Flowchart of literature search process.

blinding, leading to “some concern” to “high risk” of overall bias in
most included studies (Fig. S1). Detection bias was considered low
because mortality rate is an objective outcome, which is unlikely
influenced by the observer.

Primary outcome

Overall, the mortality rate of the continuous feeding group was
12.8% (event/total numbers = 35/273), which was lower than
that of the intermittent feeding group (18.9% [event/total
numbers = 52/275]). Seven studies involving 548 patients
reported the mortality rate, which was significantly lower in
patients receiving continuous feeding (RR, 0.68; 95% Cl, 0.47,
0.98; p = 0.04, Fig. 2).

By performing TSA, the required sample size was 3289 patients
to assess the mortality rate. TSA also revealed that the cumulative
Z-curve crossed the traditional boundary, which showed the
superiority of the continuous feeding group; however, it did not
cross the TSA boundary for benefit, indicating that the mortality
rate remains uncertain. Only 16.67% of the required information
(event/total numbers =548/3289) was accrued in the current
analysis (Fig. 3). Additional studies are needed to validate the
findings.

Secondary outcomes

In five studies with 228 patients, a significantly higher risk of
constipation in patients receiving continuous feeding was
observed (RR 1.57; 95% Cl, 1.02, 243; p=0.04, Fig. 4). No
significant differences were observed between the groups in
terms of aspiration/pneumonia rate (RR, 1.19; 95% Cl, 0.51, 2.75;
p=0.69, Fig. 5A), diarrhea rate (RR, 0.82; 95% Cl, 0.58, 1.16;
p =0.26, Fig. 5B), or increased GRV (RR, 1.05; 95% Cl, 0.58, 1.90;
p=0.86, Fig. 5C). Moreover, no significant heterogeneity was
detected in all analyses except for the aspiration/pneumonia rate,
which was identified with moderate heterogeneity.

Sensitivity analysis and Baujat plot

In our leave-one-out sensitivity analysis (Table S2), a lower
heterogeneity was reached after excluding MaclLeod et al. [27]
and Chen et al. [28] given the known moderate heterogeneity
observed in aspiration/pneumonia rate. Despite this reduction in
heterogeneity, consistent results were still concluded. On top of
the “leave-one-out” sensitivity analysis, we conducted further
exploration of heterogeneity using Baujat plot and identified

SPRINGER NATURE

Bonten et al. [31] as a potential outlier (Fig. S3). For other
outcomes with low heterogeneity, the sensitivity analyses
remained consistent results for the risk of increased gastric
residual volume and diarrhea. However, there were divergent
conclusions regarding the risk of mortality and constipation.

Publication bias

Funnel plot revealed no apparent asymmetry among the mortality
rate from the included RCTs, indicating no publication bias
(Fig. S2). However, because we included less than ten studies in
the outcome analysis, distinguishing asymmetry was challenging.

Certainty of evidence

Based on the GRADE framework, the primary outcome was graded
as having low certainty of evidence. Other secondary outcomes
were graded as having very low certainty of evidence because of
the small sample size and imprecision of the outcome measure-
ment (Table S3).

DISCUSSION

This meta-analysis involving 13 RCTs with 785 patients revealed
that continuous feeding was associated with a lower mortality rate
compared with intermittent feeding among critically ill patients in
ICUs. In addition, continuous feeding exhibited similar risks of
aspiration/pneumonia, increased GRV, and diarrhea as intermit-
tent feeding. Therefore, our findings indicated that for critically ill
patients, continuous feeding may be a more appropriate feeding
modality than intermittent feeding. This finding is consistent with
the recommendations of the ESPEN and ASPEN guidelines, which
suggest that continuous feeding is more suitable for patients in
ICUs because it reduces the diarrhea rate and increases feeding
volume [2, 4]. Although our findings are consistent with clinical
guidelines, the results from TSA suggest that false-positive may be
present. Therefore, the observed reduction in mortality should be
considered preliminary. According to the ASPEN guidelines,
continuous feeding has shown the ability to achieve greater
volume with fewer interruptions in delivery of EN, which may be
reasonably account for the difference [4].

It is worth mentioning that we are the first article to observe the
potential benefits of continuous feeding on the reduction of
mortality rates. In contrast to our findings, previous meta-analyses
[10, 12] have demonstrated that continuous feeding did not
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Fig. 4 Results of forest plot analysis of constipation rate between continuous feeding and intermittent feeding.

significantly reduce mortality. The nonsignificance may derive
from methodological differences and flawed search strategies.
Although the meta-analysis by Ma et al. enrolled 14 RCTs, only
four RCTs with 339 patients were included in the pooled mortality
rate [10], whereas this study analyzed seven RCTs with 548
patients. Another meta-analysis [12] conducted by Heffernan et al.
not only failed to include the latest RCTs [20] but also included
case-control studies [33]. Therefore, this study provides updated
information and compelling evidence on the use of continuous
feeding relative to the previous ones [10, 12]. However, the results
of this meta-analysis should be interpreted with caution. The
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results of TSA neither support nor oppose the administration of
continuous feeding. In other words, this study may have false-
positive errors, and future large-scale rigorous randomized trials
with other designs are warranted to provide more certainty
regarding the clinical efficacy of various feeding modalities.
Regarding the secondary outcomes, our study found a
significantly higher risk of constipation in patients receiving
continuous feeding, which is consistent with the results of
Heffernan et al. [12]. Nevertheless, the risk of constipation is
affected by multiple factors, such as severity of disease, medication,
and duration of bedridden status. The aforementioned

European Journal of Clinical Nutrition (2023) 77:1026 - 1033



J-Y. Wu et al.
1031
(A) Aspiration/pneumonia rate
Continuous Int/Bolus Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Lee, 2022 2 50 0 49 6.2% 4.90 [0.24, 99.57] 2022
Kadamani, 2014 0 15 0 15 Not estimable 2014
Maurya,2011 0 20 0 20 Not estimable 2011
MacLeod, 2007 33 81 38 79 29.2% 0.85 [0.60, 1.20] 2007 .
Chen,2006 26 51 8 56 25.4% 3.57[1.78, 7.16] 2006 —
Serpa, 2003 1 14 0 14 5.9% 3.00 [0.13, 67.91] 2003
Steevens, 2002 0 9 1 9 6.0% 0.33[0.02, 7.24] 2002
Bonten,1996 3 30 5 30 17.3% 0.60 (0.16, 2.29] 1996 —_—
Kocan,1986 1 17 3 17 10.1% 0.33 [0.04, 2.89] 1986 d
Total (95% CI) 287 289 100.0% 1.19 [0.51, 2.75] e
Total events 66 55
Heterogeneity: Tau® = 0.60; Chi* = 17.53, df = 6 (P = 0. 1P = 66% b t t {
T:sf fo?eoveer‘;,ll e‘;re:t: (Z) EOOA‘CiO P= 0.(?93) ‘ o 0008 o s sl ; 1 e
Favours [Continuous] Favours [Int/Bolus]
(B) Diarrhea rate
Continuous Int/Bolus Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Lee, 2022 22 50 22 49  61.5% 0.98 (0.63, 1.52] 2022 —‘-—
McNelly,2020 4 59 0 62 1.4% 9.45[0.52, 171.79] 2020 4
Nasiri,2017 2 20 3 20 4.3% 0.67 [0.12, 3.57] 2017 T
de Arajuo,2014 6 23 5 18 11.7% 0.94 [0.34, 2.59] 2014 ——
Kadamani,2014 2 15 5 15 5.5% 0.40 [0.09, 1.75] 2014 —_—
Maurya,2011 0 20 2 20 1.4% 0.20[0.01, 3.92] 2011
MacLeod, 2007 3 81 5 79 6.2% 0.59[0.14, 2.37] 2007 ——
Serpa, 2003 0 14 3 14 1.5% 0.14 [0.01, 2.53] 2003 +
Steevens, 2002 2 9 S 9 6.6% 0.40 [0.10, 1.55] 2002 R ——
Total (95% CI) 291 286 100.0% 0.82 [0.58, 1.16] <
Total events 41 50
Heterogeneity: Tau® = 0.00; Chi* = 8.01, df = 8 (P = 0.43); I’ = 0% =0401 0?1 1’0 ]001
Test for overall effect: Z = 1.12 (P = 0.26) Favours [Continuous] Favours [Int/Bolus)
(C) Increased gastric residual volumes
Continuous Int/Bolus Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Steevens, 2002 3 9 5 9 29.1% 0.60 [0.20, 1.78] 2002 —
Serpa, 2003 4 14 4 14 25.3% 1.00 [0.31, 3.23] 2003 e
Chen,2006 9 s1 4 56 27.9% 2.47 [0.81, 7.53] 2006 T
Kadamani, 2014 2 15 3 15 12.9% 0.67 (0.13, 3.44] 2014 I E—
Nasiri,2017 1 20 1 20 4.8% 1.00 [0.07, 14.90] 2017
Total (95% CI) 109 114 100.0% 1.05 [0.58, 1.90]) ’
Total events 19 17
g e " 2 o e ns " 4 4 d
Heterogeneity: Tau‘ = 0.00; Chi* = 3.67, df = 4 (P = 0.45); I = 0% o1 oh 5 100

Test for overall effect: 2 = 0.17 (P = 0.86)

Favours [Continuous] Favours [Int/Bolus]

Fig. 5 Results of forest plot analysis of outcomes between continuous feeding and intermittent feeding. (A) aspiration/pneumonia rate, (B)

diarrhea rate, and (C) increased GRV.

confounding factors might influence the differences between the
two feeding methods.

The pooled results for the aspiration/pneumonia rate exhibited
moderate heterogeneity, which might be due to the various
diagnostic approaches or criteria for aspiration or pneumonia. For
example, the diagnosis of aspiration/pneumonia in most studies
was based on the results of X-ray, blue-dye test, or clinical
observation [20, 24, 26, 28-30, 32]. In addition, a previous study
defined patients with “pneumonia” only when the criteria for
ventilator-associated pneumonia were met [31], whereas another
study did not describe the details of diagnosis [27]. To explore the
heterogeneity, we conducted the Baujat plot and identified
Bonten et al. [31] as the outlier, which might contribute the most
to the presented overall heterogeneity (Fig. S3). In contrast to
other included articles, Bonten et al. defined “aspiration pneumo-
nia” only when the criteria for ventilator-associated pneumonia
were met [31]. The stricter yet inconsistent diagnostic criteria
might lead to the difference. Additionally, we performed a
sensitivity analysis using the leave-one-out method. The results
for the aspiration/pneumonia rate remain consistent during the
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leave-one-out process, while the heterogeneity was slightly and
markedly reduced after excluding MacLeod et al. [27] and Chen
et al. [28], respectively (Table S2).

High GRV is an acceptable surrogate of delayed gastric
emptying, whereas the latter is a common finding among the
critically ill or mechanically ventilated patients [34, 35]. Although
our pooled results showed no significant differences in the GRV
between the groups, various cutoffs for “increased GRV” in the
included studies are a concern. Because higher GRV does not
increase the risk for gastroesophageal reflux and associated
aspiration [4, 36], a relatively conservative GRV cutoff may lead to
a higher probability of unnecessary interruption of feeding, with
no benefits in terms of reducing aspiration/pneumonia [37]. A
clinical guideline has suggested holding EN for GRV <500 ml in
the absence of other signs of intolerance [4], and this can be used
as a reference in future studies.

This study has several limitations. First, data for individualized
nutritional requirements and feeding formula were lacking, which
could be a factor influencing mortality rate. Second, several
studies did not report the allocation concealment and blinding
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process, which might lead to selection, performance, and detection
bias. Third, the small number of studies and insufficient sample
sizes brought about the concern of imprecision. Finally, certain
RCTs focusing on gastric acid pH, microbial colonization rates, or
gastric cultures were excluded from our study due to limited clinical
significance and misalignment with our primary research objec-
tives, despite their inclusion in previous studies [33, 38, 39].

CONCLUSION

Compared with intermittent feeding, continuous feeding may
reduce the mortality rate in critically ill patients. However, according
to the GRADE framework, the certainty of evidence was regarded as
low. TSA also indicated insufficient data to reach a firm conclusion.
Further studies with larger sample sizes are warranted to provide
more evidence for the use of continuous feeding in critically ill
patients in ICUs and to elucidate the optimal feeding modality.
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