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Purpose: The aim of this study was to analyze the outcome indicators of clinical trials related to feeding intolerance in patients receiving enteral nutrition feeding in ICUs published in the past 10 years, and to provide data support for the construction of a core outcome set for clinical trials on feeding intolerance in ICU patients.

Methods: The databases of Cochrane Library, Pubmed, Embase, SinoMed, Wanfang Data and China Knowledge Network (CNKI) were searched using a combination of free and subject terms. The time limit was from January 2013 to September 2023. Literature screening and data extraction were carried out independently by two researchers strictly according to the inclusion and exclusion criteria, and in case of disagreement, the decision was discussed by a third party.

Results: A total of 52 papers reporting 138 different outcome indicators were included in this study. Indicators were categorized into 8 domains based on their functional characteristics. In descending order of frequency of reporting, they were symptoms and signs (82.7%), physical and chemical tests (75%), indicators related to nutritional support (63.5%), safety events (59.6%), long-term prognosis (34.6%), economic assessment (21.2%), functional status (5.8%), and satisfaction (3.8%). The top 10 most frequently reported outcome indicators were diarrhea, vomiting, bloating, gastric remnants, reflux, aspiration, gastric retention, mortality, albumin and constipation. The main problems with the indicators included a lack of systematicity, clinical utility, and standardization of reporting, as well as inconsistency in the time point of measurement and misuse of the indicators.

Conclusion: The lack of core outcome sets had led to significant variability and non-standardization in the outcome indicators reported by Enteral Feeding Intolerance clinical studies. Enteral Feeding Intolerance is an important factor affecting the prognosis of critically ill patients, and the outcome indicators of its clinical studies need to be standardized. It is recommended that a core outcome set for Enteral Feeding Intolerance be constructed to standardize the reporting of outcome indicators in future studies, reduce inter-study heterogeneity, and improve the utility of study results and the quality of clinical decision-making.

Keywords
 ICU; enteral nutrition; feeding intolerance; outcome indicators; core outcome set; clinical trials


1 Introduction

Enteral nutritional support in the Intensive Care Unit (ICU) is an important part of the treatment of critically ill patients; however, the occurrence of Enteral Feeding Intolerance (EFI) has become a serious challenge, affecting the effectiveness of nutritional support and the prognosis of patients. EFI is commonly used to describe intolerance to enteral feeding due to manifestations of gastrointestinal dysfunction such as vomiting, gastric retention, and diarrhoea from any clinical cause (1). Studies have shown that the incidence of EFI is very high in critically ill patients, up to 10.95% in the first 7 days of ICU hospitalization (2), and is closely associated with poor clinical prognosis, such as prolonged mechanical ventilation, increased duration of vasoactive drug support, and increased mortality (3, 4). Furthermore, either persistence or recurrence of EFI in critically ill patients predicts an incremental risk of adverse outcomes (5). A study of COVID-19 critically ill patients noted a 56% incidence of EFIs in these patients, often presenting with symptoms such as massive gastric retention, abdominal distension, and vomiting, and was associated with an increased risk of multiorgan system complications such as cardiac, renal, hepatic, and hematological, leading to longer ICU stays, total length of hospital stay, and higher in-hospital mortality rates in patients with EFIs (6). Therefore, identification, prevention, and management of EFI are key to improving nutritional support and overall prognosis of critically ill patients. However, there is currently no reliable, validated, and widely recognized and used objective method to measure and assess EFI in critically ill patients (3), which seriously hampers the pace of development of its diagnostic practice and clinical research. The choice of endpoints to be measured and reported in EFI-related clinical trials poses a great challenge to researchers.

Domestic and international studies have found that outcome indicators reported in clinical trials in health-related fields generally suffer from selective reporting, high heterogeneity of indicator measurements, and impracticality of indicators, and even some crucial outcomes may be underestimated or completely ignored (7–10). Core Outcome Sets (COS) are the smallest set of outcome indicators that are agreed upon and should be reported consistently when conducting clinical trials and other health-related studies (11). COS play a crucial role in research in the health field, especially in improving the quality of reported outcome indicators in clinical trials, reducing study bias and strengthening the clinical evidence base. COS can well address the problems of selective reporting and high inter-study heterogeneity in outcome assessment, thus improving the quality of clinical decision-making and the utility of study results (12, 13). Therefore, this study aimed to analyze the systematic evaluation of outcome indicators reported in clinical trials of EFI in critically ill patients, thereby laying the foundation for clarifying and unifying the core set of indicators of EFI, in order to promote more effective and standardized development of research in related fields, and to provide strong evidence support for optimizing feeding intolerance intervention strategies in critically ill patients. In future studies, the Delphi method and consensus meetings will be employed to establish a core outcome set for EFI. This approach aims to minimize the heterogeneity in outcome reporting across subsequent studies, facilitate the synthesis of clinical research findings into robust, high-quality evidence, and ultimately enhance clinical decision-making and care in the management of EFI. The study protocol is registered with COMET (Core Outcome Measures in Effectiveness Trials) (registration number: 2799, https://comet-initiative.org/Studies/Details/2799) and is open access.



2 Methods


2.1 Inclusion and exclusion criteria


2.1.1 Inclusion criteria

(1) Study type: all clinical trials of enteral nutrition support for feeding intolerance in critically ill patients, with the language limited to English and Chinese; (2) Patient type: adult patients (age ≥ 18 years) receiving enteral nutrition support in the intensive care unit and experiencing feeding intolerance, with no restriction on the type of patient’s disease, duration of the disease, mode of enteral nutrition support, gender, ethnicity and geographic location; (3) Intervention measures: Intervention programs such as pharmacological or non-pharmacological alone or in combination were used in the observation group, and control measures were not restricted; (4) Outcome indicators: all outcome indicators reported in the included studies were extracted.



2.1.2 Exclusion criteria

(1) Patient type of minors aged <18 years; (2) Non-interventional studies; (3) Dissertations; (4) Review articles; (5) Conference abstracts; (6) Duplicate reports.




2.2 Literature search

(1) Search scope: the search period was from 01/2013 to 09/2023. Six databases were searched according to a combination of free and subject terms Cochrane Library, Pubmed, Embase, SinoMed, Wanfang Data and China National Knowledge Infrastructure (CNKI). (2) Search strategy: in order to avoid leakage, no excessive restrictions on the search conditions were imposed, and only Enteral Feeding Intolerance and Feeding Intolerance were searched for in English; and only Feeding Intolerance was searched for in Chinese. A combination of free-text and subject terms was used for the retrieval process. Taking the PubMed database as an example, the search query is (((“enteral nutrition”[MeSH Terms] OR (“enteral”[All Fields] AND “nutrition”[All Fields]) OR “enteral nutrition”[All Fields] OR (“enteral”[All Fields] AND “feeding”[All Fields]) OR “enteral feeding”[All Fields]) AND (“intolerabilities”[All Fields] OR “intolerability”[All Fields] OR “intolerable”[All Fields] OR “intolerably”[All Fields] OR “intolerance”[All Fields] OR “intolerances”[All Fields] OR “intolerant”[All Fields] OR “intolerants”[All Fields])) OR ((“feeding”[All Fields] OR “feedings”[All Fields] OR “feeds”[All Fields]) AND (“intolerabilities”[All Fields] OR “intolerability”[All Fields] OR “intolerable”[All Fields] OR “intolerably”[All Fields] OR “intolerance”[All Fields] OR “intolerances”[All Fields] OR “intolerant”[All Fields] OR “intolerants”[All Fields]))) AND (2013/1/1:2023/9/30[pdat]).



2.3 Literature screening and data extraction

Two evaluators read the titles and abstracts independently, and after excluding studies that clearly did not meet the inclusion criteria, studies that might meet the inclusion criteria were read in full text to evaluate whether they fully met the inclusion criteria, and then information was extracted from the included literature and cross-checked. Disagreements, if any, were resolved by discussion or consultation with a third party, and missing information was supplemented by contacting the original authors whenever possible. A pre-designed Excel spreadsheet was used to extract the data from the included literature, which included: (1) basic information of the study, including title, first author, year of publication, journal of publication, etc.; (2) baseline situation of the study subjects, including demographic characteristics such as the number of cases and age, as well as clinical characteristics such as the need for mechanical ventilation, enteral nutritional support modality, etc.; (3) interventions including details related to the drug intervention or non-pharmacological intervention and other relevant details as well as the duration of the intervention, etc.; (4) outcome indicators and their measurement methods and evaluation time points.



2.4 Risk of bias assessment

In this study, we employed the Cochrane Collaboration’s Risk of Bias Assessment Tool (RoB 2) (14) to evaluate the quality of included randomized controlled trials (RCTs) on enteral nutrition intolerance. The RoB 2 tool consists of five key domains: randomization process, deviation from the intended intervention, missing outcome data, outcome measurement, and selective reporting. Within each domain, studies were classified according to their risk of bias, with labels of “low risk” “some concerns” or “high risk” providing a comprehensive assessment of the literature quality and its potential bias.




3 Results


3.1 Literature screening process

To evaluate the consistency between two independent reviewers during the literature screening stage, Cohen’s kappa value was calculated. The results demonstrated substantial agreement between the reviewers in the initial screening phase (kappa = 0.74), indicating a high level of reliability in the screening process. According to the search strategy initial inspection obtained 11,365 related literature, after deletion of duplicates remaining 8,116, through the title and abstract of the initial screening of the 59 literature for full-text reading, according to the inclusion and exclusion criteria, the exclusion of six observational studies and one duplicate report of the literature, and the final inclusion of 52 pieces of literature (15–66), of which 33 in Chinese, 19 in English. See Figure 1.
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FIGURE 1
 Flow diagram of included and excluded studies.




3.2 Basic characteristics of the included studies


3.2.1 Sample size

A total of 5,463 patients were included in the 52 included studies, with an age span of 18 to 88 years, with a mean age of 51.78 ± 16.85 years. The sample size ranged from 13 to 792 cases, with a mean sample size of 105.06 ± 123.00 cases per study. More detailed study characteristics are provided in Supplementary File 1.



3.2.2 Patient tracheal intubation

A total of 23 (23/52, 44%) studies reported respiratory support condition of tracheal intubation with ventilator assisted ventilation in critically ill patients, while 29 studies did not report respiratory support in critically ill patients.



3.2.3 Patient nutritional support

A total of 37 (37/52, 71%) studies reported on patient nutritional support, of which 24 studies had nasogastric tube feeding, 7 studies had jejunal nutritional tube feeding, and 6 studies reported nutritional support by both nasogastric and jejunal nutritional tubes.



3.2.4 Interventions

Interventions were divided into four main areas: pharmacological interventions, modification of feeding practices, integrated care programs, and transmission of medicinal techniques. Pharmacological interventions mainly involve the use of gastrointestinal power drugs, such as mosapride citrate dispersible tablets, neostigmine injection, domperidone tablets, metoclopramide hydrochloride injection, erythromycin enteric-coated capsules and so on; the adjustment of the feeding method mainly involves the use of jejunoileal nutritional tubes, adjusting the speed of feeding, or intermittent feeding and so on; the integrated nursing program mainly includes positional care, enteral nutritional supportive care, integrated pipeline care, gastric residual volume monitoring and other interventions. Residual volume monitoring and other interventions; traditional medicine interventions include herbal medicine, acupuncture, massage and acupoint injection.



3.2.5 Course of treatment

Only 21 studies described the course of treatment, with a reporting rate of 12% (4/33) in the Chinese literature and 89% (17/19) in the English literature. The duration of treatment spanned from 3 days to 4 weeks, and the specific distribution was as follows: a total of 7 studies for 3 days of treatment, 4 studies for 5 days of treatment, 8 studies for 7 days of treatment, 1 study for 2 to 4 weeks of treatment, and 1 study for 4 weeks of treatment.




3.3 Risk of bias assessment results

This study utilized the Cochrane Collaboration’s Risk of Bias Assessment Tool (RoB 2) to evaluate the quality of the 52 randomized controlled trials (RCTs) on enteral nutrition intolerance included in the analysis. The results indicated that most studies performed well in terms of randomization processes and the management of missing outcome data, receiving a “low risk” rating. This suggests that these studies were relatively rigorous in randomization and data integrity. However, a small number of studies exhibited significant risk of bias, particularly in areas such as deviation from the intended intervention and selective reporting. Specifically, some studies demonstrated biases in the implementation of interventions, which could potentially affect the validity and reliability of the results. Furthermore, certain studies did not fully report all predefined outcomes, which compromised the comprehensiveness and transparency of the findings. Overall, most of the included studies demonstrated high methodological quality. More detailed results of the risk of bias assessment are provided in Supplementary File 2.



3.4 Outcome indicators


3.4.1 Indicator domain

First, outcome measures that assess the same concept but have different names or definitions are grouped together. Subsequently, based on the COMET initiative classification system (67) and the indicator classification method developed by Wang Keyi (68), the names of the grouped indicators are standardized and unified through expert panel discussions. This process ensures that the original meaning is preserved while providing a consistent description. Finally, the indicators are categorized into domains. The 52 included studies reported a total of 138 different outcome indicators, with a minimum of only 1 and a maximum of 17 outcome indicators reported by individual studies, and an average of approximately 8 outcome indicators reported per study. All reported outcome indicators were categorized into 8 domains based on the functional characteristics of the indicators, with symptomatic signs being reported in approximately 82.7% of the literature, the highest percentage, followed by physicochemical tests (75%), indicators related to nutritional support (63.5%), safety events (59.6%), long-term prognosis (34.6%), economic assessment (21.2%), functional status (5.8%) and satisfaction (3.8%). See Figure 2.
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FIGURE 2
 Outcome measures field.




3.4.2 Indicator frequency

Of the 52 papers included, the top 21 reported frequencies were, in order Abdominal distension, Vomiting, Abdominal bloating, Gastric residual volume, Gastric retention.

Constipation, Nausea and vomiting, Abdominal pain, Regurgitation, Aspiration, Gastrointestinal bleeding, Mortality rate, ICU length of stay, Total hospital stay, Albumin, Prealbumin, Intra-abdominal pressure, Transferrin, Mechanical ventilation time, Feeding intolerance, Time to achieve nutritional goals. These indicators span six distinct areas, with the largest proportion falling under symptoms (8 indicators, 38.1%), followed by biochemical tests (5 indicators, 23.8%), safety events (3 indicators, 14.3%), long-term prognosis (3 indicators, 14.3%), economic evaluation (2 indicators, 9.5%), and nutrition support-related indicators (2 indicators, 9.5%). See Figure 3 for details. In addition, Figure 4 shows the word cloud of the top 21 outcome indicators, where the size of each word reflects its frequency in the included studies. The most frequently reported outcome indicators, such as “Abdominal distension” “Vomiting “and “Abdominal bloating “are displayed in larger fonts, highlighting their prominent presence in the literature. The word cloud visually emphasizes the most commonly studied indicators related to feeding intolerance in critically ill patients, making it easier to identify the key clinical parameters that are consistently reported across various studies.

[image: Bar chart showing frequencies of various symptoms, safety events, long-term prognosis, biochemical tests, and nutrition indicators. Abdominal distension is highest at 34, followed by vomiting (21) and bloating (19). Other notable frequencies include regurgitation (14) and aspiration (12). Data spans categories from symptoms to nutrition support indicators.]

FIGURE 3
 Top 21 outcome indicators reporting rate.
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FIGURE 4
 Word cloud of the top 21 outcome indicators.




3.4.3 Indicator combinations

A total of 50 indicator combination types were reported in the 52 papers included in this study, with 10 papers reporting 5 outcome indicators, which ranked first in terms of frequency, followed by 7 and 10 indicators in 7 papers each. Only 3 literatures reported exactly the same indicator combination type.



3.4.4 Indicator measurement time points

The validity indicators that ranked in the top 5 in terms of frequency of reporting were selected to summarize their measurement time points, and the results are shown below. The measurement time points of all five indicators were concentrated in the time period of 2d ~ 7d, which accounted for the highest proportion of all measurement time points, namely diarrhoea (18/34, 52.9%), vomiting (13/21, 61.9%), bloating (12/19, 63.2%), gastric remnant (11/18, 61.1%), and reflux (8/14, 57.1%), followed by the time period of ≤1d. In addition, the percentage of studies that did not report the time point of measurement was also relatively high, exceeding 20% in all cases, with a high percentage of 41.2% not reporting the time point of measurement for the indicator diarrhoea. See Figure 5 for details.

[image: Heatmap illustrating the count of the top five symptoms by evaluation time. Symptoms include abdominal distension, vomiting, abdominal bloating, gastric residual volume, and regurgitation. Evaluation times range from less than or equal to 1 day to more than 1 month and not reported. Count values are displayed, with a color scale from light yellow (low) to dark red (high).]

FIGURE 5
 Heatmap of top 5 symptoms by evaluation time.






4 Discussion

In this study, for the first time, we conducted a comprehensive and integrated analysis of outcome indicators reported by clinical trials related to feeding intolerance in patients with enteral nutrition support in ICUs through a systematic evaluation approach. Our results found that clinical trial researchers had a large bias in the selection of outcome indicators, and the variability of outcome indicators measured and reported by different studies was extremely high, which was a prominent problem, mainly reflected in the following six aspects.


	1. Lack of systematicity in outcome indicators. Currently, feeding intolerance, although lacking a comprehensive consensus definition, is classified in some of the more recognized evidence-based literature into three broad categories: large gastric remnants, gastrointestinal symptoms and enteral nutritional deficiencies (1, 3). However, existing clinical studies do not systematically report measures based on these broad categories, for example, some studies report only two or three of a series of gastrointestinal symptoms such as diarrhoea, bloating, vomiting, reflux, bleeding or constipation, or even only a single symptom (27, 28, 31, 49). Such one-sided selective reporting of an outcome indicator would make it difficult to objectively reflect the true clinical effectiveness of feeding intolerance interventions. Of course, this situation may be related to the unclear definition of feeding intolerance.

	2. Lack of clinical utility of outcome indicators. Among the 138 indicators reported in the included literature, except for the categories of gastrointestinal symptoms and nutritional status, which were directly related to feeding intolerance, there were a large number of intermediate indicators that were used to assess the clinical efficacy of the interventions, such as dizziness, headache, neuropsychological, and mobility (17, 19, 29). In addition, some of the self-developed indicators, such as the occurrence of feeding intolerance and performance by nurses, are general in concept, lack uniform evaluation criteria and are too subjective (37, 51, 64). These outcome indicators cannot directly and objectively reflect the intervention effect of the clinical study on feeding intolerance, and their clinical utility is not high.

	3. Lack of standardization in indicator reporting. It is mainly manifested in the unclear expression of indicator names, arbitrary splitting or combining, ambiguity and other aspects. For example, some studies used gastric residual volume to indicate gastric emptying, while some studies described it as gastric retention; a combination of indicators for two different symptoms was reported, such as nausea and vomiting, abdominal distension and constipation, constipation and diarrhoea, abdominal pain and diarrhoea, and regurgitation and miscarriage of bowel movements; in addition, the indicator of defecation can indicate both diarrhoea and constipation, but it was used to indicate the number of bowel movements in the original study.

	4. Lack of consistency in the group of evaluation indicators. Fifty different combinations of efficacy evaluation indicators appeared in the 53 papers included, and the combinations of indicator groups spanned a wide range of arbitrariness, with the number of combinations ranging from a single one to a maximum of 17. Only 3 papers simultaneously reported the indicator combination type of enteral nutrition tolerance, aspiration, nausea and vomiting, diarrhoea and abdominal pain, and mortality.

	5. Lack of uniformity in the time point of indicator measurement. For the same indicator, the measurement time points for outcome measures vary across different studies, and these differences increase the heterogeneity of the research results. For instance, the indicator of gastric residual volume was reported at up to 12 different time points. Denise Schulz (69) also observed in a systematic review that many studies exhibit significant variability in the timing of outcome assessments. Some studies report multiple, heterogeneous time points for the same indicator, which considerably reduces the comparability of results across studies (70). The heterogeneity in outcome measurement time points may have a substantial impact on evidence synthesis and future meta-analyses. Therefore, when conducting meta-analyses, researchers must account for this heterogeneity and may need to mitigate its impact on the synthesized results through stratification or sensitivity analysis of time points. Furthermore, to enhance the reliability and consistency of evidence synthesis, future studies should adopt standardized outcome time points whenever possible and clearly specify the measurement time points in their reports.

	6. Misuse of outcome indicators. Some studies have misused and misapplied outcome indicators, such as dyspepsia, which suffers from inversion of cause and effect and should not be used as an evaluation indicator for intervention outcomes. In addition, indicators such as gastric tube obstruction, incidence of catheterized adverse events, and urinary tract infections are not directly related or even irrelevant to feeding intolerance and should not be used as outcome evaluation indicators.



In addition to evaluating and analyzing the problems of reporting outcome indicators in the original literature, this study will screen a pool of core indicator entries based on the quality and frequency of use of the indicators to provide data support for the construction of the COS Initial Correspondence List for Clinical Trials of Feeding Intolerance in Patients with Enteral Nutritional Support in ICUs.



5 Limitations and perspectives

This study only included intervention studies published in the last decade, and there are some limitations in the representativeness of the sample. Regarding the evaluation of indicators, this study did not further analyze the indicator measurement tools and specific methods, while the unification of measurement tools and methods also plays a very important role in the consistency of outcome indicators. Future studies should further expand the type of literature and do more in-depth evaluation and analysis on indicator measurement tools and methods. Additionally, while this review provides a comprehensive summary of the outcome measures reported in recent clinical studies on EFI, we have not proposed a unified definition of EFI. We acknowledge the heterogeneity and ambiguity surrounding the definitions of FI across various studies. Future research should focus on bridging this definitional gap and advancing the development of a consensus definition and a core set of outcome measures for EFI.



6 Summary

The unclear definition of feeding intolerance makes the evaluation of its clinical diagnosis and intervention effect complex and ambiguous. The outcome indicators reported in clinical studies related to feeding intolerance in patients with enteral nutritional support in ICUs mainly suffer from five major problems, such as lack of systematicity, impracticality in clinical practice, lack of standardization in presentation, arbitrary combination of indicator groups, and a wide span of measurement time points. These problems increase the heterogeneity of results among similar studies, making it difficult to facilitate the integration of evidence and reducing the value and practical significance of the findings for use in guiding clinical practice. Therefore, a consensus set of core indicators of feeding intolerance in patients with enteral nutritional support in ICUs needs to be constructed to improve the quality of clinical studies in related fields and reduce unnecessary research waste.
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