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Clinical e�ects and safety of
semi-solid feeds in tube-fed
patients: a meta-analysis and
systematic review
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People’s Hospital, Wuxi, Jiangsu, China, 2Department of Neurosurgical Intensive Care Unit, Wuxi Taihu

Hospital, Wuxi Clinical College of Anhui Medical University, Wuxi, Jiangsu, China

Background: Enteral nutrition is a very important form of treatment for critically

ill patients. This meta-analysis aimed to evaluate the clinical e�ects and safety of

semi-solid feeds in tube-fed patients.

Methods: Two researchers searched PubMed, clinical trials, Embase, Cochrane

Central Register of Controlled Trials, Web of Science, Cochrane Library, China

National Knowledge Infrastructure (CNKI), Wanfang Data, and Weipu databases

for randomized controlled trials (RCTs) on the clinical e�ects and safety of semi-

solid feeds in tube-fed patients until 10 October 2023. The quality evaluation

tool recommended by the Cochrane Library was used to evaluate the quality of

included RCTs. RevMan 5.4 software was used for data analysis.

Results: A total of eight RCTs involving 823 tube-fed patients were included

in this meta-analysis. A synthesized outcome indicated that semi-solid feeds

reduced the incidence of diarrhea (RR = 0.32, 95%CI:0.20–0.50, P < 0.001),

vomiting (RR = 0.31, 95%CI:0.15–0.64, P = 0.002), abdominal distension (RR =

0.41, 95%CI:0.22–0.76, P = 0.005), length of intensive care unit (ICU) stay (MD

= −3.61, 95%CI: −6.74 to −0.48, P = 0.02), and length of hospital stay (MD =

−7.14, 95%CI: −10.31 to −3.97, P < 0.01) in tube-fed patients. Enteric feeding

had no e�ect on the 30-day mortality (RR = 0.55, 95%CI: 0.19−1.56, P = 0.26).

No publication bias was detected by the Egger’s test results (all P > 0.05).

Conclusion: Semi-solid feeds are beneficial in reducing the incidence of

diarrhea, abdominal distension, vomiting, and hospital stay. More high-quality

studies are needed in the future to verify the e�ects of semi-solid feeds

on mortality.
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Introduction

Enteral nutrition refers to the nutritional support through the gastrointestinal tract

to provide various nutrients needed for human metabolism. Enteral nutrition is the

best way of nutritional support for critically ill patients, as it has the advantages of

protecting gastrointestinal physiological function and the immune barrier and reducing

complications of nutrient metabolism and infection (1, 2). Although the use of

enteral nutrition is very common, diarrhea, abdominal distension, vomiting, and other

gastrointestinal intolerance are usually associated with enteral nutrition, with an incidence

of 41.7% to 73.6% (3). In a survey of critically ill surgical patients, it was observed that
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13.3% of tube-fed patients were underfed due to gastrointestinal

intolerance (4). Feeding intolerance can lead to temporary

interruption of enteral nutrition, insufficient nutritional support,

prolonged hospital stay, and increased mortality in critically ill

patients (5, 6). Therefore, improving the effect and safety of enteral

nutrition remains the focus of research in clinical medicine.

Semi-solid feeds such as pectin and other substances are

injected through the nasal feeding tube so that pectin and a

liquid nutrient solution are mixed and enter the stomach in a

semi-solidified chylous state, close to the chylous state as a result

of food being ground in the stomach, which is more in line

with the needs of the normal human body (7). Some studies

have reported that semi-solidified feeding can improve diarrhea

and reduce hospitalization time, but due to different intervention

objects and intervention schemes, the results are different (8, 9). At

present, there are very few systematic review reports on this topic.

Therefore, the purpose of this study is to systematically review

the reports on the clinical effects and safety of semi-solid feeds in

tube-fed patients and further evaluate the role of enteral nutrition

through semi-solid feeds on gastrointestinal tolerance in tube-fed

patients in order to provide reliable evidence for clinical enteral

nutrition practice.

Methods

This study was conducted and reported in accordance with

the Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) statement (10). Two authors conducted

literature review, qualitative research, data extraction, and quality

evaluation, respectively, and all the inconsistencies were solved

by discussion.

Strategy for the retrieval of studies from
literature

Two researchers searched for randomized controlled trials

(RCTs) focused on the clinical effects and safety of semi-solid feeds

in tube-fed patients. The searched databases included PubMed,

clinical trials, Embase, Cochrane Central Register of Controlled

Trials (CENTRAL), Web of Science, Cochrane Library, China

National Knowledge Infrastructure (CNKI), Wanfang Data, and

Weipu. The search strategies included the following keywords:

“pectins” OR “pectinic acid” OR “methoxy pectin” OR “semi-solid”

OR “semi–solid nutrients” AND “enteral nutrition” OR “enteral

feeding” OR “tube feeding” OR “gastric feeding.” The time limit for

the retrieval of data was from the establishment of the database to

10 October 2023. The retrieval strategy adopted the combination of

subject words and free words.

Abbreviations: RCT, randomized controlled trial; ICU, intensive care unit; RR,

relative risk; MD, mean di�erence; CI, confidence interval; PRISMA, Preferred

Reporting Items for Systematic reviews and Meta-Analyses; CENTRAL,

Cochrane Central Register of Controlled Trials; CNKI, Web of Science and

Cochrane library, China National Knowledge Infrastructure.

Inclusion and exclusion criteria in literature
search

The inclusion criteria for literature search in this study were

as follows:

• Study design: RCT design on the effect of semi-solid feeds in

tube-fed patients. The languages were limited to English and

Chinese in the literature search.

• Participants: Patients ≥ 18 years old who underwent enteral

nutrition solution through nasogastric tube and nasointestinal

tube to obtain daily energy.

• Intervention: The experimental group was fed with a semi-

solidified enteral nutrient solution, and the control group was

fed with a routine enteral nutrient solution.

• Outcome indicators: The main outcome indicators included

the incidence of diarrhea, vomiting, abdominal distension,

length of intensive care unit (ICU) stay, length of hospital stay,

and 30-day mortality.

We excluded reviews, case reports, conference abstracts,

editorials, and comments from the search.

Quality assessment

This meta-analysis used the quality evaluation tool

recommended by Cochrane Library to evaluate the quality of the

retrieved literature. The tool mainly includes the following seven

aspects: (i) the random allocationmethod; (ii) the hidden allocation

scheme; (iii) the blind method for subjects and implementers of

treatment; (iv) the blind method for outcome assessment; (v)

integrity of data; (vi) selective reporting of research results;

and (vii) other sources of bias. Literature screening and quality

evaluation were completed independently by two researchers.

Data extraction

The following contents were extracted by two authors: the

first author’s name, publication year, study setting, sample size,

participants’ average age, details of tube feeding intervention,

duration of intervention, outcome indicators, and conclusion of the

study. All disagreements were resolved by consensus.

Statistical analysis

This meta-analysis used RevMan 5.4 software for data analysis.

Discontinuous variables were pooled with relative risk (RR) and

95% confidence interval (CI), and the continuous variables were

pooled with mean difference (MD) and 95% CI. In this study,

the chi-square test was used to analyze the heterogeneity of

the results. If I2 is ≤50% and P is ≥0.1, it was determined

that there was no heterogeneity among the studies and a

fixed-effect model was used for meta-analysis. If I2 is >50%

and P is 12 1 < 0.01, it was determined that there was
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FIGURE 1

Flowchart of RCT selection.

heterogeneity among the studies and a random effect model was

used for analysis. Egger’s test and funnel plots were performed

to evaluate the potential publication bias. A p-value of <

0.05 was considered to show statistically significant difference

between groups.

Results

Selection of RCTs

In this meta-analysis, 121 reports were identified after

duplications were removed. After screening the titles and abstracts,

85 studies were excluded. The full texts of the remaining 36

articles were evaluated. Twenty-eight articles were excluded after

reading the full text based on the inclusion and exclusion

criteria. Finally, eight RCTs (11–18) were included in this

meta-analysis (Figure 1).

Characteristics of RCTs

As presented in Table 1, in the included eight RCTs, there were

a total of 823 tube-fed patients, of which 397 patients were given

semi-solid feeds and 426 patients were given the traditional feeding.

The included RCTs were reported from China and Japan, most

included patients were older than 60 years old, and the duration

of the intervention differed from 3 days to 2 weeks.

Quality of RCTs

As shown in Figures 2 and 3, although all the included studies

were RCTs, the major factor influencing the quality was that

participants, intervention personnel, and the outcome evaluator

were not blinded, which might have a subjective influence on

judging the outcome, leading to the findings of a positive trend. No

other risk of biases was found.
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TABLE 1 Characteristics of included RCTs.

RCT Country Sample size Age (years) Intervention Daily average dose
of enteral nutrition

Enteral nutrition formulas Durationof
intervention

Semi-solid
feeds group

Control
group

Semi-
solid
feeds
group

Control
group

Semi-solid
feeds group

Control
group

Semi-solid
feeds group

Control
group

Semi-solid
feeds group

Control
group

Lu et al.

(11)

China 14 14 54.93±

20.96

52.14±

13.77

Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

100–300mL 100–300mL Pectin 60mL was

before EN

Whole enteral

feeding

preparation

3 days

Maruyama

et al. (12)

Japan 98 100 77.9± 11.3 79.5±

10.9

Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

20–30 kcal/d/kg 20–30

kcal/d/kg

Pectin-containing

oligomeric

formula

containing 9

mg/kcal pectin

Standard

polymeric

formula

1 week

Shao et al.

(13)

China 46 47 64.74±

10.11

66.12±

10.44

Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

20–25 kcal/d 20–25 kcal/d Pectin and

Enteral nutrition

was proportioned

according to the

calcium content

of enteral

nutrition

preparation

(pectin: Ruineng

= 1:5)

Whole enteral

feeding

preparation:

Ruineng

1 week

Tabei

et al. (14)

Japan 15 12 82.7 82.9 Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

300–400 kcal 300–400 kcal Viscosity-

regulating pectin

solution (1.4 g

fiber, 120mg

sodium, and

87.8 g water per

bag (90 g, 5 kcal)

The liquid EN

diet containing

3.5 g protein,

3.3 g fat, 14.1 g

carbohydrate,

and other

essential

macronutrients

and

micronutrients

per 100mL

(100 kcal)

2 weeks

Toh et al.

(15)

Japan 45 72 80.7 81 Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

Not reported Not reported PG Soft with

dynamic viscosity

20,000 mPa·s

Liquid feed

(containing 4 g

protein, 2.8 g

fat, 14.5 g

carbohydrate,

and 1 g dietary

fiber per 100

kcal)

2 weeks

(Continued)
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TABLE 1 (Continued)

RCT Country Sample size Age (years) Intervention Daily average dose
of enteral nutrition

Enteral nutrition formulas Durationof
intervention

Semi-solid
feeds group

Control
group

Semi-
solid
feeds
group

Control
group

Semi-solid
feeds group

Control
group

Semi-solid
feeds group

Control
group

Semi-solid
feeds group

Control
group

Wang

(16)

China 55 55 64.74±

10.11

65.01±

10.10

Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

20–25 kcal/d 20–25 kcal/d Soluble dietary

fiber (pectin), mix

pectin and

nutrient solution

according to 1:5

Enteral

nutrition

suspension

(1.5 kcal/mL)

2 weeks

Xi et al.

(17)

China 62 63 48.7± 10.7 48.2±

13.7

Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

25–30 kcal/d 25–30 kcal/d The nutritional

support program

was the same as

EN group except

that an additional

amount of pectin

was administrated

once 4 h ahead of

EN

5% glucose at a

rate of 25

mL/h was

given on day 1,

followed with

an initial

amount of EN

(31.3 g

peptisorb

dissolved in

250mL water)

at 12.5 mL/h

on day 2. From

day 3 to day 6,

EN with 62.5 g

peptisorb

dissolved in

250mL water

was

administrated

at 12.5 mL/h.

1 week

Zang

et al. (18)

China 62 63 63.6± 9.9 61.6±

11.4

Intermittent feeding

of pectin and

nutrient solution

Intermittent feeding

of nutrient solution

20–25 kcal/d 20–25 kcal/d Rifampicin pectin

90mL was before

Ruineng EN

Whole enteral

feeding

preparation:

Ruineng

1 week
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FIGURE 2

Risk of bias graph.

FIGURE 3

Risk of bias summary.

Meta-analysis

Seven RCTs reported the incidence of diarrhea. No

heterogeneity (I2 = 0%, P = 0.68) was found in this outcome, and

fixed model was used for data analysis. A synthesized outcome

indicated that semi-solid feeds reduced the incidence of diarrhea

in tube-fed patients (RR = 0.32, 95%CI:0.20−0.50, P < 0.001,

Figure 4A).

Five RCTs reported the incidence of vomiting. No

heterogeneity (I2 = 0%, P = 0.80) was found in this outcome and

fixed model was used for data analysis. A synthesized outcome

indicated that semi-solid feeds reduced the incidence of vomiting

in tube-fed patients (RR = 0.31, 95%CI: 0.15−0.64, P = 0.002,

Figure 4B).

Four RCTs reported the incidence of abdominal distension. No

heterogeneity (I2 = 0%, P = 0.52) was found in this outcome,

and fixed model was used for data analysis. A synthesized outcome

indicated that semi-solid feeds reduced the incidence of abdominal

distension in tube-fed patients (RR = 0.41, 95%CI:0.22−0.76, P =

0.005, Figure 4C).

As presented in Table 2, this meta-analysis found that semi-

solid feeds reduced the length of ICU stay (MD = −3.61, 95%CI:

−6.74 to−0.48, P= 0.02) and length of hospital stay (MD=−7.14,

95%CI: −10.31 to −3.97, P < 0.01) in tube-fed patients. Enteral

feeding was found to have no effect on the 30-day mortality (RR =

0.55, 95%CI: 0.19−1.56, P= 0.26).

Sensitivity analysis

We excluded the individual studies included one by one for

sensitivity analysis, and the results showed that the combined

effects of each study did not change significantly, indicating that

the meta-analysis results of this study were stable and reliable.

Publication bias

As shown in Figure 5, the dots in the funnel plots

were evenly distributed. Moreover, no publication
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FIGURE 4

Forest plots for the incidence of diarrhea, vomiting, and abdominal distension. (A) Forest plot for the incidence of diarrhea. (B) Forest plot for the

incidence of vomiting. (C) Forest plot for the incidence of abdominal distension.

TABLE 2 Meta-analysis results of length of ICU stay, length of hospital stay, and 30-day mortality.

Outcome Number of included RCTs I2 Model for meta-analysis RR/MD 95%CI P

Length of ICU stay 2 44 Fixed −3.61 −6.74 to−0.48 0.02

Length of hospital stay 2 0 Fixed −7.14 −10.31 to−3.97 <0.01

30-Day mortality 3 5 Fixed 0.55 0.19–1.56 0.26

RCT, randomized controlled trial; ICU, intensive care unit; RR, relative risk; MD, mead difference; CI, confidence interval.

bias was detected by the Egger’s test results (all

P > 0.05).

Discussion

Enteral nutrition through semi-solid feeds means that the

solution containing pectin, the semi-curing agent, and the enteral

nutrition solution are fed successively, and they are all in a liquid

state before feeding. After feeding, pectin will be mixed with the

enteral nutrition solution containing free calcium ions to reach a

semi-solidified state under the acidic condition in the stomach (19).

Enteral nutrition through semi-solid feeds have the advantages

of simple preparation and easy operation (20). On the basis of

traditional enteral nutrition solution, semi-curing agents such as

pectin, agar, and guar gum are added to fuse it into semi-solidified

chyli in the stomach or in vitro, which is similar to the chyli

ground by stomach and close to the normal physiological diet

state of human body (21–23). It is beneficial for digestion and

absorption by the human body so as to prevent the occurrence of

enteral feeding intolerance. The results of this meta-analysis have

found that semi-solid feeds are beneficial to reduce the incidence of
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FIGURE 5

Funnel plots for the incidence of diarrhea, vomiting, and abdominal distension. (A) Funnel plot for the incidence of diarrhea. (B) Funnel plot for the

incidence of vomiting. (C) Funnel plot for the incidence of abdominal distension.
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diarrhea, vomiting, abdominal distension, length of ICU stay, and

length of hospital stay, which is consistent with the findings of a

previous meta-analysis (24).

Diarrhea is the most common symptom of enteral feeding

intolerance in critically ill patients during enteral nutrition, with

an incidence of 30.8%. Diarrhea in critically ill patients will reduce

the absorption of nutrients and secondary water, cause electrolyte

balance disorders and skin and mucous membrane damage, and

increase the risk of infection and death (25). In addition, it will also

affect the psychological state of patients and increase the workload

of nursing (26). Previous studies (24, 27) have shown that enteral

nutrition through semi-solid feeds can reduce the incidence of poor

nutrition and diarrhea in critically ill patients. The improvement of

diarrhea in critically ill patients is mainly related to the addition

of pectin as a semi-curing agent during enteral nutrition (28).

Dietary fiber can protect the immune barrier function of the

gastrointestinal tract, improve the tolerance of the gastrointestinal

tract, and promote human health, and pectin is an important

soluble dietary fiber (29). On the one hand, pectin can activate or

inhibit the response of dendritic cells and macrophages, stimulate

the diversity and richness of beneficial microbial communities, and

enhance the immune barrier function of gastrointestinal tract by

promoting the adhesion of symbiotic bacteria and inhibiting the

adhesion of pathogens to epithelial cells (30). After the short-chain

fatty acids decomposed by pectin in the intestine are absorbed by

the colon, it will increase the Na+ levels and water absorption

in intestinal mucosa and reduce the water content of feces, thus

reducing the incidence of diarrhea (31). Semi-solid feeds can

lower the incidence of diarrhea in critically ill patients during

enteral nutrition, but whether it will aggravate the occurrence of

gastric retention has not been reported, which needs to be further

investigated in the future (32).

This meta-analysis found that semi-solid feeds can reduce the

incidence of vomiting. There are many reasons for vomiting, one

of which is that critically ill patients are prone to gastrointestinal

dysfunction and decreased gastric motility. The common nutrient

solution is dilute liquid. Critically ill patients are more likely to

have gastric reflux when they are lying on their back, resulting in

vomiting (33). Pectin can combine well with calcium ions in the

nutrient solution without changing the composition of the nutrient

solution to form semi-solid, which is similar to the chyme state in

which food is ground in the stomach and reduces the occurrence

of reflux (34, 35). Reducing the incidence of vomiting is more

in line with the physiological characteristics of human digestion

and absorption.

Critically ill patients will develop abdominal distension in the

process of receiving enteral nutrition, which showed an incidence

of 26.9–43.8% in a study (36). After abdominal distension occurs

in critically ill patients, on the one hand, flatulence will oppress

the diaphragm and chest, resulting in vomiting, poor appetite,

dyspnea, and interruption of enteral nutrition, seriously affecting

their treatment and rehabilitation (37). On the other hand, it

will increase intraperitoneal pressure, obstruction of inferior vena

cava reflux, and insufficient blood perfusion of the abdominal

organs, resulting in venous thrombosis of lower extremities and

acute injury of abdominal organs (38). The serious condition of

critically ill patients, the weakening of gastrointestinal motility,

and the increase of intestinal bacteria are the important causes

of abdominal distension (39). Enteral nutrition through a semi-

solidified substance containing pectin can inhibit the sudden

flow of nutrients from the stomach into the duodenum, avoid

the inhibition of the duodenum on gastric movement, enhance

gastric peristalsis, and thus reduce the occurrence of abdominal

distension (40). Pectin can be decomposed into short-chain fatty

acids in the intestinal tract, reducing the pH in the intestinal

tract and increasing the number of probiotics in the intestinal

tract, while probiotics can improve the intestinal blood supply

and enhance intestinal peristalsis, thus reducing the occurrence

of abdominal distension (41, 42). Critically ill patients on enteral

nutrition support for necessary nutrients often cannot consume

the required calories on time, which will seriously affect their

nutritional support and hinder improvement of their nutritional

status, thereby prolonging the length of hospital stay of patients.

On the one hand, semi-solid feeds can shorten the time for

critically ill patients to reach the standard of nutrition and improve

the required calorific intake so as to provide guarantee for their

rehabilitation. On the other hand, semi-solid feeds can protect

the immune barrier function of the gastrointestinal tract, reduce

the occurrence of infectious diseases, and shorten the duration of

hospitalization. However, when enteral nutrition is semi-solidified,

attention should be paid to investigating whether there is a

pharmacokinetic interaction between enteral nutrition and some

drugs that are in use (43). In this study, we have found that semi-

solid feeds have no significant effect on reducing 30-day mortality.

It may be because of the variation in the severity of the disease of the

included patients, fewer number of studies included in this meta-

analysis, and limitations of our conclusion. More follow-up RCTs

with larger sample size in the role of semi-solid feeds on mortality

are needed.

At present, two methods of enteral nutrition (intermittent

feeding and continuous feeding) that are usually adopted have their

advantages and disadvantages. Most of the included RCTs in this

meta-analysis have used intermittent enteral nutrition infusions.

Intermittent feeding can establish a pattern of intermittent

secretion of gastrointestinal hormones, which is more conducive

to the establishment of a basic physiological environment for

digestion and absorption in the gastrointestinal tract (44–46).

A study has shown that intermittent feeding can reduce the

number of bacteria in the stomach, especially at night. Because

the pH value in the stomach is not affected by eating, it can

ensure effective blood perfusion of the gastrointestinal mucosa

and prevent and cure intestinal bacterial translocation (47).

However, some studies have found that intermittent feeding

without infusion pump leads to a higher incidence of gastric

tube dislocation, aspiration pneumonia, and abdominal distension

than continuous infusion (48, 49). Although there is no periodic

fluctuation of gastrointestinal hormones during intermittent

feeding, continuous enteral nutrition can maintain insulin, gastrin,

and other gastrointestinal hormones at a high level, which is

beneficial to intestinal absorption (50). Furthermore, it has been

found that early enteral nutrition for trauma patients in the ICU is

associated with less wound infection, lower mortality, and shorter

hospital stay (51). Moreover, early enteral nutrition is safe and

well-tolerated and can reduce the in-hospital mortality of patients

receiving extracorporeal membrane oxygenation (52). Therefore,

the role of semi-solid feeds for intermittent vs. continuous enteral
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nutrition infusions and early vs. delayed enteral nutrition needs to

be further investigated in the future.

This present meta-analysis has several limitations. First, this

meta-analysis only has searched the published literature in Chinese

and English and did not include gray literature, which may have

led to the omission of some relevant studies. Second, the formula—

the use of pectin, input speed, and time—is not uniform in the

RCTs considered in this meta-analysis, which is also one of the

reasons for its heterogeneity. Third, some of these studies have

been done inside ICU and some outside of it. Finally, it has

been reported that early enteral nutrition is related to improved

outcomes in critically ill, mechanically ventilated, medical and

surgical patients (53). Early initiation of enteral nutrition vs.

delayed enteral nutrition may have different prognostic outcomes.

Most of the included RCTs do not report the initiation time of

enteral nutrition. Furthermore, the RCTs included in this meta-

analysis cover patients with different types of diseases, which may

increase the heterogeneity of study population and create bias in the

results; thus, our findings should be treated with caution. Therefore,

in the future, it is necessary to carry out large-sample and high-

quality RCTs to further explore the efficacy and safety of semi-solid

feeds for enteral nutrition so as to provide more reliable evidence

for clinical treatment and care.

Conclusion

In summary, the results of this meta-analysis have indicated

that semi-solid feeds can reduce the incidence of diarrhea,

abdominal distension, and vomiting and reduce the length

of ICU and hospital stay, but sufficient evidence is lacking

to support the effects of semi-solid feeds on reducing 30-day

mortality. Relevant guidelines or scientific guidance recognized

by experts on the semi-solid feeds is lacking. In the future,

it is necessary to investigate the effects and safety of semi-

solid feeds for enteral nutrition on the incidence of gastric

retention, constipation, and pharmacokinetic effects with

other drugs.
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